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Abstract

	Aeromonas hydrophila is a widespread opportunistic pathogen commonly associated with aquatic environments and is responsible for infections in fish and other aquatic organisms. This study investigated during January to February 2025, the prevalence, survival ability and antibiotic resistance of Aeromonas hydrophila isolated from local fish markets in and around Salem, Tamil Nadu. The bacterium was detected in 33.29% out of 48 fish samples obtained, indicating a significant level of contamination, while 20% of Musca domestica samples (1/5), also tested positive, suggesting their role as potential mechanical vectors. Antibiotic susceptibility profiling revealed that the potential isolate (CS1) showed resistant to ampicillin, amoxyclav, cephalexin, cefazolin, methicillin, oxacillin and vancomycin, indicating the presence of multidrug resistant strains. Survival studies showed that Aeromonas hydrophila could adhere to and persist on commonly used market surfaces such as stainless steel, wood, iron and thermocol. It also exhibited tolerance to a wide range of pH and temperature conditions. Experiments with common Indian cooking ingredients demonstrated varying inhibitory effects and several disinfectants and antiseptics were effective against the isolates. These findings highlight Aeromonas hydrophila contamination may cause public health issues such as gastrointestinal tract infections, septicaemia, peritonitis in specifically in immunosuppressive persons. Emphasize the need for improved hygiene and handling practices in fish markets.




Keywords:	Aeromonas hydrophila; fish; Musca domestica; survival; inhibitory effects; gastrointestinal tract infections.





Author name; Microbiol. Res. J. Int., vol. xx, no. xx, pp. xx-xx, 20YY; Article no.MRJI.151428



_____________________________________________________________________________________________________

*Corresponding author: E-mail: ………………………………..;

Cite as:






10

1. Introduction

Fish is a vital, globally consumed food source providing high quality protein, essential fatty acids and crucial micronutrients like iodine, selenium and vitamin D. As a reasonable protein, it combats malnutrition and promotes cardiovascular health by reducing blood pressure and supporting heart function. It is a well-established fact that now a day fish in many global aquatic environments are contaminated with various pollutants due to a combination of natural and human related factors. Bacterial contamination in fish is a significant and widespread concern today, posing risks to both fish populations and human health. Contamination can occur at any point from the aquatic environment to the consumer's plate, and the rise of antibiotic-resistant bacteria in fish farming is an emerging issue. Aeromonas hydrophila (A. hydrophila) is a Gram-negative, facultative anaerobic, rod-shaped species with a monotrichous flagellated bacteria (Kaur et al., 2024) and it is a common pathogen found in various aquatic flora and fauna, freshwater, wastewater and coastal regions (Chen et al., 2021). It is a widespread pathogen that causes infections in aquatic animals, particularly fish. They are commonly found in meats from poultry, aquatic animals, as well as in raw milk, vegetables and fresh water (Stratev & Odeyemi, 2016). They can survive in food items like uncooked, ready-to-eat, re-contaminated and food that has been washed with contaminated water. These bacteria may be serious health risks associated with their inclusion in food items (Lee et al., 2023). Their presence in preserved food products suggests that they can thrive under preservation conditions and produce toxins. Consequently, they pose a public health risk as foodborne pathogens (Kim et al., 2022).

A. hydrophilla is an opportunistic pathogen, as it can be transmitted through contaminated water and foods, causing gastrointestinal and wound infections in immunocompromised individuals, leading to a higher risk of disease in those populations (Fernández-Bravo et al., 2020; and Casabianca et al., 2015). In recent studies reported that, A. hydrophilla developed antimicrobial resistant properties such as bla (for beta-lactamases) and tetA (for tetracycline resistance) are common, high resistance to Penicillin (around 80%), Oxytetracycline (around 70%), and Macrolides (around 68%). Some toxins also responsible for the antimicrobial resistance such as extracellular nuclease, acyltransferase, phospholipase, hemolysin, elastase, aerolysin and cytotoxic enterotoxins (Bakiyev, et al., 2022). Additionally, it can produce a biofilm for biotic or abiotic surfaces, which contributes to its resistance against antibiotics (Liu et al., 2020). However, the overuse and improper use of antibiotics cause drug residues to accumulate the animals and the environment and also encourage the growth of antibiotic-resistant and multidrug-resistant bacteria (Odeyemi et al., 2016; Khor et al., 2018). A. hydrophila strains are resistant to several common antibiotics such as ampicillin, penicillin and tetracycline (Pal et al., 2020).

Fish is a valuable food source due to its delicious taste, easy digestion and high nutritional value. It is more common and less expensive than other animal protein sources. It is also one of the fastest growing food production sectors, which could play a big role in eradicating hunger, malnutrition and nutrient-deprivation globally (Mohanty et al., 2019). A. hydrophila can enter fish markets through contaminated people, equipment and water. Once introduced, it can survive on fish handlers’ hands, knives, chopping boards and fish surfaces, spread during handling and processing (Igbinosa et al., 2012). 

Other ways, Musca domestica are commonly found within human activity areas such as hospitals, food markets, slaughterhouses, restaurants, poultry and livestock farms. They constitute a significant nuisance not only due to their presence because they are carriers on their body surfaces and act like potential vectors of many pathogenic microorganisms including bacteria, viruses, fungi, protozoa and parasitic worms (Sarwar et al., 2015; Nayduch et al., 2017). It can also serve as a mechanical carrier of A. hydrophila, contributing to its environmental spread and possible transmission to humans or animals (Adesewa et al., 2024). A higher proportion of bacteria (74%) was recovered from the internal parts of the flies, whereas only 26% originated from their external surfaces (Gioia et al., 2022).  

Salem is a landlocked district in the state of Tamil Nadu. On the South Indian coasts, fish and crustaceans are caught and transported to Salem. Some fishery farms in and around Salem transport fish to markets and retail shops. The study examined the prevalence of this organism in fish samples that were collected from local areas in and around the fish markets of Salem District, Tamil Nadu. Hence, this study was aimed at investigating the source of cross-contamination in retail outlets and characterizing their survival capacity on different types of wood, metal, thermocol and fish samples. Further, the potential role of Musca domestica, the common name houseflies in the epidemiology of this pathogen was investigated by examining the prevalence of A. hydrophila, disinfectants and antiseptic agents. The antibacterial activity of the A. hydrophila strains were also carried out         and the resistant pattern has also been investigated. 

2. Materials and Methods

2.1 Sample Collection

The study was carried out on the fish                    and houseflies namely M. domestica collected from fish retail markets of Salem City of Tamil Nadu, India. The samples were collected between 7.00 AM and 9.00 AM for a                  period of one month during the winter           seasons (January and February 2025). The samples after received to the laboratory,              small pieces of fish intestine were placed in alkaline peptone water (APW). A sterile             cotton swab was used to wipe the fish's gills and body's exterior surfaces (Fig. 1). After transferring the swabs to 6 ml of APW, it was incubated for 24 h at 37°C (Rajakumar et al., 2012). Whole M. domestica were dipped into screw-cap bottles containing 6 ml of APW (Fig. 2) to transfer the bacterial load into APW and incubated at 37°C for 24 h (Nayduch et al., 2001).

2.2	Isolation and Identification of A. hydrophila

The enriched cultures were streaked on Starch Ampicillin Agar (SAA) plates and incubated at 37˚C for 24 h (Palumbo et al., 1985). To identify amylase producing colonies, the plates were treated with 5 mL of iodine solution, after which clear zones around colonies indicated positive isolates. These selected cultures were then purified by streaking them multiple times on nutrient agar and kept in nutrient agar slants for further studies. The confirmation of isolated A. hydrophila strains were further examined using Gram staining, the motility test and the oxidase test.

2.3 Antibacterial Sensitivity Test

Antibacterial susceptibility testing was performed using the kirby-Bauer disk diffusion technique on Muller Hinton agar plates. A total of 11 colonies isolated from fish retail shops were tested against 14 standard antibiotics. The antibiotics used were Ampicillin (10 mcg), Amoxyclav (30 mcg), Amikacin (30 mcg), Ceftazidine (30 mcg), Csphalothin (30 mcg), Cefazolin (30 mcg), Kanamycin (30 mcg), Methicillin (5 mcg), Nalidixic Acid (30 mcg), Neomycin (30 mcg), Oxacillin (10 mcg), Streptomycin (10 mcg), Sulphafurazole (300 mcg) and Vancomycin (30 mcg). The antibiotic susceptibility patterns were determined using the zone sizes which were then interpreted, according to the NCCLS standard. The strain CS1 showed a high level of antimicrobial resistance and not sensitive to any of the tested antibiotics, as mentioned in the results. Hence, this strain was selected for further experiments.

2.4	Influence of pH on the Growth of A. hydrophila (CS1) 

The effect of pH on the growth of A. hydrophila (CS1) was investigated using nutrient broth adjusted to pH values between 3.0 and 12.0. The desired pH levels were obtained by adding 1.0 M HCl or 1.0 M NaOH. Each culture tube was inoculated with an overnight grown A. hydrophila (CS1) culture and incubated at 37°C for 24 h. After incubation, bacterial growth was evaluated by determining the optical density at 600 nm with a spectrophotometer (Li et al., 2017). 

2.5	Survival of A. hydrophila (CS1) on Fish Meat at Various Temperatures

In this study, about 6g muscle pieces of Oreochromis niloticus meat were used to prepare three sets of samples namely, one unsterilized and two sterilized at 121°C under pressure heat. The bacterium A. hydrophila (CS1), isolated from a fish sample was employed throughout the survival study. The isolate was cultured in nutrient broth at 37°C for 18 h to obtain an enriched inoculum. Subsequently, about 1 ml of the culture was inoculated into each portion of fish meat and incubated at 30, 10 and 4°C for 72 h. At 24 h intervals, 1 g of meat was aseptically collected and homogenized. Pour plate technique was performed using starch agar (SAA) medium and the plates were incubated at 37 °C for 24 h. After incubation, approximately 5 ml of Lugol’s iodine solution was added to each plate. Colonies exhibiting amylase activity appeared yellow to honey colored and oxidase positive colonies were also identified.

2.6	Survival of A. hydrophila (CS1) on Stainless Steel, Wood, Iron and Thermocol Pieces

Cross contamination of A. hydrophila in retail fish markets may occurs when processing and other retail operations. The transformation of fish pathogen might be due to improper maintenance of fish meat, surfaces, workers, often exacerbated by poor hygiene, inadequate cold chain management and shared equipment. From the retail fish market, high risk practices include using the same cutting boards, knives or contaminated ice for raw and cooked items. Based on these circumstances, a laboratory test has been carried out for survival of A. hydrophila (CS1) on stainless steel, wood, iron and thermocol pieces. In this study, pieces of stainless steel, wood, iron and thermocol, each measuring 2.5 cm by 3 cm were prepared and sterilized at 121°C under 15 Lbs pressure. These materials were selected based on their common use in fish retail shops, including items such as balances, chopping boards, knives and transport and storage equipment. The strain A. hydrophila (CS1) was cultivated in nutrient broth at 37°C for 18 h. About 1 ml of the culture sample was taken and spread evenly over the surface of each material using a sterile cotton swap, ensuring complete coverage. The materials were then incubated at 30°C for 48 h. At 8 h intervals, the materials were removed and washed thoroughly with sterile distilled water. The pour plate method was employed to count the number of A. hydrophila colonies using SAA medium.

2.7	Survival of A. hydrophila (CS1) in Fish Meat Under Traditional Cooking Ingredients

A total of 6g of unsterilized Oreochromis niloticus meat samples were collected and inoculated with A. hydrophila (CS1). The samples were then incubated at 37°C for 4 h. A readymade mixture of fish curry cooking ingredients, which included 1g each of salt, turmeric powder, tamarind, garlic paste and ginger paste was prepared. These ingredients were combined with sterile distilled water until a sticky consistency was achieved. 

The resulting mixture was applied to each meat sample under aseptic conditions and allowed to air dry in a sterile chamber for one hour. Following this, the samples were incubated at 30°C for 72 h. At 24-hour intervals, 1g of each meat sample was taken and homogenized under aseptic conditions. The pour plate technique was then employed using SAA and the plates were incubated at 37°C for 24 h. After this incubation period, approximately 5 ml of Lugol’s iodine solution was applied to the plates.

2.8	Susceptibility of A. hydrophila in Various Disinfectants and Antiseptic Agents

The antibacterial activity of various chemical agents was determined using the disc diffusion method on Soyabean Casein Digest Agar (Tryptone Soya Agar). The surface of each plate was inoculated with bacterial cultures of A. hydrophlla using a sterile cotton swab dipped into a bacterial suspension adjusted to the 0.5 McFarland standards. The inoculation was done by streaking the swab horizontally, vertically and around the edge to ensure uniform growth. Sterile paper discs were immersed in different chemical solutions - phenol (1:40), Lysol (1:50), bleaching powder (1:100), ethyl alcohol (70%), hydrogen peroxide (40%), formaldehyde (8%), iodine (1:20), crystal violet (1:20), Dettol (1:30) - and one control disc soaked in sterile water. Each disc was gently pressed to ensure proper contact with the agar surface. The plates were inverted and incubated at 37°C for 24 to 48 h. After incubation, the antibacterial effect of each chemical was evaluated by observing and measuring the diameter of the clear zones of inhibition around the discs. 
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3.1	Incidence of A. hydrophila in Fish Samples during the Study Period

In the present study, a total of 12 isolates of A. hydrophila were recovered from the collected 48 samples (Table 1). Of these 11 isolates originated from the fish samples obtained from retail markets, while only 1 isolate was detected from M. Domestica. The presence of A. hydrophila in both fish and M. domestica indicates a possible link between aquatic products and the surrounding environment, suggesting that M. domestica may function as a potential mechanical carrier of the bacterium. Among the fish isolates, the incidence rates varied according to body parts, with 14.48% recovered from the body surface, 8.33% from the gill surface and 10.48% from the intestinal region. The prevalence and incidence of A. hydrophila in the collected fish samples is summarized in Table 2 and Table 3. The isolate from M. domestica was obtained from the external body surface of the fly. These results collectively emphasize the possible involvement of M. domestica in the dissemination of A. hydrophila in fish-handling environments. The prevalence and incidence of A. hydrophila in the collected fish samples is summarized in Table 4. 

3.2 Antibacterial Sensitivity Test

The results of the antibacterial sensitivity test for A. hydrophila isolates obtained from fish retail shops and M. domestica are summarized in Table 5. All isolates exhibited moderated resistance to the following antibiotics: ampicillin, amoxicillin, cephalothin, cefazolin, methicillin, oxacillin and vancomycin. In contrast, the lowest resistance rate was observed against streptomycin, neomycin and nalidixic acid, at 6.25%. Antibiotics such as amikacin, ceftazidime, kanamycin and sulfamethoxazole demonstrated high efficacy, showing susceptibility in over 90% of the tested isolates. These findings indicate that A. hydrophila isolates from fish retail environments possess multidrug resistance, particularly to β-lactam antibiotics, while still being sensitive to certain aminoglycosides and sulfonamides.

Strain CS1 showed a high level of antimicrobial resistance and no sensitivity to any tested antibiotics. Hence, this strain was selected for further experiments.

3.3	Influence of pH on the Growth of A. hydrophila

The optical density (OD) measurements were recorded to assess the influence of different pH levels on the growth of A. hydrophila (CS1). The findings revealed that A. hydrophila (CS1) exhibited optimal growth within the pH range of 5 to 8, as shown in Fig. 3.

3.4	Survival of A. hydrophila (CS1) on Fish Meat at Various Temperatures

The survival of A. hydrophila in Oreochromis niloticus samples was examined at three  different temperatures namely, 30°C, 10°C and 4°C and the results are presented. The experiment was conducted over a period                    of 3 days using fish samples inoculated               with A. hydrophila (CS1). In fish meat, the bacterial cell count increased significantly on day 1 and day 2 but showed a marked decrease by day 3 across all temperature conditions. Furthermore, the growth of A. hydrophila was found to be higher in sterilized fish samples compared to unsterileized ones at all tested temperatures. A comparative analysis of bacterial growth between sterilized and unsterilized fish samples is presented in Tables 7 and 8.

3.5	Survival of A. hydrophila (CS1) on Stainless steel, Wood, Iron and Thermocol pieces

The survival study of A. hydrophila (CS1) on stainless steel, wood, iron and thermocol surfaces revealed that the bacterium was capable of adhering to commonly used materials such as knives, chopping boards, weighing balances and thermocol boxes. This experiment was conducted using materials typically found in fish retail shops, at different time intervals (8, 16, 32, 40 and 48 h) with an inoculum concentration of 1 ml, as shown in Fig. 4. During the initial stages, the bacterial population was relatively low; however, it increased significantly, reaching a Too Numerous to Count (TNTC) level after 48 h on the thermocol surface and the results are presented in Table 9. In contrast, bacterial growth on other materials such as wood, stainless steel and iron showed a decline after 48 h of incubation.

3.6	Survival of A. hydrophila (CS1) in Fish Meat Under Traditional Cooking Ingredients

The survival of A. hydrophila (CS1) in Oreochromis niloticus meat sample was evaluated after incorporation with A. hydrophila (CS1) and various Indian traditional cooking ingredients and the results are given in Table 10. The study demonstrated an overall increase in bacterial growth across all treated samples. Among the different treatments, the tamarind-infused fish sample showed the highest bacterial growth after 72 h, whereas the salt-infused fish sample exhibited a noticeable reduction in growth over the same period. The experiment included six different ingredients combined with A. hydrophila (CS1), as illustrated in Fig. 5.

3.7	Susceptibility of A. hydrophila in Various Disinfectants and Antiseptic Agents

The susceptibility of A. hydrophila strains isolated from fish retail shops to various disinfectants and antiseptic agents was assessed and the results are presented in Table 11. The findings indicated that most chemical agents tested were ineffective against the isolates. However, ethyl alcohol and hydrogen peroxide exhibited strong antibacterial activity against the test organism.


Table 1. Sample collecting sites

	S. No
	Sample collecting sites
	No of samples

	1
	Salem Junction
	9

	2
	Mettur
	9

	3
	Old bus stand
	3

	4
	Pudhu road
	6

	5
	Hasthampatti
	6

	6
	Four roads
	6

	7
	Karuppur
	9

	
	Total
	48



Table 2. Prevalence of A. hydrophila in fish samples during the study period

	Name of the fishes
	No of samples
	Prevalence (%)

	Oreochromis niloticus 
Ompok spp 
Xenentodon cancila 
Piarachus brachypormus
Labeo rohita
Labeo catla 
Sardinella fimbriata 
Channa striata 
Sphyraena sphyraena 
Etroplus suratensis
Total
	15
3
3
3
3
3
3
3
6
6
48
	10.41 (5 +ve)
2.08 (1 +ve)
2.08 (1 +ve)
2.08 (1 +ve)
2.08 (1 +ve)
2.08 (1 +ve)
2.08 (1 +ve)
4.16 (2 +ve)
2.08 (1 +ve)
4.16 (2 +ve)
33.29 (16+ve)



Table 3. Incidence of A. hydrophila in fish samples during the study period

	Fish samples
	No of samples
	 Prevalence (%)

	Body surface
Gill surface
Intestine
Total
	16
16
16
48
	14.58 (7 +ve)
8.33 (4 +ve)
10.41 (5 +ve)
33.32 (16+ve)




Table 4. Incidence of Aeromonas hydrophila in M. domestica samples

	
	No of samples
	Prevalence (%)

	M. domestica
Total
	5
5
	20% (1 +ve)
20% (5 +ve) 



Table 5. Antibacterial sensitivity test

	Antibiotics
	CSBS
	TBS
	TG3I1
	TG
	SBS
	TG3I
	TG3I2
	CSI
	SG
	TG4B
	SI

	Ampicillin (10 mcg) 
	R
	R
	R
	S
	S
	R
	R
	R
	R
	R
	R

	Amoxyclav (30 mcg) 
	R
	R
	R
	R
	S
	S
	R
	R
	R
	R
	R

	Amikacin (30 mcg) 
	I
	S
	I
	S
	S
	S
	S
	R
	S
	S
	S

	Ceftazidine (30 mcg) 
	I
	I
	R
	R
	R
	R
	R
	R
	I
	R
	R

	Csphalothin (30 mcg) 
	R
	R
	R
	S
	S
	R
	R
	I
	R
	R
	R

	Cefazolin (30 mcg) 
	R
	R
	R
	S
	S
	R
	R
	R
	R
	R
	R

	Kanamycin (30 mcg) 
	S
	I
	S
	S
	S
	R
	R
	R
	S
	R
	S

	Methicillin (5 mcg)
	R
	R
	S
	R
	R
	R
	S
	R
	I
	R
	R

	Nalidixic Acid (30 mcg)
	S
	S
	I
	S
	S
	R
	R
	R
	S
	R
	R

	Neomycin (30 mcg)
	I
	R
	I
	I
	S
	I
	I
	R
	I
	S
	S

	Oxacillin (10 mcg) 
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R

	Streptomycin (10 mcg) 
	I
	I
	S
	R
	S
	S
	S
	R
	R
	S
	S

	Sulphafurazole (300 mcg) 
	S
	S
	I
	S
	S
	S
	S
	I
	S
	S
	I

	Vancomycin (30 mcg)
	R
	R
	I
	S
	S
	R
	R
	R
	R
	I
	R 


(S –Sensitive, I – Intermediate, R – Resistance)

Table 6. Survival of Aeromonas hydrophila (CSI) on fish meat at various temperatures

	Fish samples
	Temperatures
	Dilution
	Day 1
	Day 2 
	Day 3

	Unsterilized fish
	30˚C
	10-2
10-3
10-4
	326
43
0
	TNTC
TNTC
297
	93
0
0

	Sterilized fish
	
	10-2
10-3
10-4
	TNTC
2
1
	TNTC
TNTC
600
	TNTC
273
102

	Unsterilized fish
	10˚C
	10-2
10-3
10-4
	14
1
0
	TNTC
TNTC
304
	TNTC
312
53

	Sterilized fish
	
	10-2
10-3
10-4
	50
2
0
	TNTC
TNTC
600
	TNTC
85
14

	Unsterilized fish
	4˚C
	10-2
10-3
10-4
	0
15
0
	1
0
0
	12
0
0

	Sterilized fish
	
	10-2
10-3
10-4
	32
60
0
	17
0
0
	0
0
0


(TNTC – Too Numerous To Count, TFTC – Too Few To Count)

Table 7. Survival of Aeromonas hydrophila (CSI) on sterilized fish meat at various temperatures

	Fish samples
	Temperatures
	Dilution 
	Day 1
	Day 2
	Day 3

	Sterilized fish
	30˚C 


	10-2
10-3
10-4
	TNTC
2
1
	TNTC
TNTC
600
	TNTC
273
102

	
	
10˚C
	10-2
10-3
10-4
	50
2
0
	TNTC
TNTC
600
	TNTC
85
14

	
	
4˚C
	10-2
10-3
10-4
	32
60
0
	17
0
0
	0
0
0


(TNTC – Too Numerous To Count, TFTC – Too Few To Count)

Table 8. Survival of Aeromonas hydrophila (CSI) on unsterilized fish meat at various temperatures

	Fish sample
	Temperatures
	Dilution
	Day 1
	Day 2
	Day 3

	Unsterilized fish
	30˚C


	10-2
10-3
10-4
	326
43
1
	TNTC
TNTC
297
	93
0
0

	
	10˚C


	10-2
10-3
10-4
	14
1
0
	TNTC
TNTC
600
	TNTC
312
53

	
	
4˚C
	10-2
10-3
10-4
	0
15
0
	1
0
0
	12
0
0


(TNTC – Too Numerous To Count, TFTC – Too Few To Count)
 
Table 9. Survival of Aeromonas hydrophila (CSI) on Stainless steel, Wood, Iron and Thermocol pieces

	Materials name
	Dilution
	8 hrs
	16 hrs
	24 hrs
	32 hrs
	40 hrs
	48 hrs

	Thermocol
	10-1
	TNTC
	TNTC
	TNTC
	TNTC
	TNTC
	TNTC

	Stainless steel
	10-1
	290
	300
	173
	TNTC
	1
	0

	Wood
	10-1
	250
	234
	168
	0
	0
	0

	Iron
	10-1
	37
	23
	1
	0
	0
	0


(TNTC – Too Numerous To Count, TFTC – Too Few To Count)

Table 10. Survival of Aeromonas hydrophila (CSI) in fish meat under traditional cooking ingredients

	Materials name
	Dilution
	Day 1
	Day 2
	Day 3

	Unsterilized fish with salt
	10-1
10-2
10-3
	TNTC
TNTC
TNTC
	350
298
296
	306
200
5

	Unsterilized fish with garlic
	10-1
10-2
10-3
	TNTC
TNTC
TNTC
	TNTC
TNTC
TNTC
	480
401
300

	Unsterilized fish with turmeric
	10-1
10-2
10-3
	TNTC
TNTC
TNTC
	TNTC
TNTC
TNTC
	667
520
340

	Unsterilized fish with tamarind
	10-1
10-2
10-3
	TNTC
TNTC
TNTC
	TNTC
TNTC
TNTC
	650
610
450

	Unsterilized fish with fish masala
	10-1
10-2
10-3
	TNTC
TNTC
TNTC
	TNTC
TNTC
TNTC
	633
521
435

	Unsterilized fish with ginger
	10-1
10-2
10-3
	TNTC
TNTC
TNTC
	TNTC
TNTC
TNTC
	680
523
385

	Unsterilized fish with test organism only
	10-1
10-2
10-3
	TNTC
TNTC
TNTC
	TNTC
TNTC
TNTC
	460
401
357


(TNTC – Too Numerous To Count, TFTC – Too Few To Count)
Table 11. Susceptibility of Aeromonas hydrophila in various disinfects & antiseptic agents

	Zone of inhibition (mm)

	Disinfectant & Antiseptic
	CSBS
	SG
	CSI
	TG3I2
	TG4B

	Phenol (1:40)
	_
	_
	_
	_
	_

	Bleaching powder (1:100)
	_
	_
	_
	_
	_

	Lysol (1:40)
	5
	6
	_
	_
	_

	Ethyl alcohol (70%)
	33
	24
	21
	23
	20

	Hydrogen peroxide (30%)
	18
	15
	12
	11
	11

	Formaldehyde (8%)
	_
	_
	_
	_
	_

	Iodine (1:10)
	8
	6
	5
	5
	5

	Crystal violet (1:10)
	6
	6
	8
	_
	_

	Dettol (1:20)
	5
	7
	_
	_
	_
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A. Body surface				B. Gill surface
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C. Intestine					D. APW


Fig. 1. Sample collection
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Fig. 2. Collection of M. domestica
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Fig. 3. Influence of pH on the Growth of Aeromonas hydrophila
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A. Wood inoculated with CSI 		B. Stainless steel inoculated with CSI
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C. Iron inoculated with CSI 			D. Thermocol inoculated with CSI

Fig. 4. Survival of Aeromonas hydrophila (CSI) on Stainless steel, Wood, Iron and Thermocol pieces
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A. Test organism		 B. Turmeric 			C. Salt
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Fig. 5. Survival of Aeromonas hydrophila (CSI) in fish meat under traditional cooking ingredients

4. Discussion

In the present study, A. hydrophila was detected in 33.29% of fish samples collected from local markets, with 16/48 samples tested positive. Although this prevalence was lower than that reported by Tartor et al. (2021), Nhinh et al. (2021) and Morshdy et al. (2022), who documented contamination rates of 50, 46.4 and 38%, respectively, it exceeded the findings of Suresh et al. (2023), Adah et al. (2021) and Zaher et al. (2021), who reported rates ranging from 19.2% to 27%. These variations among studies may arise from differences in sampling procedures, environmental and seasonal factors, handling conditions and methodological approaches used for bacterial detection. The relatively higher incidence of A. hydrophila observed in the current investigation likely reflects unhygienic practices, cross-contamination during handling and the use of untreated or contaminated water in retail fish markets (Kaur et al., 2024). These outcomes underline the necessity for improved hygienic standards, proper handling and processing protocols and routine microbiological monitoring in fish retail environments. Considering the pathogen’s virulence potential and its increasing resistance to antimicrobial agents, the presence of A. hydrophila in market fish poses a public health concern that warrants further investigation.

Approximately 20% prevalence of A. hydrophila was also recorded in M. domestica samples, indicating the possibility of M. domestica functioning as mechanical vectors in its transmission. This observation aligns with the reports of Lin et al. (2024), McGaughey et al. (2009) and Gupta et al. (2012), who similarly described M. domestica as potential carriers contributing to bacterial dissemination.

Antibiotic resistance testing on A. hydrophila strains collected from fish markets revealed that all isolates were resistant to ampicillin, amoxyclav, cephalexin, cefazolin, methicillin, oxacillin and vancomycin. The lowest resistance was observed for neomycin, nalidixic acid and streptomycin (6.25%). More than 90% of the strains were sensitive to amikacin, ceftazidime, kanamycin and sulphafurazole. Total resistance to ampicillin has also been documented by Thaotumpitak et al. (2023), while partial resistance was noted to oxytetracycline, tetracycline, trimethoprim and oxolinic acid. Kaur et al. (2024) similarly reported notable resistance, with the highest levels against chloramphenicol, followed by amikacin and gentamicin. Borella et al. (2020) reported widespread resistance to cloxacillin, spiramycin and tilmicosin, with antimicrobial resistance frequencies above 95% for tylosin, penicillin and sulfadiazine. In contrast, resistance below 10% was observed for danofloxacin, enrofloxacin, flumequine, ceftiofur, aminosidine, colistin, doxycycline, gentamicin, marbofloxacin and florfenicol.

To evaluate the influence of pH on bacterial development, A. hydrophila was exposed to pH levels ranging from 3 to 12. The organism demonstrated optimal growth within the pH range of 5 - 8, with particularly enhanced growth at 28°C under pH 6.5 and 7.2 conditions, suggesting its capability to withstand a wide pH spectrum (Lambert and Bildas, 2007). These findings are in agreement with earlier studies, which reported a decline in growth under alkaline conditions (Janda and Abbott, 2010). The ability of A. hydrophila to survive in acidic environments contributes to its environmental persistence and pathogenicity, as evidenced by survival between pH 5.0 and 9.0 (Awan et al., 2018).

A survival study was conducted to assess the effect of temperature on the growth of A. hydrophila in fish samples stored at 30°C, 10°C and 4°C. The results indicated that bacterial growth was highest at 30°C, with a greater increase observed in cleaned fish compared to uncleaned samples. However, the organism was also capable of surviving and multiplying at lower temperatures. In a similar study by Kim et al. (2022), bacterial counts were observed to progressively increase during storage at 5°C, 8°C and 11°C, reaching 1-4.8 log CFU/g at 5°C and 6.8-8.7 log CFU/g at 8°C and 11°C after seven days. These results confirm that A. hydrophila can grow across a broad temperature range, including standard refrigeration conditions (5 - 11°C), suggesting that contamination during storage and transportation can facilitate bacterial persistence and potential spoilage (Chihib et al., 2005; Daskalov et al., 2006; Jahid et al., 2014).

Another study examined the adhesion ability of A. hydrophila to different surface materials, including thermocol and stainless steel. Cell attachment is a complex process influenced by microbial characteristics, environmental conditions and the physicochemical properties of the surface (Bechet et al., 2003; Elhariry et al., 2011). Aeromonas species are known to attach to both biotic and abiotic surfaces (Assanta et al., 1998). In the present study, A. hydrophila adhered readily to all tested surfaces after short exposure periods of 1 to 4 h at both 4°C and 20°C. Attachment was more pronounced on thermocol than on stainless steel, indicating that surface texture and hydrophobicity may influence adhesion efficiency. These observations align with Eliwi et al. (2014), who reported that adhesion to surfaces such as stainless steel, copper and polybutylene varied with contact time and temperature. Overall, the results suggest that A. hydrophila can establish initial attachment under a wide range of conditions, contributing to its persistence in processing and storage environments.

The effect of common Indian cooking ingredients such as fish curry mix, salt, turmeric, tamarind, garlic paste and ginger paste on the growth of A. hydrophila applied to fish samples was also evaluated. The bacterium survived on masala-coated fish blocks even after 72 h of storage at 30°C, indicating that these ingredients did not completely eliminate bacterial presence. Although all tested ingredients are known to possess antimicrobial properties (Muniruzzaman et al., 2004; Sahu et al., 2008), in this study, their combination within the paste resulted in low concentrations of active compounds, potentially reducing overall inhibitory activity (Pianetti et al., 2009; Tril et al., 2014; Abdel-Tawwab et al., 2017). Consequently, the mixture may have provided nutrients that supported limited bacterial survival or growth. In contrast, some individual ingredients demonstrated greater bacterial reduction, suggesting variable antimicrobial effectiveness.

A separate test was performed to determine the effectiveness of disinfectants and antiseptics against A. hydrophila isolated from fish markets. Alcohol-based disinfectants and hydrogen peroxide were highly effective, while several other chemical agents failed to inhibit bacterial growth. Sodium hypochlorite (0.5, 1 and 1.5 %) and hydrogen peroxide (5, 10 and 15 %) were also tested on bacteria attached to polyethylene fragments under both static and shaking water conditions and their application significantly reduced bacterial counts. Goñi-Urriza et al. (2000) reported complete inactivation of 138 Aeromonas strains upon exposure to 50 ppm chlorine, cetylpyridinium chloride, peracetic acid and 1600 ppm glutaraldehyde, demonstrating high susceptibility to commonly used disinfectants. Similarly, Wanja et al. (2020) found A. hydrophila to be fully sensitive to hydrogen peroxide and formalin but resistant to sodium hypochlorite at recommended user dilutions. Park et al. (2012) further showed that combining sodium hypochlorite with gamma irradiation or vitamin B₁ effectively controlled A. hydrophila, suggesting potential applications for improving seafood safety.

5. Conclusion

Multidrug-Resistant (MDR) Aeromonas hydrophila is a significant public health concern found in retail fish, originating from aquaculture and spreading via cross-contamination in markets, posing risks of foodborne illnesses like gastroenteritis and septicemia in humans. Its significance has grown due to its widespread presence in aquatic environments, its diverse virulence factors and its ability to proliferate even at low temperatures. Although traditional Indian cooking practices such as boiling and the use of antimicrobial spices may inactivate the bacterium, the heat-stable toxins produced by A. hydrophila can persist in food and pose health risks. The prevalence of virulent and multidrug resistant of A. hydrophila in aquaculture provide significant risks to fish health, economic productivity and public health. Hence, detection of fish pathogens is essential for effective disease control, preventing mass mortalities and spread of diseases, ensuring food safety for human consumption, and minimizing significant economic losses in the aquaculture industry. 
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