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Abstract

Typhoid fever, a disease caused by Salmonella typhi, remains a major public health concern in many parts of the world.
This study is aimed at molecularly detecting plasmid-mediated Quinolone resistance genes of Salmonella typhimurium
from the stool of patients attending selected hospitals in Karu, Abuja Municipal Area Council, Abuja, Nigeria. A total of
300 stool samples were collected from patients attending ECWA Hospital (EH) and Jikwoyi Medical Centre (JMC), all
located within Karu. Salmonella typhi was isolated and identified using standard microbiological methods. Antibiotic
susceptibility test was carried out using the Clinical Laboratory Standard Institute (CLSI) methods. Molecular detection
of the plasmid-mediated Quinolone genes of the isolates was carried out using Polymerase Chain Reaction (PCR).
Electrophoresis was performed to detect the presence of plasmids. The overall occurrence of the isolates was 13.6%
with JMC having the highest occurrence (17.1%), while EH is (11.8%). The occurrence of the isolates in relation to age
was highest at ages 250 years in EH (15.0%) and lower at ages 21-30 years (7.5%), while it was higher at age 210years
in JMC (26.6%) but lower at age 41-50 years (12.5%). The occurrence in relation to gender was higher in males (11.9%)
but lower in females (9.8%). Resistance to the Quinolone antibiotics was Ciprofloxacin (7.3%) and Ofloxacin (39.0%)
distributed as follows: CIP at EH (8.7%) and OF (43.5%) while at JMC, CIP (5.5%) and OF (33.3%). The most common
resistance phenotype was CIP-GEN-CAZ and GEN-TE-CAZ (9.7%), and the general distribution was EH (13.0%) and
JMC (11.1%). Most of the isolates were multi-resistant with MAR indices above 0.2, and the commonest MAR index of
1.0 (4.3%) at EH and 0.5 (5.5%) at JMC. The PMQR genes detected had overall frequency in the order: aac(6')-Ib-
¢r(50.0%), qnrB(25%), qnrS(25%), and parC (25%). Susceptibility testing before prescription should be intensified to
avoid resistance.

Keywords: Antibiotic resistance; Molecular Detection; Plasmid-mediated Quinolone resistance (PMQR); Sa/monella
typhi, Typhoid fever

Introduction o ) The study aims to evaluate the antibiotic susceptibility of
Salmonella infections pose a significant globallpu_bllc Salmonella strains from patient stool in Karu, Abuja,
health .challenge due to the costs of monitoring, focusing on isolating S. #yphi, assessing resistance
prevention, and treatment (Nguyen & McSorley, 2024). patterns, and detecting plasmid-mediated Quinolone

Salmo_nella, a Gram-negative,_ rod-shapled,. motile resistance genes to address the critical issue of Antibiotic
bacterium from the Enterobacteriaceae family, includes Resistance.

over 2,579 serovars, with S. enferica causing
approximately 99% of human infections, primarily Materials and Methods
through contaminated food, water, or faecal contact
(Fierer, 2022). Infections manifest as enteric fever
(caused by typhoidal Salmonella, like S. typhi and S.
paratyphi) or gastroenteritis (caused by non-typhoidal
Salmonella), with severe risks for vulnerable groups like
the elderly, infants, and immunocompromised individuals
(Lu et al, 2025; Qamar et al., 2022).

Study Area: This research was carried out in ECWA
Hospital and Jikwoyi Medical Centre, both located within
Karu town, in Abuja Municipal Area Council, Abuja,
Nigeria. Karu is a satellite town in Abuja, the capital city
of Nigeria

Sample Size Determination: The sample size used for

. . . . D . this study is calculated using (Krejcie & Morgan, 2017)
Typhoidal infections, treated with antibiotics like method. The formula is shown below:

Chloramphenicol and Ciprofloxacin, present symptoms N=Z2P¥ /d?
after 8-28 days, while non-typhoidal infections, treated
with hydration, show symptoms within 8-72 hours
(Nguyen & McSorley, 2024). Rising antimicrobial
resistance, particularly in multi-drug resistant (MDR)
strains, is a growing concern, driven by mutations and
resistance gene transfer (Abimiku et al., 2019; Giorgio &
Helaine, 2025). In Nigeria, high Salmonella incidence is
exacerbated by co-infections like malaria, inadequate
water systems, urbanisation, and poor waste
management, with limited research on Salmonella . .
serovars from human stool (Lu et a/, 2025; Hanet al., l’ggﬁ]zsdlgansgd effect of 1 was used. The sample size was
2024). No Salmonella vaccines are included in Nigeria’s " N= (1.96)2% 0.5 x 0.5 + (0.05)2

healthcare policy, and access to safe water remains a =O'96405 - 0 02'5 ~ 38'4

challenge (Akinyemi et al., 2017). ' '

Where N = desired sample size (when the population >
10,000); Z= standard normal deviation, usually set at
1.96, which usually corresponds to 95% confidence level,
P= proportion in the target population, set at 50% (0.5),
d= tolerated margin of error.

The population was estimated as p< (0.5) for non-
infection, confidence estimated used was 95% (= 1.5)
confidence interval with degree of accuracy of d (0.05).
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Sampling Method: A convenience sampling method was
employed in this study. A total of 300 stool samples were
collected from patients presenting with suspected typhoid
fever at the selected healthcare facilities (ECWA Hospital
and Jikwoyi Medical Centre) during the study period.
Patients who met the inclusion criteria and provided
informed consent were consecutively enrolled until the
predetermined sample size of 300 was reached. This
approach allowed for practical data collection within the
operational constraints of the hospitals.

Demographic Data: Demographic data collected for this
study included age and gender of the patients. While
additional factors such as socioeconomic status,
vaccination history, and travel history could provide
valuable context regarding potential risk factors
associated with infection and antibiotic resistance, these
were beyond the scope of this particular study, given the
available resources and time constraints.

Ethical Approval: Ethical approval was sought for and
issued by ECWA Community Health Initiative, Garki,
Abuja (Find attached). Informed consent was sought from
all participants and caregivers (for minors) before sample
collection. Participants were assured of confidentiality
and the right to withdraw. Data was anonymised to
protect the privacy of participants.

Collection of Samples

With the consent of the patients, a total of 300 stool
samples were collected from the patients attending the
selected healthcare facilities. The patients were provided
with sterile plastic screw-top universal bottles to collect
their stool, which were immediately transported in ice
packs to the laboratory for further examination.

Culture and Isolation of Salmonella Species: Stool
samples were cultured in 5ml tetrathionate (TT) broth
(Oxoid, UK) and incubated at 37°C for 24 hours. Turbid
broths were sub-cultured on xylose-lysine deoxycholate
(XLD) Agar and Salmonella-Shigella Agar (SSA) (Oxoid,
UK), incubated at 37°C for another 24 hours. Plates
showing growth had isolates stored on Nutrient Agar (NA)
slants for further analysis (Ghazy Hawal & Talib Bakr,
2023)

Identification of Salmonella isolates: Representative
colonies were selected based on colonial and
morphological similarities and identified using Gram
staining and biochemical tests as per Cheesbrough
(2006).

Gram staining: Gram staining followed Cheesbrough
(2009). A smear of three pure colonies was prepared on
a saline drop, air-dried, heat-fixed, stained with crystal
violet for 30 seconds, rinsed, decolourised with acetone,
counter-stained with safranin for 60 seconds, rinsed, air-
dried, and examined under a x100 oil immersion objective
(Cheesbrough, 2009).

Biochemical identification: Biochemical tests, as
described by Cheesbrough (2006), included Indole
production, Methyl-red, Voges-Proskauer, Citrate
utilisation, catalase, nitrate reduction, urease production,
and glucose fermentation (TSI) to confirm Salmonella
species (Cheesbrough, 2009).

Determination of Antibiotic susceptibility of the isolates:
S. typhi isolates were tested for antibiotic susceptibility
using the Kirby-Bauer disk diffusion method per Clinical
and Laboratory Standards Institute (CLSI) guidelines
(CLSI, 2018). This method was chosen for its widespread
acceptance, cost-effectiveness, and reliability in clinical
microbiology laboratories for routine susceptibility
testing.

The study specifically aimed to assess the resistance
patterns against commonly prescribed antibiotics for
typhoid fever in the region, including quinolones, which
are critical for treatment. Overnight nutrient broth cultures
were adjusted to 0.5 McFarland standard, streaked on
Mueller-Hinton Agar, and tested with the following
antibiotics and their respective disc concentrations:
Amoxicillin/Clavulanic acid (AMC, 30ug), Nitrofurantoin
(NET, 30pg), Ceftazidime (CAZ, 30ug), Ciprofloxacin
(CIP, 5ug), Gentamycin (GEN, 10ug), Ofloxacin (OF,
5ug), Streptomycin (S, 10pg),
Sulphamethoxazole/Trimethoprim (COoT, 25ug),
Tetracycline (TE, 30ug), and Ceftriaxone (CTR, 30ug).
Plates were incubated at 37°C for 24 hours, and inhibition
zones were measured and interpreted as resistant,
intermediate, or susceptible according to the breakpoints
provided in the CLSI Performance Standards for
Antimicrobial Susceptibility Testing, 28th Edition (Fasih et
al., 2023; Ruiz et al,, 2022; CLSI, 2018)

Detection of Antibiotic Resistance Genes: Bacterial cells
were prepared in Luria Bertani (LB) broth (peptone water,
yeast extract, sodium chloride, and sodium hydroxide)
per Ruiz et al (2022), autoclaved, inoculated with a
colony from xylose deoxycholate plates, and incubated at
37°C for 24 hours. DNA was extracted using Zymo
Research Kits, involving centrifugation, lysis buffer
incubation, spin column processing, washing, and
elution, with DNA stored at -86°C. PCR amplified specific
DNA segments using Taq polymerase and gene-specific
primers shown in Table 1 (Sarah et al, 2011; Kwak et al,
2013; Xi et al.,, 2014), with cycles of denaturation (94°C),
annealing  (primer-dependent  temperature), and
extension (72°C) for 25-40 cycles in an automated cycler
(Uzairue et al, 2023; Inayath et al., 2021).

Table 1: Primers sequences and Quinolone resistance
genes used in this study

Target Primer Primer sequences Amplicon

gene name size (bp)

oA gwAF 5-ATGGCTGAATTACCTCAATC-3 647
owrA-R S-CATCATAGTTATCGATGAAATC-3

arB gwiB-F 5.-TCGGCGACACGGATGACGGC-3 704

gwB-R S-ATCAGGCCTTCACGCGCATC-3
parC  parC-F S-ACTTGAAGATGTTITTAGGTGAT-3 459
parC-R S-TTAGGAAATCTTGATGGCAA-3

B quB-F 5-GATCGTGAAAGCCAGAAAGG-3 420
qurB-R 3-CGATGCCTGGTAGTTGTCC-3
gnrs qurS-F S-ACGACATTCGTCAACTGCAA-3 210

qur$-R STAAATTGGCACCCTGTAGGC-3
aact6’) aac(6)F S TTGCGATGCTCTATGAGTGGCTA-3 482
Ther  aac(6)R S-CTCGAATGCCTGGCGTGTTT-3

Key: F = Forward strand; R = Reverse strand

Bacterial DNA extraction was also conducted using a
heat boiling method, involving incubation in TE buffer and
following centrifugation protocols to collect supernatants.
The DNA was then analysed for concentration and purity,
with storage at -20°C until needed. Electrophoretic
analysis of the amplified DNA was done using 1%
agarose gel. PCR products were mixed with loading dye,
loaded into gel slots, and subjected to electrophoresis.
After staining with EtBr and destaining, the DNA bands
were observed under UV light, and photographs were
taken alongside size estimation using a marker.

Statistical analysis

Statistical analysis for antimicrobial resistance was based
on Clinical and Laboratory Standards Institute guidelines,
comparing proportions of hospital data, gender, and age
groups using the chi-square test at a significance level of
p=0.05. Results were presented in Mean + SD.

Results and Discussion
Isolation and identification of Salmonella enterica: The
colourless colonies on SSA with a black centre, which
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Table 2: Cultural, morphological, and biochemical characteristics of Salmonella typhi isolated from stool of patients

attending the selected hospitals.

Culrural Motpholagieal
Charactenstics  Charactenstics

Biochemical Characresstics Infepence
Morphology  GramOXD  MOT UR TDA CUT LYS H;S ONPG NIT LAC MAL [N MR
Colomies  that Rodshape . . = - = ‘ - . - « = Salmonellz
fphi

wers  colorless
on MCA, black
0T 33A

Key:

OXD=0Oxidase; MOT=Motility test; UR=Urease test; TDA= Tryptophan deaminase; LYS=Lysine; H2S=Hydrogen Sulphide; ONPG-
Onpg-Galactosidase test; NIT=Nitrate test; LAC=Lactose fermentation test; MAL=Maltonate test; IN-Indole fermentation test;
MR=Methyl red; MCA=MacConkey Agar; SSA=Salmonella-Shigella agar

were gram-negative, rod-shaped, TSI positive and other
Salmonella typhi.

Occurrence of Salmonella typhi: Out of the 300 stool
samples obtained from patients attending the selected
hospitals, the overall occurrence of Salmonella typhiwas
41(13.6%). Distribution in relation to the hospital was EH
23(11.8%) and JMC 18(17.1%), indicating that the
percentage occurrence of S. #yph/ was high in JMC
(17.1%) but low in EH 23(11.8%), as shown in Table 3.

Occurrence of isolates in the selected hospitals in relation
to age of Patients: The occurrence of the isolates in
relation to the age of patients is shown in Table 4. The
occurrence of the isolates was high in ages = 50(17.1%)
and < 10yrs (16.4%) but low in ages 21-30yrs (11.1%)
and 31-40yrs (11.8%) while the percentage occurrence
in relation to age in EH was high at age = 50yrs (15%)
and 41-50yrs (13.3%) but low in ages 21-30yrs (7.5%)
JMC has high occurrence in ages < 10yrs (26.6%) and
>50yrs (20.0%) but low ages 41-50yrs (12.5%). The
occurrence of S. typhiin relation to the age of patients
with suspected typhoid fever was statistically insignificant
(P>0.05).

Occurrence of isolates in the selected Hospitals in
relation to gender of patients: The overall occurrence of
the isolates in relation to gender was high in females
(14.7%) but less in males (12.7%), as shown in Table 5.
The percentage occurrence of the isolates at EH was high
in females (13.3%) but low in males (10.5%), while at
JMC, it was higher in males (17.7%) but lower in females
(16.7%). The occurrence of the isolates in patients with
suspected typhoid fever in relation to gender was also
statistically insignificant

Antibiotic Resistance of S. fyphi: The Antimicrobial
resistance profile of the isolates is given in Table 6.
Resistance to ciprofloxacin was the least at (7.3%) but
was highly resistant to Tetracycline at (87.7%), and
Amoxicillin/Clavulanic acid also at (87.7%), and its
distribution is as follows: EH had a high resistance to
Streptomycin (91.3%) and Amoxicillin/Clavulanic acid
(86.9%) but less resistant to Ciprofloxacin (8.7%) and
Ofloxacin (43.5%) while in JMC the isolate were more
resistant to Amoxicillin/Clavulanic acid (88.9%) and
Tetracycline (88.3%) but less resistant to Ciprofloxacin
(5.5%).

Table 3: Occurrence of Salmonella typhi from the stool of patients attending the selected hospitals.

Hospital No. of samples No. 8 typhi positive samples
(%0)

IMC 105 18(17.1)

EH 195 23(11.8)

TOTAL 300 41(13.6)

Key: EH=ECWA Hospital; JMC=Jikwoyi Medical Centre

Table 4. Occurrence of Salmonella typhi isolated from the selected Hospitals in relation to the Age of Patients.
EH JMC

AGE Total

(Years) No. Examined S hphi +ve No. Examined S hphi+ve No. Examined S hphi+ve
No. (%) No. (%) No. (%)

=10 40 3123 13 4(26.6) 35 164y

11-20 40 50125 20 3(13.00 60 8(13.3)

21-30 30 (7.3 13 2(13.3) 43 11.1)

3140 35 3(8.6) 16 3(18.8) 51 6(11.8)

41-30 30 413.3) 24 (123 34 T(12.9)

=230 20 3(15.0) 13 3(20.00 35 6(17.1%

Total 193 23118 103 1817.3) 300 4101320

Key: EH=ECWA Hospital; JMC=Jikwoyi Medical Centre
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Table 5: Occurrence of Salmonella typhi isolates in the selected Hospitals in relation to the gender of patients.

No. Samples No. (%) 5. enteric +ve
GENDER EH IMC EH IMC Total
Male 10545 11(10.5)  8(17.7) 19(12.7)
Female 90 60 12(13.3) 10{16.6)  22(14.7)
Total 195 105 23(11.8) 18(17.1)  41(13.6)

Key: EH=ECWA Hospital; JMC=Jikwoyi Medical Centre

Table 6. Antibiotic Resistance of Salmonella typhi isolated from Stool of Patients attending the selected Hospitals

Antibiotics Disc content (ug) EH(%0)n=23 TMC{%) n=18 Total
n=41
GEN 10 13(56.5) 9(50) 22(53.7)
CAZ 30 15(63.2) 12(66.7) 27(65.9)
CIP 3 2(8.7) 1(5.3) 3(7.3)
NET 30 12(52 6(33.3) 18(43.9)
TE 30 21(9.3) 15(83.3) 36(87.7)
AMC 30 20(86.9) 16(88.9) 36(87.7)
OF 3 10(43.5) 6(33.3) 16(39.0)
CTR 30 14{60.9) 7(38.9) 21(51.2)
s 30 21(91.3) 13(72.2 34(82.9)
COT 25 20(86.9) 10(55.5) 30(73.2)
Key:  AMC=Amoxicillin/Clavulanic  acid; CAZ=Ceftazidime; CTR=Ceftriaxone; CIP=Ciprofloxacin; GEN=Gentamicin;

COT=Sulphamethoxazole/Trimethoprim; TE=Tetracycline; NET=Nitrofurantioin; S=Streptomycin; OF=Oflaxacin

Antibiotic Resistance Phenotype of S. typhi: Antimicrobial
resistance of the S. #yphi isolates was distributed into
different phenotypes as given in Table 7. The most
common phenotype was CIP-GEN-CAZ and GEN-TE-
CAZ, with an overall occurrence of 9.7% (4/41) observed
in EH (13.0%) and JMC (11.1%).

Multiple Antibiotic Resistance Index: All (100%) S. typhi
isolates exhibited multiple antibiotic resistance, which
means showing resistance to at least one agent in three
or more classes of antibiotics used. The highest and the
lowest occurrences of the MAR ratio were 0.6 (26.8%)
and 1.0 (4.8%), respectively. The highest MAR index in
EH was 3.0 (30.4%) and the lowest was 1.0 (5.5%), while
that of JMC was 0.6 (27.8) and 1.0(5.5), respectively, as
shown in Table 8.

Agarose gel electrophoresis of the amplified genes: The
agarose gel electrophoretic separation of amplified
Quinolone genes was carried out as described earlier,
and the amplified DNA bands for gnrS, gyrA, parC, gnrB
and aac(6°)-Ib-cr genes and their respective amplicon
sizes is as shown in Figure 1.

Occurrence of Quinolone resistance genes: The
occurrence of Quinolone resistance genes of the isolates,
as shown in Table 9, indicates that the occurrence of the
gene gnrS (50.0%) was high, while the occurrence of
gyrA, parC, gnrB and aac(6°)-Ib-crgenes was low, with a
percentage occurrence of 25.0%.

Salmonella species spread mainly through stool, with
transmission occurring via contaminated food and water
or direct faecal-oral contact (Han et a/, 2024; Qamar et
al., 2022). In a study of Salmonella typhi prevalence in
Karu, Abuja, Nigeria, the occurrence was 13.6%, slightly

higher than a previous study in 2020 but lower than
findings from 2018 and 2020 by other researchers
(Ekundayo and Enya, 2018; Adamu et al., 2020; Fasema
et al, 2020). This suggests Sa/monella typhi causes
typhoid fever in the area.

M 2 09 d
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g (B4Thy)

_ ae(0'+or (4820p)
QrB(42kp)
QrS(210bp)

= PaC 439p)

Figure 1: Agarose gel electrophoresis of the amplified
quinolone-resistant genes (Captured in Table 1) from
Salmonella typhiisolates. Lanes S1 and S6 represent the
QnrS (210p) gene band, lane S2 represents the gyrA/
(647bp) gene band. Lane S3 represents the ParC
(459bp) gene band, Lane S4 represents the aac(6)-1b-cr
(482bp), and Lane M represents the 1500 DNA ladder.
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Table 7: Antibiotic Resistance phenotype of Salmonella typhi isolated from the Stool of patients attending the selected

Hospitals.
Antibiotics No. (%) No. (%) Total
E esistance Eesistance No=41
EH._n=23 JMC n=18

CIP,. GEN_CAZ 3(13.0) 1(5.5) 497
GEN.COT,.CIP 1(4.3) 000y 1(2.4)
GEN_.NET.TE 2(8.7) 2(11.1) 49.T)
GEMN.CAZ CTR 1(4.3) ()} 1(2.4)
CAZ AMC.TE.CIP 1(4.3) 1(5.5) 2(4.9)
GEN.CAZ AMC.CTR 00y 1(5.5) 1(2.4)
CAZ NET AMCTE.OFX 1(4.3) 1(5.5) 2(4.9)
CAZ CIP AMC NET.OFX 1(4.3) ) 1(2.4)
CAZ CIPAMCTE S COT 2(8.7) 1(5.5 3(7.3)
CAZ NET.TE AMC OFX . CTR ()} 1(5.5 1(2.4)
CAZ NET AMC OFX_CTE.S 1(4.3) 2(11.1) 3(7.3)
CAZ NET. S COT.CTE. .TE 2(8.7) 1(5.5) 3(7.3)
GEN.CAZ NET. S . COTTE.CTE 2(8.7) 1(5.5) 3(7.3)
GEN_NET.5.5XT.CTE.OFX _AMC ) 1(5.5) 1(2.4)
GEN_..CAZ S COT . CTE . OFX.TE AMC, ) 1(5.5) 1(2.4)
GEN.CAZ S COT OFX.TEAMCNET 1(4.3) ) 1(2.4)
CAZ S COT.OFX AMCTENET.CIP 2(8.7) 1(5.5 3(7.3)
CAZ S5 COT.CIP.OFX AMC TE NET 1(4.3) 1(5.5 2(4.9)
CAZ CIPS COTTEAMC NET.OFX.CTR 0oy 1(5.5) 1(2.4)
GEN.CIP.S.COTTEAMC CAZ OFX NET 1(4.3) ) 1(2.4)
GEN.CIP S COTTE AMCNET.OFX.CTE.CAZ 1(4.3) 1(5.5) 2(4.9)

Key: AMC=Amoxicillin/Clavulanic acid; CAZ=Ceftazidime; CTR=Ceftriaxone; CIP=Ciprofloxacin; GEN=Gentamicin;
COT=Sulphamethoxazole/Trimethoprim; TE=Tetracycline; NA=Nalidixic acid; S=Streptomycin; OF X=0Oflaxacin

Table 8: Multiple Antibiotic Resistance (MAR) index of Salmonella typhi isolated from the stool
of patients with suspected typhoid fever attending the selected Hospitals.

No. of antibiotics No. of antibiotics MAR index(a’b) No. (%) MAFE Total (%) MAE

tested (a) resistance (b) isolates (n =41) isolates (n=41)
EH IMC
(n=23) (n=18)

10 10 1.0 1434y 1(5355 2(48)

10 9 09 1(434) 1(335 248

10 g 08 4174y 316y T(17.1)

10 7 0.7 287y L{11.1)y 3(7.3)

10 6 0.6 6(26.1) 3(27.8) 11(26.8)

10 5 0.3 287y 1353 3(13)

10 4 04 1434 2(11.1)y 3(7.3)

10 3 03 7304y 3(1ey 100244

Key: MAR= Multiple Antibiotic Resistance; EH=ECWA Hospital; JMC=Jikwoyi Medical Centre

Table 9: Occurrence of Quinolone resistance genes of Salmonella typhi from patients attending the
selected hospitals.

Quinolone Resistance (Genes No. (%) S. nphi
(n=4)

Gyrd 1(25.0)

FarC 1(25.0)

OnrS 2(50.0)

OB 1(25.0)

aac{0')-Ib-cr 1{(25.0)
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The study found the highest occurrence of infections in
individuals aged 50 and above (16.4%) and the lowest in
those aged 21-30 (11.1%). This differs from previous
research that indicated higher rates in younger patients,
potentially due to economic conditions and hygiene
practices among the elderly (Abdullahi et al, 2017). Age
and gender showed no statistically significant impact on
typhoid fever occurrence (Fasema et al,, 2020; Ekundayo
and Enya, 2018). However, infections were more
common in females (14.7%) compared to males (12.7%),
which aligns with some previous studies but contradicts
others (Martins et al., 2019).

In agreement with Akinyemi et al (2017), the isolates
showed high resistance to common antibiotics like
Amoxicillin ~ (87.7%), Tetracycline (87.7%), and
Streptomycin (82.9%), likely due to misuse of these
drugs. In contrast, resistance to Ciprofloxacin (7.3%) and
Ofloxacin (39.0%) was low, suggesting these drugs are
still effective (Cosby et a/, 2015). Many isolates were
multi-resistant, with 26.8% showing multi-drug resistance
(MDR), indicating treatment challenges. The presence of
Quinolone resistance genes linked to both chromosomal
and plasmid-mediated resistance highlights potential
public health concerns, as these genes can spread to
other bacteria (Eleazar et al., 2024; Fasema et al., 2020).

In chromosomal mutations, resistance to quinolones
often develops through mutations in the genes encoding
DNA gyrase (gyrA and gyrB) and topoisomerase IV (parC
and parE), which are the primary targets of these
antibiotics. These mutations alter the drug's binding site,
reducing its effectiveness (Adetunji et al., 2025; Ipinlaye
and Oluyege, 2023). The detection of gyrA and parC
mutations in 25% of the isolates indicates the presence
of such chromosomally-mediated resistance. The
plasmid-mediated Quinolone Resistance (PMQR) genes
are typically found on mobile genetic elements (plasmids)
and can be easily transferred between bacteria,
contributing significantly to the rapid spread of resistance.
gnr genes (gnrB, gnrS) encode pentapeptide repeat
proteins that protect DNA gyrase and topoisomerase IV
from quinolone binding, thereby reducing the antibiotic's
efficacy (Fasema et al, 2024; Ipinlaye and Oluyege,
2023). The presence of gnrB and gnrSin 25% and 50%
of the isolates, respectively, is particularly alarming as it
indicates the potential for horizontal gene transfer,
disseminating quinolone resistance to other bacterial
species (Fasema et al,, 2020; Ipinlaye et al., 2024).

The aac(6’)-1b-cr gene encodes an aminoglycoside
acetyltransferase that can also modify Ciprofloxacin and
Norfloxacin, reducing their activity. Its detection in 25% of
the isolates is a worrying finding, as it contributes to
reduced susceptibility to quinolones and often co-occurs
with other resistance genes, further complicating
treatment options (Abdullahi et al, 2017). The co-
existence of both chromosomal mutations and PMQR
genes in S. typhi isolates from this region suggests a
complex and evolving resistance landscape. While
Ciprofloxacin currently shows low resistance, the
presence of these resistance genes indicates a potential
for future therapeutic failures if their prevalence
increases. This highlights the urgent need for continuous
surveillance of antimicrobial resistance patterns and
mechanisms.

However, this study has several limitations that may
affect the generalizability of the findings. The sample was
restricted to a specific area within Abuja, which may not
reflect the broader context of Nigeria. Also, data on
participants' socioeconomic status, vaccination history,
and travel history were not collected, potentially
influencing antibiotic susceptibility outcomes. While the
antibiotic susceptibility testing was thorough, it focused

only on quinolone resistance genes and may have
missed other important resistance mechanisms.

Furthermore, the absence of data on clinical outcomes
makes it challenging to relate susceptibility patterns to
real-world health implications. This gap emphasises the
necessity for further research. Expanding the focus to
include a broader range of data—both geographical and
clinical-will enhance our understanding of antibiotic
resistance and its impacts. These limitations highlight the
need for further research to expand on the findings of this
study.

Conclusion

The study found that the occurrence of Salmonella typhi
was 13.6%. Isolates were more common in JMC (17.1%)
than in EH (11.8%), and were higher in females (14.7%)
than in males (12.7%). Infection rates were highest in
those aged 50 and older (12.9%) and lowest in those
aged 21-30 (11.1%). The isolates showed significant
resistance to Tetracycline (87.7%), Streptomycin
(82.9%), and Co-trimoxazole (73.2%). Effective
antibiotics were Ciprofloxacin and Ofloxacin, while
resistance genes were detected.

Recommendations

Based on these findings, the following specific
intervention strategies are proposed to combat antibiotic
resistance effectively and improve public health
outcomes:

1. Strengthen Water, Sanitation, and Hygiene
(WASH) Activities: Due to the risks of faecal-oral
transmission of Salmonella, the public health
WASH initiatives must provide and promote
access to clean and safe drinking water
alongside improved sanitation facilities as well
as proper handwashing (before food
preparation and after defecation). This
approach mitigates a major infection source and
the consequent transmission of resistant strain
infections.

2.  Mandatory Susceptibility Testing: Advocate for
and enforce the implementation of mandatory
antibody susceptibility testing for all patients
prior to starting treatment for suspected case of
typhoid fever. This approach enhances effective
treatment for patients and mitigates empirical
treatment with useless drugs, thus controlling
the resistance problem.

3. Clinical Guidelines and Education: Create and
share defined clinical instructions for the
irrational use of antibiotics with special attention
to the use of Ciprofloxacin and Ofloxacin which
are currently effective as the first line for
uncomplicated typhoid fever in this zone. At the
same time, inform health care workers about the
risks of irrational prescribing and the need to
comply with treatment protocols.

4. Public Awareness Campaigns: Launch public
awareness campaigns to educate communities
about the dangers of antibiotic misuse, including
self-medication, incomplete courses, and the
use of antibiotics for viral infections.

5. Strengthen Surveillance and Monitoring:
Establish a robust and continuous surveillance
system for antimicrobial resistance in
Salmonella typhi and other enteric pathogens
across health facilities in Abuja and beyond.
This  should include both  phenotypic
susceptibility testing and molecular detection of
resistance genes to track emerging resistance
patterns and inform public health interventions
in real-time.
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6. Vaccination Programs: Advocate for the
inclusion of typhoid vaccines in national
healthcare policies and implement targeted
vaccination programs for high-risk groups,
especially children and individuals in endemic
areas. Vaccination can significantly reduce the
incidence of typhoid fever, thereby decreasing
the overall need for antibiotics and reducing
selective pressure for resistance.

7. One Health Approach: Implement a "One
Health" approach that recognizes the
interconnectedness of human, animal, and
environmental health in the context of
antimicrobial  resistance.  This involves
monitoring  antibiotic use in agriculture,
regulating access to veterinary antibiotics, and
addressing environmental contamination from
resistant bacteria.

Future Research
Based on the results and limitations of this study, several
avenues for future research are encouraged:

1. Long-term, longitudinal studies should be
carried out to monitor the evolution of antibiotic
resistance patterns and the prevalence of
specific resistance genes in S. fyphiover time in
Abuja and other Nigerian cities.

2. The investigation of molecular mechanisms of
resistance to other commonly used antibiotics,
particularly those showing high resistance rates
in this study (e.g., Tetracycline,
Amoxicillin/Clavulanic acid), to understand the
full scope of MDR.

3. Carrying out epidemiological studies that
incorporate a broader range of demographic,
socioeconomic, and behavioural risk factors
(e.g., water sources, food handling practices,
previous antibiotic use, travel history,
vaccination status) to identify key drivers of S.
typhiinfection and antibiotic resistance.

4. Future studies should integrate clinical outcome
data (e.g., duration of fever, hospitalisation
rates, incidence of complications, treatment
failure rates) with microbiological findings to
quantify the impact of antibiotic resistance on
patient health.

5. The effectiveness of specific public health
interventions (e.g., WASH programs, antibiotic
stewardship initiatives, vaccination campaigns)
on reducing the incidence of typhoid fever and
the prevalence of antibiotic-resistant S. typh/
strains in the community should be evaluated.

6. Besides human and animal samples, the
presence of S. fyphiand its resistance genes in
environmental samples (water sources, food
products) to identify potential reservoirs and
transmission pathways should also be explored.
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