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ANTIBIOTICS SUSCEPTIBILITY PATTERN OF SALMONELLA AND SHIGELLA SPP. ISOLATED FROM STOOL SAMPLES AMONG STUDENTS OF UNIVERSITY OF NIGERIA, NSUKKA CAMPUS 






ABSTRACT
Aim: The aim of this study is to determine the prevalence as well as antibiotics susceptibility profile of Salmonella spp. and Shigella spp isolated from stool samples of asymptomatic students at the University of Nigeria, Nsukka campus. 
Study Design: This is a cross-sectional study. 
Place and Duration of Study: Stool samples were collected with sterile universal containers from consenting students across the male and female hostel at the University of Nigeria, Nsukka campus. The samples were immediately transferred to the Department of Microbiology, Bacteriology laboratory and the analysis was carried out from January to April, 2025.
Materials and Methods: A total of 140 stool samples were collected from consented students aged 19 to 27 years (females 57.1%, males 42.9%) after obtaining permission from the Hostels Authority and inoculated onto Salmonella-Shigella agar. Biochemical tests including Simmons Citrate Agar test, Citrate and Urease tests were used to identify the isolates. Kirby-Bauer disk diffusion method was used for the Antibiotic susceptibility testing on Mueller-Hinton Agar.
Results: A total of 32 (22.9%) Salmonella spp and 8 (5.7%) Shigella spp were isolated from 40 sample ou of 140. Students aged 21-23 had the highest prevalence of both Salmonella and Shigella infections, 20 (33.3%) and 8 (13.3%) respectively. The female students had higher prevalence of 13.9% for Salmonella and 13.3%% for Shigella infections, while the male students had 9.3% (Salmonella) and 0.0% (Shigella). Both isolates showed significant variations in their antibiotic resistance patterns, with majority showing high sensitivity to Ciprofloxacin, Pefloxacin and Ofloxacin but 100% resistant to Septrin, Streptomycin and Amoxicillin. 
Conclusion: The overall 22.8% and 5.7% prevalence of Salmonella and Shigella respectively, among asymptomatic students implies that students can be carriers of some deadly pathogens which can subsequently be transmitted to susceptible students/others within the university environment. 
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2.0 INTRODUCTION
Salmonella is a well-known bacteria that causes foodborne illnesses all over the globe. Salmonella infections may vary greatly in severity, ranging from mild, self-limiting diarrhea to potentially fatal systemic illnesses like typhoid and paratyphoid fever.  Millions of instances of Salmonella infections are reported each year, and the bacterium causes significant morbidity and death from diseases, particularly in nations with inadequate sanitation and poor food safety regulations [1]. Geographically, Salmonella infections are a nationwide problem in Nigeria, with prevalence rates varying by region. Urban and semi-urban areas tend to have higher infection rates due to inadequate sanitation and overcrowding, while rural areas are affected due to issues like water contamination and poor hygiene practices. The spectrum of affected groups includes young children under five, school-aged children, adults, and immune-compromised individuals. Travelers from non-endemic regions are at risk if they are not adequately vaccinated and fail to adhere to food and water safety precautions [2]. 
The most frequent cause of bacillary dysentery, more commonly known as shigellosis, is Shigella spp., a severe diarrheal disease that affects millions of people globally, mainly in underdeveloped countries. These bacteria are highly infectious with a low infectious dose and can cause disease with as few as 10-100 organisms. Primary transmission of shigellosis is through the fecal-oral route, which can be through ingestion of fecal contaminated food, water or through direct contact with an infected person. It is a major public health problem especially in areas with poor access to safe water, high population density and poor sanitation [3]. 
The main route of Salmonella and Shigella transmission is through consuming tainted food or drink.  Undercooked chicken, eggs, raw vegetables, and dairy products are common sources that may provide vehicles for the bacterial infection.  Poor sanitation, unhygienic conditions, lack of potable water and improper food handling are factors contributing to the spread of these pathogens [4]. Salmonella and Shigella infections are increasing in importance as food/waterborne diseases due to their potentials to acquire antimicrobial resistance (AMR) coupled with the inability of vaccines to confer immunity in young infants which make them a global public health challenge [5].  Their treatment and control have become more challenging due to the increasing number of multidrug-resistant (MDR) strains which are being brought on by the abuse and also overuse of antibiotics in both human health and agriculture [6].  Globally, Salmonella species cause 93.8 million cases of gastroenteritis annually, with 155,000 fatality cases while approximately 80.3 million cases are food-borne. About 80–165 million cases of Shigellosis occur every year with 600,000 deaths worldwide. Salmonella and Shigella species resistant to commonly prescribed antibiotics are a threat to children and the general community [7].  
There is higher risk of exposure to Shigella and Salmonella infections among students, particularly those who live in hostels as they often eat from cafeterias and food vendors [8]. Shigella spp. and Salmonella spp. have a low infectious dose, therefore even little contamination of food or water sources may cause an epidemic. Furthermore, insufficient and under-equipped laboratory infrastructure limit effective detection and antibiotic susceptibility testing of Shigella, and Salmonella species in most African laboratories, including Nigeria [9].  Their silent spread is also influenced by asymptomatic carriers. 
However, there is limited information regarding the incidence and antibiotic resistance of Salmonela and Shigella in the Universities where common food, water source and toilet facilities may increase the spread of bacteria. It's equally important to detect those healthy carriers in areas where human-to-human transmission is possible. Hence, this study aims to evaluate the prevalence of Shigella spp. and Salmonella spp. from fecal samples of students at the University of Nigeria, Nsukka (UNN), Nsukka campus and assess their antibiotic susceptibility profiles.

2.0 MATERIALS AND METHODS
2.1 Study Area
This study was conducted in the University of Nigeria, Nsukka (UNN) campus. The University environment comprises a diverse student population, with various lifestyle and dietary habits that may influence the prevalence of Salmonella infections. 
2.2 Study Design
This study is a cross-sectional study. 
2.3 Study Population
The participants in this study were students aged 19-27 years, enrolled at the University of Nigeria, Nsukka who gave their consent to participate in the study by signing the informed consent form prior to sample collection. Demographic data (age and gender) of the participants were equally obtained with a pretested questionnaire.   
2.4 Collection of Stool Samples
Fresh stool samples were collected from the students in sterile stool sample bottles. The samples were immediately transported to the Microbiology laboratory for processing.

2.5 Media Preparation and Inoculation
Salmonella-Shigella Agar (SSA) (selective medium to inhibit other bacterial growth) was prepared according to the manufacturer’s instructions (60g/1000ml). A sterile wire loop was used to inoculate the stool samples onto the prepared SSA plates. The plates were incubated in inverted position at 37°C for 24 hours [10].  
2.6 Observation of Colony Morphology on SSA
After incubation, the colonies growth features were observed for typical Salmonella and Shigella spp. characteristics: Colorless colonies with black centers due to (H₂S production) is indicative of Salmonella spp. while colorless colonies without black centers is indicative of Salmonella spp. and possible Shigella spp.
2.7 Further Identification of the Isolates
The isolated bacteria were further identified using biochemical tests (citrate utilization test, and urease test). 

2.8 Antibiotic Susceptibility Testing (AST) of Salmonella spp. and Shigella spp. Isolate

Mueller-Hinton Agar (MHA) was prepared according to the manufacturer’s instructions, (38g/1000ml). The isolates were prepared by suspending bacterial colonies in sterile saline and adjusting the turbidity to match a 0.5 McFarland standard. A sterile cotton swab was used to uniformly inoculate the standardized suspension on the Mueller-Hinton Agar (MHA) plates and the antibiotic disks were aseptically placed onto the MHA plates using sterile forceps. The plates were then incubated at 37°C for 18 hours. After incubation, the diameter of the clear zones around the antibiotic disks was measured in millimeters using a ruler which was used to determine the susceptibility level as Sensitive (S), Intermediate (Int.), and Resistant (R) [11]. 

3.0 RESULTS
3.1 Age Distribution of Participants
The age distribution of the students showed that age group 21 - 23 had the highest number of participants and highest number of students with both Salmonella and Shigella infection whereas age group 24 – 27 had the lowest infection rate (table 1). Female students in the study had higher infections of both bacteria than the male students (table 2).



Table 1. Distribution of samples and positive samples across age groups
	Age Group
	Number of Samples (%)
	Number Positive for
Salmonella (%)
	Number Positive for
Shigella (%)

	18 – 20
	40 (28.5)
	8 (5.7)
	0 (0.0)

	
21 – 23
	
60 (42.9)
	
20 (14.3)
	
8 (5.7)

	
24 – 27
	
40 (28.6)
	
4 (2.9)
	
0 (0.0)

	
Total
	
140 (100)
	
32 (22.9)
	
8 (5.7)




Table 2: Distribution of samples by Gender
	Gender
	Number of Samples (%)
	Number Positive          Number Positive
  for Salmonella (%)        for Shigella (%)

	Males
	60 (42.9%)
	13 (9.3)                                2 (1.4)

	Females
	80 (57.1%)
	19 (13.9)                               6 (4.3)

	Total
	140 (100%)
	32 (22.9)                                8 (5.7)



3.2 Level of growth for the Salmonella spp.
Only 40 of the 140 stool samples that were tested showed growth on Salmonella-Shigella Agar (SSA). Out of which 32 were identified as Salmonella spp. and 8 identified as Shigella spp. No growth was seen in 100 samples. The level of growth on the culture plates varied. Some had heavy growth, some had moderate growth and others had light growth as shown in figures 1 and 2.


[bookmark: _Hlk191464872]Figure 1: Distribution of Growth Pattern of the Salmonella isolates


































                  








 Figure 2: Distribution of Growth Pattern of the Shigella isolates	

3.3 Biochemical Test Results
The biochemical tests results showed that Salmonella colonies appeared colourless with black centers (due to H2S production) whereas Shigella colonies were colourless and transparent. On Simmons Citrate Agar (SCA), Salmonella spp were positive (green colour changed to blue), while Shigella spp were negative. Salmonella spp. were positive to citrate test while Shigella spp. were negative. Both bacteria isolates were negative to urease test. Based on their morphological features and biochemical test results, the 32 Salmonella isolates were grouped into 8, while the 8 Shigella isolates were grouped into 2 which manifested better in their Antibiotics susceptibility levels (table 4). 







Table 3: Result of the citrate and urease tests of both Salmonella and Shigalla isolates
	Isolates
	Colonies colour on SCA
	Citrate test
	Urease test

	Salmonella spp.
	
	
	

	Sal-1
	Green to blue
	+
	-

	-Sal-2
	Green to blue
	+
	-

	Sal-3
	Green to blue
	+
	-

	Sal-4
	Green to blue
	+
	-

	Sal-5
	Green to blue
	+
	-

	Sal-6
	Green to blue
	+
	-

	Sal-7
	Green to blue
	+
	-

	Sal-8
	Green to blue
	+
	-

	Shigella spp.
	
	
	

	Sh-1
	Blue
	-
	-

	Sh-2
	Blue
	-
	-



3.4   Antibiotic Susceptibility Profile of Salmonella spp. and Shigella spp. Isolates
The antibiotic susceptibility testing (AST) was performed using the Kirby-Bauer disk diffusion method on Mueller-Hinton Agar. The isolated Salmonella spp. were grouped into 8, while Shigella spp. were grouped into 2 based on their morphological features and reactionto the biochemical tests. The following antibiotics were tested for susceptibility testing: SXT (30 µg): Septrin, CH (30 µg): Chloramphenicol, SP (10 µg): Sparfloaxcin, CPX (10 µg): Ciprofloxacin, AM (30 µg): Amoxicillin, AU (30 µg): Augmentin (Amoxicillin-Clavulanate), CN (10 µg): Gentamicin, PEF (30 µg): Pefloxacin, OFX (10 µg): Ofloxacin, S (30 µg): Streptomycin
Both bacteria isolates showed varying degree of susceptibility to the antibiotics. Most of the Salmonella spp. were sensitive to Ciprofloxacin, moderately sensitive to Pefloxacin and Ofloxacin but highly resistant to Septrin, Streptomycin and Amoxicillin, whereas Shigella spp. were all sensitive to Pefloxacin and Augumentin.

	S             Groups
	SXT 
	CH 
	SP 
	CPX 
	AM
	AU
	CN
	PEF
	OFX
	S

	Salmonella spp.
	
	
	
	
	
	
	
	
	
	

	Sal-1
	R
	R
	Int
	S
	R
	R
	R
	R
	R
	R

	Sal-2
	R
	R
	R
	Int
	R
	R
	R
	R
	Int
	R

	Sal-3
	R
	R
	R
	S
	R
	R
	R
	Int
	Int
	R

	Sal-4
	R
	R
	Int
	S
	R
	R
	R
	S
	S
	R

	Sal-5
	R
	Int
	Int
	S
	R
	R
	R
	S
	S
	R

	Sal-6
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R

	Sal-7
	R
	R
	R
	R
	R
	Int
	Int
	Int
	R
	R

	Sal-8
	R
	R
	R
	S
	R
	S
	Int
	Int
	R
	R

	Shigella spp.
	
	
	
	
	
	
	
	
	
	

	Sh-1
	R
	R
	Int
	S
	R
	S
	R
	S
	R
	R

	Sh-2
	R
	R
	R
	Int
	R
	S
	S
	S
	Int
	R


Table 4: Antibiotic Sensitivity Reading for Salmonella spp and Shigella spp.



Keys: R=Resistant; Int = Intermediate; S=Sensitive



4.0 DISCUSSION 
The study aimed to isolate and identify Salmonella spp. and Shigella spp. from stool samples of students at the University of Nigeria, Nsukka campus and also determine the antibacterial susceptibility levels of the isolates. The study population consisted of young adults, within the age range of 19 to 27 years. Out of the 140 stool samples analyzed, 40 (8.6%) samples exhibited bacterial growth on Salmonella-Shigella Agar (SSA), 32 (22.9%) were identified as Salmonella spp. while 8 (5.7%) were identified as Shigella spp. The Salmonella isolates have black centers, which is a sign that H₂S was being produced [12] while the Shigella spp. were colourless. Each isolate showed a different level of growth intensity; some samples had light growth, others moderate, and a few heavy growth (Figs. 1 and 2). The variation in colony morphology and growth intensity may indicate differences in bacterial load or the physiological state of the organisms at the time of sample collection or even differences in gender. Previous studies have also reported similar variability in colony characteristics, underscoring the influence of environmental and host factors on bacterial growth [13].  
Biochemical confirmation was achieved using Simmons Citrate Agar, where all Salmonella isolates turned from green to blue after 24 hours, whereas all Shigella isolates remained blue indicating a negative result. This consistent positive citrate result and negative urease result by Salmonella spp. and negative results to citrate and urease tests by Shigella spp., aligns with standard biochemical profiles for Salmonella spp. and mirrors findings in previous literature, further validating the identification method [14]. This low prevalence of Salmonella (22.9%) and Shigella (5.7%) recorded in this study is consistent with the previous report by Diriba et al., [7]  and Mama & Alemu et al., [15]  in similar settings, suggesting that while Salmonella carriage exists among young adults, it may not be widespread in this population [16]. However, the result does not agree with Udujih et al., [17] that recorded up to 54.1% Salmonella prevalence among University students. The variations in the results may be attributed to the level of sanitation in the environment where these students reside, their mode feeding, whether from school cafes, food vendors or they cook their own foods. In addition, the seasonal weather of the study period is likely to affect the prevalence level as higher incidence of Salmonellosis and Shigellosis are usually recorded during rainy season [18]. Most Salmonella infections particularly S. typhi infections manifest severe diarrhea that the patient is usually admitted in a hospital as reported by United States Department of Health and Human services [19]. The student population used in this study showed no sign of diarrhea and this might explain the low prevalence of Salmonella and Shigella infections recorded.  
The result form this study showed that age group 20 - 23 had highest number of students with both Salmonella, 14.3% and Shigella infection, 5.7% whereas age group 24 – 27 had the lowest infection rate, 2.9% and 0% for Salmonella and Shigella infections respectively. This result aligns with that of Udijih et al., [17] that reported higher Salmonella prevalence of 23.7% among younger students aged 18-21 years than in older students aged 22-25 years with 13.1%. The disparity of the infection among various age group may be due to the fact that older students must have known how to maintain high level of hygiene, where to get best food and water in terms of food contamination level and how to avoid toilet contaminations. Also, older students may have developed strong immunity against such common infections. 
Female students had higher infection of both bacteria, 13.9% and 4.3% than the male students, 9.3% and 1.4% for Salmonella and Shigella infections respectively. This corresponds also with the report by Udujih et al., [17] that the female students have higher Salmonella prevalence, 54.1/% than the male counterparts with 45.9% prevalence. The higher prevalence of the infections recorded in female students may be attributed to their body system, lower immunity which make them more prone to infections than the male counterparts.
Antibiotic susceptibility testing of the isolates was performed using the Kirby-Bauer disk diffusion method on Mueller-Hinton agar. The results revealed considerable variability in the susceptibility profiles across the isolates. Most of the isolated Salmonella groups were sensitive to Ciprofloxacin, Pefloxacin and Ofloxacin but all were resistance to Septrin, Streptomycin and Amoxicillin, whereas other antibiotics like Sparfloxacin and Augumentin showed variable susceptibility. This result agrees with the findings of Mama and Alemu, [15] that recorded variable susceptibility among Salmonella isolates. Similarly, some other studies conducted in sub-Saharan region of Africa reported high susceptibility of Salmonella and Shigella species to ciprofloxacin, ceftriaxone, and azithromycin [20, 21, 22, 18]. This result is in line with 2023 report on essential medicines by the WHO that ciprofloxacin should be used as the first choice for treating adults and children with dysentery, and azithromycin, cefixime, sulfamethoxazole + trimethoprim or ceftriaxone as second choices [23].
On the other hand, the 2 Shigella groups isolated were sensitive to Augumentin and Pefloxacin but resistant to Septrin, Chloramphenicol, and Streptomycin, which is consistent with findings of Iwalokur et al. [24]. Resistance to commonly used antibiotics such as ampicillin and co-trimoxazole has been well-documented, raising concerns about the empirical treatment of shigellosis (Nyakor et al., 2024). These observations align with other regional studies, which have documented high resistance rates to older first-line antibiotics and variable susceptibility to newer or combination drugs [26, 13, 2, 27]. 
Pefloxacin, a newer fluoroquinolone derivative, may also exhibit higher potency because it has been less widely used, thereby encountering lower selective pressure [28]. Ciprofloxacin, another fluoroquinolone, though effective, shows variable susceptibility, possibly due to emerging resistance mechanisms such as target enzyme mutations (e.g., in DNA gyrase) and increased efflux pump activity, as reported in recent studies [29].  

CONCLUSION
This study recorded a low prevalence of both Salmonella spp. and Shigella spp. infection among UNN students. Although, asymptomatic carriage of Salmonella and Shigella are not uncommon, they can contribute to the silent transmission of the pathogens within the community. The presence of asymptomatic cases may be depend on the host immunity, bacterial load level, or the virulence of the isolate. However, the presence of asymptomatic carriers poses a latent public health risk. This study, therefore highlights the significance of focused public health interventions, continuous monitoring to halt the spread of Salmonella and Shigella infections from the healthy/asymptomatic carriers and guarantee efficient antibiotic treatment, within the academic environments.
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