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Abstract:

Background: Sa/monella enterica serovar Typhi is the causative agent of typhoid fever, a major public health
concern in Nigeria and other low-resource settings. The emergence of antimicrobial resistance (AMR), often
plasmid-mediated, poses a serious challenge to treatment. Local surveillance data on resistance and plasmid
carriage are critical for guiding effective interventions. This study investigated the antimicrobial susceptibility
and plasmid profiles of clinical Salmonella Typhi isolates from stool samples in Sagamu, southwest Nigeria.
Methodology: A cross-sectional study of 100 patients with clinical features of typhoid fever and reactive for S.
Typhi antibody by the Widal agglutination test, was conducted across health facilities in Sagamu, including
Olabisi Onabanjo University Teaching Hospital (OOUTH), private hospitals, and selected diagnostic laboratories.
Stool samples were collected from each participant and cultured on selenite F broth enrichment, followed by
subculture on MacConkey and Salmonella-Shigella agar plates. Salmonella Typhi was identified by colony
morphology, Gram stain reaction, biochemical test scheme of triple sugar iron, citrate, and urease tests, and
confirmed by serotyping with agglutination of sample using specific antisera. Antimicrobial susceptibility testing
was performed using the Kirby-Bauer disk diffusion method. Plasmid DNA was extracted by the alkaline lysis
method, and electrophoresis was used for plasmid size determination. Mating experiments with Escherichia coli
K-12 were conducted to assess plasmid transferability. Statistical analysis of data was done using SPSS
(version 25), with significance set at p<0.05.

Results: Sixty-six isolates were confirmed as S. Typhi. Of these, 28.8% (n=19) were multidrug-resistant
(MDR), although all isolates were susceptible to ciprofloxacin and ofloxacin. Plasmids with sizes ranging from
4.6 to 5.7kb were detected in 16 of the 19 MDR isolates, 9 (56.3%) of which successfully transferred their
plasmids to E. coli K-12. A significant association was found between plasmid carriage and MDR (OR=447.86,
p<0.0001).

Conclusion: The findings of this study suggest that plasmid-mediated resistance plays a major role in the
emergence of MDR S. Typhi strains in the region, posing a challenge to the effective treatment of typhoid fever.
Continuous surveillance and prudent use of antibiotics are necessary to combat the rising threat of AMR in S.
Typhi population.
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Résumeé:

Contexte: Salmonella enterica sérotype Typhi est I'agent responsable de la fiévre typhoide, un probléme de
santé publique majeur au Nigéria et dans d’autres pays a faibles ressources. L'’émergence de la résistance aux
antimicrobiens (RAM), souvent d’origine plasmidique, pose un sérieux défi thérapeutique. Frangais Les données
de surveillance locales sur la résistance et le portage plasmidique sont essentielles pour guider des
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interventions efficaces. Cette étude a examiné la sensibilité aux antimicrobiens et les profils plasmidiques
d'isolats cliniques de Salmonella Typhi a partir d'échantillons de selles a Sagamu, dans le sud-ouest du Nigéria.
Méthodologie: Une étude transversale de 100 patients présentant des caractéristiques cliniques de fievre
typhoide et réactifs aux anticorps S. Typhi par le test d'agglutination de Widal, a été menée dans des
établissements de santé a Sagamu, y compris I'h6pital universitaire Olabisi Onabanjo (OOUTH), des hopitaux
privés et des laboratoires de diagnostic sélectionnés. Des échantillons de selles ont été prélevés chez chaque
participant et cultivés sur un bouillon d'enrichissement au sélénite F, suivis d'une sous-culture sur des plaques
de gélose MacConkey et Salmonella-Shigella. Salmonella Typhi a été identifiée par morphologie des colonies,
réaction de coloration de Gram, schéma de test biochimique des tests de fer triple sucre, citrate et uréase, et
confirmée par sérotypage avec agglutination de I'échantillon a l'aide d'antisérums spécifiques. Les tests de
sensibilité aux antimicrobiens ont été réalisés a l'aide de la méthode de diffusion sur disque de Kirby-Bauer.
Francais L'ADN plasmidique a été extrait par la méthode de lyse alcaline et I'électrophorése a été utilisée pour
déterminer la taille du plasmide. Des expériences d'accouplement avec Escherichia coli K-12 ont été menées
pour évaluer la transférabilité du plasmide. L'analyse statistique des données a été effectuée a l'aide de SPSS
(version 25), avec une signification fixée a p<0,05.

Résultats: Soixante-six isolats ont été confirmés comme étant S. Typhi. Parmi ceux-ci, 28,8% (n=19) étaient
multirésistants aux antibiotiques (MDR), bien que tous les isolats soient sensibles a la ciprofloxacine et a
I'ofloxacine. Des plasmides d'une taille comprise entre 4,6 et 5,7kb ont été détectés dans 16 des 19 isolats
MDR, dont 9 (56,3%) ont transféré avec succes leurs plasmides a E. coli K-12. Une association significative a
été trouvée entre le portage du plasmide et la MDR (OR=447,86, p<0,0001).

Conclusion: Les résultats de cette étude suggeérent que la résistance induite par les plasmides joue un role
majeur dans I’émergence de souches multirésistantes de S. Typhi dans la région, ce qui complique le traitement
efficace de la fievre typhoide. Une surveillance continue et une utilisation prudente des antibiotiques sont
nécessaires pour lutter contre la menace croissante de la RAM dans la population de S. Typhi.
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Introduction: patterns and the role of plasmids, the find -
ings of this study will contribute to the grow-
Typhoid fever, caused by the bacte- ing body of knowledge on typhoid fever and
rium Salmonella Typhi, is a significant public its management in endemic regions.
health concern in developing countries, inclu- .
ding Nigeria (1). The disease is predominan- Materials and method:
tly transmitted through contaminated food
and water, and its prevalence is heightened Study design and sample collection: _
by poor sanitation and inadequate access to This was a descriptive cross-sectional
clean water (2). Despite advancements in pu- study of 100 patients with clinical features of
blic health, typhoid fever continues to pose a typhoid fever and reactive for S. Typhi anti-
substantial burden, particularly in regions body by the Widal agglutination test conduc-
with limited healthcare resources (1). ted in Sagamu, southwest Nigeria between
The clinical management of typhoid August and November 2022. Stool samples
fever has been increasingly complicated by were collected from each participant recruited
the emergence of multidrug-resistant (MDR) from Olabisi Onabanjo University Teaching
S. Typhi strains (3). Resistance to first-line Hospital (OOUTH), selected private diagnostic
antibiotics such as ampicillin, chlorampheni- laboratories (Synlab, Afriglobal and Dew lab-
col, and cotrimoxazole has been widely rep- oratories) and selected private hospitals
orted, prompting reliance on fluoroquinolones (Owokoniran Medical Hospital, Ayotola Specia-
and third-generation cephalosporins (4). How- list Hospital and Rene Medical Center). Infor-
ever, the growing resistance to these agents med consent was obtained from each partici-
indicates the need for continuous surveillance pant prior to sample collection.

and a deeper understanding of the underlying
mechanisms of resistance.

Plasmids are extrachromosomal DNA
elements that play important role in the acg-
uisition and dissemination of antimicrobial
resistance (AMR) genes among bacterial popu-
lations (5). The presence of transmissible
resistance plasmids (R-plasmids) in S. Typhi
has been identified as a major driver of MDR,
posing a significant threat to effective treat-
ment strategies (6).

This study aims to explore the anti-
microbial susceptibility patterns and plasmid
profiles of S. Typhi isolates obtained from va-
rious health establishments in Sagamu, south-
west Nigeria. By highlighting the resistance

Culture isolation and identification of Salmo-
nella Typhi:

The stool samples were processed us-
ing standard microbiological techniques with
initial enrichment in Selenite F, followed by
culture on selective media (MacConkey and
Salmonella-Shigella agar plates), and incuba-
ting at 37°C for 24 hours. Presumptive colo-
nies of Salmonella were identified by colonial
morphology, Gram stain reaction, and bio-
chemical test scheme of triple sugar iron
(TSI) agar, citrate utilization, and urease
tests. Serological confirmation of S. Typhi
was performed using specific antisera, where
agglutination of the sample with the antisera
confirmed the presence of S. Typhi.
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Antimicrobial susceptibility testing:

Antimicrobial susceptibility testing of
the serologically confirmed S. Typhi isolates
(n=66) was done by the Kirby-Bauer disk
diffusion method against 9 selected antibio-
tics in line with the guidelines of the Clinical
and Laboratory Standards Institute (7). The
antibiotics tested included ampicillin (10pg),
chloramphenicol (30ug), gentamicin (10pg),
tetracycline (30pg), cotrimoxazole (25ug),
nalidixic acid (30ug), ciprofloxacin (5ug), ofl-
oxacin (5ug) and ceftriaxone (30ug). Zones
of inhibition were measured in mm and inter-
preted as sensitive or resistant in line with
the CLSI guidelines (7).

Plasmid DNA extraction and profiling:

Plasmid DNA extraction was carried
out using the alkaline lysis method. Briefly,
overnight cultures of S. Typhi isolates grown
in Luria-Bertani (LB) broth were harvested by
centrifugation at 10,000 rpm for 10 minutes.
The bacterial pellet was re-suspended in 200
ML of a solution containing 50 mM glucose, 25
mM Tris-HCI (pH 8.0), and 10 mM EDTA
(Solution I).

The cells were lysed with 200 pL of a
lysis buffer containing 0.2 M NaOH and 1%
SDS (Solution II), mixed gently, and incu-
bated on ice for 5 minutes. To neutralize the
solution, 150 pL of a cold potassium acetate
solution (Solution III: 3 M potassium acetate,
pH 5.5) was added, followed by gentle mixing
and incubation on ice for 10 minutes. The
mixture was centrifuged at 13,000 rpm for 10
minutes to pellet cellular debris and chromo-
somal DNA.

The supernatant containing plasmid
DNA was transferred to a fresh tube, and
plasmids were precipitated by adding 0.6 vol
of isopropanol. After centrifugation at 13,000
rpm for 10 mins, the DNA pellet was washed
ed with 70% ethanol, air-dried, and re-sus-
pended in 30uL nuclease-free water.

For profiling, the extracted plasmid
DNA was resolved on a 0.8% agarose gel in
1X TAE buffer, stained with ethidium bromide
(0.5 pg/mL), and visualized under UV light. A
1 kb DNA ladder and a lambda DNA/HindIII
marker were used to estimate the sizes of the
plasmids.

Plasmid transfer by mating:

Plasmid transfer experiment was con-
ducted by mating S. Typhi isolates with Esch-
erichia coli K-12 as the recipient strain. The
potential donor strain, carrying the plasmid,
was grown overnight in Luria-Bertani (LB)
broth, while E. coli K-12 was prepared by
streaking onto LB agar plates and incubating
overnight.

Prior to mating, the E. coli K-12 reci-
pient strain was confirmed to be susceptible
to ampicillin and chloramphenicol by perfor-
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ming antimicrobial susceptibility testing. The
donor and recipient strains were mixed in a
1:1 ratio and spotted onto LB agar plates.
After overnight incubation at 37°C, the bac-
terial cells were scraped from the plate, sus-
pended in saline, and plated onto MacConkey
agar containing ampicillin and chlorampheni-
col to select for transconjugants.

Antimicrobial susceptibility testing of
the transconjugants was performed using the
disk diffusion method. Successful plasmid
transfer was confirmed if the E. coli K-12
transconjugants were resistant to ampicillin
and chloramphenicol used in the selection
media.

Data analysis:

Data obtained from antimicrobial sus-
ceptibility testing and plasmid profiling were
analyzed using descriptive statistics to sum-
marize the resistance patterns and plasmid
profiles of S. Typhi isolates. The distribution
of antimicrobial resistance among the isolates
was expressed as percentages, and the pre-
sence of multidrug-resistant (MDR) strains
was noted.

Association between plasmid carriage
and multidrug resistance was assessed using
Chi-square test to determine statistical signi-
ficance and p value was set at <0.05 for all
analyses. Statistical analyses were conducted
using SPSS version 25.0 (IBM Corp, USA).

Results:

A total of 66 confirmed S. Typhi were
isolated from the stool samples of 100 parti-
cipants by biochemical and serological identi-
fication tests (Table 1).

Table 1: Distribution of Salmonella Typhi isolated from the

study sites
Institution No of No identified as S.
isolates Typhi (%)
OOUTH, Sagamu 50 31 (62.0)
Private laboratories 40 29 (72.5)
Private hospitals 10 6 (60.0)

OOUTH: Olabisi Onabanjo University Teaching Hospital

All 66 isolates were susceptible to
ofloxacin, ciprofloxacin and ceftriaxone, while
65 (98.5%) and 62 (93.9%) were susceptible
to nalidixic acid and gentamicin respectively
(Table 2). The susceptibility pattern to the
commonly used first line antibiotics was vari-
able; cotrimoxazole (54.5%), chlorampheni-
col (45.5%), ampicillin (34.8%) and tetra-
cycline (27.2%). Only 17 (25.8%) isolates
were fully susceptible to all the 9 antibiotics
tested while 19 (28.8%) isolates were MDR
(resistance to three or more antibiotic clas-
ses), and 49 (72.2%) were resistant to at
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least one antibiotic.

Of the 19 MDR strains, 8 (42.1%)
were resistant to chloramphenicol, ampicillin
and tetracycline; 6 (31.6%) to ampicillin, chl-
oramphenicol and cotrimoxazole, and 5
(26.3%) to chloramphenicol, ampicillin, tetra-
cycline and cotrimoxazole (Table 2).

Discussion:

This study assessed the antimicrobial
susceptibility and plasmid profiles of S. Typhi
isolates from human stool samples in Saga-
mu, southwest Nigeria. Our findings highlight
a high prevalence of AMR, with a significant
association between MDR and plasmid carri-
age among S. Typhi isolates. This research
provides valuable insights into the evolving
challenges in managing typhoid fever in the

Table 2: Antimicrobial drug resistance patterns of 66
strains of Salmonella Typhi

Number of resistant
Salmonella Typhi
isolates (%)

Antibiotic resistant pattern region and underscores the importance of

continuous surveillance to monitor and com-
bat the spread of resistant strains.

Single d ist: =66 . .
ingle orug resistance (n=66) We observed high levels of resistance

Ampicillin 43 (65.2)

Tetracycline 48 (72.7) to commonly used antibiotics, particularly
Cotrimoxazole 30 (45.5) . s . .
Chloramphenicol 36 (54.5) ampicillin, tetracycline, and chloramphenicol.
Gentamicin 4(6.0) This resistance pattern is consistent with pre-
Nalidixic acid 1 (1.5) . . .

Ciprofloxacin 0 vious reports from Nigeria and other sub-
Ofloxacin

8 Saharan African countries, where S. Typhi
has shown increasing resistance to first-line
antibiotics. A study from Lagos, Nigeria by

Ceftriaxone

Multidrug resistance (MDR) pattern (n=19)

Ampicillin, Chloramphenicol, Tetracycline 8 (42.1) . . . .
Ampicillin, Chloramphenicol, Cotrimoxazole 6 (31.6) Aklnyeml et aI., (8) reported similar resis-
Ampicillin, Chloramphenicol, Cotrimoxazole 5 (26.3) tance rates to ampiciIIin and tetracycline res-

The electrophoretic profiles of the iso-
lated plasmid DNA of the 66 S. Typhi strains
is shown in Table 3. Of the 19 MDR isolates,
16 (84.2%) contained plasmids, with sizes of
4.6 kb (n=5 isolates), 4.9 kb (n=3 isolates),
5.1 kb (n=7 isolates), and 5.7 kb (n=1 iso-
late). Also, 9 (56.3%) of these successfully
transferred their plasmids to E. coli K-12. In
contrast, none of the MDR-negative isolates
contained plasmids, as 47 isolates, including
the 17 isolates that were sensitive to all 9
antibiotics, were plasmid-negative

Statistical analysis of the data sho-
wed a significant association between plasmid
carriage and MDR (x?=54.24, OR=447.86,
95% CI = 21.935-9144.2, p<0.00001), indi-
cating that plasmid-borne resistance may
play a significant role in the dissemination of
MDR among S. Typhi isolates in the study
setting.

pectively among S. Typhi isolates. Addition-
ally, a study done in Ghana (9) found that
antimicrobial resistance in S. Typhi isolates
was rising, corroborating our findings. These
results are concerning, as they suggest a
shift towards the use of second-line drugs,
which could have implications for treatment
efficacy and healthcare costs in resource-limi-
ted settings.

Interestingly, our study found that all
S. Typhi isolates were susceptible to cipro-
floxacin and ofloxacin. This finding aligns with
other studies that have reported the reten-
tion of susceptibility to fluoroguinolones des-
pite the development of resistance to older
antibiotics (8,10). However, it is worth noting
that emergence of fluoroquinolone resistance
in S. Typhi has been documented in other
parts of the world. For instance, a study in
India reported the emergence of ciprofloxa-
cin-resistant S. Typhi, which highlights the

Table 3: Molecular size characteristics of Salmonella Typhi plasmid DNA

Plasmid presence/sizes Number of MDR isolates

Number of non-MDR and sensitive

Total isolates (%)

(%) isolates (%)
4.6kb 5 0 5
4.9kb 3 0 3
5.1kb 7 0 7
5.7kb 1 0 1
Plasmid negative 3 47 50

Total 19 (28.8%)

47 (71.2%) 66 (100%)

MDR - Multi-drug resistance; x2=54.24, OR=447.86, 95% CI=21.935 - 9144.2, p<0.0001
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potential for fluoroquinolone resistance to
emerge, particularly as its use increase in the
treatment of typhoid fever (11). Continuous
monitoring of fluoroquinolone resistance is
essential to prevent the emergence of resis-
tance in the region.

Our findings also showed a concern-
ing 28.8% prevalence of MDR S. Typhi str-
ains. This rate is consistent with those repor-
ted in studies from other parts of Nigeria,
where MDR S. Typhi has become a significant
clinical challenge (3,12). MDR S. Typhi strains
(resistant to three or more classes of antibio-
tics) pose a major challenge to the treatment
regimens of typhoid fever and have been
associated with increased morbidity and mor-
tality, especially in regions with limited acc-
ess to alternative antibiotics (3).

The molecular analysis revealed a
strong association between plasmid carriage
and MDR. In total, 16 out of 19 MDR isolates
carried plasmids, with sizes ranging from 4.6
to 5.7 kilobases. This is in line with previous
studies that have identified plasmids as key
vectors for the transmission of resistance
genes in Salmonella species. For example, a
study by Owoseni and Onilude (13) demons-
trated that MDR S. Typhi strains in West
Africa were often associated with the pre-
sence of plasmids carrying resistance genes.
The finding that no MDR-negative isolates
carried plasmid elements supports the hypo-
thesis that plasmid-mediated resistance plays
a crucial role in the spread of MDR S. Typhi.

Plasmid transfer experiments using E.
coli K-12 as the recipient strain confirmed the
transferability of resistance genes. This result
aligns with previous research, which showed
that plasmids carrying AMR genes can be
easily transferred between Salmonella strains
and other enteric bacteria (14). The ability of
S. Typhi to transfer resistance plasmids to
other bacteria increases the potential for res-
istance to spread beyond a single pathogen
species, exacerbating the overall problem of
AMR in the region.

Statistical analysis confirmed a signi-
ficant association between plasmid presence
and MDR in S. Typhi isolates (OR=447.86, p
<0.0001. This statistical significance supports
the conclusion that plasmid-borne resistance
is a critical factor in the development and
spread of MDR strains in the study area. Pre-
vious studies have also found strong associa-
tions between plasmid presence and resist-
ance profiles in S. Typhi, reinforcing the imp-
ortance of plasmids in the dissemination of
antimicrobial resistance (13,15).

Conclusion:

This study highlights the growing con-
cern of antimicrobial resistance in S. Typhi
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isolates in Sagamu, southwest Nigeria, and
emphasizes the role of plasmids in mediating
multidrug resistance. A significant proportion
of S. Typhi isolates were resistant to common
antibiotics, with a notable prevalence of MDR
strains. Plasmid profiling revealed that plas-
mid carriage is associated with the resistance
phenotypes, particularly in the MDR isolates.

Furthermore, the transfer of resistant
plasmids between S. Typhi and other enteric
bacteria further complicates the management
of typhoid fever in the region. These findings
underscore the urgent need for enhanced
surveillance, effective infection control strate-
gies, and the prudent use of antibiotics to
mitigate the spread of resistant S. Typhi str-
ains. Additionally, the study advocates for the
continuous monitoring of AMR patterns and
the development of alternative therapeutic
approaches to ensure the effective treatment
of typhoid fever.
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