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Exploring Marine Microorganisms for Antibacterial Activity Against Pathogenic Bacteria: A Susceptibility-Based Approach
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ABSTRACT 

	
Aim: To isolate and identify marine microorganisms, assess their antibiotic sensitivity patterns against commonly used antibiotics, and evaluate their potential antibacterial activity against pathogenic Staphylococcus aureus and Escherichia coli.
Study design:  This study investigated the diversity, antimicrobial resistance (AMR), and antibacterial potential of marine microorganisms isolated from Coco Beach, Dar es Salaam, Tanzania. Water samples were randomly collected from three different sites along the beach at depths of 0.5–1.0 meters using pre-sterilized bottles. Samples were transported in cool box to the Pharmaceutical Microbiology Laboratory at Muhimbili University of Health and Allied Sciences for analysis.
Duration of study: The study was conducted between December 2024 and April 2025. 
Methodology: Conventional microbiological methods were used for isolation and identification of microorganisms. Antibiotic sensitivity testing was performed using the Kirby–Bauer disc diffusion method on Mueller Hinton agar. Discrete marine microbial colonies were sonicated, and the resulting suspensions were screened for antibacterial activity against pathogenic S. aureus and E. coli.
Results: A total of 63 water samples yielded 73 marine microorganisms, categorized into Vibrio cholerae, Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Aspergillus flavus, and Rhizopus species. V. cholerae was the predominant organism, accounting for 56 of the 73 isolates. Antibiotic resistance levels ranged from 30% to 100%. All fungal isolates were resistant to fluconazole, while Rhizopus species also showed resistance to amphotericin B. Notably, seven microbial suspensions (9.6%) demonstrated antibacterial activity against pathogenic S. aureus and E. coli, with most activity observed among V. cholerae isolates.
Conclusion: The marine microorganisms from Coco Beach exhibit high levels of antibiotic resistance but also possess notable antibacterial potential. Further research is recommended to identify bioactive compounds and improve waste and pharmaceutical disposal practices to curb AMR spread and protect marine ecosystems.



Keywords: [Marine microorganisms, antibiotics, antibacterial activity, antimicrobial resistance, pathogenic bacteria]



1. INTRODUCTION 

[bookmark: _Hlk216883453]Antimicrobial resistance occurs when infectious agents (bacteria, virus, fungi and parasites) fail to respond to antimicrobial medications (Tang et al., 2023). This has now become a global challenge since many infectious diseases which were once easy to treat with antibiotics are no longer responding to the agents (Ozochi et al., 2025; Khan et al., 2024; Solanki and Das, 2024). The most human health threatening microorganisms due to their resistance to antimicrobial agents (antibiotics) and as sources of high morbidity and mortality include Enterobacteriaceae, S. aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter, nicknamed as ESKAPE (Solanki and Das, 2024). Most of these bacteria are fast spreading multi-drug-resistant microorganisms while the development of new antimicrobials is stagnant, making the situation even worse (Hossain, 2024). It is forecasted that by 2050, there will be about 10 million deaths per year due to AMR if appropriate measures are not adopted ( Tang et al., 2023).
Due to intensive farming to meet the food demands, the use of antibiotics is also increasing in aquaculture (Pepi & Focardi,  2021; Hendrickson et al., 2018). As a result, pharmaceutical-grade antibiotics are now widely present in man-made settings such sewage and wastewater treatment facilities (Rizzo et al., 2013). Additionally, antibiotic compounds are becoming more prevalent in freshwater, marine, and terrestrial habitats due to inadequate local and global regulation of antibiotic use and disposal (Khan & Abbas, 2024; Marijani 2022; Cristina et al., 2021).  Research have reported terrestrial microorganisms originated from health care facilities capable of transferring antibiotic resistant traits to the marine microorganisms ( Khan & Abbas, 2024; Hossain, 2024). Another research conducted in Tanzania (Marijani, 2022), suggested that fishes from marine water may contain resistant bacteria, suggesting that the sources of such resistant bacteria is due to human antimicrobial agents’ manipulation such as food during handling, processing, and heavy fly infestation. 
Recognizing that more than 70% of the Earth’s surface is covered by the ocean, which means there is wide range of organisms found in it including plants, animals and microorganisms (Mohamed et al., 2021). The maritime organisms have numerous advantages because marine environment is quite different from terrestrial are in which majority of antibiotics have been discovered. Besides, the uniqueness of the marine organisms is from the extreme habitat conditions they survive. The fact that antibiotics are becoming ineffective in treating several microbial infections, preventive measures like antimicrobial stewardship only will not solve this global challenge, hence the need for researchers to explore novel antimicrobial compounds from marine resources seems to be an alternative workable approach. However, most of the research have focused on Actinomyces. Therefore, our study aims to isolate and identify marine microorganisms and subject them to antibiotic sensitivity testing (AST) against commonly used antibiotics to ascertain level of AMR in marine environment as well as determine their potential antibacterial activity against pathogenic bacterial species of S. aureus and E. coli.

2. material and methods

2.1 Study areas and samples collection
A total of 63 seawater samples were collected during different time intervals and weather conditions (rainy and sunny), from dissimilar locations around the Coco Beach, in Dar es Salaam City (Tanzania) at the geographic positioning system (GPS) of 6.76S, 39.3E. Three types of locations were chosen arbitrary designated as B, W, and R (Fig. 1). The choice of the locations based on human activities such as recreational sites, and natural/ undisturbed areas with or without rocks underneath. At a depth of about 0.5-1.0-meter, water samples were collected in pre-sterilized universal bottles and appropriately labelled, deposited in a cool box and transporting them to the Pharmaceutical Microbiology Laboratory at MUHAS. 
[image: ]
Keys: The sites were assigned letters W, B and R arbitrary.
Figure 1: The collection sites of marine microorganisms at Coco Beach, Dar es Salaam, Tanzania.

2.2 Isolation and identification of marine microorganisms
Non-selective media for bacteria and fungi viz. Nutrient agar (NA) and Sabouraud’s dextrose agar (SDA), respectively were used by sub-culturing 1 mL of each of collected samples following a serial dilution of 1:10,000 (10-4). To confirm the obligate requirement of salt for fungal growth, SDA and Malt Extract Agar (MEA) were supplemented with 2% NaCl. Three replicas were made for each dilution, which were incubated at 28-30°C for 2-7 days. Then, each of the isolated bacterial colon was sub-cultured into selective medias [MacConkey agar (MCA), Cystine Lactose Electrolyte Deficient agar (CLED) and Thiosulfate-Citrate-Bile Salts-Sucrose Agar (TCBS)]; and incubated at 28-30°C for over 24 hours. The isolated fungi were identified to the genus level and, when feasible, to the species based on macro morphological (focus was on types of growth (slow or rapid), topography (colony morphology), texture (yeast like, powdery, granular, smooth or cottony), surface and reverse pigmentations, and micro morphological (macro-conidia, micro-conidia, chlamydospores, and other typical fungal features) as previously described (Palak et al., 2025; Nayak et al., 2012).


2.3 Antimicrobial sensitivity tests of the identified microorganisms

Following identification of the isolated microorganisms, discrete bacterial colonies were suspended in sterile normal saline and the inoculum suspension was adjusted to 0.5 McFarland turbidity standards. Antibiotic susceptibility testing (AST) was conducted on Muller-Hinton agar (Oxoid Ltd, UK) by Kirby–Bauer Disk diffusion method as per the Clinical Laboratory Standard Institute (CLSI, 2021) guidelines. Equally, discrete fungal colonies were suspended in normal saline. Then each of the resultant fungal suspension was adjusted with a spectrophotometer at 530nm to give a final inoculum size of 0.5 - 2.59 x103 and 2.0 - 4.9x104 colony-forming units (CFU)/mL for yeast and filamentous fungi respectively (Silva et al., 2014). The accuracy of the final inoculum of filamentous fungi was verified by determining the viable number of CFU/ml on SDA (CLSI, 2021; Espinel-Ingroff et al., 2012). Using the agar disk diffusion procedure, the entire surfaces of plates containing Mueller-Hinton agar (Oxoid Ltd, UK) supplemented with 2% glucose and 0.5µg /mL methylene blue were inoculated with tested fungi.
The antimicrobial agents (Himedia Laboratories, Mumbai, India) used for testing the bacterial isolates were azithromycin (15µg), imipenem (10µg), doxycycline (30µg), cefotaxime (30µg), meropenem (10µg), amoxiclav (20/1µg), ceftazidime (30µg), cefotaxime (30µg), gentamicin (10µg) and ciprofloxacin (5µg). While amphotericin B (10µg) and fluconazole (10µg) (Abtek Biologics Ltd, Liverpool, UK) were used for testing the identified fungal isolates. These antimicrobial agents were selected based on the availability and current prescription practice for the management of the respective microbial infections (STG, 2021). 
The plates were incubated in ambient temperature of 35°C for 15 minutes, the disks were applied to the inoculated agars. Escherichia coli (ATCC-25922), and S. aureus (ATCC 25923), as well as   A. flavus ATCC 204304 were used for the quality controls of the antibiotics to check for their performance against the tested marine bacterial and fungal isolates, respectively. The zone diameters in the disk diffusion assay were measured to the nearest whole millimeter at the point where there was a prominent reduction of growth after 16 to 24 hours for bacterial isolates and zygomycetes, and after 24-72 hours for the other fungal species (Yerbanga et al., 2023).

2.4 Screening for antibacterial properties of isolated marine microorganisms
Screening of antibacterial compounds in the suspensions of the identified microorganisms (bacteria and fungi) was performed using the agar well diffusion method. Each of the isolated microorganism was vigorously vortexed for 30 seconds and the resultant suspension was centrifuged to obtain a supernatant. About 30l of the supernatant of the marine bacteria suspension were deposited into 6mm wide-well on Muller Hinton agar plate containing either of the pathogenic bacteria namely S. aureus or E. coli, and then incubated at 37C for 18- 24 hours before determining the zone of inhibition.
2.5 Data processing and analysis

Each of the above procedures were conducted twice in duplicate for consistency of the results and statistical purpose. Therefore, all numerical variables are expressed as means. Laboratory data were entered and analyzed using Statistical Package for the Social Sciences (SPSS) version 26 (IBM Corp., Armonk, NY). Tables and figures used percentages, numbers and frequencies to display descriptive statistics. P<0.05 was used to determine the significance of differences and associations between the various parameters under investigation.
3. results and discussion

3.1 Microbial isolation and identification
A total of 63 ocean water samples were collected from three different sites along the coast of the Indian Ocean (at Coco Beach in Dar es Salaam), as indicated in Fig.1. From the tested water samples, a total of 73 microorganisms were isolated; that is, one or more marine microorganisms were isolated from one water sample. While 3 (4.0%) of the isolated marine microorganisms could not be identified (Table 1). The majority (76.7%; n=56) of the identified microorganisms were comprised of Vibrio cholerae, as shown in Table 1 and Fig. 2. The fact that V. cholerae isolates were the most frequently identified microorganisms differs from the findings of Guan et al. (2023), who identified Bacillus species as the main type. The difference may result from variations in seasonal conditions and economic activities in the study areas. In Dar es Salaam, V. cholerae appears to increase during the rainy season, aligning with a rise in cholera cases, a pattern previously observed (Lugomela et al., 2014; Vijayan & Lee, 2014; Wong et al., 2024).
Table 1: Distribution of isolated marine microorganisms per collection site.
	Collection sites
	Number of samples tested 
	Isolated
Microorganisms (n)

	W
	20
	S. aureus (1)
E. coli (1)
P. aeruginosa (1)
Vibrio spp. (24)
A. niger (1)
Not identified (NID) (2)

	B
	21
	S. aureus (2)
P. aeruginosa (1)
Vibrio spp. (15)
A. flavus (3)

	R
	22
	Vibrio spp. (17)
A niger (1)
A. flavus (2)
Rhizopus (1)
NID (1)


Key: NID-not identified; study sites randomly assigned letters W, B and R.
The isolation of the marine microorganisms was equally distributed, as the T-test revealed no significant difference among them (P =.05). Nevertheless, Rhizopus and E. coli were only isolated from sites W and R, respectively. Similarly, the three unidentified microorganisms were from sites W and R. Aspergillus flavus isolates were recovered from sites R and B (Table 1). The Pareto chart indicates the distribution of frequency of the isolated marine microorganisms in descending order with their respective percentages (Fig. 2).  All isolates of V. cholerae and one of the three unidentified marine microorganisms were obtained during the rainy season. The rest of the microorganisms were isolated during dry and rainy-day weather (data not included). Also, the Fisher’s exact test showed a significant association between the sites of sample collection season and types of isolated marine microorganisms (P < .001).


Key: VIBR-Vibrio cholerae, NID-not identified, STA-Staphylococcus aureus, AFLU-Aspergillus flavus, ANIG-Aspergillus niger, ECO-Escherichia coli, RHZO-Rhizopus species.
Fig. 2: Frequency and percentages of types of isolated marine microorganisms
3.2 Antibiotic sensitivity profiles of isolated marine microorganisms
 Antimicrobial resistance testing revealed diverse resistance patterns among the bacteria. Three identified bacterial species (V. cholerae, S. aureus and E. coli) were subjected to the AST against antibiotics commonly used for treating their respective infections (STG, 2021). Of the 56 isolates of Vibrio cholerae, 89.3% (n=50) were resistant to doxycycline, and the majority (95%) were resistant to ciprofloxacin, while only 57% (n=32) were sensitive to both erythromycin and azithromycin, as shown in Table 2. These results match those from Ozochi et al. (2025) but differ from Kheir et al. (2023) and Wilcox et al (2023), who reported full sensitivity to these antibiotics.
Marine Staphylococcus aureus isolates showed sensitivity to amoxiclav, intermediate resistance to erythromycin, and resistance to cefotaxime. Although S. aureus is known for developing resistance to multiple drugs (Vanamala et al., 2021), finding resistant strains in open marine environments is rare, as such strains are more frequently found in marine food products (Oladipo et al., 2019; Roberts & Soge, 2013). Pseudomonas aeruginosa isolates were mostly sensitive to gentamicin, imipenem, and ceftazidime, but some showed resistance to ciprofloxacin (Table 2).  Prior studies have linked healthcare waste to the presence of resistant P. aeruginosa in marine environments, suggesting that resistant traits can spread and contribute to the presence of multidrug-resistant organisms in ocean systems (Fulke et al., 2025; Pepi et al., 2021; Maravić et al., 2018).
The single marine isolate of E. coli was sensitive to the four tested antibiotics, namely amoxiclav, gentamicin, ciprofloxacin, and imipenem (Table 2).  Marine Escherichia coli isolates were sensitive to all tested antibiotics, including amoxiclav, gentamicin, ciprofloxacin, and imipenem. This is different from other studies that found E. coli resistant in marine mammals and fish (Gross et al., 2022). Firm conclusions, however, are not possible because of the limited sample size. The presence of E. coli indicates fecal contamination of the marine environment, raising public health concerns (Desta et al., 2024; Erb et al., 2024).
 All the identified marine fungal isolates were resistant to fluconazole. The isolated Rhizopus spp. exhibited resistance to both tested antifungal agents. While 75% of isolates of A. flavus were resistant to Amphotericin B (Table 2).  The revelation of all fungal isolates being resistant to fluconazole indicates this commonly used antifungal may no longer work well for infections such as aspergillosis and mucormycosis (STG, 2021). This is consistent with prior findings showing high fluconazole resistance among Aspergillus and Rhizopus species (Mustafa, 2025; Farian & Wójcik-Fatla, 2022). Fluconazole works by stopping the production of ergosterol, a key component of fungal cell membranes, while amphotericin B destroys the membrane by creating pores (Baghirova et al., 2022). The development of amphotericin B resistance, especially in marine fungi, is concerning, as this drug is often used for treating infections resistant to azoles (De Francesco, 2023; Wiederhold, 2022). Resistance could be due to long-term use of triazoles, the use of antifungal chemicals in agriculture, or the spread of resistant genes across human, animal, and environmental systems (Hossain et al., 2025; Khan & Abbas, 2024; Lee et al., 2023).





	Tested microbes
(n)
	Antimicrobial susceptibility profiles of isolated microbes (%)

	
	AMB10
	FLU10

	DOX30
	E 15
	AZIT 15
	CTX 30
	AMC 20/10
	GENT10
	CIP 5
	IMI 10
	CEF 30

	S. aureus (3)
	ND
	ND
	ND
	I (100.0)
	ND
	R (100.0)
	S (100.0)
	ND
	ND
	ND
	ND

	P. aeruginosa (2)
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	S (100.0)
	S (50.0)
I (50.0)
	S (100.0)
	S (100.0)

	Vibrio spp (56)
	ND
	ND
	S (18.0)
R (82.0)
	S (64.0)
R (36.0)
	S (64.0)
R (36.0)
	ND
	ND
	ND
	S (5.0)
R (95.0)
	ND
	ND

	E. coli (1)
	ND
	ND
	ND
	ND
	ND
	ND
	S (100.0)
	S (100.0)
	S (100.0)
	S (100.0)
	ND

	A. flavus (5)
	S (25.0)
R (75.0)
	R (100.0)
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND

	Rhizopus (1)
	R (100.0)
	R (100.0)
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND

	A. niger (2)
	S (50.0)
R (50.0)
	R (100.0)
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND


Table 2:  Antimicrobial susceptibility profiles of the isolated marine microorganisms against commonly used antibiotics
Key: n= number of tested isolates; (-) not done; AMB-amphoteric B, FLU- fluconazole, DOX- doxycycline, E-erythromycin, AZIT- Azithromycin, CTX- Cefotaxime, AMC-Amoxiclav, GENT- Gentamicin, CIP- ciprofloxacin, IMI -imipenem, CEF- ceftazidime; ND-not done, S- Sensitive, I- Intermediate sensitive, R- Resistant. 

3.3 Potential antibacterial activity of isolated marine microorganisms
Seven (9.6%) of the isolated marine microorganisms demonstrated some potential antibacterial activity against the tested pathogenic bacteria. Of these, 2 (28.6%) were fungal isolates and 5 (71.4%) were Vibrio cholerae (Table 3). Fungal isolates, A. flavus (S-R2) and Rhizopus species (S-W26), exhibited moderate activity against E. coli.
Table 3: Potential antibacterial activity of isolated marine microorganisms against pathogenic bacteria (S. aureus and E. coli)


	Isolated marine 
microbes
	Tested bacteria
(IZ in mm)
	Observations

	
	E. coli
	S. aureus
	

	Aspergillus flavus (S-R2)
	12
	Nil
	S-R2 exhibited moderate effect against Gram-negative bacteria.

	Rhizopus (S-W26)
	13
	Nil
	

	Vibrio cholerae (S- 11)
	12
	13
	S-11 has potential broad spectrum antibiotic effect

	Vibrio cholerae (S-23)
	11
	Nil
	S-23 showed mild but selective effect against Gram-negative bacteria.

	Vibrio cholerae (S-38)
	Nil
	11
	S-38, S-51 and S-63, showed mild selective effect on Gram-positive bacteria.

	Vibrio cholerae (S-51)
	Nil
	11
	

	Vibrio cholerae (S- 63)
	Nil
	10
	


Keys: (S-11)-number designated for each sample; Nil-no effect 
Approximately 9% (n=5) of the V. cholerae isolates exhibited strong antibacterial effects on the tested pathogenic bacteria. Notably, the V. cholerae isolate S-11 had strong activity against both E. coli and S. aureus (Table 3), suggesting it could be a source of broad-spectrum antibacterial compounds. Some fungal isolates, including Aspergillus flavus (S-R2) and Rhizopus species (S-W26), exhibited moderate antibacterial activity against E. coli. These findings align with previous reports of antibacterial compounds produced by marine fungi (Khattak et al., 2021).
Four isolates of Vibrio cholerae (S-23, S-38, S-51, S-63) demonstrated selective mild antibacterial activities for the Gram-positive bacterium (S. aureus), with only one isolate (S-23) that was active against E. coli (Table 3). ANOVA revealed no significant association between the collection sites and the antibacterial activity/effect of the marine microorganisms on the tested pathogenic bacteria (df=1; F=0.1627; P =.694). However, the paired samples T-test showed significant differences in the antibacterial activity of marine microbial suspensions against the tested pathogenic bacteria in respect to the positive control antibiotics (P =< .01). Though antibacterial activity in Vibrio species is rare (Nursyam, 2017), similar observations have been made in other studies uncovering marine bacteria capable of inhibiting S. aureus and P. aeruginosa (Vladkova et al., 2023). However, due to the limited number of samples, these results require careful consideration. The study had some limitations. It was not possible to test the antimicrobial activity of the isolated E. coli, P. aeruginosa, and S. aureus against their respective pathogens due to technical issues and insufficient material.
4. Conclusion
 The study identified several marine microorganisms, including Vibrio cholerae, Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Rhizopus spp., and Aspergillus spp. A high level of resistance was found in V. cholerae against ciprofloxacin and doxycycline. All fungal isolates were resistant to fluconazole, with Rhizopus also showing resistance to amphotericin B. Some isolates, particularly V. cholerae (S-11), Rhizopus spp., and Aspergillus flavus, demonstrated antibacterial activity, with S-11 showing potential for broad-spectrum use. Further research with larger sample sizes and a wider range of marine sources is essential to confirm these findings and support the discovery of new antimicrobial agents. Additionally, better practices for waste and drug disposal are needed to control the spread of AMR and protect marine ecosystems.
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