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Abstract: 

 Salmonella is ubiquitous bacteria commonly found in water, animals, humans, and the environment. The transmission is 

facilitated by human activities, including the irrigation of farm products using contaminated surface water, and it’s a public 

health concern. This study was carried out to assess Salmonella contamination of the Ekulu River in the Enugu metropolis and 

determine their susceptibility to some selected antibiotics. Water samples were collected randomly in the region and processed 

for isolation and identification of Salmonella spp usingthe direct plating method. The antimicrobial susceptibility tests of the 

isolates against ciprofloxacin (5 μg), chloramphenicol (30 μg), amoxicillin (10 μg), and streptomycin (10 μg) were done using the 

disc-diffusion method. Twenty-six (26) (100%) of the isolates were resistant to amoxicillin antibiotics, and 42.31%, 23.07%, and 
46.15% were resistant to ciprofloxacin, chloramphenicol, and streptomycin, respectively. This study shows the importance of 

establishing adequate measures to control contamination of surface water used for domestic activities in Enugu metropolis. 

Improved water quality increases health and reduces the transmission of diseases/(and)infections. 
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I.           INTRODUCTION 

Water is an essential component of life. Water supply and 
accessibility is the sixth goalof the sustainable development 

goals (SDGs) and aims at ensuring environmental 

sustainability (Amenu et al., 2014). Historically, efforts to 

provide access to safe drinking and food processing water 

have focused on community-based water sources (Onyango et 

al., 2018). Children, women, immune-compromised 

individuals, and rural residents are at the highest risk of 

contracting waterborne pathogens. People can become 

infected by waterborne pathogenic agents if they consume 

contaminated water directly or indirectly through its use in 

food production, processing, or preparation (Onyango et al., 
2018). Water that may be safe to drink could be infected with 

microorganisms that pose significant health risks. Therefore 

ensuring the safety of drinking water is a continual task.  

The microbial examination of drinking water for indicator 

microorganisms is key to determining water quality and 

ensuring public health safety (Wen et. al., 2020). The presence 

of indicator microorganisms represents the faecal 

contamination of drinking water with pathogens and thus, the 

deterioration of the water quality. The microbiological 

assessment of drinking water quality is based on the 

relationship between indicator microorganisms and pathogens 

(Adentunde & Glover, 2011). In rural areas of most 
developing countries that use communal water sources, 

bacterial contamination of drinking water is a significant cause 

of waterborne disorders. They are also exposed to multiple 

faecal-oral transmission pathways in their neighborhood 

boundaries (Gwimbi et al., 2019). Waterborne diseases, 

including Cholera, Dracunculiasis, Typhoid fever, Diarrhea, 

Ulcers, Hepatitis, Respiratory tract infection, Kidney damage, 

and Endocrine damage are hazardous to the lives of organisms 

especially in humans; can lead ultimately to death (Onyango et 

al., 2018). Among the poor, especially in developing 

countries, diarrhoea is a significant killer due to limited access 

to good drinking water. 1n 1998, diarrhoea was estimated to 
have killed 2.2 million people, most of whom were under five 

years (Mishra et. al., 2022). Approximately 4 billion cases of 

diarrhoea are reported worldwide yearly. 

Surfacewater is susceptible to faecal contamination as 892 

million people worldwide practice open defecation (Belay et 

al., 2022). The people of Enugu State of Nigeria are prone to 

waterborne pathogenic disease due to their regular use of the 

river as their primary source of water for domestic activities 

and crop processing. The impact on child mortality rate is 

devastating, with more than 340,000 children under five dying 

annually (approximately 1000 per day) from diarrhoea disease 
due to poor sanitation, poor hygiene, or unsafe drinking water 

(Fischer et al., 2012). Salmonella present in irrigation waters 

has been regarded as one of the significant sources of 

freshwater contamination and has become a public health 

concern has drawn more attention from food safety regulatory 

agencies. Salmonella infection is still an important public 

health concern in the world. It contributes to the economic 

burden of both industrialized and underdeveloped countries 

through the costs associated with surveillance, prevention, and 

treatment of the disease (Abdelmalek, 2019).  

Detection of any species of this organism in a given water 

source indicates contamination. High incidence of childhood 
diarrhoea, helminthiasis, trachoma, typhoid fever, and overall 
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high mortality rates are associated with poor environmental 

sanitation (Stella et al., 2018). Salmonella is a rod-shaped, 

gram-negative, non-spore-forming, predominantly motile 

Enterobacteria with diameters around 0.7 to 1.5µm, lengths 

from 2 to 5µm, and flagella that move in all directions. They 

are chemo organo-trophs and facultative anaerobes and, thus, 

obtain their energy from oxidation and reduction reactions 

using organic sources. 

Antimicrobial susceptibility testing (AST) is a laboratory 

procedure done by medical technologists (clinical laboratory 

scientists) to identify which antimicrobial regimen is 

specifically effective for individual patients. On a larger scale, 

it aids in evaluating treatment services provided by hospitals, 

clinics, and national programs to control and prevent 

infectious diseases. Susceptibility testing of individual 

microbial isolates is necessary to ascertain species that may 

have acquired resistance mechanisms (e.g., members of the 

Enterobacteriaceae, Pseudomonas species, Staphylococcus 

species, Enterococcus species, and Streptococcus pneumonia 

(Reller et al., 2009). Methods of susceptibility testing such as 
Agar Disc-diffusion and Broth Dilution are official and 

routine methods used in many clinical microbiology 

laboratories for antimicrobial susceptibility testing. Thus, this 

study aims to isolate, identify, and determine the antibiotic 

susceptibility of Salmonella spp from the Ekulu River used for 

domestic activities and its health implications. 

II. MATERIALS AND METHODS 

SAMPLE COLLECTION AND PROCESSING 

Water samples were collected from Ekulu River at three (3) 

different locations in duplicates; upstream (NoA), point of 

contamination (NoB), and downstream (NoC), which serve as 

the major source of water for irrigation, and other domestic 

uses. The choice of water body was due to multiple sources of 

likely contamination with faecal matter from plants, animals, 

and humans in the area. The samples were collected 

aseptically from October to December (2021) during the dry 

season at a depth of 15 cm below the water using sterile 5 ml 

syringes. 

 

TEST BACTERIAL ISOLATES  

Using standard protocols and relevant media (Nutrient and 

Salmonella-shigella agar) prepared according to 

manufacturers' instructions, Salmonella spp were isolated 

from the water samples obtained from the different points of 

the Ekulu River in Enugu metropolis.  

Briefly, a 100uL micro-pipette was used to withdraw 0.1ml 

and inoculate in triplicates on prepared Salmonella-shigella 
agar plates arranged in a sterile canister at the site. The plates 

were labelled appropriately. A glass spreader was used 

tospread the samples on the plates and were labelled 

appropriately and evenly. The plates were then transported to 

the Department of Pharmaceutical Microbiology, UNN, and 

incubated at 37°C for 24 hours. Three (3) – four (4) colonies 

from the initial culture were picked and subcultured into 

another prepared Salmonella-shigella agar plates to obtain 

discrete colonies. The subcultured colonies were then 

incubated at 37°C for 24 hours. After incubation, pure cultures 

were selected from the plates and stocked in prepared agar 

slants. The slants were then incubated at 37 °C for 24 hours, 

after which they were removed from the incubator and 

preserved in the refrigerator, pending further use. 

IDENTIFICATION OF BACTERIAL ISOLATES     

The bacterial isolates were identified by a combination of the 

standard protocols, including microscopy, morphological 

appearances on SSA, gram staining reactions, and the relevant 

biochemical tests, including motility, nitrate, indole, sulphur, 

and triple sugar iron Agar (TSIA) tests. 

 
ANTIBIOTICS SUSCEPTIBILITY TESTING     

The antibiotics susceptibility was tested by the disc-diffusion 

method as described by Kirby Bauer, 1966 using 

commercially available antibiotic-containing discs (OXOID) 

of ciprofloxacin (CIP 5μg), chloramphenicol (30μg), 

amoxicillin (10μg), and streptomycin (10μg). Bacteria 

suspensions of each test Salmonella spp isolate were prepared 

using sterile normal saline and adjusted to 0.5 McFarland 

turbidity standards. Sterile cotton swabs were used to spread 

the suspensions onto a sterile Mueller-Hinton agar plate's 
entire surface, thereby providing bacterial lawns with 

confluent growth. The inoculated plates were allowed to dry 

for approximately 10 minutes, and the antibiotics discs were 

placed on their surfaces, after which the plates were incubated 

aerobically at 35 oC for 16 – 18hours following the incubation 

period, the diameters of zones of inhibition (clear zones) that 

developed around each disk were measured and recorded. The 

breakpoints were classified according to Clinical & 

Laboratory Standards Institute (CLSI) guidelines described 

below.  
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III. RESULTS 

BACTERIAL IDENTIFICATION AND CONFIRMATION  

Forty (40) pure bacterial isolates were obtained from 
different points of the Ekulu River. The results of the 
identification tests were based on the cultural properties and 
microscopic properties. The isolates, when subcultured on the 
differential media, SSA, showed moderately large (2 - 4 mm), 
circular with smooth surfaces and transparent with black 
centres in colour after 24 hrs of incubation at 37 °C. The 
Salmonella spp were found to be Gram-negative short rods 
occurring singly and in groups. Biochemically, twenty-six (26) 
out of the forty (40) isolates were confirmed Salmonella spp. 

Most of the isolates were positive for the motility, nitrate, 

sulphur, and TSIA tests, as shown in Table 2. Only a few 

normal isolates from points NOa, NOb, and NOc of the river 

were positive for the indole test. Nearly all the isolates were 

negative for the indole test. 

Identification of Salmonella at specie level is done molecularly. 

All the salmonella isolates used for this work were suspected to 

be salmonella (based on cultural properties on selective media) 
and hence there seemed to be no need to put them in a table. 

TABLE 2: RESULTS OF BIOCHEMICAL TESTS OF 

SALMONELLA ISOLATES FROM EKULU RIVER SOURCE. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Key: A, B, C, and D: points in the river; Noa: samples gotten 
from Ekulu river upstream;  NOb: samples from Ekuluriver at 

the point of external contamination;  NOc: samples from Ekulu 

river downstream; R: isolates from Rappaport-Vassiliadis 

Broth; Ssa: isolates from Salmonella Shigella agar; Sf:isolates 

from Selenite Broth; TSIA: Triple sugar iron agar; Size of 

antibiotic disk: 6mm. 

Ekulu River against four (4) different antimicrobial agents is 

shown in Table 3. The isolates were most sensitive to 

chloramphenicol (69.23 %). Amoxicillin antimicrobial agent 

saw a 100 % resistance from the isolates. Streptomycin (46.15 

%), ciprofloxacin (42.31 %) and chloramphenicol (23.07 %) 

followed suit in the resistance patterns, respectively.  

 

 

 

TABLE 1: STANDARD OPERATING PROCEDURE FOR ANTIBIOTICS ACCORDING TO CLSI. 
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TABLE 3: RESISTANCE PATTERN OF SALMONELLA 

SPP ISOLATES OF EKULURIVER. 

 

 

 

 

 

Key: CIPRO: Ciprofloxacin; CHLORAM: Chloramphenicol;  
AMOXIL: Amoxicillin;  STREPT: Streptomycin. 
 

IV. DISCUSSION 

Diseases are caused by pathogenic organisms like bacteria, 

viruses, fungi, and parasites that are spread using tainted water. 

Various factors, such as anthropogenic activity, natural 

disasters, and animal contamination, can cause water pollution. 

Illnesses are transmitted when contaminated water is utilized 

for drinking, and other domestic purposes,including 

agricultural produce irrigation [Ahmad et al, 2020]. 

 Numerous studies have identified the microorganisms that 

contribute to outbreaks brought on by tainted drinking water, 

including Vibrio cholerae, Shigella sp., S. typhi, 
Campylobacter, Escherichia coli, Cryptosporidium parvum, 

Entamoeba histolytica, Giardia sp., Balantidium coli, rotavirus, 

and hepatitis A virus [Robertine et al., 2017]. 

This present study assessed the biochemical properties and 

antimicrobial susceptibility patterns of Salmonella spp found 

in the Ekulu river. Forty (40) isolates of Salmonella spp were 

isolated from the Ekulu River. Biochemically, twenty-six (26) 

out of the forty (40) isolates were confirmed to be Salmonella 

spp, which gave a prevalence of 65%. Variations in the level of 

microorganisms in water bodies can be attributed to the 

indiscriminate discharge of human and animal faeces around 

and in water bodies [Adentunde et al., 2011]. The presence of 
Salmonella species anywhere in the dams, wells, rain, and tap 

water samples is worrying since most of the people and 

animals in Enugu State, Nigeria, and its environs drink from 

them. The World Health Organization [WHO, 2006] reported 

that good quality drinking water should be free from microbial 

contamination. The isolation of Salmonella spp from the water 

sample means that the direct consumption of such water 

without treatment may be hazardous. The genus is known to 

cause Salmonellosis. The S.typhi and S. paratyphi species 

cause typhoid fever which can be spread through contaminated 

water. This study, as expected, shows that there is high 
bacteria load in the river surface water sample, which can be 

associated with high mortality in rural areas due to no access to 

quality water and it’s in agreement with those reported by 

[Kindhauser et al, 2019]. In a study conducted in Pakistan by 

Qamar, Farah Naz, et al.(2018), the presence of S. typhi was 

confirmed in water samples, especially samples collected near 

sewage lines. Similar findings were also reported by Osei, et 

al.(2021); and Akram, et al. 2020. A study conducted in 

Kaduna Metropolis, Nigeria, revealed the highest number of S. 

typhi in drinking water (Omotola et.al., 2020) 

Since S. typhi is implicated in enteric fever, optimum 

antimicrobial treatment of patients with enteric fever depends 

on understanding local patterns of antimicrobial susceptibility 

of isolates. In the present study, the isolates showed the highest 

resistance to amoxicillin (100%), then streptomycin (46.15%), 

ciprofloxacin (42.31%), and chloramphenicol (23.07%). This 

result is consistent with reports by Admassu et al., 2019, in 

which Salmonella isolates showed higher resistance to 
ampicillin, chloramphenicol, and amoxicillin. Similar studies 

conducted in Kenya (Mengo et al., 2010) and Ethiopia 

(Dagnew et al., 2013) and a systematic review on antimicrobial 

susceptibility had similar findings (Ashley et al., 2011). These 

resistance patterns seen above could be due to the availability 

and use of these drugs from medicine stores and pharmacies 

and the lack of awareness of antimicrobial stewardship. The 

increasing resistance could lead to difficulty treating infections 

(Senthilkumar & Parabakaran(2005). Thus, routine screening 

of antimicrobial susceptibility before prescription to patients is 

important to reduce the spread/and development of resistant 

strains and improve the patient's prognosis.  

 
 

V. CONCLUSION 

The high level of resistance of Salmonella spp isolates from 

Ekulu River to selected antibiotics indicates a huge level of 

contamination of the River surface water and poor water 

quality, making it unsafe for domestic purposes. The variable 

resistance patterns in response to different antibiotics used in 

this research shows that the presence of Salmonella poses a 

public health risk. Thus, adequate hygienic measures should be 
ensured to reduce contamination of the Ekulu River, avoiding 

inappropriate use of antibiotics, which may impose resistance, a 

public health concern. 

VI. RECOMMENDATION 

Measures should be implemented to avoid the misuse or abuse 

of antibiotics to prevent or reduce the risk of resistance 

development. Enlightenment and proper education should be 

given (especially to people living in the riverine area). 

Measures should be implemented to ensure appropriate 

hygienic conditions, which will go a long way to preventing 

contamination and infection. 
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