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ABSTRACT

Fluoroquinolone antibiotics are widely used in managing infections caused by multidrug-resistant
(MDR) Staphylococcus anrens. However, the emergence and spread of resistance to these agents
pose serious public health threats, particularly in healthcare environments across Katsina State,
Nigeria. This study investigated the presence of selected quinolone resistance genes in MDR .
anreus isolates obtained from labour room environments in four hospitals within the state. A total
of 240 environmental swab samples were collected and analyzed for the presence of S. aureus.
Isolates were identified using standard biochemical methods, and their antibiotic susceptibility
profiles were determined via the disk diffusion method. MDR status was defined as resistance
to three or more antibiotic classes. Species confirmation was performed using PCR targeting the
mue gene, followed by detection of quinolone resistance genes (gnrA, gnrD, and parC) in the
confirmed MDR isolates using PCR. Twenty-eight S. aureus isolates were recovered. High levels
of resistance were observed to amoxicillin-clavulanate (100%), cefoxitin (100%), erythromycin
(54.5%), and ciprofloxacin (54.5%). Fourteen isolates (50%) were identified as MDR. Among
the five selected MDR isolates, PCR confirmed all as S. aureus, with 80% hatbouring gnrD, 40%
harbouring gnrA, and 20% harbouring parC. These findings highlight a significant burden of
MDR . anrens and associated resistance genes in labour room environments, underscoring the
urgent need for strengthened infection prevention practices and responsible antibiotic use to
mitigate further dissemination within maternity healthcare settings.
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INTRODUCTION

Multidrug-resistant  Staphylococcns anrens (MDR-S. aureus) settings,  including  tertiary  hospital  emergency

has emerged as a critically significant pathogen in
healthcare  environments, undermining  effective
antimicrobial treatment and significantly contributing to
healthcare-associated infections (HAIs) globally (Tigabu
and Getaneh, 2021). The organism's capacity to resist
various antibiotic classes prolongs hospital stays, escalates
treatment expenses, and heightens maternal and neonatal
morbidity and mortality, an urgent issue in low-resource
settings like Nigeria, where limited infection prevention
and control (IPC) infrastructure and unregulated
antibiotic usage exacerbate resistance dynamics (Ajekiighe
et al., 2025). Systematic reviews and meta-analyses have
revealed widespread resistance patterns among S. aureus
across Nigeria, with consistently high resistance to
commonly used antibiotics and increasingly restricted
clinical treatment options (Ahmed ¢ a/., 2024).

Although the epidemiology of MDR-Staphylococcus anreus
has been investigated in various clinical and environmental
contexts within Nigeria, research has largely focused on
general patient populations and non-specific hospital

departments and fomites in public areas (Salehi ¢z a,
2025). Although the epidemiology of MDR-Szaphylococcus
anrens has been investigated in various clinical and
environmental contexts within Nigeria, research has
largely focused on general patient populations and non-
specific hospital settings, including tertiary hospital
emergency departments and fomites in public areas (Salehi
et al., 2025). These investigations offer valuable baseline
information but do not account for the unique infection
dynamics in labour rooms, whetre obstetric procedures,
invasive monitoring, high patient turnover, and frequent
staff—patient interactions generate distinct ecological
pressures that may heighten the risk of pathogen
transmission along maternal-neonatal pathways (Garvey,
2024). Indeed, while environmental contamination with
MDR organisms has been observed in neonatal intensive
care units and other high-risk wards in Nigeria, the specific
connection between environmental reservoirs in labour
rooms and obstetric infection pathways remains
inadequately characterized. This conceptual void is
further exacerbated by the lack of comparative
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environmental risk profiling across hospital wards (LLong
et al., 2024).

Resistance to quinolones via ¢g#nr and parC genes, a class
of broad-spectrum antibiotics widely used in obstetrics
and gynecology has become increasingly prevalent due
to the overuse and misuse of these agents in both clinical
and community settings (Kareem ez 2/, 2021; Mahapatra
et al., 2022). These resistance mechanisms significantly
diminish therapeutic options, especially in resource-
limited healthcate systems.

Phenotypic and molecular profiling of resistant S. aureus
strains provides critical insights into the local
epidemiology of antimicrobial resistance. This
approach aids in identifying specific resistance patterns,
informing empirical therapy, and supporting infection
control strategies. In Nigeria, limited data exist on the
antimicrobial resistance profiles of S. awrens isolates
from labour and delivery wards, particularly with respect
to quinolones (Medugu e/ al, 2021). Given the
heightened risk of maternal and neonatal infections in
labour rooms, understanding the distribution of MDR
S. aurens in such environments is vital for guiding
effective prevention and control measures.

Despite increasing reports of multidrug-resistant
bacterial infections in Nigerian hospitals,
comprehensive data on phenotypic resistance traits of 5.
anrens within maternity settings remain scarce (Johnson,
2021). Labour rooms, often under rigorous use with
limited sterilization protocols (Gall ¢7 a/., 2020), may act
as reservoirs for MDR pathogens, facilitating
nosocomial transmission to mothers and neonates. The
lack of routine surveillance and resistance profiling
hampers early detection and control of these pathogens.
Consequently, there is an urgent need for systematic
studies on the antimicrobial resistance characteristics of
S. aurens in labour room environments within Katsina
State and similar resource-constrained regions.

This study aims to molecularly characterize multidrug-
resistant S. aureus isolates from labour room settings in
selected hospitals in Katsina State, Nigeria, with a
specific focus on quinolone resistance. The findings will
contribute to a better understanding of local resistance
trends and provide evidence-based recommendations
for antimicrobial stewardship and infection control in
maternal healthcare. Moreover, this study will help
inform policy and practice to curb the spread of MDR
pathogens in critical hospital environments.

MATERIALS AND METHODS
Study Design

This study was conducted across four selected healthcare
facilities (i.e., General Hospital (GH), Comprehensive
Hospital (CH), Federal Teaching Hospital Katsina (FTH),
and Turai Children Hospital (TCH) in Katsina State,
Nigeria, using a purposive sampling technique. These
hospitals were chosen for their high patient throughput
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and key roles in maternal and neonatal healthcare delivery
within the region. A cross-sectional descriptive study
design was adopted to investigate the presence and
characteristics of multi-drug resistant (MDR) . aureus
isolates from labour room environments, including
surfaces and instruments. The study spanned a period of
six months, from October to April, 2025.

Sample Collection

A total of 240 samples were collected using sterile swab
sticks from various surfaces that include: delivery beds,
walls, floors, trolleys, scissors, curtains, mopping sticks,
door handles, dripping hangers, drawers, forceps, fridge,
fan regulators, infant radiant warmer, light switch,
medication drawer, nasal tubes, wheel chairs, toilet seat,
oxygen cylinder, sinks and weighing machine using sterile
swab sticks moistened with normal saline within the
labour rooms of the four hospitals. Afterwards, samples
were transported in ice packs to the Department of
Microbiology laboratory at the Federal University Dutsin-
Ma for further processing. Samples collected were
immediately streaked onto sterile Manitol Salt Agar (MSA)
in petti dishes. Plates were, thereaftet, incubated at 37 °C
for 24 hours. Colonies showing motphologic
characteristic of yellow pigmentation for S. aureus on MSA
were selected, re-streaked and subcultured onto Nutrient
Agar (NA) to obtain pure isolates.  Preliminary
identification was performed through Gram staining, and
results were confirmed by a series of biochemical tests,
including catalase and coagulase tests, according to
standard protocols.

Antibiotic Susceptibility Profile

Antibiotic susceptibility testing of the isolates was
carried out using the Kirby-Bauer disc diffusion method
in accordance with CLSI (2022) guidelines. Antibiotics
tested included representatives from major classes: -

lactams (amoxicillin-clavulanic acid), fluoroquinolones

(ciprofloxacin), carbapenems (imipenem),
aminoglycosides (gentamicin), mactrolides
(erythromycin), and  cephalosporins  (cefoxitin,

ceftazidime, cefuroxime). Bacterial suspensions were
standardized to a 0.5 McFarland standard and uniformly
inoculated onto Mueller-Hinton Agar (MHA) plates
before the addition of antibiotic discs. After 24 hours
of incubation at 37°C, zones of inhibition were
using CLSI  (2022)

Multidrug  resistance was defined as

measured and interpreted
breakpoints.

resistance to three or more antibiotic classes.

DNA extraction and molecular confirmation of S.
aureus

Molecular confirmation of Staphylococcus anrens was
performed by DNA extraction and PCR amplification.
Genomic DNA was extracted using the AccuPrep®
Genomic DNA Extraction Kit according to the
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manufacturer's protocol (Sloan e al., 2021; Medugu e/
al., 2021). Pure colonies of S. aureus were suspended in
phosphate-buffered saline (PBS), lysed, and subjected to
ethanol precipitation. After passing through adsorption
columns, the DNA was washed, eluted, and stored at

20°C until use. Detection of antibiotic-resistant genes
(qnrA, gnrD plasmid-mediated quinolone resistance),
and parC (chromosomal) in subsequent PCR assays was
performed using multiplex PCR (Mahapatra e7 al, 2022;
Badamasi and Salisu, 2025; Salisu ez al., 2025, 2024).

Table 1. Primers used for the Detection of Antibiotic Resistance Genes in Staphylococcus aureus

Bacteri Targe Produc Annealin  Final Reference
a Primer Sequence (5'—3') t Sizes g Temp Extensio
Genes (bp) (@Y n
S aurens nne F: GCGATTGATGGTGATACGGTT 279 5500 72°C for 5 Jauro e al.,
' R: AGCCAAGCCTTGACGAACTAAAGC minutes 2022
S anrens qneA F: ATTTCTCACGCCAGGATTTG 516 56°C 72°C for 5 Mahapatra
' R: GATCGGCAAAGGTTGGTCA minutes ¢t al., 2022
S anrens  qnrD F: AGGTGTAGCATGTATGGAAAAGC 691 58°C 72°C for 5 Mahapatra
o R: ACATTGGGGCATTAGGCGTT minutes et al., 2022
S aurens parC F: CTATGCGATGTCAGAGCTGG 270 60°C 72°C for 5 Mohamed
) R: TAACAGCAGCTCGGCGTATT minutes ¢t al., 2024

Table 2. Distribution of Staphylococcus aureus isolates from different sites at selected Hospitals, Katsina State,

Nigeria
SITES Comprehensive  General Turai Federal Total
Hospital Hospital Children's Teaching Occurtence of
Hospital Hospital Isolate (%)

Bed - 4(57.14) 2(28.57) 1(14.28) 7(24.14)
Curtains - - 1(100) - 1(3.44)
Chair 1(33.33) - 1(33.33) 1(33.33) 3(10.35)
Door Handles - - - - 0(0.00)
Dripping Hanger 1(50.00) - - 1(50.00) 2(6.90)
Drawer - - 1(100) - 1(3.44)
Floor - 2(40.00) 1(20.00) 1(20.00) 4(14.29)
Forceps - - - - 0(0.00)
Fridge - - - 1(100) 1(3.44)
Fan Regulator - - - 0(0.00)
Infant Radiant Warmer - - - - 0(0.00)
Light Switch - - - - 0(0.00)
Medication Drawer 1(100) - - - 1(3.44)
Mopping Stick 1(50.00) - - 1(50.00) 2(6.90)
Nasal Tube - - - - 0(0.00)
Oxygen Cylinder - - 1(100) - 1(3.44)
Sink - - 1(100) - 1(3.44)
Scissors - - 1(100) - 1(3.44)
Toilet Seat - - - - 0(0.00)
Tap - - - - 0(0.00)
Table 1(100) - - - 1(3.44)
Trays - - - - 0(0.00)
Wheel Chair - - - - 0(0.00)
Weighing Machine - - 1(50.00) 1(50.00) 2(6.90)
Wall - - - - 0(0.00)
TOTAL 5(100) 6(100) 10(100) 7(100) 28(100)

Identification of S. aureus by PCR amplification of
nuc genes

The extracted DNA was used in the amplification of the
Staphylococens thermonuclease gene, nuc (S. anreus specific
primer), for the identification of the Gram-positive
isolates. A duplex PCR was carried out in a 15 L. final
volume reaction containing 7.5#L of mastermix, 1 xL of
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nue forward and reverse primers. 5uL of PCR-grade water
and 1xL. of DNA. The reaction was catried out using the
following PCR conditions: initial denaturation at 94°C for
3 minutes, followed by 30 cycles of denaturation at 94°C
for 30 seconds, annealing at 51°C for 30 seconds and
elongation at 72°C for 60 seconds. This was followed by
a final elongation at 72°C for 7 minutes. S. aureus ATCC
43300 was used as a positive control (Jouhar e a/., 2020).
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Table 3. Regression analysis of S. aureus Distribution between hospitals in Katsina metropolis and Dutsin-Ma

LGA to identify predictors of MDR occurrence

Comprehensive Turai
Hospital Dutsin- General Children's  Federal Teaching
Ma Hospital Hospital Hospital
Pearson Comprehensive Hospital Dutsin-Ma 1.000 .036 -.207 -.097
Correlation  General Hospital 036 1.000 -124 -.081
Turai Children's Hospital -.207 -.124 1.000 =222
Federal Teaching Hospital -.097 -.081 -.222 1.000
Sig. (1-tailed) Comprehensive Hospital 458 270 .389
General Hospital 458 . .359 407
Turai Children's Hospital 270 .359 . .256
Federal Teaching Hospital .389 407 .256

KEYS: LGA= Local Government Area, MDR= Multi-drug resistance

Detection of Antibiotic Resistance Gene (qnrA, gnrD
and parC gene) among the Staphylococcus spp

The antibiotic resistance genes encoding quinolone
resistance (gnrA, qnrD and parC) were tested for the
isolates by PCR. The gene was detected in a PCR reaction
containing 7.5x1. mastermix, 1z each of the gnrA, gnrD
and parC forward and reverse primers (Table 1), 4.54L of
PCR-grade water and 1xL of the DNA template. The
reaction was carried out in a cycler using the following
conditions: initial denaturation at 94°C for 3 minutes, 30
cycles of denaturation at 94°C for 30 seconds, annealing at
55°C for 30 seconds and elongation at 72°C for 45
seconds. A final elongation at 72°C for 7 minutes was also
carried out, this was carried out using a 15 microlitre final
reaction (Merza and Jubrael 2015).

Ethical Statement

Ethical approval was obtained from the Katsina State
Ministrty  of  Health  with  reference  number
MOH/ADM/SUB/1152/1/918 to ensure that the study
adheres to ethical guidelines for research involving human
samples.

RESULTS

Distribution of S. aureus Isolates from different sites at
Various Hospital

Table 2 reveals the environmental prevalence of S. aureus
across different hospital equipment and surfaces in four
hospitals. A total of 28 . aureus isolates were recovered,
with the highest occurrence from Turai Children Hospital
(10 isolates, 34.48%), followed by General Hospital (6
isolates, 20.69%), Federal Teaching Hospital (7 isolates,
24.14%), and Comprehensive Hospital (5 isolates,
17.24%). Beds wete the most contaminated site (7
isolates, 24.14%), especially in the General Hospital,
where they accounted for 57.14% of the bed-related
isolates. Floors were the second most contaminated, with
5 isolates (14.29%), notably from General and Turai
Children's Hospitals. Certain highly touched sites, such as
door handles, forceps, fan regulators, light switches, and
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taps, yielded no isolates.  Single occurrences were
observed in several equipment pieces, such as the oxygen
cylinder, fridge, scissors, and medication drawer, all
indicating sporadic but high contamination.

Table 3 presents the regression analysis evaluating the
distribution of Staphylococcus anrens isolates across selected
hospitals in the Katsina metropolis and the Dutsin-Ma
Local Government Area (LGA), aiming to identify
potential predictors of multidrug resistance (MDR).
Pearson correlation coefficients were used to assess the
strength and direction of associations among hospitals,
while one-tailed significance tests evaluated the statistical
significance of these relationships. The correlation
coefficients reveal weak associations across all pairs of
hospitals, ranging from —0.222 to 0.036. The relationship
between Comprehensive Hospital, Dutsin-Ma, and
General Hospital exhibited a very weak positive
correlation (r = 0.036), indicating minimal similarity in the
distribution patterns of S. aureus between these facilities.
Conversely, negative correlations were observed between
Comprehensive Hospital and Turai Children Hospital (r =
—0.207), Comprehensive Hospital and the Federal
Teaching Hospital (r = —0.097), and General Hospital and
Turai Children Hospital (r = —0.124). The most
substantial negative association was found between Turai
Children Hospital and the Federal Teaching Hospital (r =
—0.222). Notably, none of the observed correlations were
statistically significant, as all one-tailed p-values exceeded
the conventional threshold of 0.05 (p = 0.256-0.458).

Antibiotic Susceptibility Profile for Staphylococcus
aureus isolated from various Hospitals from Katsina
State, Nigeria

The antibiotic susceptibility profiles (Table 4) of S. aurens
isolates from four hospitals in Katsina State (Table 4)
reveal considerable variation (CLSI, 2022) in resistance
and susceptibility patterns across the sampled locations, as
59.093).

Imipenem exhibited the highest and most consistent

shown by the Chi-square outcome (y?

efficacy, with 100% susceptibility across three hospitals
and 83.33% in General Hospital Dutsin Ma.
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KEYS: S= Susceptible, I= Intermediate, R= Resistant, (2
= 59.093)
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Gentamicin also demonstrated strong activity, particularly
in Dutsin-Ma and the Comprehensive Healthcare Centre
(100%  susceptibility), though moderate resistance
(28.57%) was observed at the Federal Teaching Hospital.

Conversely, amoxicillin-clavulanate and cefoxitin showed
alarmingly high resistance levels, particularly at Turai
Children and Maternity Hospital, where all S. aureus
isolates (100%) were resistant to both drugs, indicating
widespread B-lactam resistance.  Ciprofloxacin and
erythromycin showed variable activity: Ciprofloxacin was
most effective among Staphylococcus isolates at the Federal
Teaching Hospital (85.71% susceptibility) but showed
reduced efficacy among those from Turai (only 36.3%
susceptible), while erythromycin resistance was notably
high among isolates from the Comprehensive Healthcare

Centre (80%) and Turai (54.55%).

Prevalence of Multi-drug resistant S. aureus from
various Hospitals in Katsina State, Nigeria

The results presented in Table 5 reveal the prevalence and
distribution of multidrug-resistant (8. aurens) (MDR .
anrens) isolates across four hospitals in Katsina State,
Nigeria. Out of a total of 240 samples examined,
28(82.35%) were positive for 5. aureus, and 14 of these
isolates (50.00%) were multidrug-resistant. The highest
prevalence of S. aureus was observed in Turai Hospital
with 6 (42.86%) MDR strains. Although the
Comprehensive had fewer MDR strains of S. aureus
isolates, 2 (14.29%) exhibited MDR. General and FTHK
hospitals each recorded 3 (21.43%) MDR §. aurens isolates,
indicating a significant level of resistance. These findings
highlicht a concerning spread of MDR S. aurens in
healthcare environments, particularly in Turai hospitals,
underscoring the need for robust infection control and
antibiotic stewardship programs.

Resistant Phenotypes of Staphylococcus anrens Isolates
Grouped by Hospital

Table 6 illustrates the distribution of resistant phenotypes
among multidrug-resistant (MDR) Szaphylococcus  anreus
isolates categorized by hospital, highlighting the number
of antibiotics to which each isolate was resistant, its
specific MDR pattetn, the total number of isolates, and
the associated Multiple Antibiotic Resistance (MAR)
indices.

At Turai Children and Maternity Hospital, three MDR .
aurens isolates were found to be resistant to four
antibiotics, displaying a consistent resistance pattern that
included ciprofloxacin (CIP), erythromycin (ERY),
amoxicillin—clavulanate (AUG), and cefoxitin (FOX).
These isolates tecorded a MAR index of 0.7. In the
Federal Teaching Hospital Katsina, three unique MDR
phenotypes were identified among the isolates. Two
isolates each showed resistance to three antibiotics, with
resistance patterns of ERY-AUG-FOX and AUG-
GEN-FOX, both linked to a MAR index of 0.5.
Additionally, a single isolate exhibited resistance to four

antibiotics (CIP-AUG-GEN-FOX), which
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corresponded to a higher MAR index of 0.7. At General isolates from the Comprehensive Health Centre in
Hospital Dutsin-Ma, MDR isolates demonstrated Dutsin-Ma revealed two MDR phenotypes. One isolate
resistance to 3 or 4 antibiotics. T'wo isolates were resistant was resistant to three antibiotics (ERY—AUG-FOX) with
to the ERY-AUG-FOX pattern (MAR index = 0.5), a MAR index of 0.5, while another isolate was resistant to
while one isolate displayed a four-drug resistance pattern four antibiotics (CIP-GEN-AUG-FOX), yielding a
(CIP-GEN-AUG-FOX; MAR index = 0.7). Likewise, MAR index of 0.7.

Table 5. Prevalence of Multidrug-resistant Staphylococcus aureus from selected Hospitals in Katsina State,
Nigeria (n=28)

HOSPITALS No. of Samples examined No of MDR S. aureus
GENERAL 60 3 (21.43%)
COMPREHENSIVE 60 2 (14.29%)

FTHK 60 3 (21.43%)

TURAI 60 6 (42.86%)

TOTAL 240 14 (50%0)

Table 6: Resistant phenotypes of MDR Staphylococcus aureus isolates grouped by Hospital
Hospital No. of Antibiotics MDR Pattern No. of Isolates MAR Index (%)
TCMH 4 CIP, ERY, AUG, FOX 3 0.7
FTHK

3 ERY, AUG, FOX 1 0.5
3 AUG, GEN, FOX 1 0.5
4 CIP, AUG, GEN, FOX 1 0.7
GHD
3 ERY, AUG, FOX 2 0.5
4 CIP, GEN, AUG, FOX 1 0.7
CHCD
3 ERY, AUG, FOX 1 0.5
4 CIP, GEN, AUG, FOX 1 0.7

KEYS: IMI= Imipenem, GEN= Gentamycin, FOX= Cefoxitin, ERY= Erythromycin, CIP= Ciprofloxacin, AUG=
Amoxillin-Clavalanate, MAR= Multiple Antibiotic Resistant; TCMH: Turai Children and Maternity Hospital; FTHK:
Federal Teaching Hospital Katsina; GHD: General Hospital Dutsin-Ma; CHCD: Comprehensive Health Centre, Dutsin-
Ma

Table 7: Molecular Confirmation of selected MDR isolates and detection of antibiotics resistance genes among
Staphylococcus aureus from selected hospitals environment in Katsina State, Nigeria

Isolate IDs Source Nuc qnrA qnrD ParC
06 Bed + + + +
14 Weighing Balance + - + +
20 Sink + + + +
28 Floor + - + +
56 Bed + - - +
Total (%) 5 (100) 2 (40) 4 (80) 1(100)

Codes: nuc, thermonuclease gene, qnrA and gnrB: quinolone resistance gene, parC= quinolone resistance gene
+ = presence, - = absence

Molecular Confirmation of identities of selected involvement of chromosomal quinolone resistance
MDR isolates and detection of selected antibiotics mechanisms in some strains.
resistance genes among S. aureus from selected
hospitals environment in Katsina State, Nigeria Fig. 1 Agarose gel electrophoresis showing molecular
identification of Staphylococcus anreus isolates through
The molecular confirmation of selected multidrug- amplification of the #uc gene (276 bp) using conventional
resistant (MDR) S.  awreus isolates from hospital PCR. Lane M represents the 100 bp DNA molecular
environments in Katsina State (Table 7) revealed that all weight marker, with visible bands ranging from 100 bp to
five isolates (100%) tested positive for the nuc gene, 1500 bp. Amplified products of approximately 276 bp
confirming their identity as S. awrews. Among the were observed in all tested isolates (Lanes 006, 14, 20, 28,
quinolone resistance genes screened, parC was the most and 50), confirming the presence of the nu¢ gene, a species-
prevalent, detected in 100% of the isolates, followed by specific marker for S. aurens. The positive control (+ve)
gnrD (80%), while gnrA was present in only two isolates showed a clear band at the expected 276 bp position,
(40%). Notably, one isolate (ID 56) lacked both g7~ and validating the PCR assay. No amplification was detected
gnrD, while isolates 14 and 28 lacked g7, suggesting the in the negative control (—ve), demonstrating the absence
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of contamination. These results confirm that all tested based on the amplification of the #zc gene as it is in Figure
isolates were moleculatly identified as Staphylococcus anreus 1.

bp M 06 14 20 28 56 +tve -ve

e o

ST Aw g

276bp

Fig.1: Gel-electrophoresis (Molecular Identification of Staphylococcus aureus) using Conventional PCR by
amplifying the nuc Gene at 276bp

bp M 06 14 20 28 56 -ve

gnrD=
516bp

gnrA=691bp

parC=
270bp

Fig. 2: Gel electrophoresis of amplified parC, 270bp gnrA; 516bp and gnrD; 691bp genes using PCR
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Gel electrophoresis (Iig. 2) showing PCR amplification of
parC (270 bp), gnrA (516 bp), and gnrD (691 bp) genes
from Staphylococcns anrens isolates. Lane M represents the
100 bp molecular weight marker. Amplified products of
the expected sizes were observed in several isolates: Lane
06 showed multiple amplicons, including bands consistent
with the ¢gnrD gene (~691 bp). Lane 14 showed a clear,
intense band corresponding to the qnrA gene (~516 bp).
Lanes 20 and 28 yielded bands within the expected size
ranges for parC (~270 bp) and gnrA (~516 bp), although
with some faint non-specific fragments. Lane 56 also
exhibited a visible amplification product around ~270 bp,
consistent with parC. No amplification was observed in
the negative control (Lane —ve), confirming the absence
of contamination. The presence of these amplicons
indicates the detection of quinolone resistance-associated
genes in the tested S. aureus isolates.

DISCUSSION

The obsetved environmental prevalence of S. awreus
(T'able 2) across hospital surfaces in this study aligns with
previous reports that emphasize the persistence of S.
anrens on inanimate hospital surfaces, particulatly high-
contact areas. The highest contamination found on
hospital beds in this study corroborates findings by Otter
and Protano ez al. (2019), who noted that hospital beds and
linens serve as frequent reservoirs for nosocomial
pathogens due to continuous patient contact and
inconsistent disinfection. The relatively high prevalence
of S. aurens at Turai Children Hospital may reflect
differences in infection control practices, similar to the
study by Thakur and Rao (2024), which reported inter-
facility variability in S. awreus contamination linked to
hygiene  protocols and patient turnover rates.
Interestingly, the absence of S. aurens on door handles,
light switches, and taps contrasts with reports by Hor ¢ a/.
(2017), who identified these as common contamination
points, suggesting more effective surface hygiene or less
frequent contact in the studied hospitals. The sporadic
presence of the bacterium on items such as scissors,
oxygen cylinders, and drawers further supports Chirca's
(2019) findings, which emphasized the role of ovetlooked
surfaces in contributing to the overall microbial burden in
hospital environments.

The high susceptibility to imipenem (Table 4) in this study
aligns with previous reports by Iwalokun ¢ a/. (2019), who
noted that carbapenems remain effective against
multidrug-resistant S. axreus in Nigerian healthcare settings
due to their restricted use and strong bactericidal activity.
Gentamicin’s effectiveness, particularly in two hospitals, is
consistent with the findings of Oche ¢f a/. (2019), who
reported low aminoglycoside resistance among S. asurens
isolates from clinical and environmental sources in North-
Western Nigeria. The possible reasons might be that
gentamicin is usually difficult to abuse in Nigeria because
it’s not administered orally but intravenously and
intramuscularly.  Therefore, it’s not sold as over the
counter drugs for oral use. However, the widespread
resistance to amoxicillin-clavulanate and cefoxitin,
especially the 100% resistance observed at Turai Children
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and Maternity Hospital, strongly suggests the presence of
high-level resistant S. aureus, corroborating studies by
Richter et al. (2022), who documented similar B-lactam
resistance trends and highlighted poor antibiotic
stewardship as a key factor. The variable efficacy of
ciprofloxacin and erythromycin mirrors the fluctuating
resistance patterns reported by Shariati er al (2022),
suggesting localized antibiotic pressure and inconsistent
prescribing practices.

The observed prevalence of S. aurens and the proportion
of MDR strains (T'able 5) across hospitals in Katsina State
align with the findings of Ezch ¢f a/. (2023), who reported
a comparable MDR . aureus prevalence of 50.4% among
clinical isolates in southwestern Nigeria, underscoring the
widespread nature of antimicrobial resistance in healthcare
settings. The high MDR rate at the General Hospital
mirrors the findings of Onyedibe ¢ a/. (2020), who
reported elevated resistance in tertiary health facilities,
potentially due to greater antibiotic exposure and poor
infection control practices. The relatively lower MDR
rates in Comprehensive and FTHK hospitals may reflect
more antimicrobial policies that are effective or lower
patient turnover, as Melariri ¢/ /. (2024) found in their
study of hospital-acquired infections in sub-Saharan

Africa.

The observed MDR patterns (Table 6) among . aureus
isolates in this study align with global and regional reports
highlighting the rising prevalence of antibiotic-resistant
strains in hospital environments, particularly in maternity
and pediatric units. The high resistance to [-lactam
antibiotics such as amoxicillin-clavulanate (AUG) and
cefoxitin (FOX) corroborates findings by Uzoma e/ 4.
(2025), who reported widespread B-lactam resistance
among S. aurens isolates in southwestern Nigeria, largely
due to B-lactamase production. The concentration of
extensively drug-resistant strains at Turai Children and
Maternity Hospital may be linked to antibiotic overuse or
inadequate infection control, consistent with the findings
of Onyedibe ¢ a/. (2020), who emphasized the role of
hospital-specific antimicrobial policies in shaping local
resistance profiles.

The detection of the nuc gene (Table 7) in all S. awureus
isolates aligns with previous findings, affirming its
reliability as a molecular marker for species confirmation
(Kadhum ez al., 2024). The high prevalence of parC among
the isolates indicated that parC is present in all isolates,
although studies have reported high but not universal rates
of QRDR mutations in parC (often in combination with
gytA mutations) among fluoroquinolone-resistant 5.
anrens strains (de Oliveira e al, 2019). This elevated
occurrence in Katsina may reflect regional differences in
antibiotic usage and infection control practices. The
detection of gnrA (Fig. 2) in isolates is consistent with the
findings of Kumari ¢f a/. (2020), who reported gnrA in 35—
50% of clinical S. awureus isolates in India, suggesting a
moderate but concerning level of plasmid-mediated
resistance. The co-expression of multiple resistance
genes, underscores the risk of horizontal gene transfer,
which has been widely reported as a driver of multidrug
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resistance in hospital-associated . aureus (loannou ez al.,
2022).

CONCLUSION

The findings from this study provide critical insights into
the burden and complexity of Staphylococcus aureus
contamination in maternity hospitals in Katsina State,
Nigeria. The relatively high prevalence of isolates from
high-contact surfaces such as beds and floors underscores
the potential for environmental transmission of
pathogenic and multidrug-resistant strains. Alarmingly,
over 50% of the isolates were multidrug-resistant, with
especially high resistance rates in General Hospital and
Turai Hospital, posing serious treatment challenges for
maternal and neonatal care. The consistent resistance to
B-lactam antibiotics, particularly amoxicillin-clavulanate
and cefoxitin, raises concerns over the spread of resistant
S. anrens.  Molecular analysis further confirmed the
presence of plasmid-mediated quinolone resistance genes
(gnrA and gnrD) and chromosomal resistance gene (parC),
suggesting both horizontal and vertical mechanisms of
resistance propagation. The co-existence of multiple
resistance determinants in several isolates suggests the
potential for widespread dissemination in clinical settings.
These findings underscore the urgent need for routine
environmental surveillance, stricter hygiene protocols, and
rational antibiotic-use policies in hospitals. Implementing
targeted  infection prevention and  antimicrobial
stewardship programs will be essential to mitigate the risk
of healthcare-associated infections and limit the
emergence of untreatable S. aureus strains in Nigeria’s
healthcare system.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest
regarding the publication of this manuscript.

REFERENCES

Ahmed, S. K., Hussein, S., Qurbani, K., Ibrahim, R. H.,
Fareeq, A., Mahmood, K. A., & Mohamed, M. G.

(2024). Antimicrobial resistance: Impacts,
challenges, and future prospects. Journal of
Medicine, — Swurgery, —and — Public  Health, 2,

100081. [Crossref]

Ajekiigbe, V. O., Ogieuhi, I. J., Odeniyi, T. A., Ogunleke,
P. O., Olatunde, J. T., Babalola, A. V., &
Anthony, C. S. (2025). Understanding Nigeria's
antibiotic resistance crisis among neonates and its
future implications. Discover Public Health, 22(1),
28. [Crossref]

Badamasi, A., & Salisu, B. (2025). Characterization of
heavy metal-tolerant bacteria from dumpsites in
Katsina Metropolis and their bioremediation
potential. Unzyu Scientifica, 4(2), 417-
428. [Crossref]

Chirca, 1. (2019). The hospital environment and its
microbial burden: Challenges and
solutions. Future  Microbiology, 14(12), 1007—
1010. [Crosstref]

https:/ /scientifica.umyu.edu.ng/

Ifediorah et al., /USci, 5(1): 301 — 310, March 2026

Clinical ~and  Laboratory  Standards  Institute.
(2022). Performance  standards ~ for — antimicrobial
susceptibility testing (32nd ed.; CLSI supplement
M100).

de Oliveira, T. L. R., Cavalcante, F. S., Chamon, R. C,,
Ferreira, R. B. R., & Dos Santos, K. R. N. (2019).
Genetic mutations in the quinolone resistance-
determining region are related to changes in the
epidemiological profile of methicillin-resistant
Staphylococcus aureus isolates. Journal of Global
Abntimicrobial Resistance, 19, 236-240. [Crossref]

Ezeh, C. K., Eze, C. N,, Dibua, M. E. U., & Emencheta,
S. C. (2023). A meta-analysis on the prevalence
of resistance of Staphylococcus aureus to
different antibiotics in Nigeria. Antimicrobial
Resistance & Infection Control, 12(1), 40. |Crossref]

Gall, E., Long, A., & Hall, K. K. (2020). Infections due to
other multidrug-resistant organisms. In Making
healtheare safer 111: A critical analysis of existing and
emerging  patient safety  practices.  Agency for
Healthcare Research and Quality.

Garvey, M. (2024). Neonatal infectious disease: A major
contributor to infant mortality requiring
advances in point-of-care diagnosis. Antibiotics,
13(9), 877. [Crossref]

Hor, S. Y., Hooker, C., Iedema, R., Wyer, M., Gilbert, G.
L., Jorm, C., & O'Sullivan, M. V. N. (2017).
Beyond hand hygiene: A qualitative study of the
everyday  work  of  preventing  cross-
contamination on hospital wards. BM] Quality &
Safety, 26(7), 552-558. [Crossref]

Toannou, P., Kofteridis, D. P., Alexakis, K.,
Koutserimpas, C., Papakitsou, 1., Maraki, S., &
Samonis, G. (2022). Candida species isolation
from hospitalized patients with COVID-19—A
retrospective study. Diagnostics, 12(12),
3065. [Crossref]

Twalokun, B. A., Akinloye, O., Udoh, B. E., & Akinyemi,
K. O. (2019). Efficacy of silver nanoparticles
against multidrug resistant clinical
Staphylococcus aureus isolates from
Nigeria. Journal of TImmunoassay and
Tmmunochemistry, 40(2), 214-236. [Crossref]

Jauro, S., Hamman, M. M., Malgwi, K. D., Musa, J. A.,
Ngoshe, Y. B., Gulani, I. A., Kwoji, I. D., Iliya,
I., Abubakar, M. B., & Fasina, F. O. (2022).
Antimicrobial resistance pattern of methicillin-
resistant Staphylococcus anrens isolated from sheep
and humans in Veterinary Hospital Maiduguri,
Nigeria. Veterinary ~ World, 154), 1141-
1148. |Crossref]

Johnson, G. A. (2021). Antibiotic resistance profiles and
population  structure  of  healthcare-associated — and
community-associated Staphylococcns aureus isolated in
Fort Portal, Western Uganda [Doctoral dissertation,
University of Salford].

Jouhar, R. (2020). Diabetic foot ulcers: A review of the
current concepts in pathogenesis, diagnosis, and
management. Journal of Clinical Medicine Research,
12(3), 147-157. |Crossref]

Kadhum, D. A., Hamad, E. M., & Fahad, M. A. (2024).

Molecular characteristics and antimicrobial

309


https://scientifica.umyu.edu.ng/
https://doi.org/10.1016/j.glmedi.2024.100081
https://doi.org/10.1186/s12982-025-00422-y
https://doi.org/10.56919/usci.2542.044
https://doi.org/10.2217/fmb-2019-0140
https://doi.org/10.1016/j.jgar.2019.05.026
https://doi.org/10.1186/s13756-023-01243-x
https://doi.org/10.3390/antibiotics13090877
https://doi.org/10.1136/bmjqs-2016-005878
https://doi.org/10.3390/diagnostics12123065
https://doi.org/10.1080/15321819.2018.1555765
https://doi.org/10.14202/vetworld.2022.1141-1148
https://doi.org/10.14740/jocmr4225

UMYU Scientifica, Vol. 5 NO. 1, March 2026, Pp 301 — 310

resistance profiles of Staphylococcus aureus
isolates from burns. Molecular Biology Reports,
51(1), 903. [Crossref]

Kareem, S. M., Al-Kadmy, I. M., Kazaal, S. S., Mohammed
Ali, A. N., Aziz, S. N., Makharita, R. R., & Hetta, H.
F. (2021). Detection of gyrA and parC mutations
and prevalence of plasmid-mediated quinolone
resistance genes in Klebsiella pneumoniae. Infection
and Drug Resistance, 14, 555-563. [Crossref]

Kumari, H., Chakraborti, T., Singh, M., Chakrawarti, M. K,
& Mukhopadhyay, K. (2020). Prevalence and
antibiogram of coagulase negative Staphylococci in
bioaerosols from different indoors of a university in
India. BMC Microbiology, 20(1), 211. [Crossref]

Long, D. R., Bryson-Cahn, C., Waalkes, A., Holmes, E. A.,
Penewit, K., Tavolaro, C., & Salipante, S. J. (2024).
Contribution of the patient microbiome to surgical
site infection and antibiotic prophylaxis failure in
spine surgery. Scence Translational Medicine, 16(742),
eadk8222. [Crossref]

Mahapatra, A., Patro, A. R. K., Khajuria, A., Dhal, S., &
Praharaj, A. K. (2022). Ciprofloxacin-resistant
Gram-negative isolates from a tertiary cate hospital
in Eastern India with novel gyrA and parC gene
mutations. Medical Journal Armed Forces India, 78(1),
24-31. [Crossref]

Medugu, N., Nwajiobi-Princewill, P. I., Shettima, S. A,
Mohammed, M., Mohammed, Y., Wariso, K.,
Akuyjobi, C. N., Oduyebo, O. O., & Iregbu, K. C.
(2021). A mini-national surveillance study of
resistance profiles of Staphylococcus aureus isolated
from clinical specimens across hospitals in
Nigeria. Nigerian Journal of Clinical Practice, 24(2),
225-232. [Crossref]

Melariri, H., Freercks, R., van der Merwe, E., Ten Ham-
Baloyi, W., Oyedele, O., Murphy, R. A., &
Melariri, P. E. (2024). The burden of hospital-
acquired infections (HAI) in sub-Saharan Africa:
A systematic review and meta-
analysis. EC/nicalMedicine, 71, 102571. [Crossref]

Merza, N. S.; & Jubrael, M. S. J. (2015). Phylogenetic
grouping of uro-pathogenic Escheiria [si] coli
using different molecular typing methods in
Kurdistan Region-Iraq. International - Journal  of
Chemical  and  Biomolecular ~ Science, 1(4), 284—
291. |Link]

Mohamed, R. A. E., Moustafa, N. M., Gaber, S. A. B,, &
Elsaadawy, Y. S. (2024). Distribution of toxin-
encoding genes among Staphylococcus
anreus clinical isolates and their correlation with
antibiotic  resistance. Microbes — and  Infections
Diseases, 5(4), 1353—1366. [Crossref]

Oche, D. A,, Oyegoke, P. 1., Akpudo, M. O., & Olayinka,
B. O. (2021). Antibiotics resistance pattern of
Staphylococcus aureus isolated from in-patients
of an Orthopaedic Hospital in North-Western
Nigeria. Epidemiology and Health System  Journal,
8(4), 160-1066. |Crosstef]

Onyedibe, K. I, Shehu, N. Y., Pires, D., Isa, S. E., Okolo,
M. O., Gomerep, S. S., & Pittet, D. (2020).
Assessment of hand hygiene facilities and staff
compliance in a large tertiary health care facility

https:/ /scientifica.umyu.edu.ng/

in northern Nigeria: A cross  sectional
study. Antimicrobial Resistance & Infection Control,
9(1), 30. [Crosstef]

Protano, C., Cammalleri, V., Romano Spica, V., Valeriani,
F., & Vitali, M. (2019). Hospital environment as
a reservoir for cross transmission. Cleaning and
disinfection procedures. Awnnali di Igiene Medicina
Preventiva e di Comunita, 31(5), 436—448.

Richter, D. C., Heininger, A., Chiriac, U., Frey, O. R., Rau,
H., Fuchs, T., & Weigand, M. A. (2022).
Antibiotic stewardship and therapeutic drug
monitoring of B-Lactam antibiotics: Is there a
link? An opinion papet. Therapentic Drug
Monitoring, 44(1), 103—111. [Crossref]

Salehi, A., Rahimi, M. K., & Bagheri, F. (2025). The
antibacterial efficacy and effect of tungsten
nanoparticles (WO3) on the expression of
tetracycline and erythromycin-resistance genes in
Streptococcus agalactiae isolated from pregnant
women. GMS Hygiene and Infection Control, 20,
Doc40.

Salisu, B., Anua, M. S., Wan Ishak, W. R., & Mazlan, N.
(2024). A polyphasic characterization of
Aspergillus section Flavi isolated from Malaysian
and Nigerian food grains and poultry feeds by
phenotypic,  chemotypic, and  molecular
methods. Biocatalysis and Agricultural Biotechnology,
58, 103217. [Crossref]

Salisu, B., Ibrahim, F.; Kaware, M. S., & Isah, M. (2025).

Gas chromatographic evaluation of hydrocarbon

degradation capabilities of Phyllosphere-derived

Bacteria in  simulated bioremediation of

contaminated soil. UMYU Journal of Microbiology

Research (UIMR), 10(1), 21-31. [Crossref]

A., Arshadi, M. Khosrojerdi, M. A,
Abedinzadeh, M., Ganjalishahi, M., Maleki, A., &
Khoshnood, S. (2022). The resistance
mechanisms of bacteria against ciprofloxacin and
new approaches for enhancing the efficacy of this
antibiotic. Frontiers — in  Public  Health, 10,
1025633. [Crossref]

Sloan, S., Jenvey, C. J., Piedrafita, D., Preston, S., & Stear,
M. ]J. (2021). Comparative evaluation of different
molecular methods for DNA extraction from
individual Teladorsagia circumcincta
nematodes. BMC Biotechnology, 21(1),
35. [Crossref]

Thakur, H., & Rao, R. (2024). Emphasis of infection
prevention and control: A review. Journal of
Population Therapentics and Clinical Pharmacology, 31,
2238-2249.

Tigabu, A., & Getaneh, A. (2021). Staphylococcus aureus,
ESKAPE Bacteria challenging current health
care and community settings: A literature
review. Clinical Laboratory, 67(7). [Crossref]

Uzoma, A., Kachi, U., & Martina, N. (2025). Prevalence
of extended spectrum beta-lactamase producing
bacteria in patients with wound infections
attending  tertiary  hospitals in  Enugu,
Nigeria. South Asian  Journal of Research in
Microbiology, 19(2), 1-13. [Crossref]

Shariati,

Ifediorah et al., /USci, 5(1): 301 — 310, March 2026 310


https://scientifica.umyu.edu.ng/
https://doi.org/10.1007/s11033-024-09837-3
https://doi.org/10.2147/IDR.S275852
https://doi.org/10.1186/s12866-020-01875-8
https://doi.org/10.1126/scitranslmed.adk8222
https://doi.org/10.1016/j.mjafi.2019.10.002
https://doi.org/10.4103/njcp.njcp_296_20
https://doi.org/10.1016/j.eclinm.2024.102571
http://www.aiscience.org/journal/ijcbs
https://doi.org/10.21608/mid.2024.287792.1943
https://doi.org/10.34172/ijer.2021.29
https://doi.org/10.1186/s13756-020-0693-1
https://doi.org/10.1097/FTD.0000000000000949
https://doi.org/10.1016/j.bcab.2024.103217
https://doi.org/10.47430/ujmr.25101.003
https://doi.org/10.3389/fpubh.2022.1025633
https://doi.org/10.1186/s12896-021-00695-6
https://doi.org/10.7754/Clin.Lab.2020.200930
https://doi.org/10.9734/sajrm/2025/v19i2416

