


Prevalence, Risk Factors and susceptibility for Notiﬁable Typhoid and Paratyphoid among patients attending the Regional Hospital Bamenda, Cameroon 


Abstract 
 Background: Typhoid and paratyphoid are global diseases among the major public health concerns in developing countries, including Cameroon, especially in areas where tap water is not widely available. Understanding the burden and risk factors contributing to the transmission and proper diagnosis of the disease is crucial to applying appropriate preventive and therapeutic interventions. Hence we assessed the prevalence of notiﬁable typhoid and paratyphoid fever, its associated factors and susceptibility among febrile patients visiting Regional Hospital Bamenda, Cameroon.
Methodology: A facility-based cross-sectional study was employed among 199 febrile patients visiting Regional Hospital Bamenda for health services from May to July 2023. The data were collected using laboratory procedures (Widal test) and a structured interviewer-administered questionnaire. Blood and stool were collected from suspected patients for isolation and identification. Susceptibility tests were done using standard drugs.  Salmonella The data were analyzed by SPSS version 25. The presence and strength of associations between variables were considered significant p ≤ 0.05. Isolate sensitivity was established as susceptible, intermediate and/or resistant.
Results: the overall prevalence of typhoid was 51.2%. The females were in majority and had higher seroprevalences as 13.1% (typhi), 10.6% (paratyphi) and 9.5% (both typhi and paratyphi). Stool isolates showed varied sensitivity to tested drugs with fluoroquinolones (ofloxacin (17.6%), ciprofloxacin (23.5%) and levofloxacin (18.6%) the least resistant. Salmonella isolates were mostly resistant to amoxicillin (87.3%). Hygienic conditions (ꭓ2 =19.85, p=0·001), Occupation (ꭓ2 =14.55, p=0·001) and number of household occupants (ꭓ2 =31.54, p<0·001) were significantly associated to typhoid fever infection.
Conclusion: The prevalence of typhoid fever among febrile patients was high. Typhoid fever infection was significantly associated with household occupants. Some participants had both S. typhi and S. paratyphi. 
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1. Introduction 
Typhoid and paratyphoid are both intestinal infections that become systemic diseases and caused by the pathogenic bacteria Salmonella enterica serotype Typhi and Salmonella enterica serovar Paratyphi (A, B, and C), respectively (Lin et al., 2021; Njoya et al., 2021). Typhoid and paratyphoid are global diseases; however, they are most prevalent in developing countries, especially in areas where tap water is not widely available. Typhoid fever is a threat to many tropical countries showing a worldwide estimate of about 212 million cases with 129,000 deaths yearly with children and young adults being the vulnerable groups (Steele et al., 2016). It is reported that typhoid fever occurs in all age groups but with higher incidence and more variable clinical presentations in children (Njoya et al., 2021). 
The prevalence of typhoid fever in some African countries have been documented. In Kaduna State and South-East Nigeria (33.3 and 14.1%, respectively), Democratic Republic of Congo (1.7 to 9.1% per 100,000 Populations annual incidence), South Africa (0.11 to 0.39 per 100,000 populations annual incidence), respectively (Muche et al., 2024) and Cameroon (68.75%) (Akwa and Nguimbous, 2021).

Typhoid fever and prevalence was found to be significantly associated with socio-demographic and hygienic conditions including sex, age, personal and environmental hygiene, income, sharing food, ownership/ utilization of toilets, residence, and educational level (Muche et al., 2024). It’s well documented that ingesting contaminated food or drinking unclean water (due to poor hygiene) is major way  typhoid and paratyphoid are transmitted (WHO, 2018; Lin et al., 2021). Shellfish, fruits, and vegetables might all be contaminated and become infectious vectors, and the carriers may contaminate food when poorly handled. In addition, flies may spread bacteria in food and be one of the transmission routes (Lin et al., 2021, Verma et al., 2011).
The illness begins with mounting fever, headache, vague, abdominal pain and constipation/ diarrhea which may be followed by the appearance of rashes and a state of prolonged apathy, toxemia, delirium, disorientation, or coma, followed by diarrhea which if left untreated can lead to complications affecting various organ of the body, including intestinal perforation and hemorrhage (Njoya et al., 2021, Muche et al., 2024).
As disease control efforts may differ considerably based on the principal modes of S. typhi transmission, identification of risk factors for infection in endemic countries can guide the allocation of scarce resources for effective control programs. A good notion on the prevalence, risk factors, medical diagnosis and appropriate treatment of patients can result in better recovery rates, and a decrease in typhoid fever-related complications or deaths. Hence, this study was aimed at assessing the prevalence, risk factors and susceptibility for notiﬁable typhoid and paratyphoid among patients attending the Regional Hospital Bamenda, Cameroon. 

2. Material and Methods
2.1 Description of the study area
This study was conducted at the Regional Hospital Bamenda, located in the Azire Health Area, Bamenda II sub division, Mezam division, North West Region of Cameroon. The hospital is bounded to the North by the Ntamulung Health Area, to the South by the Atuakom Health Area, to the West by the Alakuma health area, and to the East by the Ntambang Health Area. Bamenda is the chief town of the North West Region of Cameroon which is a multicultural and metropolitan town whose inhabitants are engaged in various socio-economic activities. The town has both government and private hospitals taking care of over 650,360 inhabitants and other villages around its localities as of 2011 demographic data. The hospital laboratory is headed by a General coordinator which is divided into two services, the main laboratory service and the blood bank service each headed by a Chief of service and the main laboratory is further divided into units (departments) each headed by a head of department. The various units include reception/collection, haematology, Antenatal clinic unit, Day hospital laboratory, parasitology, serology, microbiology and biochemistry. 
2.2 Study design and sampling technique
It was a prospective, cross-sectional study carried out at the Bamenda Regional Hospital. The sampling technique that was used was a non-probabilistic. Participants were recruited systematically as they were being consulted in the hospital and were sent to the laboratory for the typhoid test from May to July 2023. 
2.3 Sample Size Determination
The sample size was calculated using the standard formula for sample size calculation N = z2pq/d2 (Lorentz’s formula). Where z = the standard normal deviation at 1.96 (which corresponds to a 95% conﬁdence interval), p = the prevalence of salmonellosis in the general Cameroonian population, estimated at 10% (Sally, 2018); q = 1−p; and d = the degree of precision expected = 0.05. 
N = z2pq/d2 = (1.96)2(0.01)[1-0.1]/(0.05)2
Based on these, the minimum sample size calculated was 138.24. i.e. 138 participants.
2.4 Questionnaire Survey
[bookmark: _Toc108427384]A semi-structured questionnaire was administered to the volunteer participants to collect data on demographics (gender, age, marital status, residence, religion, occupation, and literacy status,); hygiene and socioeconomic status (hand washing rate, water sources and number of house occupants). The completed questionnaire was scored and converted into numerical data.   
2.5 Venous Blood Sample Collection
[bookmark: _Toc78917753][bookmark: _Toc84226018][bookmark: _Toc84405345][bookmark: _Toc84595925][bookmark: _Toc108427385]The participants were positioned in an arm- chair. The participant’s arms were inspected and hands for a vein of a reasonable size. The skin superficial to the vein was cleaned with 70% alcohol and allowed to air dry. A tourniquet was applied and blood sample was collected using a closed vacutainer system (proper labeling of anticoagulated test tube -EDTA). Upon completion of the blood draw, the tourniquet was removed and the needle withdrawn from the vein quickly. Dry cotton was pressed on the site of venous puncture, until the bleeding subsided. Participant were asked to sit still and apply pressure to stop the bleeding and reduce the risk of bruising. The blood samples was gently inverted to mix with anticoagulant.
2.6 Stool Sample Collection
A stool sample was donated by the participants and the stool samples were collected in a leak proof wide mouth stool container following standard operating procedure. The stool samples were used for stool culture to isolate Salmonella.   
[bookmark: _Toc108427387]2.7 Serological Test
The Widal test was used as the presumptive serological diagnostic test for typhoid fever. The test determined the presence of agglutinins (antibodies) in the blood of an infected person against the H (flagellar) and O (somatic) antigens of S. typhi and S. paratyphi. The slide agglutination test was used.  Collected blood samples were centrifuged. With the use of a calibrated pipette, 50μl of serum was transferred on each circle of a Widal plate (which consisted of 8 rows of circles). A drop of reagent (TO, AO, BO, CO, TH, AH, BH, CH) respectively was added beside each drop of serum. Each drop of serum was mixed with the drop of reagent in a circular manner, using a sterile separate mixing stick for each. The Widal plate was then gently swirled in a circular manner and macroscopically visualized for agglutination within 2 minutes (Natheu and Telefo, 2020). Positive results was indicated by the appearance of a visible agglutination within a minute, formed due to the reaction occurring between antibodies present in the infected person’s blood (serum) and the antigens specific for S. typhi and S. paratyphi. 

2.8 Stool Culture
The freshly collected stool samples were inoculated in a growth enhancer; selenite earth broth and incubate for 24hours at 37°c. Using a wire loop, the solution was then inoculated on selective and enriched medium Salmonella-Shegella agar and was incubated for 18-24hours at 37°C (Nesa et al., 2011). The SSA was prepared according to manufacturer’s instructions Salmonella positive samples on the SSA (clear or colorless colonies with black centers) were subjected to biochemical tests and were also Gram stained.
2.10 Gram Stain
A drop of normal saline was placed on slide. The suspected colonies were emulsified and smeared. The smears were fixed by dry heat and then cover with crystal violet stain for 30-60 seconds.  The stain rapidly washed by tap water and tipped the side. Immediately, the smear was decolorized with Acetone/ethanol for few seconds. Stained smear then cover with lugos̒s iodine for 30-60 seconds.  Carbol fuchsin was added to the smear for 2 minutes. The red stain then washed off with tap water and smear preparation subsequently air dried and microscopically examined 100X resolution objective power for the presence of gram negative rods (bacteria that do not retain the methyl purple dye) in the smears.
2.11 Biochemical Tests
Triple sugar ion agar test, catalase and urease test were done to identify salmonella (Nesa et al., 2011, Rahman et al., 2019).
2.11.1 Triple Sugar Ion Agar Test
Tubes containing agar slants were labelled. Using an inoculating wire, one colony was picked and stabbed into the agar and streaked on the slant. Tubes were capped loosely and incubated at 37oC for 24hours and results read. A dark red color indicates alkalinization of the peptones. Sodium thiosulphate in the medium is reduced by some bacteria (salmonella) to hydrogen sulphide, the latter reacts with ferric ions in the medium to produce iron sulphide a black insoluble precipitate.
2.11.2 Urease Test
Using a wire loop, a colony was picked and emulsified in about 2ml of urea broth. Tubes were capped and incubated at 37oC for 24 hours after which results were recorded. The urease enzyme activity is important in differentiating enterobacteria. Proteus strains are strong urease producers. Salmonella does not produce urease.
2.11.3 Catalase Test
A volume of 100ul of hydrogen peroxide (3%) was pipetted into a clean petri dish. Using a wooden stick, a colony of the test organism was picked and immersed in the hydrogen peroxide solution. The plates were observed for bubbles. This is used to differentiate those bacteria that produce the enzyme catalase from non-catalase producing enzymes. Salmonella is catalase positive.
2.12 Antibacterial Susceptibility Testing
The antibacterial susceptibility test was performed using the Kirby-Bauer disc diffusion method. The following antibiotics and their disc charges were used- Azithromycin (15 µg), Gentamycin (10 µg), Amoxicillin (25 µg), Chloramphenicol (30 µg), Levofloxacin (5 µg), Ciprofloxacin (5 µg), Ceftriaxone (30 µg), Ofloxacin (5 µg) and Cefotaxime (30 µg). Mueller Hinton agar prepared according to manufacturer’s instruction was used. Bacterial culture suspensions were prepared from overnight grown cultures. A single bacteria colony was picked using a sterile wire loop and suspended in 5 ml of sterile water matching the 0.5 McFarland standard. From this, 2ml of bacterial suspension was poured on the Mueller Hinton agar and allowed to dry for about 15-30 minutes then antibiotic discs were carefully placed on the agar plates (at least 15 mm apart and from the edge of the plates) and finally incubated for 18 hours at 37oC. After incubation time had elapsed, the diameter of bacterial growth inhibition zone around each disc was measured and isolate susceptibility was classified as sensitive, intermediate or resistant (Clinical and Laboratory Standard Institute 2024).
[bookmark: _Toc108427394]2.13 Data Management
The completed questionnaire was scored and converted into numerical data. The data collected was entered into a log book and later keyed into a Microsoft excel sheet and stored in a flash drive. Data collected was coded on daily bases for easy detection of errors and possible correction. Data was backed up in password protected computer and external storage devices so that it can be retrieved in case of data lost. All data were protected with a password to ensure confidentiality.
[bookmark: _Toc465676502][bookmark: _Toc79662283][bookmark: _Toc108427395]2.14 Statistical Analysis
[bookmark: _Toc79662286]The data was analyzed using SPSS statistical software version 25 and results were presented on charts, tables using Microsoft Excel and their implications explained. Cross tabulation, Chi-square analysis, was carried and statistical significant established various p< values. 
[bookmark: _Toc108427396]2.15 Ethical Considerations
Ethical approval to conduct this study was obtained from the institutional Review Board of The University of Bamenda (2022/0651H/UBa/IRB) and authorization from the Northwest Regional Delegation of Public Health. Since this study meant handling of personal information, we had to comply with a number of important principles as set out in the Data Protection Act 1998. Informed consent was obtained from all study participants before they were enrolled in the study. Each participant was given a code number and no identiﬁers was available on the dataset or the questionnaires.              

3. Results 
3.1 Socio-demographic characteristics of the study population
On a total of 199 participants, females (123, 61.8%) were more than men. The greatest proportion age wise were those more than 38 years (64/199, 32.2%) old. A majority of the participants were Christians (159, 79.9%) living in rural areas (139, 69.8%). Ninety- four (47.2%) of the participants had attained higher education, 46 (23.1%) secondary education, and 37 (18.6%) primary education (Table 1).

Table 1. Socio-demographic characteristics of study participants (N=199)
	Variable 
	Category 
	Frequency 
	Percentage (%)

	Gender 
	Male 
	76
	38.2

	
	Female 
	123
	61.8

	
	
	
	

	Age (years)
	0-13
	46
	23.1

	
	14-26
	57
	28.6

	
	27-38
	32
	16.1

	
	>38
	64
	32.2

	
	
	
	

	Matrimony 
	Single 
	120
	60.3

	
	Married 
	68
	34.2

	
	Divorce 
	11
	5.5

	
	
	
	

	Residence 
	Rural 
	139
	69.8

	
	Urban
	60
	30.2

	
	
	
	

	Occupation 
	Student
	52
	26.1

	
	Teacher 
	25
	12.7

	
	Farmer 
	18
	9.0

	
	Trader
	18
	9.0

	
	Others
	86
	43.2

	
	
	
	

	Level of education 
	Primary 
	37
	18.6

	
	Secondary 
	46
	23.1

	
	Higher 
	94
	47.2

	
	None 
	22
	11.1

	
	
	
	

	Religion 
	Christianity 
	159
	79.9 

	
	Islam 
	34
	17.1

	
	Others 
	6
	3.0






3.2 Prevalence of Typhoid Fever
From the 199 patients that participated in the study, 102 (51.2%) showed positive stool culture with the most prevalent species being Salmonella typhi (42, 21.1%) and the least being Salmonella paratyphoid (35, 17.6%). In some patients both S. typhi and paratyphi bacteria were isolated (25, 12.5). In either case, women were more infected the men (Table 2). Based on blood diagnosis, the seroprevalence of Salmonella amongst study participants showed an increase for all single identified bacterial type (49, 24.6% and 39, 19.6% for typhi and paratyphi respectively) and specimens with both S. typhi and paratyphi bacteria (30, 15.1%) as compared to stool culture positive cases (Table 3). The Female and male seroprevalence showed a decrease progressively from S. typhi to paratyphi bacteria and to typhi and paratyphi cases (Fig. 1).
Table 2. Prevalence of Salmonella amongst study participants based on stool culture (N=199)
	Variable 
	Category 
	Positive, n (%)
	Negative, n (%)

	
	
	S. typhi isolates
	S. paratyphi isolates
	Both S. typhi and paratyphi isolates
	

	Gender 
	Male 
	18 (9.0)
	15 (7.5)
	9 (4.5)
	34 (17.1)

	
	Female 
	24 (12.1)
	20 (10.1)
	16 (8.0)
	63 (31.7)

	Total 
	
	42 (21.1)
	35 (17.6)
	25 (12.5)
	97 (48.8)





Table 3. Seroprevalence of Salmonella amongst study participants (N=199)
	Variable 
	Category 
	Positive, n (%)
	Negative, n (%)

	
	
	S. typhi isolates
	S. paratyphi isolates
	Both S. typhi and paratyphi isolates
	

	Gender 
	Male 
	23(11.6)
	18 (9.0)
	11 (5.5)
	24 (12.1)

	
	Female 
	26 (13.1)
	21 (10.6)
	19 (9.5)
	57 (28.6)

	Total 
	
	49 (24.6)
	39 (19.6)
	30 (15.1)
	81 (40.1)




Fig. 1. Seroprevalence of Salmonella amongst study participants (N=199)

3.3 Risk Factors
Some predictors of Salmonella infection among patients attending the Regional Hospital Bamenda showed that age was significantly associated (p=0.002) to Salmonella infection, with high proportions in 0-13 (29/46), 14-26 (32/57) and above 38 years (36/64). The participant’s occupation was equally observed to significantly influence infection from Salmonella sp (p=0.001).   Matrimony gave a significant association to presence of typhoid fever. The proportions for divorced (2/11) and singles (41/120) were less compared to married cases (59/68). This is same with the number of household occupants. Fewer number of household occupants had a smaller proportion of typhoid (1-5, 34/105) compared to those more than five (68/94) living together (Table 4). 
Table 4. Associations of potential risk factors of Salmonella infection among patients attending the Regional Hospital Bamenda
	Variable 
	Category 
	Total (n) 
	Salmonella in stool (n) 
	ꭓ2
	  p-value

	
	
	
	+ve
	-ve
	
	

	Gender 
	Male 
	76
	42
	34
	
	

	
	Female 
	123
	60
	63
	0.78
	0.37

	
	
	
	
	
	
	

	Age (years)
	0-13
	46
	29
	17
	
	

	
	14-26
	57
	32
	25
	
	

	
	27-38
	32
	5
	27
	9.78
	0.002

	
	>38
	64
	36
	28
	
	

	
	
	
	
	
	
	

	Matrimony 
	Single 
	120
	41
	79
	
	

	
	Married 
	68
	59
	9
	14.55
	0.001

	
	Divorce 
	11
	2
	9
	
	

	
	
	
	
	
	
	

	Residence 
	Rural 
	139
	66
	73
	2.61
	0.105

	
	Urban
	60
	36
	24
	
	

	
	
	
	
	
	
	

	Occupation 
	Student
	52
	30
	22
	
	

	
	Teacher 
	25
	15
	10
	
	

	
	Farmer 
	18
	12
	6
	6.17
	0.001

	
	Trader
	18
	10
	8
	
	

	
	Others
	86
	35
	51
	
	

	
	
	
	
	
	
	

	Level of education 
	Primary 
	37
	15
	22
	
	

	
	Secondary 
	46
	30
	16
	0.09
	0.76

	
	Higher 
	94
	46
	48
	
	

	
	None 
	22
	11
	11
	
	

	
	
	
	
	
	
	

	Religion 
	Christianity 
	159
	86
	73
	
	

	
	Islam 
	34
	16
	18
	3.12
	0.077

	
	Others 
	6
	0
	6
	
	

	
	
	
	
	
	
	

	Hand washing 
	Always 
	66
	19
	47
	19.85
	0.001

	
	Rarely 
	133
	83
	50
	
	

	
	
	
	
	
	
	

	Water source 
	Pipe borne
	96
	27
	69
	0.03
	0.856

	
	Stream 
	45
	30
	15
	
	

	
	Well 
	58
	45
	13
	
	

	
	
	
	
	
	
	

	Number of household occupants 
	1-5
	105
	34
	71
	
	

	
	>5
	94
	68
	26
	31.54
	<0·001



3.4 Susceptibility
The susceptibility of stool culture S. typhi and S. paratyphi isolates to common antibiotics used at the Regional Hospital Bamenda showed varied level of sensitivity: susceptible, intermediate and resistant. Generally, S. typhi (89.8%) and S. paratyphi (84.9%) isolates were mostly resistant to amoxicillin.  Azithromycin (36.7%) and gentamycin (38.8%) showed less percentage sensitivity for S. typhi compared to the proportion resistant (44.9 and 53.0% respectively). This aspect was equally observed for chloramphenicol (Table 5). The S. typhi isolates were more susceptible to the remaining tested antibiotics with levofloxacin having the highest sensitivity (42.9%). Concerning S. paratyphi, 4/9 antibiotics (amoxicillin (84.9%), chloramphenicol (67.9%), ceftriaxone (60.4%) and cefotaxim (58.5%) had a higher percentage resistance compared to their respective sensitivities (Table 6). Levofloxacin had the highest sensitivity (75.5%) for S. paratyphi. 
Table 5. Susceptibility of S. typhi isolates to common antibiotics used at the Regional Hospital Bamenda
	Antibiotics 
	Susceptibility, n (%)
	Total 

	
	Sensitive
	Intermediate 
	Resistant 
	

	Azithromycin 
	18 (36.7)
	9 (18.4)
	22 (44.9)
	49

	Gentamycin 
	19 (38.8)
	4 (8.2)
	26 (53.0)
	49

	Amoxicillin 
	2 (4.1)
	3 (6.1)
	44 (89.8)
	49

	Chloramphenicol 
	16 (32.7)
	13 (26.5)
	20 (40.8)
	49

	Levofloxacin 
	21 (42.9)
	15 (30.6)
	13 (26.5)
	49

	Ciprofloxacin 
	16 (32.7)
	20 (40.8)
	13 (26.5)
	49

	Ceftriaxone 
	20 (40.8)
	12 (24.5)
	17 (34.7)
	49

	Ofloxacin 
	17 (34.7)
	22 (44.9)
	10 (20.4)
	49

	Cefotaxim
	19 (38.8)
	14 (28.5)
	16 (32.7)
	49



Table 6. Susceptibility of S. paratyphi isolates to common antibiotics used at the Regional Hospital Bamenda
	Antibiotics 
	Susceptibility, n (%)
	Total 

	
	Sensitive
	Intermediate
	Resistant
	

	Azithromycin 
	27 (50.9)
	12 (22.6)
	14 (26.4)
	53

	Gentamycin 
	28 (52.8)
	3 (5.7)
	22 (41.5)
	53

	Amoxicillin 
	3 (5.7)
	5 (9.4)
	45 (84.9)
	53

	Chloramphenicol 
	15 (28.3)
	2 (3.8)
	36 (67.9)
	53

	Levofloxacin 
	40 (75.5)
	7 (13.2)
	6 (11.3)
	53

	Ciprofloxacin 
	36 (67.9
	6 (11.3)
	11 (20.8)
	53

	Ceftriaxone 
	19 (35.8)
	2 (3.8)
	32 (60.4)
	53

	Ofloxacin 
	27 (50.9)
	8 (15.1)
	18 (34.0)
	53

	Cefotaxim
	13 (24.5)
	9 (17.0)
	31 (58.5)
	53






For the overall antibiotic activity (Fig. 2), the fluoroquinolones [ofloxacin (17.6%), ciprofloxacin (23.5%) and levofloxacin (18.6%)] had the least resistance to Salmonella isolates. This was followed by the macrolide (Azithromycin) with 35.3% resistant. The Cephalosporins (ceftriaxone and cefotaxim), aminoglycoside group (Gentamicin), chloramphenicol and amoxicillin tailed with increase resistance respectively. 

Fig. 2. Overall antibiotic resistance profile to Salmonella isolates from patients attending Regional Hospital Bamenda

4. Discussion
In this study, we aimed at assessing the prevalence, risk factors and susceptibility for notiﬁable typhoid and paratyphoid among patients attending the Regional Hospital Bamenda, Cameroon. The overall prevalence of Salmonella in stool of participants was 51.2%. This overall prevalence of typhoid in this study was higher than that observed (8.70%) from a similar study in Bamenda and (21%) in Buea (Awung et al., 2016). This result is also lower than that obtained in “Deo Gratias” Hospital in Douala -68.75 % (Akwa and Nguimbous, 2021)  and other developing countries like Nigeria, 75% (Awung et al., 2016). Reports from a study in Bangladesh indicated a much higher prevalence 97/135 (70.8%) from a hospital settling (Gani et al., 2019).  The ratio of positive cases in female (60/199) was slightly higher than in male (42/199). The variation in gender prevalence of Salmonella has been observed in other studies. Reports indicate that most females perform almost all of the house chores and are likely more exposed to poor hygienic sites at waste disposal, food market and some water polluted water bodies like wells and streams thus making them highly vulnerable to the infection (Abioye et al., 20 17). Similarly, other findings reported a higher prevalence of Salmonella among females (42.4%) than males (33.0%) in a study (Udeze et al., 2010]. However, some researchers found the prevalence of typhoid fever to be higher among males in a study in Shisong, Bui Division, Cameroon (Njoya et al. 2021]; in Chittagong, Bangladesh a prevalence typhoid in males (52.3%) than in females (47.7%) (Mohammad et al., 2015). The disparity of the infection prevalence among the genders in different geographical areas across the globe is expected as several predictors can affect the disease status of each gender (Zailani et al., 2004; Abioye et al., 2017).

In this study, it was also found that some participants had both Salmonella typhi and paratyphi in their stool and blood specimens. The serology test revealed a slightly higher prevalence of Salmonella than was obtained in stool culture. A similar observation was noted on a test on the prevalence of typhoid fever using stool culture (39.3%) and Widal (40.9%) examination (Wam et al., 2019) at Holy Family Hospital Akum, North West Region of Cameroon. In a neighboring country, Nigeria, Widal serological test and stool culture were used to diagnose typhoid fever in a study and the findings revealed (though lower compered our values) an increase prevalence of 17.6% for serological test and compared to 13.6% for stool culture (Abdullahi et al., 2020). Long ago serological approaches were used to diagnose typhoid fever (Keddy, 2011; Giacobbe, 2022). Antibodies to Salmonella antigen (positive for typhoid fever and paratyphoid fever) as observed in the plasma of some test samples were able to agglutinate with the antigens in the O and H reagents in Widal's examination (Debie and Roina, 2021). The slight increase in positive cases detected with serology compared to those of stool cultures could be false positives. Traces of antibodies against salmonella antigens could still be found in non-typhoid patients but who were cured from this infection in the past (Khanam et al., 2013).
It was found that the age groups of patients had a significant association to typhoid fever. A proportion of positive cases, 29/102 (28.4%), was detected among the age range 0 to 13 years. One could think of the fact that the underdeveloped immune system in growing children makes them more vulnerable to this enteric pathogen (Mohammad et al., 2015). Other risk factors like number of household occupants (Akwa and Nguimbous, 2021), matrimony (being a status of increase sharing of household items) and occupation had significant association to typhoid fever (Nkengafac et al., 2021.) Poor hygienic conditions like inadequate hand washing and use of stream/ well water among others are known predisposing factors to typhoid fever as observed in this study. Some researchers have related the risk factors to typhoid fever of being waterborne or food borne. The safe and unsafe water sources classification showed that wells, springs and streams are unimproved water sources (Mohammad et al., 2015). People who drink water from unsafe sources stand a higher risk of typhoid infection than those who drink from safe sources (Mogasale et al., 2018). The transmission of typhoid fever can also be facilitated social circumstances.  People leaving in endemic areas, crowded household conditions are at increased risk of contracting the disease (Njoya et al., 2021). 
The susceptibility of S. typhi and S. paratyphi isolates to common antibiotics used at the Regional Hospital Bamenda showed varied level of sensitivity: susceptible, intermediate and resistant. Generally we noted that S. typhi were more susceptible to tested antibiotic than S. paratyphi. This observation was equally reported in a study in Ethiopia where all the S. paratyphi isolates were resistant compared to S. typhi (Tadele et al., 2021).  In our study, Salmonella isolates were mostly resistant to amoxicillin (87.3%). Several studies have reported high resistance rates of Salmonella to amoxicillin, like 94.44% (Islam et al., 2018) and 92.86% (Hossainet al., (2019).  It has been reported that indiscriminate use of antibiotics and poor adherence to prescribed drugs may lead to microbial resistance to drugs. This is a clearly established fact (Zarauz et al., 2022). This could explain the high resistance of the tested Salmonella isolates to antibiotics in this study. The fluoroquinolones (fig 2.) (ofloxacin (17.6%), ciprofloxacin (23.5%) and levofloxacin (18.6%) had the least resistance to Salmonella isolates. fluo-roquinolones have been reported having high sensitivity percentages and low resistance to Salmonella isolates (Awung et al., 2016). The Cephalosporins (ceftriaxone and cefotaxim) encountered some resistance in eliminating salmonella isolates in this study. S. Typhi was less resistant (34.7%) to ceftriaxone compared to S. Paratyphi (60.4%). This trend was similar for cefotaxim. Our results are similar to the report that S. Paratyphi showed more resistance to Cephalosporins than S. Typhi (Tadele et al., 2021). The macrolide (Azithromycin) was found less sensitive for S. Typhi and this in line with the report of other researchers (Gani et al., 2019). Again, contrary to the findings of these researchers, typhoidal Salmonella showed no resistance to aminoglycoside group (Gentamicin) as it was less sensitive in our study. 
5. Conclusion
The prevalence of typhoid fever among febrile patients was high. Typhoid fever infection was significantly associated with household occupants. Some participants had both S typhi and S. paratyphi. The fluoroquinolones were the most active antibiotics against Salmonella isolates.
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