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Abstract

Enteric fever is a potentially, systemic infectious disease that is recognized as a serious public health
problem globally. Undiagnosed and untreated cases may result in serious complications. Prompt and
accurate diagnoses is the crucial step for efficient and timely management of the disease. The aim of this
research is to examining the sero prevalence and antibiotics susceptibility profile of Salmonella typhi
in typhoid suspected patients attending Dutse General Hospital, Jigawa State. A total of 145
individuals suspected for typhoid and 5 heathy control groups were all subjected to widal test, blood
culture and latex agglutination. Widal test were positive and reactive to125 samples with sensitivity,
specificity, positive/negative values of 20%,80%,50%,50% respectively. Blood culture detected 25
samples with sensitivity of 17%, specificity 83%, PPV 16% and NPV of 85% respectively. Latex
agglutination test detected 20 capsular antigens (Vi) with sensitivity of 13% specificity 87%, PPV
50% and NPV 50% respectively. With overall prevalence of 13%. Widal test has low sensitivity
moderate specificity with close value in PPV and NPV but low in specificity. Blood culture had high
specificity but low sensitivity. Latex agglutination had higher specificity and moderate NPV and PPV
this make it to be best for the diagnoses of typhoid fever. The agreement (kappa) between widal and blood
culture were substantial with value of 0.746 while blood culture and Latex agglutination showed fair
agreement with kappa value of 0.366. Antibiotics susceptibility profiles shows that augmentin (80%)
emerged as the most sensitive followed by ciprofloxacin (70%) and ofloxacine (65%) respectively.
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However, the tested strain was 100% resistant to septrin,90% to streptomycin and 85% to nalidixic
respectively. Chi-square test showed that there is significant difference in the sensitivity and specificity
of widal and latex agglutination with X2 value of 55.36 which is greater than P value of 3.841 at 95%
ClI
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INTRODUCTION

Typhoid fever is also known as enteric fever, is an acute febrile illness caused by bacterium
Salmonella enterica Serovar typhi. Salmonella typhi is a Gram-negative, rod-shaped, flagellated
and facultative anaerobes, which belongs to the family enterobacteriaceae (Jajere 2019). The
genus Salmonella belongs to two broad species, Salmonella enterica and Salmonella bongori. So
far, more than 2600 serovars of S. enterica have been identified globally, and many of these
serovars are capable of causing diseases in both humans and animals (Mezal et al., 2014).
Salmonella typhi causes an estimated 16.6 million cases and 600,000 deaths annually worldwide
(Gbodo and Anumudu, 2019).

Salmonella typhi is transmitted through consumption of foods and water contaminated with
faeces, humans are the only host of S. typhi and some individuals who have recovered from
the disease continue to secrete the bacterium in their faeces for a long period of time, this has
made the disease to gain an endemic status, the chronic carriage of Salmonella usually seen in
middle-aged and older people. (Ministry of Health Manatu Hauora New Zealand (2012).
About 5% of individuals who were treated for typhoid fever still carry and continue to shed
the bacteria after recovery (Gbodo and Anumudu, 2019).

Enteric fever outbreaks are mostly reported from different parts of countries more especially

in Sub-Saharan Africa (Buckle et al., 2012). In Nigeria, typhoid fever cases are very common,
occurring almost every year and the country is considered as an endemic zone (Khan ef al.,
2012). The major factors associated with the transmission of the disease includes consumption
of contaminated foods, drinking of untreated contaminated water, inadequate toilet facilities,
poor personal hygiene, lack of proper education about the disease and eating vegetables or
fruits grown in farm where human’s wastes applied as manure. The typhoid disease manifests
typically as a prolonged fever with frontal lobe headache, body weakness and considerable
loss in appetite. In severe cases there will be further symptoms such as abdominal ache,
intestinal perforation and neurological complications (Dougan and Baker, 2014). Typically,
symptoms subside after 1-3 weeks using antimicrobial agents and a mortality rate of about
1to 5% was recorded in hospitalized patients(Dougan and Baker, 2014). Detection of
Salmonella typhi is done mainly by stool, blood culture and circulating antibodies by the widal
test (Gbodo and Anumudu, 2019).

However, the true incidence of typhoid fever is still hard to evaluate now in Nigeria due to
the lack of good and proper coordinated epidemiological surveillance system. Though some
information on the prevalence of typhoid fever has been documented by many researchers
ranging from 47.1% in Osun and 71% in Oyo State respectively (Abioye et al., 2017). Enugu
state 92.0% (Eze et al., 2011). Ogun and Niger States 92.5% and 67.8% respectively (Okonko
and Adogo et al., 2010). Imo State recorded the prevalence of 66.7%, and 80.5% for Katsina
State (Oke and Akinbote 2020). Kano state reported the prevalence of 59.6% (Muhd Ali 2019).
Okonkwo and Omotola (2020) recorded the prevalence of 78.0 % in Kaduna state.
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However, in Jigawa state the burden of typhoid fever is not well known, therefore the aim of
this study is to examine the sero prevalence and antibiotic susceptibility profile of Salmonella
typhi in typhoid suspected patients attending Dutse General Hospital Jigawa State.

MATERIALS AND METHODS

Study Area

The study area of this research was Dutse General Hospital Jigawa State. Dutse is a capital of
Jigawa located in northwest geopolitical zone of Nigeria. It is lies in latitude 11045 22.25N
and longitude 902020.26E, with estimated population of 4,361,002 people (National Bureau of
Statistics, 2006). The city has one general hospital, one teaching hospital and several number
of primary health centers and many private hospitals. Generally, the topography in the State
is characterized by undulating land with sand dunes of various sizes spanning several
kilometers in parts of the state (Ocheje and Dogara, 2016).

However, the area around the State capital Dutse is very rocky with some low hills, high
temperatures are normally recorded between the months of April and September. The daily
minimum and maximum temperatures are 15°C and 35 °C. The rainy season lasts from May
to September with average rainfall of between 600 millimeters to 1000 millimeters (Ocheje and
Dogara, 2016).

Ethical Approval
Ethical approval was obtained from Jigawa State Ministry of Health and Dutse General
Hospital ethical committee.

Sample Size Determination

Sample size was obtained using the Fisher’s statistical formula as follows: n = Z2 (p) (q)/d2
(Khyber et al., 2020). Where n = desired sample size Z = 1.96 (corresponding to 95% confidence
level) P = Previous prevalence 10.6%. D = observed precision (0.05) (Omotola et al., 2020)

Q = (1-p) Therefore, Z=1.96(Z2=3.8416), P= 0.106, Q = 1-p (1-0.106, = 0.8947, d=0.05 (d2=0.0025).
n =145.618 Approximately 145 samples.

Sample Collection.

Blood samples were collected by applying a tourniquet on the lower arm or upper arm of the
patient in order to occlude the veins, after the vein punctured site was cleaned with a swab
soaked in methylated spirit. Using a sterile 5-ml syringe, the selected vein was punctured and
about 3-5ml of venous blood was withdrawn. The blood samples were transferred into sterile
specimen bottles after collecting the blood, pressure was then applied to the vein punctured
site and the arms raised to stop the bleeding from the punctured site (Cheesbrough, 2006).

Data Analysis.

The data was analyzed using SPSS version 16. Sensitivities, specificities; positive predictive,
negative predictive, values accuracy, kappa statistics (k) were determined for the various tests
(Widal, Blood culture, and Latex agglutination). The tests were calculated using the following
formulae:

Sensitivity is a/(a + c).

Specificity is d /(d + b).

Positive predictive value a/(a+b)

Negative predictive value d/(c+ d)

Accuracy a+d /(atb+c + d)
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Where a is positive for test A and B, b is negative A, but positive B test, c is positive A, but
negative B test, and d is negative A, and negative B test. In addition, chi-square was also
performed. Differences were considered significant at P value = 0.05(Ameeya et al., 2017).

Detection and Isolation of Salmomnella typhi Using Widal, Blood Culture and Latex
Aggultination

In this study, 5 ml of blood samples from one hundred and fifty (150) suspected patients for
typhoid fever were collected, 3 ml were transferred into EDTA container centrifuged and
subjected to widal slide agglutination (Cheesbrough, 2006). The remaining 2 samples were
introduced into 18ml thioglycolate broth. Widal test were positive and reactive to 120 samples
where by 30 were negative and nonreactive. Both the reactive and non-reactive 150 samples
were further subjected to blood culture test using thioglycolate liquid medium, incubated at
37°C for 1- 7 days and sub-cultured into Salmonella-Shigella Agar (Akinyemi et al.,
2018).Twenty five 25 samples were found to be positive by producing lactose non-fermenting
colonies with black centre, (Ezeigbo, 2015).Further confirmation of Salmonella typhi capsular
antigen (Vi/K) were done using Salmonella latex agglutination test, 20 samples were positive
and reactive to Vi antigen where 5 samples were negative and non-reactive (Gopal, 2013).

Antibiotic Susceptibility Test
The antimicrobial susceptibility testing was done using modified Kirby-Bauer disk
diffusion technique (CLSI, 2020).

A standard inoculum equivalent to 0.5 McFarland standard were prepared by mixing three
to five morphologically identical colonies of Salmonella typhi from pure culture with 5ml
physiological saline (0.85% NaCl). The suspension was uniformly inoculated into Mueller-
Hinton agar plates. Using sterile forceps, antimicrobial disks (Optun Nig.) containing 10
antibiotics viz: Ceporex (CPX 10mcg), Septrin (SXT 30mcg), Streptomycin (S 30mcg),
Ampicillin (PN 30mcg), Ofloxacine/tarivid (OFX 10mcg), Gentamycin (CN10mcg),
Ciprofloxacin (CPX 10mcg), Nalidixic acid (NA 30mcg), Augmentin (AU 30mcg), and
Reflacine (PEF 10mcg) were applied to the plates at a distance of 15 mm away from the edge
and 24 mm apart from each other. The plates were left at room temperature by inverting
upside down for 5 min to allow for the diffusion of the antimicrobials into the agar medium
and incubated at 37°C for 18 - 24 h. The diameters (mm) of the zone of bacterial growth
around the disks were measured to the nearest millimeter using ruler and interpreted as
sensitive, intermediate, or resistance. (Jan Hudzicki, 2016).

RESULTS

A total of 150 blood samples were collected and subjected into three diagnoses methods
(Widal test, Blood culture and latex agglutination) to determine their efficacy and
performance for the detection and isolation of Salmonella typhi, an agent that is responsible for
causing typhoid fever. Confirmed positive samples were set for antibiotic susceptibility in
order to find out the best and appropriate antimicrobial therapy for controlling typhoid fever
cases within Dutse General Hospital Jigawa State. The occurrences of Salmonella typhi based
on widal test, blood culture,

Latex agglutination, biochemical properties and susceptibility test are shown in Tables: 1, 2,
and 3 respectively.
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Table 1: Occurrence of Salmonella typhi from blood of typhoid suspected patients
attending Dutse General Hospital, based on widal test, blood culture and latex
agglutination test.

Widal test Blood culture test ~ Latex agglutination test

Age group NO. examined Mn(+) Fn(+) Mn(+) Fn(+) Mn (+) Fn (+)
1-10 29 14(14)  15(11) 14(02) 15(03) 02(02) 03(02)
11-20 19 09(05)  10(07) 09(01) 10(02) 01(01 02(01)
21-30 24 10(09)  14(10)  10(00)  14(01)  02(01) 02(02)
31-40 18 08(08)  10(07) 08(02) 10(01) 01(01) 00(00)
41-50 20 08(09)  12(08) 08(02) 12(01) 01(01) 02(01)
51-60 15 06(5) 09(08) 06(01) 09(01) 01(01) 01(01)
61-70 14 06(06)  08(05) 06(01) 08(02) 02(01) 01(02)
71-80 11 04(04) 07(04)  04(02)  07(02)  02(02) 02(01)
Total 150 65(60)  85(60) 65(11) 85(14) 12(10) 13(10)

KEY: Mn: number of males. Fn: number of females (+): number of positive.

Based on the information in table 1. A total 150 individuals were enrolled into study, 60 out
85 female participants were positive and 60 out of 65 male participants was positive. The age
groups 1 - 10 years and 21 - 30 appeared to be more prone to Salmonella typhi, this may be due
to the weak and undeveloped immune system. Blood culture test was positive for 25 out of
150 participants, the age group 1-10, 61-70 and 71-80 were more prone to Salmonella typhi this
may be due to number of factors such as prior antibiotic therapy, late presentation. Latex
agglutination test detected 20 Vi antigen out of 25 samples.

Table 2: Morphological and Cultural characteristics of Salmonella isolates obtained from
blood of typhoid suspected patients attending Dutse General Hospital

Biochemical Tests

Cultural Characteristics GR MT TSI Isolates
CAT UR IND MRVP CIT

Transparent colonies with - + + + - - + - +  Salmonella spp
Black centers on SSA

KEY:

GR = Gram reaction, MT = Motility, = TSI = Triple sugar ions, CAT = Catalase UR = Urease IND = Indole test
MR = Methyl red test VP = Voges Proskauer CIT = Citrate Utilization, - = Negative, + = Positive SSA =
Salmonella Shigella Agar.

Table 3: Antibiotic susceptibility profile of the confirmed Salmonella typhi isolated from
blood of typhoid suspected patients attending Dutse General Hospital (n = 20)

S/N Anti(mcg) S (%) 1 (%) R (%)
1. PN (30) 0(00) 5(0.25) 15(0.75)
2. AUG (30) 16(0.8) 2(0.1) 2(0.1)
3. CPX (10) 14(0.7) 4(0.25) 2(0.1)
4, CEP (10) 0(00) 5(0.25) 15(0.7 5)
5. CN (10) 2(0.1) 2(0.1) 16(0.8)
6. NA (30) 0(00) 3(0.15) 17(0.85)
7. SXT (30) 0(00) 0(00) 20(100)
8. STR (30) 1(0.05) 1(0.05) 18(0.9)
9. OFX (10) 13(0.65) 4(0.25) 3(0.15)
10. PEF (10) 10(0.5) 6(40.0) 4(0.2)

S = Sensitive, I = Intermediate, R = Resistant, PN = Ampicillin, AUG = Augmentin, CPX = Ciprofloxacin, CEP =
Ceporex, CN = Gentamycin, NA = Nalidixic Acid, SXT = Septrin, STR = Streptomycin, OFX = Ofloxacine, PEF =
Reflacine
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This antibiotics susceptibility result showed that the most sensitive drugs are augmentin,
ciprofloxacin, ofloxacine and reflacine, While the most resistant are septrin streptomycin and
gentamycin.

DISCUSSION

The overall prevalence of typhoid fever in this study is 13% which is lower than 59.6% in
Kano, the different in the prevalence was due the facts people living in urban region are more
likely to be prone with Salmonella typhi than those in rural (Muhd Ali 2019). Niger and Imo
State reported high prevalence of 66.7% and 67.8% respectively (Adogo et al., 2010, Akinbote
2020).

Okonkwo and Omotola (2020) recorded the prevalence of 78.0 % in Kaduna state, which is
higher than this in our current study, this is due to poor sanitation practices in most urban
regions. Katsina state reported the prevalence of 80.5% (Oke and Akinbote, 2020.). Higher
prevalence of 92.0% and 92.5% were obtained in Enugu and Ogun state respectively (Eze et
al., 2010). The different in the prevalences was due to the poor sanitation practices and lack of
access to safe drinking water. (Eze et al., 2010). Similar research was carried out by Admasu
et al. (2019) he revealed low prevalence of 11%, which is lower than this in our current study,
their sensitivity test result shows that the most sensitive antibiotics were gentamycin,
tetracycline 100% and ciprofloxacin 62.5%, where 100% resistance was recorded for ampicillin
and chloramphenicol. This similar with this in our finding where 70% sensitive where
recorded for ciprofloxacin, but 80% resistant was observed for gentamycin, this may be due
to the inappropriate use of antibiotics therapy.

Another research from Ethiopia was carried out by Andualem et al. (2014), their aimed was to
compare the sensitivity, specificity NPV PPV of widal and blood culture he reported the
prevalence of 41%, which higher than our study, the sensitivity, specificity, PPV NPV were
71.4% 68.4%,5.7% and 98.9% respectively. However, this study revealed high sensitivity,
specificity and PPV but lower NPV than this current study. Dumfeh et al. (2023) conducted a
research in Ghana, to compare the sensitivity specificity NPV PPV and kappa of two
diagnoses techniques of typhoid fever he reported that stool culture has higher prevalence of
62% and 71.3% for widal, which is higher than this our current study. This research revealed
higher sensitivity, positive predictive value of 81.8% and 96.1%, but lower in specificity,
negative predictive value of 29.3% 7.1% respectively. Also, the Widal test has a lower
agreement with the stool culture (kappa = 0.021) which also lower than that of our current
study, there is no significant difference in the sensitivity and specificity of widal and stool
culture this is not in agreement with our findings where statistical difference was observed in
sensitivity and specificity of widal and latex agglutination. The different in the sensitivity,
specificity, NPV PPV, widal test is may be due to cross reactivity of Salmonella typhi antigen
with other antigens.

Gopal (2013), conducted a research to detect Salmonella capsular antigen from 80 participants
in which 40 sample were confirm positive by blood culture and 40 by widal, 75% of the
participant were reactive to latex agglutination, with sensitivity, specificity of 96% and 100%
respectively. This is in agreement with current study where higher specificity and positive
predictive value were recorded. According to Sherwal et al. (2004), increased in sensitivity is
due to the long latent period after which the test may become positive while decreased in
specificity is due to prior infection, vaccination and cross reaction with other gram-negative
infections.
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Another research by Changsanguan et al. (1984) was done in order to test the efficacy of latex
agglutination from 85 confirmed individuals with typhoid fever by blood culture, 81 of 85
samples were reactive to (Vi) antigen, the sensitivity, specificity PPV and NPV were 100%,
97.6%, 90.9% and 100% respectively this research corroborate with the current study in term
of higher specificity and NPV. According Maheshwari et al. (2016), the low isolation rate in
case of blood culture may be due to number of factors like prior antibiotic therapy, inadequate
volume of blood and late presentation.

Similar research from india by Yadav et al. (2015) was conducted to compared the sensitivity
specificity PPV NPV of widal, blood culture and typhi dot. A 100 individuals were enrolled
in which 48 sample were reactive to widal with prevalence of 28.5%, 20 samples were
confirmed by blood culture and then later by typhi dot. Widal test has sensitivity of 68%,
specificity of 86% PPV 94% and NPV of 75%, blood culture has the sensitivity, specificity, PPV
NPV of 28.5%, 100%, 100% and 37% respectively. Typhi dot was considered as the best due it
higher in sensitivity specificity NPV and PPV 85% 100% 100% and 75% respectively. This
finding revealed higher sensitivity, PPV and NPV of all the three methods of diagnoses
typhoid fever, but our current study has higher specificity than that of Yadav et al., (2015)

CONCLUSION

This research evaluated the diagnostic performance of three tests, (Widal test, blood culture,
and Latex agglutination) used in diagnoses and detection of Salmonella typhi, from typhoid
suspected patients attending Dutse General Hospital. Based on this reseach analysis,widal test
had low sensitivity and high specificity with equal values of NPV and PPV. Blood culture had
lower sensitivity and moderate specificity with higher value of NPV and low value of PPV.
Latex agglutination had lowest sensitivity with highest specificity and equal values of PPV
and PPV. Latex agglutination has highest specificity and moderate NPV these two parameters
are the most important parameters for ruling out negative cases, therefore latex agglutination
stand out as the best and preferred technique for detection and diagnoses of fever.

Based on antibiotics susceptibility profiles it depicted that augmentin, ciprofloxacin and
reflacine appeared to be the first line antimicrobial agents for the treatment of typhoid fever
whereas highly resistance was recorded for septrin, streptomycin and nalidixic acid
respectively.

Finally, Chi- Square test hypothesised that there is significant difference in the sensitivity and
specificity of widal and Latex agglutination with the X? of value 309.11 is greater than P value
of* 3.841 at 95% C. I. This make us to reject null hypothesis and conclude that there is
significant difference in the sensitivity and specificity of widal and latex agglutination.
Analysis of agreement (kappa) shows that widal and blood culture had kappa value of 0.746
which is substantial agreement while blood culture and widal shows faired agreement with
kappa value of 0.366.
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