


Antimicrobial Susceptibility and Prevalence of Vibrio cholerae among IDPs in North Central Nigeria

ABSTRACT
Cholera remains a significant public health concern in resource-limited settings, particularly among internally displaced persons (IDPs) who are exposed to poor sanitation, unsafe water, and overcrowded living conditions. This study investigates the prevalence and antimicrobial susceptibility pattern of Vibrio cholerae isolates from faecal samples of IDPs in selected camps across North Central Nigeria (Benue, Nasarawa, and Plateau States). A cross-sectional study design was employed, involving 422 diarrheic participants. Stool samples were analyzed using rapid diagnostic tests, culture on selective media, biochemical characterization, serological confirmation, and antimicrobial susceptibility testing following CLSI guidelines. The overall prevalence of Vibrio cholerae was 1.9% (8/422). Age, gender, marital status, and family type showed no statistically significant association with infection (p > 0.05). However, a significant association was observed between cholera prevalence and source of drinking water (p < 0.05), with the highest infection rates among individuals relying on streams, rivers, and wells. Antibiotic susceptibility testing revealed complete sensitivity to ciprofloxacin (100%), high susceptibility to tetracycline (87.5%) and gentamicin (75%), and moderate susceptibility to meropenem (62.5%). High resistance was observed against nalidixic acid (100%), cefotaxime (75%), trimethoprim-sulfamethoxazole (75%), and ampicillin (62.5%). The study highlights the continued presence of Vibrio cholerae in IDP camps and underscores the importance of improving water quality, sanitation infrastructure, and antimicrobial stewardship. Continuous surveillance and targeted public health interventions are essential to prevent potential outbreaks in these vulnerable populations.
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1. INTRODUCTION
Cholera remains a major public health challenge globally, particularly in Africa, where limited access to safe drinking water, poor sanitation, and inadequate hygiene practices create conditions that favour recurrent outbreaks. The disease is caused by Vibrio cholerae, a Gram-negative bacterium transmitted primarily via the faecal oral route, often through the ingestion of contaminated food or water. In severe cases, cholera can be fatal if not promptly diagnosed and treated (Mohamed et al., 2025). The WHO estimates that cholera causes 3 to 5 million cases and 100,000 to 120,000 deaths each year, but many cases go unreported due to weak surveillance systems, resource constraints, and the stigma associated with the disease (Asantewaa et al., 2024).
In Africa, cholera outbreaks are frequently linked to environmental contamination, overcrowding, and displacement of populations. Molecular studies have enhanced understanding of the spread and evolution of V. cholerae across the continent (Nguyen et al., 2014). Nigeria remains highly vulnerable to recurring cholera outbreaks due to factors such as lack of access to clean water, flooding, poverty, illiteracy, inadequate healthcare, poor sanitation infrastructure, and displacement caused by conflict (Ogunniyi et al., 2025). Investigations have revealed the circulation of multiple strains, each with varying genotypes and antibiotic resistance patterns (Nelson et al., 2020). With the application of whole-genome sequencing (WGS) and related molecular techniques, researchers have been able to characterise the genetic diversity of isolates, track strain evolution, and identify links between outbreaks, migration, and environmental drivers (Wahed et al., 2013).
Internally displaced persons (IDPs) are defined as “persons or groups of people who have been forced to flee their homes or habitual places of residence, in particular as a result of armed conflict, generalized violence, human rights violations, or natural and human-made disasters, but who have not crossed an internationally recognized state border” (UNHCR, 1998; Kayembe et al., 2023; Dafallah et al., 2026). IDP camps in Africa, including Nigeria, often provide the exact conditions limited sanitation facilities, unsafe water sources, overcrowding, and poor waste disposal systems that facilitate the spread of cholera.
2. MATERIALS AND METHODS
Design of the Study
The research employed a cross-sectional study design, which involved collecting samples from a defined population at a specific point in time. In this study, stool samples were obtained from individuals presenting with diarrhoea in selected IDP camps. The samples were subjected to laboratory analyses using a range of microbiological and molecular identification techniques. In addition, demographic data of the participants were recorded to provide context for interpreting the findings.
 Study Population
The study population consisted of diarrheic individuals residing in IDP camps across the three North Central states of Nigeria: Benue, Nasarawa, and Plateau. Participants were recruited from the selected camps in these states, and only those meeting the inclusion criteria were considered for sample collection and analysis.
Sample Size Determination
Sample size was determined based on this n=Z2Pq/d2 (Naing et al., 2022). 
	n=Z2Pq/d2 (Naing et al., 2022).
	n= desired sample size
	Z= 95 % confidence interval = 	1.96.
	P= is the previous study of V. cholera at 46.7% (Fasema et al., Aladese and Arivo, 	2021)
	d=error margin which is taken at 5 % = 0.05
 	q=1.0 –P
	n =1.962 ×0.467 (1-0.5)/0.052 =358.81
	358.81
	≃ 422
	
Inclusion Criteria
Participants eligible for inclusion in this study were individuals residing in the selected IDP camps who presented with symptoms of diarrhoea at the time of sampling.
 Exclusion Criteria
Individuals in the camps who did not exhibit diarrheal symptoms were excluded from the study.
 Data Collection
Data collection was carried out using a structured questionnaire, which was administered to all individuals who met the inclusion criteria. The questionnaire was designed to obtain information on socio-demographic characteristics and potential risk factors associated with diarrheal illness. For participants who were not proficient in English, the researcher provided interpretation in local languages to ensure accurate understanding and proper completion of the questionnaire.
Sample Collection 
Stool specimens were collected from diarrheic participants using clean, dry, leak-proof containers pre-filled with Cary-Blair transport medium. Care was taken to avoid contamination with urine, water, soil, or other extraneous materials. The collected samples were immediately packed in ice-cold boxes and transported under controlled ambient conditions to the Service Laboratory of the Department of Medical Microbiology and Parasitology, Benue State University Teaching Hospital, Makurdi, for further processing and analysis.

 Isolation of Vibrio cholera using Immunochromatographic One-Step Rapid Visual Test for Vibrio cholerae 
Using a sterile sampling stick, a small portion of stool was collected from at least two different areas of the same sample and introduced into the sample processing vial provided with the kit. In cases of liquid stool, a disposable plastic dropper was used to dispense drops directly into the vial. The vial was tightly recapped and shaken to ensure thorough mixing. The transparent cap was then removed, and the sampling stick was broken at the indicated point to allow dispensing of the suspension into the test tube. Four drops of the prepared suspension were transferred into the test tube, after which the vial was recapped. A dipstick labeled with the participant’s identification number was placed vertically in the test tube with the arrows pointing downward. The test results were read between 15 and 30 minutes after immersion. The presence of two pinkish-red bands—one at the control (C) region and another at the T1 region—was interpreted as positive for V. cholerae O139 LPS antigen. Similarly, bands appearing at the C and T2 regions indicated a positive result for V. cholerae O1 LPS antigen. A negative result was defined by the appearance of only a single band at the control (C) region with no visible bands at the T1 or T2 regions.
 Culture of Stool Samples
The cultural isolation of Vibrio cholerae was performed following a modified protocol described by Anwar and colleagues (2012). A loopful of stool specimen was inoculated into Alkaline Peptone Water (APW) broth contained in McCartney bottles and incubated at 37 °C for 24 hours. Following enrichment, the inoculum was streaked onto Thiosulfate Citrate Bile Salts Sucrose (TCBS) agar (Oxoid, UK) and Kligler Iron Agar (KIA) (Oxoid, UK) and incubated at 37 °C for another 24 hours. After incubation, colonies were examined for morphology and subjected to further tests.

Identification of Vibrio cholerae Isolates
Following incubation, suspected Vibrio cholerae colonies on TCBS agar appeared as shiny yellow colonies with a rice-like morphology. These colonies were subjected to Gram staining, biochemical testing, and serological confirmation, in accordance with established methods (Gangarosa et al., 1968; McLaughlin, 1995). On KIA, changes in the slant and butt were also observed to aid preliminary identification.
 Serological Testing
Freshly isolated colonies presumptively identified as Vibrio cholerae were tested using polyvalent antisera for V. cholerae O1 and O139 (Denka Seikan Company Limited, Tokyo, Japan). Positive agglutination in either antiserum confirmed presumptive identity. Isolates positive for O1 were further characterized into Ogawa or Inaba serotypes using monovalent antisera. Confirmed isolates underwent additional characterization, including toxin production, hemolysis, antimicrobial susceptibility testing, biochemical identification, and molecular subtyping, as outlined by Garbati and colleagues (2019).
 Gram Staining
Colonies from TCBS agar were emulsified in distilled water on a glass slide, air-dried, and heat-fixed. The smears were stained with crystal violet for 30–60 seconds, rinsed, and treated with Lugol’s iodine for another 30–60 seconds. Decolorization was performed briefly using acetone-alcohol, followed by counterstaining with safranin for two minutes. After rinsing and drying, the smears were examined microscopically under oil immersion. Vibrio cholerae isolates appeared as Gram-negative, comma-shaped rods (Cheesbrough, 2006).

 Biochemical Identification
A series of biochemical assays were performed for confirmatory identification of V. cholerae. These included oxidase, catalase, motility, indole, methyl red (MR), Voges-Proskauer (VP), citrate utilization, urease, and triple sugar iron (TSI) tests. The outcomes of these tests, interpreted according to standard procedures, aligned with the characteristic biochemical profile of Vibrio cholerae.
Antimicrobial Susceptibility Testing
Antibiotic susceptibility of the isolates was evaluated using the Kirby-Bauer disc diffusion method on Mueller-Hinton agar, following Clinical and Laboratory Standards Institute (CLSI, 2022) guidelines. Bacterial suspensions were prepared in peptone water and incubated at 37°C for six hours. The turbidity was adjusted to the 0.5 McFarland standard (1.5 × 10⁸ CFU/mL). Sterile swabs were used to inoculate Mueller-Hinton agar plates, which were left for five minutes to allow absorption. Antibiotic discs were carefully placed onto the inoculated plates, and the plates were incubated at 37°C for 18–24 hours. Zones of inhibition were measured in millimetres, and results were interpreted as susceptible, intermediate, or resistant according to CLSI breakpoints (2022).

3. RESULTS 
Age, Gender and marital distribution of Cholera infection among Internally Displaced Persons (IDPs) in North-Central Nigeria
The highest prevalence of cholera was recorded among individuals aged 1–20 years (7.5 %), followed by the 21–40 years and 41–60 years groups (5.0 %). The 61–80 years group had the lowest prevalence (12.5 %). However, the difference across age groups was not statistically significant (χ² = 3.215; p = 0.522).
Gender-based analysis showed a higher prevalence among females (87.5 %) compared to males (12.5 %), though this difference was not statistically significant (p = 0.331).
By marital status, infections occurred only among married and single individuals (50.0 % ) each, while widows, widowers, and divorced respondents recorded no cases. The difference was not statistically significant (p = 0.351). Family type analysis revealed equal prevalence among those from monogamous and polygamous households (50.0 % each), with no significant difference (p = 0.124) as shown in table 1


Prevalence of Cholera Infection among the Internally Displaced Persons (IDPs) in relation to Source of risk factors
Cholera prevalence was highest among respondents who relied on streams, rivers, or wells for drinking water (62.5 %). Those using wells alone accounted for 25.0 % of cases, while one case (12.5 %) was linked to respondents who used a combination of wells and rainwater. The association between water source and cholera prevalence was statistically significant (p = 0.000).
For waste disposal, all cholera cases (100 %) were linked to respondents who dumped waste in bushes, while no cases were recorded among those using pit burial, refuse dumps, or other methods. This association was not statistically significant (χ² = 2.087; p = 0.837). The majority of cholera cases were associated with respondents using pit/bush toilets (87.5 %), while the remainder (12.5 %) occurred among those using open bushes. None of the cases were linked to respondents who used pit latrines. The association between toilet type and cholera prevalence was not statistically significant (χ² = 3.496; p = 0.321) as shown in table 2.


Antibiotic Sensitivity Profile of Vibrio cholerae in Nasarawa State IDP Camp
The antimicrobial susceptibility profile of V. cholerae isolates from Nasarawa State IDP camps (Table 2) indicated complete sensitivity to ciprofloxacin (100 %). High susceptibility was also observed for tetracycline (87.5 %), gentamicin (75 %), and meropenem (62.5 %). In contrast, isolates showed low sensitivity to cefotaxime and trimethoprim-sulfamethoxazole (25 % each) and were completely resistant to nalidixic acid (100 %) as shown in table 3.















	

Table 1: Age, Gender and marital distribution of Cholera infection among Internally Displaced Persons (IDPs) in North-Central Nigeria
	
	
	

	Independent Variables
	REMARKS
	Total
	
	
	

	
	NEGATIVE
	POSITIVE
	
	
	
	

	
	number
	 %
	Number
	 %
	number
	 %
	Chi-square
	Df
	P

	AGE  (years)
	1.0 - 20.0
	62a
	15.0
	3a
	37.5
	65
	15.4
	χ2 = 3.215
	4
	.522

	
	21.0 - 40.0
	123a
	29.7
	2a
	25.0
	125
	29.6
	
	
	

	
	41.0 - 60.0
	133a
	32.1
	2a
	25.0
	135
	32.0
	
	
	

	
	61.0 - 80.0
	87a
	21.0
	1a
	12.5
	88
	20.9
	
	
	

	
	81.0+
	9a
	2.2
	0a
	0.0
	9
	2.1
	
	
	

	Total
	414
	100.0
	8
	100.0
	422
	100.0
	
	
	

	
	
	
	
	
	
	
	
	
	


	GENDER
	FEMALE
	298a
	72.0
	7a
	87.5
	305
	72.3
	χ2 = 0.943
	1
	.331

	
	MALE
	116a
	28.0
	1a
	12.5
	117
	27.7
	
	
	

	Total
	414
	100.0
	8
	100.0
	422
	100.0
	
	
	

	
	
	
	
	
	
	
	
	
	

	MARITAL STATUS
	DIVORCED
	6a
	1.4
	0a
	0.0
	6
	1.4
	χ2 =4.433
	4
	.351

	
	MARRIED
	302a
	72.9
	4a
	50.0
	306
	72.5
	
	
	

	
	SINGLE
	84a
	20.3
	4b
	50.0
	88
	20.9
	
	
	

	
	WIDOW
	19a
	4.6
	0a
	0.0
	19
	4.5
	
	
	

	
	WIDOWER
	3a
	.7
	0a
	0.0
	3
	.7
	
	
	

	Total
	414
	100.0
	8
	100.0
	422
	100.0
	
	
	

	
	
	
	
	
	
	
	
	
	

	TYPE OF FAMILY
	MONOGAMY
	307a
	74.2
	4a
	50.0
	311
	73.7
	χ2 = 2.362
	1
	.124

	
	POLYGAMY
	107a
	25.8
	4a
	50.0
	111
	26.3
	
	
	

	Total
	414
	100.0
	8
	100.0
	422
	100.0
	
	
	

	Each subscript letter denotes a subset of REMARKS categories whose column proportions do not differ significantly from each other at the .05 level.
	
	
	















	Table 2: Prevalence of Cholera Infection among the Internally Displaced Persons (IDPs) in relation to Source of risk factors
	
	
	

	Independent Variables
	REMARKS
	Total
	
	
	

	
	NEGATIVE
	POSITIVE
	
	
	
	

	
	number
	 %
	number
	 %
	number
	 %
	Chi-square
	Df
	P

	SOURCE OF DRINKING WATER
	BOREHOLE
	51a
	12.3
	0a
	0.0
	51
	12.1
	χ2 = 35.482
	6
	.000

	
	STREAM/
BORE HOLE
	53a
	12.8
	0b
	0.00
	53
	12.6
	
	
	

	
	WELL
	174a
	42.0
	2a
	25.0
	176
	41.7
	
	
	

	
	WELL/
BOREHOLE
	31a
	7.5
	0a
	0.00
	31
	7.3
	
	
	

	
	WELL/RAIN
	31a
	7.5
	1a
	12.5
	32
	7.6
	
	
	

	
	WELL/
STREAM/
RIVER
	28a
	6.8
	5b
	62.5
	33
	7.8
	
	
	

	
	WELL/
TANKER
	46a
	11.1
	0a
	0.0
	46
	10.9
	
	
	

	Total
	414
	100.0
	8
	100.0
	422
	100.0
	
	
	

	
	
	
	
	
	
	
	
	
	

	WASTE DISPOSAL
	BURIED
	20a
	4.8
	0a
	0.00
	20
	4.7
	χ2 = 2.087
	5
	.837

	
	BUSH
	328a
	79.2
	8a
	100.0
	336
	79.6
	
	
	

	
	DUMP
	40a
	9.7
	0a
	100.0
	40
	9.5
	
	
	

	
	NONE
	2a
	0.5
	0a
	0.00
	2
	0.5
	
	
	

	
	PIT
	2a
	0.5
	0a
	0.0
	2
	0.5
	
	
	

	
	REFUSE DUMP
	22a
	5.3
	0a
	0.00
	22
	5.2
	
	
	

	Total
	414
	100.0
	8
	100.0
	422
	100.0
	
	
	

	
	
	
	
	
	
	
	
	
	

	TYPE OF TOILET
	BUSH
	156a
	37.7
	1a
	12.5
	157
	37.2
	χ2 =3.496a
	3
	.321

	
	OTHERS
	2a
	0.5
	0a
	0.00
	2
	0.5
	
	
	

	
	PIT
	30a
	7.2
	0b
	0.00
	30
	7.1
	
	
	

	
	PIT/BUSH
	226a
	54.6
	7a
	87.5
	233
	55.2
	
	
	

	Total
	414
	100.0
	8
	100.0
	422
	100.0
	
	
	

	Each subscript letter denotes a subset of REMARKS categories whose column proportions do not differ significantly from each other at the .05 level.
	
	
	








Table 3: Antibiotic Sensitivity Profile of Vibrio cholerae in Nasarawa State IDP Camp
	Antibiotics
	        Concentration  (mcg) 
	                    Vibrio cholerae (n=8 )     
                Sensitive                      Resistance
                No.  ( %)                      No.  ( %)

	Tetracycline                                       30                             7 (87.5)	                1 (12.5)
Cefotaxime	                30                           2  (25.0)                       6 (75.0)	
Meropenem	                30                           5 (62.5)	               3 (37.5)
Trimethoprim-sulfamethoxazole         30                           2 (25.0)                       6 (75.0)
Ampicillin                                            30	                    3  (37.5)                      5 (62.5)              
Gentamycin                                          10                           6 (75.0)                       2 (25.0)
Ciprofloxacin                                        5	                            8 (100)                         0 (0.0)
 Nalidixic acid                                       20	                          0 (0.0)                          8 (100)




4. Discussion
The present study provides important insights into the epidemiology and antimicrobial susceptibility patterns of Vibrio cholerae among IDPs in North Central Nigeria. The overall prevalence of 1.9% observed in this study is relatively low compared to previous reports in Nigeria and other African settings. Similar low prevalence rates have been documented in Ethiopia and parts of West Africa, where prevalence ranged between 0.5% and 5% (Abebe et al., 2021; Sodjinou et al., 2022). This finding suggests that cholera transmission in IDP camps may be sporadic rather than endemic, possibly reflecting intermittent exposure to contaminated water sources.
This low prevalence suggests that cholera circulation in the camps may be sporadic, reflecting variable exposure to risk factors such as unsafe water and poor sanitation. Comparable findings have been reported in other studies where prevalence rates were generally below 5 % (Abebe et al., 2021; Sodjinou et al., 2022; Elimian et al., 2019; Bulus et al., 2015; Dele et al., 2021). These results underscore the unpredictable nature of cholera outbreaks in displaced populations.
The relatively low prevalence observed in this study could be linked to ongoing public health interventions in the study area. Expanded access to clean water, improved sanitation, and vaccination campaigns may have mitigated large-scale outbreaks. Nevertheless, the detection of Vibrio cholerae in IDP camps, even at a low level, is a public health concern, given that overcrowding and limited resources in such camps can quickly transform isolated cases into outbreaks.
When compared to studies in other regions of Nigeria, the prevalence recorded here was lower than the 9 % reported in North Central Nigeria (Dan-Nwafor et al., 2019), 6.5 % in Niger State (Elilin et al., 2024), 7.6 % nationwide (NCDC, 2024), 16 % in Zaria (Abdullahi and Ebele, 2023), and 36.4 % in Bayelsa (Aladese and Ariyo, 2021). Conversely, it was higher than the 0.3 % observed in North East Nigeria (Fagbamila et al., 2023). A similar variation is reported in other African countries, where prevalence ranged from 9.2 % in Cameroon to as high as 38.5 % in Mali (Sodjinou et al., 2022; Bitew et al., 2024). Such disparities may reflect contextual differences in water supply systems, sanitation infrastructure, and the timing of data collection in relation to outbreak cycles.
An important implication of these findings is that symptom-based diagnosis alone may be insufficient for effective cholera surveillance in IDP camps. Incorporating molecular characterization techniques provides a more accurate means of detecting Vibrio cholerae and offers valuable insights into its genetic diversity. Such approaches can enhance disease monitoring and support targeted public health interventions.
IDPs relying on wells exhibited higher infection rates (25.0 %), whereas those using boreholes reported no positive cases. In contrast, waste disposal methods (χ² = 2.087, p = 0.837) and toilet type (χ² = 3.496, p = 0.321) were not significantly associated with infection. These findings emphasize the critical role of water safety in cholera transmission. Similar results were documented by Abdullahi and Ebele (2023), who identified unprotected wells and surface water as key risk factors. Although boreholes are considered safer, poor maintenance or contamination may still compromise their quality.
The strong association with water sources suggests that ensuring safe drinking water is paramount for cholera prevention in IDP camps. While sanitation practices remain important, the findings indicate that water interventions may yield the most immediate impact.
The majority of IDPs reported using medicines (56.8 %) or herbs (38.2 %) to manage diarrhoea, yet these practices did not correlate with infection rates. This implies that environmental exposures, rather than individual treatment responses, drive cholera transmission in the camps. Consequently, public health interventions must prioritize structural improvements in sanitation and water provision over individual treatment choices.
Water treatment practices had no significant effect on cholera prevalence (χ² = 0.058, p = 0.971). Nearly all respondents (99.3 %) reported not treating their water. This finding diverges from studies such as Abdullahi and Ebele (2023), which emphasized the protective role of water treatment. In this context, however, the negligible practice of water purification and the overriding influence of poor sanitation likely obscured any potential benefits. These results indicate that isolated water treatment measures are insufficient without comprehensive WASH interventions.
The antimicrobial susceptibility profile revealed encouraging sensitivity to ciprofloxacin, tetracycline, and gentamicin. These findings are consistent with previous studies that identified fluoroquinolones and tetracyclines as effective treatment options for cholera (Harris et al., 2012). However, the high resistance observed against nalidixic acid, cefotaxime, trimethoprim-sulfamethoxazole, and ampicillin is concerning. Similar resistance patterns have been reported globally, reflecting the growing problem of antimicrobial resistance in Vibrio cholerae (Das et al., 2020).
CONCLUSION
This study demonstrated a low but significant prevalence of Vibrio cholerae among internally displaced persons in North Central Nigeria, with water source identified as the major risk factor for infection. The findings underscore the critical role of safe drinking water in cholera prevention, particularly in vulnerable populations such as IDPs. The antimicrobial susceptibility profile revealed high effectiveness of ciprofloxacin, tetracycline, and gentamicin, alongside alarming resistance to several commonly used antibiotics. This highlights the urgent need for routine antimicrobial surveillance and rational antibiotic use. Overall, strengthening WASH interventions, improving access to safe water, and implementing continuous disease surveillance are essential strategies for preventing cholera outbreaks in IDP camps. Public health policies should prioritize integrated approaches that combine environmental management, health education, and antimicrobial stewardship to effectively control cholera transmission.
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