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Abstract
Salmonella infections remain a major public health concern in developing regions, particularly among vulnerable populations such as Internally Displaced Persons (IDPs) in North-Central Nigeria. This study investigated the antimicrobial susceptibility patterns (antibiogram) of Salmonella isolates obtained from IDP camps in Benue, Nasarawa, and Plateau States. Standard microbiological techniques were employed, including the Kirby–Bauer disc diffusion method in accordance with Clinical and Laboratory Standards Institute (CLSI) guidelines. Additionally, Extended-Spectrum β-Lactamase (ESBL) production was detected using double-disc synergy and confirmatory tests.A total of 27 isolates from the three study locations demonstrated varying susceptibility patterns. Ciprofloxacin consistently showed the highest effectiveness, with sensitivity rates ranging from 87.5% to 90%, followed by ceftriaxone and norfloxacin. Conversely, high resistance was observed against commonly used antibiotics such as ampicillin (77.8–87.5%) and tetracycline (66.7–75%). Moderate resistance levels were also recorded for co-trimoxazole, gentamicin, and amoxicillin. Notably, 37.0% of the isolates were confirmed as ESBL producers, indicating the presence of advanced resistance mechanisms. The findings highlight a growing burden of multidrug-resistant Salmonella strains in IDP settings, driven by poor sanitation, overcrowding, and indiscriminate antibiotic use. This study underscores the importance of continuous surveillance and the use of evidence-based antibiograms to guide effective treatment strategies in resource-limited environments.
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1. Introduction
Infectious diseases caused by enteric pathogens remain a major public health concern in developing countries, particularly in sub-Saharan Africa. Among these pathogens, the genus Salmonella is one of the most significant causes of food-borne and water-borne infections, responsible for a wide spectrum of illnesses ranging from self-limiting gastroenteritis to severe systemic conditions such as typhoid fever (Kariuki S. & Dougan G., 2021). Globally, Salmonella infections contribute substantially to morbidity and mortality, with a disproportionate burden observed in regions with inadequate sanitation, limited access to clean water, and weak healthcare infrastructure (World Health Organization, 2018).
In Nigeria, Salmonella infections are endemic and are frequently associated with poor environmental hygiene, unsafe food handling practices, and contaminated water sources (Auta A. et al., 2019). The situation is particularly critical in Internally Displaced Persons (IDP) camps, which have emerged as a result of conflicts, communal clashes, and natural disasters. In North-Central Nigeria—comprising states such as Benue State, Plateau State, Nasarawa State, Niger State, and Kogi State—large populations of displaced individuals reside in overcrowded settlements characterized by poor sanitation, insufficient potable water, and limited access to healthcare services (Internal Displacement Monitoring Centre, 2022). These conditions create an ideal environment for the transmission and persistence of enteric pathogens, including Salmonella species.
A growing concern in the management of Salmonella infections is the increasing rate of antimicrobial resistance (AMR). The widespread and often indiscriminate use of antibiotics in both human and veterinary medicine has accelerated the emergence of resistant strains (Prestinaci F. et al., 2015). Consequently, many Salmonella isolates now exhibit resistance to commonly used first-line antibiotics such as ampicillin, tetracycline, and cotrimoxazole (Eibach D. et al., 2019). This trend poses a serious threat to effective treatment, leading to prolonged illness, increased healthcare costs, and higher risk of complications and mortality.
An antibiogram, defined as the profile of antimicrobial susceptibility of bacterial isolates, is an essential tool in clinical microbiology for guiding empirical therapy and monitoring resistance trends (Clinical and Laboratory Standards Institute, 2021). In resource-limited settings like IDP camps, where laboratory diagnostic capacity may be constrained, empirical treatment is often practiced. However, without reliable local antibiogram data, such treatment may be ineffective, further contributing to the development and spread of multidrug-resistant (MDR) strains.
In the context of IDPs in North-Central Nigeria, the importance of studying the antibiogram of Salmonella cannot be overstated. The unique combination of environmental exposure, compromised immunity, malnutrition, and frequent antibiotic misuse among displaced populations enhances both the transmission dynamics of Salmonella and the selection pressure for resistant strains (Abdu A. et al., 2023). Furthermore, IDP camps can act as reservoirs and amplification points for resistant organisms, facilitating their spread to surrounding communities.
Despite the public health significance of this issue, there is a relative paucity of detailed, location-specific data on the antimicrobial susceptibility patterns of Salmonella isolates in IDP settings within North-Central Nigeria. Most available studies are hospital-based and may not accurately reflect the resistance patterns within displaced populations. Therefore, there is a critical need for targeted research to generate baseline data on the antibiogram of Salmonella in these vulnerable groups.
This study is thus aimed at investigating the antimicrobial susceptibility patterns of Salmonella isolates obtained from IDPs in selected states in North-Central Nigeria. The findings are expected to provide valuable insights into prevailing resistance trends, inform appropriate antibiotic therapy, and contribute to the development of effective infection control and antimicrobial stewardship strategies in these high-risk settings.
2. Materials and methods
Antimicrobial Susceptibility Testing
Antimicrobial susceptibility testing of the isolates from IDPs Camps in selected state in North central was carried out using the Kirby-Bauer disc diffusion method on Mueller-Hinton agar, in line with the guidelines of the Clinical and Laboratory Standards Institute (CLSI, 2022). Pure colonies of the isolates were suspended in peptone water and incubated at 37 °C for six hours, after which the turbidity was standardized to match the 0.5 McFarland standard, equivalent to approximately 1.5 × 10⁸ CFU/mL. Using sterile swabs, the standardized inocula were evenly spread over the surfaces of Mueller-Hinton agar plates. After allowing the inocula to absorb for about five minutes, antibiotic discs were carefully placed on the agar surface with sterile forceps. The plates were incubated at 37 °C for 18 to 24 hours. Following incubation, the diameters of the zones of inhibition around each antibiotic disc were measured in millimetres and interpreted as susceptible, intermediate, or resistant, based on the CLSI interpretive criteria. 
Detection of Extended spectrum beta-lactamases (ESBLs)
 Double Disc Synergy Test
 Salmonella isolates were plated onto a Muller-Hinton agar medium. The antibiotic discs employed were Ceftriaxone (30 µg), Ceftazidime (30 µg), and Amoxicillin/Clavulanic acid (20/10 µg). The two antibiotics were positioned 20-30 mm away from the clavulanate disc, which was situated in the center of the plate. Following 24 hours of incubation, a noticeable increase in the zone of inhibition surrounding either the cephalosporin antibiotics or the amoxicillin/clavulanic acid disc was observed, indicating a positive test result. This suggested a synergistic effect with clavulanic acid and the presence of an ESBL
Phenotypic Confirmatory Disk Diffusion Test
 A disk of Ceftazidime (30 µg) was utilized individually and alongside Clavulanic acid (30 µg/10 µg) for the phenotypic verification of ESBL presence. The antibiotics were positioned 20 mm from the plate surface and incubated for 24 hours at 37°C. Salmonella isolates were classified as ESBL producers based on a ≥ 5 mm increase in zone diameter for either Ceftazidime discs or their associated Ceftazidime/Clavulanate discs
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3. Results
Table 1: Antibiotic Sensitivity Profile of Salmonella Isolates at Benue State IDP Camp
	Antibiotics
	Concentration  (mcg) 
	Salmonella isolates (n=8 )     
Sensitive                       Resistance
No.  ( %)                        No.  ( %)

	Ceftriaxone                         30                            6    (75.0)	                  2    (25.0)
Ampicillin 	                    30	                1    (12.5)                      7    (87.5)	
Co-trimoxazole	        30                            3   (37.5)	                  5    (62.5)
Ceftazidime                          30                           5  (62.5)                        3    (37.5)
Meropenem                          30	                 4   (50.0)                       4   (50.0)              
Gentamycin                          10                            3  (37.5)                        5   (62.5)
Ciprofloxacin                        5	                  7  (87.5)                        1  (12.5)
Tetracycline                         30	                  2  (25.0)                         6  (75.0) 
Norfloxacin                         30                             6  (75.0)                         2  (25.0)
Amoxicillin                          20	                   3  (37.5)                         5  (62.5)



χ2 = 17.00, df =9, P = 0.05
Table 1 presents the antibiotic sensitivity profile of Salmonella isolates obtained from the Internally Displaced Persons (IDP) camps in Benue State. The findings demonstrate variable patterns of susceptibility and resistance across the antibiotics tested. Ciprofloxacin recorded the highest level of sensitivity at 87.5 %, followed by ceftriaxone and norfloxacin, both with 75 % sensitivity. Ceftazidime showed a sensitivity of 62.5 %, while meropenem exhibited moderate sensitivity at 50 %. Co-trimoxazole, gentamicin, and amoxicillin each had sensitivity rates of 37.5 %, whereas tetracycline was lower at 25 %. The least effective antibiotic was ampicillin, with a sensitivity rate of only 12.5 %. In terms of resistance, ampicillin displayed the highest rate at 87.5 %, followed by tetracycline at 75 %. Co-trimoxazole, gentamicin, and amoxicillin each showed resistance in 62.5 % of isolates, meropenem in 50 %, ceftazidime in 37.5 %, and ceftriaxone and norfloxacin both at 25 %. Ciprofloxacin was the most effective antibiotic, with the lowest resistance rate of 12.5 %.











Table 2: Antibiotic Sensitivity Profile of Salmonella Isolates at Nasarawa State IDP Camp
	Antibiotics
	Concentration  (mcg) 
	Salmonella isolates (n=10 )     
Sensitive                       Resistance
No.   ( %)                       No. ( %)

	Ceftriaxone                         30                            7     (70.0)	                3    (30.0)
Ampicillin 	                   30	                            2    (20.0)                       8    (80.0)	
Co-trimoxazole	         30                            5    (50.0)	                  5    (50.0)
Ceftazidime                          30                           6    (60.0)                       4   (40.0)
Meropenem                          30	                 6   (60.0)                        4  (40.0)              
Gentamycin                          10                            5  (50.0)                        5   (50.0)
Ciprofloxacin                        5	                  9  (90.0)                        1   (10.0)
Tetracycline                         30	                  3  (30.0)                        7   (70.0) 
Norfloxacin                         30                             7  (70.0)                       3  (30.0)
Amoxicillin                          20	                  6  (60.0)                       4  (40.0)



χ2 = 14.8, df =9, P = 0.095
Table 2 illustrates the antibiotic sensitivity profile of Salmonella isolates recovered from the IDP camps in Nasarawa State. The isolates demonstrated the highest sensitivity to ciprofloxacin (90 %), followed by ceftriaxone and norfloxacin, both at 70 %. Ceftazidime and meropenem each showed a sensitivity of 60 %, while amoxicillin recorded a similar rate of 60 %. Moderate sensitivity was observed for co-trimoxazole and gentamicin, both at 50 %, whereas tetracycline and ampicillin had the lowest sensitivity rates of 30 % and 20 %, respectively. Resistance was most pronounced in ampicillin (80 %) and tetracycline (70 %). Ceftazidime, meropenem, and amoxicillin each showed resistance in 40 % of isolates, while co-trimoxazole and gentamicin were resistant in 50 %. Ceftriaxone and norfloxacin demonstrated lower resistance rates of 30 %, and ciprofloxacin remained the most effective, with only 10 % resistance observed.












Table 3: Antibiotic Sensitivity Profile of Salmonella Isolates at Plateau State IDP Camp
	Antibiotics
	Concentration (mcg) 
	Salmonella isolates (n=9)     
Sensitive                       Resistance
No.  ( %)                      No. ( %)

	Ceftriaxone                         30                             6  (66.7)	              3    (33.3)
Ampicillin 	                    30	                 2   (22.2)                    7   (77.8)	
Co-trimoxazole	         30                             5   (55.5)	                 4   (44.5)
Ceftazidime                          30                            6   (66.7)                     3   (33.3)
Meropenem                          30	                 5   (55.5)                      4   (44.5)              
Gentamycin                          10                            4  (44.5)                       5   (55.5)
Ciprofloxacin                        5	                   8   (88.9)                      1   (11.1)
Tetracycline                         30	                   3   (33.3)                       6   (66.7) 
Norfloxacin                         30                              6  (66.7)                          3   (33.3)
Amoxicillin                          20	                    5  (55.5)                         4   (44.5)



χ2 = 11.7, df =9, P = 0.023

Table 3 summarizes the antibiotic sensitivity profile of Salmonella isolates from the IDP camps in Plateau State. Ciprofloxacin emerged as the most effective antibiotic, with a sensitivity rate of 88.9 %. This was followed by ceftriaxone, ceftazidime, and norfloxacin, each with 66.7 % sensitivity. Moderate responses were recorded for co-trimoxazole, meropenem, and amoxicillin (55.5 %), while gentamicin and tetracycline demonstrated sensitivities of 44.5 % and 33.3 %, respectively. Ampicillin showed the lowest sensitivity at 22.2 %. Conversely, resistance was highest against ampicillin (77.8 %) and tetracycline (66.7 %). Gentamicin exhibited a resistance rate of 55.5 %, while co-trimoxazole, meropenem, and amoxicillin each showed resistance in 44.5 % of isolates. Ceftriaxone, ceftazidime, and norfloxacin recorded resistance levels of 33.3 %, whereas ciprofloxacin remained the most reliable antibiotic, with only 11.1 % resistance.



















Table 4: Phenotypic confirmation of ESβL Salmonella producers
	Antibiotic
	         Salmonella isolates
   Non-ESβL producers (%) 
	=27             
 ESβL producers (%)

	Ceftazidime (30 μg) 
             +	
Ceftazidime/clavulanic 
acid disc (30/10μg)	17(63.0)	10(37.0)



4. Discussion

The antibiotic susceptibility results from Benue State IDP camps demonstrated varied sensitivity patterns among the Salmonella isolates. Ciprofloxacin exhibited the highest level of sensitivity (87.5 %), followed by ceftriaxone and norfloxacin (75 %), confirming their effectiveness as front-line treatment options. Similar findings have been documented by Akinyemi et al. (2018), who reported fluoroquinolones as among the most potent antimicrobial agents against Salmonella infections. Conversely, ampicillin exhibited the highest resistance rate (87.5 %), a trend that has been associated with widespread dissemination of β-lactamase-producing Salmonella strains (Okeke et al., 2020).
Resistance to tetracycline (75 %) was also high, reflecting the impact of antibiotic misuse in both human and veterinary medicine (Omole et al., 2019). Gentamycin and co-trimoxazole each demonstrated a resistance rate of 62.5 %, while ceftazidime and meropenem showed moderate resistance at 37.5 % and 50 %, respectively. The emergence of meropenem resistance is particularly alarming, as carbapenems are typically considered last-resort antibiotics for treating multidrug-resistant infections (Kariuki and Dougan, 2021).
Similarly, the Salmonella isolates from the Nasarawa State IDP camps showed high susceptibility to ciprofloxacin (90 %), with ceftriaxone and norfloxacin following closely at 70 %. These findings reinforce previous observations that fluoroquinolones and third-generation cephalosporins remain effective against most Salmonella strains in Nigeria (Akinyemi et al., 2018; Okeke et al., 2020). However, ampicillin again displayed the highest resistance (80 %), indicating persistent β-lactamase-mediated resistance. Tetracycline resistance (70 %) and moderate resistance to co-trimoxazole, gentamycin, and meropenem (40–50 %) were also observed, suggesting ongoing multidrug resistance challenges that demand urgent surveillance (Kariuki et al., 2021).
In Plateau State IDP camps, ciprofloxacin was once more identified as the most effective antibiotic, with 88.9 % of isolates showing susceptibility and only 11.1 % resistant. This corroborates findings from Katsina (Abdu et al., 2023) and Osun State (Oladipo et al., 2023), where Salmonella isolates exhibited complete sensitivity to ciprofloxacin. Conversely, ampicillin demonstrated the highest resistance (77.8 %), consistent with data from Lagos (Adeyemi et al., 2021) and Jos (Usman et al., 2020), where similar resistance patterns were observed. The persistently high resistance to ampicillin and tetracycline reflects a worrying trend of antibiotic misuse and emphasizes the need for rational drug prescription policies.
The prevalence of extended-spectrum β-lactamase (ESBL)-producing Salmonella observed in this study was 37.04 % among the positive isolates. Although relatively high compared to previous reports, this finding still carries clinical significance due to the associated risk of treatment failure and increased healthcare burden. This prevalence contrasts with the absence of ESBL-producing Salmonella reported by Ifeanyi et al. (2014) in Abuja, North-Central Nigeria, but remains higher than the 15.5–28 % range reported in other Nigerian studies (Mohammed et al., 2016; Fody et al., 2017; Ogbolu et al., 2013; Ahmed et al., 2014; Olukayode et al., 2024).
The relatively high ESBL prevalence in this study may be attributed to differences in antibiotic usage patterns, detection methodologies, or regional healthcare practices. Nevertheless, even modest ESBL occurrence requires close monitoring because of its potential to spread through plasmid-mediated gene transfer. Such resistance poses a severe threat to effective antimicrobial therapy, especially in IDP populations with limited access to advanced healthcare.
5. Conclusion
This study revealed a high prevalence of antimicrobial resistance among Salmonella isolates in IDP camps across North-Central Nigeria, with particularly strong resistance to commonly used antibiotics such as ampicillin and tetracycline. Fluoroquinolones, especially ciprofloxacin, and third-generation cephalosporins like ceftriaxone remain the most effective treatment options. However, the emergence of ESBL-producing strains and observed resistance to even last-resort antibiotics such as meropenem pose a serious public health threat.
The results emphasize the urgent need for antimicrobial stewardship programs, improved hygiene and sanitation in IDP camps, and routine monitoring of resistance patterns. Generating location-specific antibiogram data is critical for guiding empirical therapy and reducing the spread of multidrug-resistant Salmonella within these vulnerable populations and the wider community.
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