


Carbapenems Retain High in Vitro Activity against Clinical Bacterial Isolates in a Nigerian Tertiary Hospital: Implications for Antimicrobial Stewardship in a Resource-Limited Setting

Abstract
Background: Antimicrobial resistance (AMR) is a growing global public health threat that undermines the effective treatment of infectious diseases. The increasing prevalence of resistant bacterial strains has reduced the efficacy of commonly used antibiotics, resulting in treatment failures, prolonged hospitalisation, increased healthcare costs, and higher morbidity and mortality. Continuous monitoring of local antimicrobial susceptibility profiles is therefore essential to guide evidence-based empirical therapy, strengthen antimicrobial stewardship, and improve patient outcomes.
Objective: The present study determines the in vitro antimicrobial susceptibility patterns of bacterial isolates recovered from clinical specimens in a Nigerian tertiary hospital and to evaluate the relative effectiveness of quinolones, cephalosporins, and carbapenems.
Methods: A laboratory-based cross-sectional study was conducted between January 2024 and December 2024 using 100 non-duplicate bacterial isolates recovered from routine clinical specimens processed at a tertiary healthcare facility in Southern Nigeria. The specimens were obtained from patients presenting with various clinical infections and included samples such as urine, high vaginal swabs, wound swabs, sputum, and blood, depending on clinical indication. Only the first isolate per patient was included to avoid duplication and ensure representativeness of the data. All samples were processed in the medical microbiology laboratory under standard operating procedures. Primary isolation was carried out on appropriate culture media, including blood agar, MacConkey agar, and chocolate agar where indicated, followed by incubation under suitable atmospheric and temperature conditions. Bacterial identification was performed using conventional microbiological methods. Antimicrobial susceptibility testing was performed using the Kirby–Bauer disc diffusion technique on Mueller–Hinton agar. Standardised inocula equivalent to 0.5 McFarland turbidity standard were prepared and evenly inoculated onto the agar surface before placement of antibiotic discs. 
Results: Among the 100 bacterial isolates analysed, Staphylococcus species were the most frequently recovered bacteria, accounting for 41% of isolates. This was followed by Klebsiella species (15%), Escherichia coli (14%), Streptococcus species (13%), and Pseudomonas species (12%), while Proteus species were the least common, representing 5% of the isolates. Antimicrobial susceptibility testing showed that ertapenem demonstrated the highest activity, with 99% susceptibility among the isolates. Ciprofloxacin showed 75% susceptibility, indicating moderate effectiveness. In contrast, markedly lower susceptibility rates were observed for cephalosporins, including cephalexin (36%), cefuroxime (21%), and cefepime (10%).
Conclusion: The findings of this study indicate that carbapenems, particularly ertapenem, continue to demonstrate substantial in vitro activity against a broad range of bacterial clinical isolates within this healthcare setting. Additionally, continuous surveillance of local and regional antimicrobial resistance trends is essential to guide clinicians in making evidence-based treatment decisions, update hospital formularies, and inform national antibiotic policies. Implementing rational antibiotic prescribing practices, combined with infection prevention and control measures, is vital to curb the spread of multidrug-resistant bacteria and improve patient outcomes. Collectively, these strategies will support sustainable management of bacterial infections and help mitigate the public health impact of antimicrobial resistance in Nigeria and similar resource-limited settings.
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1. Introduction
[bookmark: _GoBack]Antimicrobial resistance (AMR) has emerged as one of the most significant and rapidly escalating threats to global public health, economic stability, and the continued utility of modern medical practice (World Health Organisation [WHO], 2012; Ventola, 2015; Murray et al., 2022; Davies & Jackson, 2023). The emergence and widespread dissemination of pathogens resistant to multiple antimicrobial agents compromise the effectiveness of standard therapeutic regimens, leading to prolonged illness, increased morbidity and mortality, extended hospitalisation, and higher healthcare costs. In addition, the rise of resistant infections threatens advances in modern medicine, including surgery, oncology, intensive care, and the management of chronic diseases that rely on effective antimicrobial therapy. Recognising these risks, the World Health Organisation has identified AMR as a critical global health priority requiring coordinated international action, comprehensive surveillance, and sustained policy commitment (WHO, 2012).
The burden of AMR is disproportionately higher in low- and middle-income countries (LMICs) due to systemic challenges such as unregulated access to antibiotics, empirical prescribing without laboratory confirmation, inadequate infection prevention and control practices, and weak antimicrobial stewardship frameworks (Africa Centres for Disease Control and Prevention [Africa CDC], 2018; Huttner et al., 2013). In Nigeria, increasing resistance among common bacterial pathogens has been associated with patterns of antibiotic consumption, particularly the widespread use of fluoroquinolones in both community and hospital settings (Lamikanra et al., 2011).
Carbapenems are considered last-line β-lactam antibiotics for the treatment of severe infections caused by multidrug-resistant Gram-negative bacteria and are essential for managing life-threatening infections when other treatments fail. However, global surveillance data indicate a growing incidence of carbapenem-resistant bacteria, raising concerns about the potential loss of these critical drugs (Carlet et al., 2011; Nordmann et al., 2021; WHO, 2022; WHO, 2023). Continuous monitoring of antimicrobial susceptibility patterns is therefore necessary to determine whether carbapenems remain effective within specific healthcare settings (WHO, 2021; Laxminarayan et al., 2023).
Despite growing awareness and concern regarding the implications of AMR in Nigeria, many tertiary hospitals still lack institution-specific antimicrobial susceptibility data that can reliably guide empirical therapy and inform local clinical decision-making. This paucity of routinely generated resistance profiles limits clinicians’ ability to select appropriate antibiotics and undermines stewardship efforts. To address this evidence gap, the present study was designed to evaluate the antimicrobial susceptibility profiles of clinical bacterial isolates recovered from a tertiary healthcare institution in Southern Nigeria, with particular focus on comparing susceptibility patterns among quinolones, cephalosporins, and carbapenems.
The findings of this study were intended to provide locally relevant evidence to support antimicrobial stewardship initiatives, promote rational antibiotic prescribing, and improve infection management in similar resource-limited healthcare settings.
2. Materials and Methods
2.1 Study Design and Setting
This was a laboratory-based cross-sectional study conducted at a tertiary healthcare facility in Southern Nigeria. The hospital serves as a major referral centre for the region.
2.3 Bacterial Isolates
A total of 100 non-duplicate bacterial isolates were included. Isolates were obtained from routine clinical specimens submitted to the medical microbiology laboratory during the study period. Only one isolate per patient was included to avoid duplication bias.
2.4 Identification of Isolates
Bacterial identification was performed using standard microbiological techniques, including:
· Gram staining
· Colony morphology assessment
· Biochemical tests (e.g., catalase, coagulase, oxidase, indole, citrate utilisation, urease tests as appropriate)
2.5 Antimicrobial Susceptibility Testing
Antimicrobial susceptibility testing was conducted using the Kirby–Bauer disc diffusion method on Mueller–Hinton agar. Zone diameters were interpreted according to the laboratory’s standard operating procedures for routine diagnostic antimicrobial susceptibility testing. The antibiotics tested included:
· Ciprofloxacin (quinolone)
· Cephalexin (first-generation cephalosporin)
· Cefuroxime (second-generation cephalosporin)
· Cefepime (fourth-generation cephalosporin)
· Ertapenem (carbapenem)
2.6 Data Analysis
Data were entered into Microsoft Excel and analysed descriptively. Results are presented as frequencies and percentages. No inferential statistical comparisons were performed due to the descriptive nature of the study.
3. Results
Distribution of Bacterial Isolates from Various Sources	
A total of 100 non-duplicate bacterial isolates obtained from routine clinical specimens were included in the analysis. The bacterial distribution showed variability in frequency across Gram-positive and Gram-negative species. Staphylococcus species constituted the largest proportion of isolates, accounting for 41% of the total sample population, making them the most prevalent bacteria recovered during the study period. Among the Gram-negative bacteria, Klebsiella species represented 15% of isolates, while Escherichia coli accounted for 14%. Pseudomonas species comprised 12% of the total isolates, and Proteus species were identified in 5% of cases, representing the least frequently recovered pathogens. In addition, Streptococcus species made up 13% of the isolates, contributing to the overall burden of Gram-positive bacteria identified in this study. Collectively, these findings reflect the presence of both Gram-positive and Gram-negative bacteria among clinical samples processed within the study setting. As seen in Table 1.






Table 1: Distribution of Bacterial Isolates from Various Sources	
	Bacteria
	Frequency
	Percentage   

	Escherichia coli
	14
	14 %

	Streptococcus species
	13
	13 %

	Staphylococcus aureus
	41
	41 %

	Proteus species
	5
	5 %

	Klebsiella specie
	15
	15 %

	Pseudomonas species
	12
	12 %

	Total
	100
	100 %









Antimicrobial Susceptibility Pattern of Bacterial Isolates from All Sources 
According to Table 2, the results of this study indicate that the bacterial isolates recovered from the various sources exhibited high susceptibility to ertapenem and ciprofloxacin, while showing marked resistance to cefepime.
Table 2: Antimicrobial Susceptibility Pattern of Bacterial Isolates from All Sources
	S/no.
	Bacteria
	Source
	CIP
	ETP
	CXM
	CFX
	FEP

	1
	Escherichia coli
	Urine
	0
	31
	15
	10
	15

	2
	Klebsiella specie
	Urine
	40
	32
	0
	0
	0

	3
	Staphylococcus species
	Urine
	0
	24
	2
	1
	0

	4
	Staphylococcus species
	ICS
	25
	25
	12
	0
	0

	5
	Streptococcus  species
	B/C
	17
	25
	3
	0
	0

	6
	Staphylococcus species
	HVS
	21
	28
	4
	20
	0

	7
	Streptococcus  species
	T/S
	25
	27
	0
	20
	2

	8
	Staphylococcus species
	B/C
	17
	29
	0
	0
	0

	9
	Staphylococcus species
	B/C
	21
	25
	9
	0
	0

	10
	Pseudomonas species
	HVS
	25
	14
	20
	20
	0

	11
	Staphylococcus species
	HVS
	19
	22
	15
	10
	0

	12
	Pseudomonas species
	T/S
	35
	30
	0
	0
	0

	13
	Staphylococcus species
	Urine
	25
	22
	30
	26
	0

	14
	Klebsiella species
	Urine
	26
	29
	12
	28
	0

	15
	Staphylococcus species
	B/C
	29
	32
	21
	22
	4

	16
	Staphylococcus species
	T/S
	32
	32
	32
	32
	32

	17
	Escherichia coli
	B/C
	25
	15
	2
	17
	0

	18
	Streptococcus  species
	B/C
	25
	25
	0
	22
	0

	19
	Staphylococcus species
	B/C
	23
	19
	0
	14
	0

	20
	Staphylococcus species
	B/C
	25
	27
	0
	10
	4

	21
	Pseudomonas species
	T/S
	30
	31
	0
	0
	0

	22
	Escherichia coli
	Urine
	29
	29
	10
	25
	0

	23
	Escherichia coli
	N/S
	2
	18
	16
	0
	0

	24
	Pseudomonas species
	B/C
	0
	31
	0
	9
	0

	25
	Staphylococcus species
	Urine
	0
	24
	0
	0
	0

	26
	Pseudomonas species
	Urine
	32
	32
	32
	32
	32

	27
	Staphylococcus species
	B/C
	35
	30
	25
	20
	17

	28
	Staphylococcus species
	HVS
	27
	26
	0
	18
	0

	29
	Klebsiella species
	HVS
	23
	28
	10
	21
	0

	30
	Escherichia coli
	Urine
	0
	31
	4
	0
	0

	31
	Escherichia coli
	B/C
	35
	27
	12
	10
	0

	32
	Proteus  species
	T/S
	32
	32
	32
	32
	32

	33
	Staphylococcus species
	B/C
	35
	25
	25
	21
	0

	34
	Pseudomonas speciess
	B/C
	0
	29
	20
	16
	18

	35
	Streptococcus  species
	T/S
	22
	24
	0
	0
	0

	36
	Staphylococcus species
	B/C
	21
	28
	0
	8
	0

	37
	Klebsiella species
	HVS
	17
	22
	0
	0
	0

	38
	Staphylococcus species
	HVS
	24
	27
	0
	12
	0

	39
	Proteus  species
	HVS
	31
	33
	32
	31
	32

	40
	Staphylococcus species
	HVS
	0
	27
	9
	23
	2

	41
	Staphylococcus species
	HVS
	0
	27
	0
	15
	0

	42
	Staphylococcus species
	Urine
	0
	23
	0
	0
	0

	43
	Escherichia coli
	Urine
	0
	29
	0
	0
	10

	44
	Streptococcus  species
	T/S
	20
	28
	2
	0
	0

	45
	Staphylococcus species
	HVS
	20
	22
	0
	12
	0

	46
	Staphylococcus species
	HVS
	21
	20
	0
	13
	0

	47
	Pseudomonas species
	HVS
	38
	31
	2
	0
	0

	48
	Streptococcus  species
	T/S
	25
	30
	2
	18
	0

	49
	Staphylococcus species
	Urine
	0
	21
	0
	0
	0

	50
	Staphylococcus species
	Urine
	0
	26
	10
	5
	0

	51
	Escherichia coli
	Urine
	25
	28
	10
	24
	0

	52
	Klebsiella species
	Urine
	40
	29
	2
	14
	0

	53
	Streptococcus  species
	T/S
	25
	24
	5
	0
	10

	54
	Staphylococcus species
	Urine
	19
	25
	17
	7
	0

	55
	Staphylococcus species
	HVS
	10
	29
	10
	0
	0

	56
	Staphylococcus species
	HVS
	15
	25
	9
	2
	0

	57
	Staphylococcus species
	HVS
	12
	22
	2
	0
	12

	58
	Streptococcus
	T/S
	25
	25
	0
	2
	0

	59
	Klebsiella species
	Urine
	22
	23
	2
	18
	0

	60
	Pseudomonas species
	Urine
	35
	32
	0
	0
	0

	61
	Pseudomonas species
	HVS
	35
	29
	0
	0
	0

	62
	Streptococcus  species
	T/S
	18
	25
	9
	11
	0

	63
	Staphylococcus species
	B/C
	29
	22
	19
	20
	0

	64
	Klebsiella species
	HVS
	24
	25
	22
	12
	0

	65
	Klebsiella species
	Urine
	26
	22
	0
	10
	0

	66
	Pseudomonas species
	B/C
	0
	30
	19
	14
	18

	67
	Escherichia coli
	Urine
	0
	30
	0
	0
	12

	68
	Staphylococcus species
	HVS
	28
	24
	0
	14
	0

	69
	Klebsiella species
	HVS
	19
	24
	12
	9
	2

	70
	Streptococcus  species
	B/C
	25
	26
	10
	0
	10

	71
	Proteus  species
	HVS
	25
	23
	23
	30
	30

	72
	Escherichia coli 
	HVS
	20
	25
	0
	15
	14

	73
	Staphylococcus species
	HVS
	21
	30
	12
	13
	4

	74
	Staphylococcus species
	B/C
	26
	32
	15
	18
	0

	75
	Klebsiella species
	B/C
	16
	20
	5
	10
	0

	76
	Klebsiella species
	HVS
	15
	24
	0
	0
	0

	77
	Klebsiella species
	HVS
	24
	30
	12
	20
	2

	78
	Proteus  species
	Urine
	30
	32
	28
	28
	29

	79
	Staphylococcus species
	Urine
	0
	21
	0
	0
	0

	80
	Staphylococcus species
	HVS
	7
	28
	20
	16
	0

	81
	Staphylococcus species
	HVS
	25
	22
	0
	19
	0

	82
	Pseudomonas species
	HVS
	28
	30
	0
	0
	0

	83
	Staphylococcus species
	HVS
	28
	25
	2
	15
	0

	84
	Escherichia coli
	Urine
	0
	35
	4
	16
	12

	85
	Streptococcus  species
	T/S
	18
	30
	0
	12
	0

	86
	Escherichia coli
	Urine
	0
	32
	9
	17
	0

	87
	Staphylococcus species
	HVS
	20
	23
	2
	0
	0

	88
	Klebsiella species
	HVS
	18
	25
	0
	0
	0

	89
	Staphylococcus species
	HVS
	17
	31
	7
	2
	0

	90
	Streptococcus species
	T/S
	20
	28
	0
	14
	0

	91
	Staphylococcus species
	HVS
	26
	26
	0
	17
	0

	92
	Klebsiella species
	HVS
	25
	30
	10
	20
	0

	93
	Proteus  species
	HVS
	25
	31
	22
	22
	22

	94
	Streptococcus species
	T/S
	25
	20
	16
	0
	0

	95
	Escherichia coli
	Urine
	12
	25
	4
	0
	0

	96
	Staphylococcus specie
	HVS
	21
	23
	2
	12
	0

	97
	Escherichia coli
	Urine
	10
	32
	0
	4
	2

	98
	Pseudomonas species
	HVS
	35
	30
	2
	4
	0

	99
	Klebsiella species
	HVS
	20
	22
	0
	0
	2

	100
	Proteus  species
	Urine
	23
	28
	18
	12
	10







Antibiotic susceptibility of Bacteria Isolated from High Vagina Swab  
Table 3 presents the antimicrobial susceptibility patterns of Staphylococcus species, Pseudomonas species, Klebsiella species, and Proteus species to the antibiotics tested. The results indicate that the bacterial isolates exhibited greater susceptibility to ertapenem compared with the other antibiotics evaluated.
Table 3 Antibiotic susceptibility of Bacteria Isolated from High Vagina Swab  

	
	Bacteria
	CIP (mm)
	ETP (mm)
	CXM (mm)
	CFX (mm)
	FEP (mm)

	
	Staphylococcus species
	21 (S)
	28 (S)
	4 (R)
	20 (S)
	0 (R)

	
	pseudomonas species
	25 (S)
	14 (R)
	20 (S)
	20 (S)
	0 (R)

	
	Staphylococcus species
	19  (S)
	22  (S)
	15 (S)
	10 (S)
	0 (R)

	
	Staphylococcus species
	27 (S)
	26 (S)
	0 (R)
	18 (S)
	0 (R)

	
	Klebsiella species
	23 (S)
	28 (S)
	10 (S)
	21 (S)
	0 (R)

	
	Staphylococcus species
	24 (S)
	27 (S)
	0 (R)
	12 (S)
	0 (R)

	
	Proteus species
	31 (S)
	33 (S)
	32 (S)
	31 (S)
	32 (S)

	
	Staphylococcus species
	0 (R)
	27 (S)
	9 (R)
	23 (S)
	2 (R)

	
	Staphylococcus species
	0 (R)
	27 (S)
	0 (R)
	15 (S)
	0 (R)

	
	Staphylococcus species
	21 (S)
	20 (S)
	0 (R)
	13 (R)
	0 (R)

	
	Staphylococcus species
	20 (S)
	22 (S)
	0 (R)
	12 (R)
	0 (R)

	
	Staphylococcus species
	28 (S)
	24 (S)
	0 (R)
	14 (R)
	0 (R)

	
	Klebsiella species
	24 (S)
	30 (S)
	12 (R)
	20 (S)
	2 (R)

	
	Staphylococcus species
	17 (S)
	28 (S)
	20 (S))
	16 (S)
	0 (R)

	
	Staphylococcus species
	25 (S)
	22 (S)
	0 (R)
	19 (S)
	0 (R)

	
	Staphylococcus species
	28 (S)
	25 (S)
	2 (R)
	15 (S)
	0 (R)

	
	Staphylococcus species
	20 (S)
	23 (S)
	2 (R)
	0 (R)
	0 (R)

	
	Staphylococcus species
	26 (S)
	26 (S)
	0 (R)
	17 (S)
	0 (R)

	
	Klebsiella species
	25 (S)
	36 (S)
	10 (R)
	20 (S)
	0 (R)

	
	Staphylococcus species
	21 (S)
	23 (S)
	2 (R)
	12 (R)
	0 (R)
















Antibiotic Susceptibility of Bacteria Isolated from Urine Source
The bacterial isolates recovered from this source included Escherichia coli, Klebsiella species, Staphylococcus species, Pseudomonas species, and Proteus species. The results indicate that these isolates exhibited high susceptibility to ertapenem, as presented in Table 4.
Table 4 Antibiotic Susceptibility of Bacteria Isolated From Urine Source
	Bacteria Isolate
	Source
	CIP (mm)
	ETP (mm)
	CXM(mm)
	CFX (mm)
	FEP (mm)

	
Escherichia coli
	Urine
	0 (R)
	31 (S)
	15 (S)
	10 (R)
	15 (S)

	Klebsiella species
	Urine
	40 (S)
	34 (S)
	0  (R)
	0 (R)
	0 (R)

	Staphylococcus species
	Urine
	0 (R)
	24 (S)
	2 (R)
	1 (R)
	0 (R)

	Staphylococcus species
	Urine
	25 (S)
	22 (S)
	30 (S)
	26 (S)
	0 (R)

	Klebsiella species 
	Urine
	26 (S)
	29 (S)
	12 (S)
	28 (S)
	0 (R)

	Escherichia coli
	Urine
	29 (S)
	29(S)
	10 (S)
	25 (S)
	0 (R)

	Staphylococcus species
	Urine
	0 (R)
	24 (S)
	0 (R)
	0 (R)
	0 (R)

	Pseudomonas species
	Urine
	32 (S)
	32 (S)
	32 (S)
	32 (S)
	32 (S)

	Escherichia coli
	Urine
	0 (R)
	31 (S)
	4 (R)
	0 (R)
	0 (R)

	Staphylococcus species
	Urine
	0 (R)
	23 (S)
	0 (R)
	0 (R)
	0 (R)

	Escherichia coli
	Urine
	0 (R)
	29  (S)
	0 (R)
	0 (R)
	10 (R)

	Staphylococcus species
	Urine
	0 (R)
	21 (S)
	0 (R)
	0 (R)
	0 (R)

	Staphylococcus species
	Urine
	0 (R)
	26 (S)
	10 (R)
	5 (R)
	0 (R)

	Escherichia coli
	Urine
	25 (S)
	28 (S)
	10 (R)
	24 (S)
	0 (R)

	Klebsiella species
	Urine
	40 (S)
	29 (S)
	2 (R)
	14 (R)
	O (R)

	Klebsiella species
	Urine
	22 (S)
	23 (S)
	2 (R)
	18 (S)
	0 (R)

	Pseudomonas species
	Urine
	35 (S)
	32 (S)
	0 (R)
	0 (R)
	0 (R)

	Klebsiella species
	Urine
	26 (S)
	22 (S)
	0 (R)
	10 (R)
	0 (R)

	Escherichia coli
	Urine
	0 (R)
	30 (S)
	0 (R)
	0 (R)
	12 (R)

	Proteus species
	Urine
	30 (S)
	32 (S)
	28 (S)
	28 (S)
	29 (S)

	Staphlococcus species
	Urine
	0 (R)
	21 (S)
	0 (R)
	0 (R)
	0 (R)

	Escherichia coli
	Urine
	0 (R)
	35 (S)
	4 (R)
	16 (S)
	12 (R)

	Escherichia coli
	Urine
	0 (R)
	32 (S)
	9 (R)
	17 (S)
	0 (R)

	Escherichia coli
	Urine
	12(R)
	25 (S)
	4 (R)
	0 (R)
	0 (R)

	Escherichia coli
	Urine
	10(R)
	32 (S)
	2 (R)
	4 (R)
	0 (R)

	Proteus species
	Urine
	23 (S)
	28 (S)
	18 (S)
	12 (R)
	10 (R)







Antibiotic Susceptibility of Bacteria Isolated from Throat Swab 
Pseudomonas species, Staphylococcus species, and Streptococcus species were the bacterial isolates recovered from this source. The results presented in Table 5 indicate that these isolates exhibited high susceptibility to ciprofloxacin and ertapenem.
Table 5 Antibiotic Susceptibility of Bacteria Isolated from Throat Swab
	Bacteria
	CIP (mm)
	ETP (mm)
	 CXM (mm)
	CFX (mm)
	FEP (mm)

	Streptococcus species
	25 (S)
	27 (S)
	0 (R)
	20 (S)
	2 (R)

	Pseudomonas species
	35 (S)
	30 (S)
	0 (R)
	0 (R)
	0 (R)

	Staphylococcus species 
	32 (S)
	32 (S)
	32 (S)
	3 (R)
	32 (s)

	Streptococcus species
	22 (S)
	24 (S)
	0 (R)
	0 (R)
	0 (R)

	Streptococcus species
	20 (S)
	28 (S)
	2 (R)
	0 (R)
	0 (R)

	Streptococcus species
	25 (S)
	30 (S)
	2 (R)
	18 (S)
	0 (R)

	Streptococcus species
	25 (S)
	24 (S)
	5 (R)
	0 (R)
	10 (R)

	Streptococcus species
	25 (S)
	25 (S)
	0 (R)
	20 (S)
	0 (R)

	Streptococcus species
	18 (S)
	25 (S)
	9 (R)
	10 (R)
	0 (R)

	Streptococcus species
	18 (S)
	30 (S)
	0 (R)
	12 (R)
	0 (R)

	Streptococcus species
	20 (S)
	28 (S)
	0 (R)
	14 (R)
	0 (R)

	Streptococcus species
	25 (S)
	20 (S)
	16 (S)
	0 (R)
	0 (R)



Antibiotic Susceptibility of Bacteria Isolated from Wound Swab
As shown in Table 6, the bacterial isolates recovered from this source included Pseudomonas species, Escherichia coli, Proteus species, Staphylococcus species, and Klebsiella species. The results indicate that the isolates from this source were 100% susceptible to ertapenem.
Table 6 Antibiotic Susceptibility of Bacteria Isolated from Wound Swab
	
	Bacteria
	CIP (mm)
	ETP  (mm)
	CXM
(mm)
	CFX (mm)
	FEP (mm)

	
	Pseudomonas species
	30 (S)
	31 (S)
	0 (R)
	0 (R)
	0 (R)

	
	Escherichia coli
	2 (R)
	18 (R)
	16 (s)
	16 (s)
	0 (R)

	
	Proteus species
	32 (S)
	32 (S)
	32 (s)
	32 (S)
	32 (S)

	
	Pseudomonas species
	38 (S)
	31 (S)
	2 (R)
	0 (R)
	0 (R)

	
	Staphylococcus species
	10 (SR
	29 (S)
	10 (R)
	0 (R)
	0 (R)

	
	Staphylococcus species
	12 (R)
	22 (S)
	2 (R)
	0 (R)
	12 (R)

	
	Staphylococcus species
	15 (R)
	25 (S)
	9 (R)
	2 (R)
	0 (R)

	
	Pseudomonas species
	35 (S)
	29 (S)
	0 (R)
	0 (R)
	0 (R)

	
	Klebsiella species
	24 (S)
	25 (S)
	2 (R)
	12 (R)
	0 (R)

	
	Klebsiella species
	19 (S)
	24 (S)
	12 (R)
	9 (R)
	2 (R)

	
	Proteus species
	25 (S)
	23 (S)
	23 (S)
	30 (S)
	30 (S)

	
	Klebsiella species
	18 (S)
	25 (S)
	0 (R)
	0 (R)
	0 (R)

	
	Staphylococcus species
	17 (S)
	31 (S)
	7(R)
	2 (R)
	0 (R)

	
	Proteus species
	25 (S)
	31 (S)
	22 (S)
	22 (S)
	22 (S)

	
	Pseudomonas species
	35 (S)
	30 (S)
	2 (R)
	4 (R)
	0 (R)

	
	Klebsiella species
	32 (S)
	22 (S)
	0 (R)
	0 (R)
	0 (R)

	
	Pseudomonas species
	28 (S)
	30 (S)
	0 (R)
	0 (R)
	0 (R)























Antibiotic Susceptibility of Bacteria isolated from Intra Cervical Swab
Table 7 shows that Escherichia coli and Staphylococcus species were the bacterial isolates recovered from this source. The results indicate that the isolates were susceptible to ertapenem and ciprofloxacin, while Staphylococcus species exhibited 100% resistance to cefuroxime and cefepime.
Table 7:  Antibiotic Susceptibility of Bacteria Isolated from Intra Cervical Swab

	Bacteria 
	CIP (mm)
	ETP (mm)
	CXM (mm)
	CFX (mm)
	FEP (mm)

	Staphylococcus species
	25 (S)
	25 (S)
	
12(R)
	0 (R)
	0 (R)

	Escherichia coli 
	20 (S)
	25 (S)
	
0(R)
	15 (S)
	14 (S)

	
	
	
	
	
	

	
	
	
	
	
	













Antibiotic Susceptibility of Bacteria Isolated from Blood Culture
Table 7 indicates that Escherichia coli and Staphylococcus species were the bacterial isolates recovered from this source. The findings show that the isolates were susceptible to ertapenem and ciprofloxacin, whereas Staphylococcus species demonstrated 100% resistance to cefuroxime and cefepime.
Table 8 Antibiotic Susceptibility of Bacteria Isolated from Blood Culture
	S/no
	Bactria
	source
	CIP (mm)
	ETP (mm)
	CXM          CFX            FEP (mm)          (mm)       (mm)

	1
	Streptococcus species
	B/C
	17 (S)
	25 (S)
	3 (R)
	0 (R)
	0 (R)

	2
	Staphylococcus species
	B/C
	17 (S)
	29 (S)
	0 (R)
	0 (R)
	0 (R)

	3
	Staphylococcus species
	B/C
	21 (S)
	25 (S)
	9 (R)
	0 (R)
	0 (R)

	4
	Staphylococcus species
	B/C
	29 (S)
	32 (S)
	21 (S)
	22 (S)
	4 (R)

	5
	Eschericia coli
	B/C
	25 (S)
	15 (R)
	2 (R)
	17 (S)
	0 (R)

	6
	Streptococcus species
	B/C
	25 (S)
	25 (S)
	0 (R)
	22 (S)
	0 (R)

	7
	Staphylococcus species
	B/C
	23 (S)
	19 (S)
	0 (R)
	14 (R)
	0 (R)

	8
	Staphylococcus species
	B/C
	25 (S)
	27 (S)
	0 (R)
	10 (S)
	4 (R)

	9
	Pseudomonas species
	B/C
	0 (R)
	31 (S)
	0 (R)
	9 (R)
	0 (R)

	10
	Staphylococcus species
	B/C
	35 (S)
	30 (S)
	25 (S)
	20 (S)
	17 (S)

	11
	Eschericia coli
	B/C
	35 (S)
	27 (S)
	12 (S)
	10 (S)
	0 (R)

	12
	Staphylococcus species
	B/C
	35 (S)
	25 (S)
	25 (S)
	21 (S)
	0 (R)

	13
	Pseudomonas species
	B/C
	0 (R)
	29 (S)
	20 (S)
	16 (S)
	18 (S)

	14
	Staphylococcus species
	B/C
	21 (S)
	28 (S)
	0 (R)
	8 (R)
	0 (R)

	15
	Staphylococcus species
	B/C
	29 (S)
	22 (S)
	19 (S)
	20 (S)
	0 (R)

	16
	Pseudomonas species
	B/C
	0 (R)
	30 (S)
	19 (S)
	14(S)
	18 (S)

	17
	Streptococcus species
	B/C
	25 (S)
	26 (S)
	10 (R)
	0 (R)
	10 (R)

	18
	Staphylococcus species
	B/C
	26 (S)
	32 (S)
	15 (S)
	18 (S)
	0 (R)

	19
	Klebsiella species
	B/C
	16 (S)
	20 (S)
	5 (R)
	10 (R)
	0 (R)




	






Antibiotic Susceptibility of Bacteria Isolated from Breast Abscess
As seen in Table 9, Staphylococcus species were the only bacteria isolated from this source. The results show that the bacteria were more susceptible to Ertapenem than the other antibiotics, while they were highly resistant to Cefepime.
Table 9:  Antibiotic Susceptibility of Bacteria Isolated from Breast Abscess

	Bacteria
	CIP (mm
	ETP (mm)
	CXM (mm)
	CFX (mm)
	FEP (mm)

	Staphylococcus species
	19 (S)
	25 (S)
	17 (S)
	7 ( R )
	0 ( R)













Antibiotic Susceptibility of Bacteria Isolated from Semen
Klebsiella species were the only bacterial isolates recovered from this source. The antimicrobial susceptibility results indicated that the isolates were 100 % susceptible to ertapenem and ciprofloxacin. However, complete resistance was observed against cefuroxime, cephalexin, and cefepime. These findings are presented in Table 10.
Table 10:  Antibiotic Susceptibility of Bacteria Isolated from Semen
	Bacteria
	CIP (mm)
	ETP (mm
	CXM (mm
	CFX (mm
	FEP (mm

	Klebsiella species
	17 (S)
	22 (S)
	0 ( R )
	0 ( R )
	0 ( R )



















Percentage of Bacteria That Are Susceptible to the Antibiotic Agent 
According to Table 11, Ertapenem demonstrated the highest susceptibility rate of 99 %, indicating broad in vitro activity against the bacteria tested. Ciprofloxacin exhibited a susceptibility rate of 75 %, reflecting moderate effectiveness across the spectrum of isolates. In contrast, substantially lower susceptibility rates were recorded for the cephalosporin group of antibiotics. Specifically, cephalexin showed 36 % susceptibility, cefuroxime demonstrated 21 %, and cefepime recorded the lowest susceptibility rate at 10 %. When stratified by general bacterial classification, carbapenem susceptibility remained consistently high among both Gram-positive and Gram-negative isolates. Conversely, cephalosporins exhibited limited in vitro activity across multiple species, with particularly low susceptibility observed for cefepime. In accordance with standard scientific reporting conventions, these findings are presented descriptively without interpretative commentary. Detailed analysis and contextual interpretation of the observed susceptibility patterns are provided in the Discussion section.
Table 11 Percentage of Bacteria That Are Susceptible to the Antibiotic Agent

	Bacteria
	Ciprofloxacin
	Ertapenem
	Cefuroxime
	Cefaloxin
	Cefepime

	Escherichia coli (14)
	S 5 (35, 7 %)
R 9 (64.3 %)
	S 14 (100 %)
R 0 (0 %)
	S 2 (14.3 %)
R 12 (85.7 %)
	S 5 (35.7 %)
R 9 (84.3 %)
	S 1 (7.1 %)
R 13(92.9%)

	Streptococcus species (13)
	S 13 (100%)
R 0 (0 %)
	S 13 (100 %)
R 0 (0 %)
	S 0 (0%)
R 13 (100 %)
	S 4 (30.8 %)
R 9 (69.2 %)
	S 0 ( 0 % )
R 13 (100 %)

	Staphylococcus species (41)
	S 29 (70.7 %)
R 12 (29.3 %)
	S 41 (100 %)
R 0 (0 %)
	S 10(24.4 %)
R 31(75.6 %)
	S 14 (34.1 %)
R27 (65.9 %)
	S 2 (4.9 %)
R 39 (95.1%)

	Klebsiella species (15)
	S 14 (93.3 %)
R 1 (2.4 %)
	S 15 (100 %)
R 0 (0 %)
	S O (0 %)
R15 (100 %)
	S 6 (40 %)
R9 (60 %)
	S 0 (0 %)
R 15 (100 %)

	Proteus species (5)
	S 5 (100 %)
R 0 (0 %)
	S 5 (100 %)
R 0 (0 %)
	S 5 (100 %)
R 0 (0 %)
	S 4 (80 %)
R 1 (20 %)
	S 4 (80 %)
R 1 (20 %)

	Pseudomonas species (12)
	S 9 (75 % )
R 3 (25 %)
	S 11 (91.7 %)
R 1 (8.3 %)
	S 4 (33.3 %)
R8 (66.7 %)
	S 3 (25 %)
R 9 (75 %)
	S 3 (25 %)
R9 (75 %)



Keys:
S = Sensitive,   R = Resistant,   B/C = Blood culture,   HVS = High vaginal swab,     T/S  = throat swab,       W/S    = wound swab, ICS = Intra vervical swab,    - = negative,   -ve  = negative,      + = positive    +ve = positive, Nm  = Non motile    M = motile     Cat  = Catalase   G RX  = Grams Reaction,   coag.  = coagulase    Oxi.   = Oxidase   Cit.  = Citrate    Mot. Motility Indo  = Indole     CIP  = Ciprofloxacin     ETP  = Ertapenem    CXM = Cefuroxim     CFX  = Cefaloxin  FEF  = Cefepime
Mm   = millimeter
4. Discussion
The present study evaluated the distribution and antimicrobial susceptibility patterns of bacterial isolates recovered from various clinical specimens. A total of 100 bacterial isolates were analysed, with Staphylococcus species representing the most prevalent bacteria (41%), followed by Klebsiella species (15%), Escherichia coli (14%), Streptococcus species (13%), Pseudomonas species (12%), and Proteus species (5%) (Table 1). 
The predominance of Staphylococcus species observed in this study is consistent with previous reports indicating that Staphylococci remain major causative agents of both community-acquired and hospital-associated infections, particularly in wound, bloodstream, and urogenital infections (Tong et al., 2015). Analysis of the antimicrobial susceptibility patterns demonstrated that most isolates exhibited high susceptibility to ertapenem and ciprofloxacin, while reduced susceptibility and frequent resistance were observed with cephalosporins, particularly cefepime. The preserved activity of ertapenem against a wide range of isolates suggests that carbapenems remain highly effective therapeutic agents for severe bacterial infections in this setting. Similar findings have been reported in several studies where carbapenems retained strong activity against multidrug-resistant Gram-negative bacteria (Nordmann et al., 2011). In contrast, the increased resistance observed against cephalosporins may reflect the growing global burden of β-lactam resistance among both Gram-positive and Gram-negative pathogens, which has been associated with the production of extended-spectrum β-lactamases and other resistance mechanisms (Paterson and Bonomo, 2005). The continued susceptibility to ciprofloxacin observed among many isolates suggests that fluoroquinolones may still provide useful therapeutic options; however, careful antibiotic stewardship is essential to prevent further emergence of resistance (Hooper and Jacoby, 2016). Overall, these findings emphasise the importance of continuous antimicrobial surveillance and rational antibiotic use in order to guide empirical therapy and limit the spread of antimicrobial resistance.
The present study provides important insight into the current antimicrobial susceptibility landscape within a tertiary healthcare institution in Southern Nigeria. Antimicrobial resistance has become one of the most pressing challenges confronting modern clinical practice, particularly in low- and middle-income countries where diagnostic resources, surveillance infrastructure, and antibiotic regulation may be limited. The findings from this investigation therefore, contribute valuable locally generated data that can guide clinical decision-making and support institutional antimicrobial stewardship initiatives.
The results indicate that carbapenems, particularly ertapenem, continue to demonstrate substantial in vitro efficacy against a broad range of clinical bacterial isolates recovered during the study period. This observation is clinically meaningful in the context of the escalating global burden of carbapenem-resistant bacteria, which have been associated with limited therapeutic options, prolonged hospitalisation, and increased mortality (Carlet et al., 2011). Carbapenems are widely regarded as “last-line” antibiotics for the treatment of infections caused by multidrug-resistant Gram-negative bacteria, particularly members of the family Enterobacteriaceae. The preservation of carbapenem activity in this healthcare setting suggests that these agents remain reliable therapeutic options for severe or complicated infections when appropriately indicated.
The notably high susceptibility rate to ertapenem (99 %) observed in this study implies that carbapenem resistance remains relatively infrequent within the institution where the study was conducted. Several factors may contribute to this favourable susceptibility pattern. One plausible explanation may be the restricted availability and controlled clinical use of carbapenems in many Nigerian healthcare facilities. Due to their relatively high cost and their classification as reserve antibiotics, carbapenems are often prescribed only after failure of other antimicrobial agents or when laboratory results indicate multidrug resistance. Similar patterns have been reported in other resource-limited environments where restricted access to carbapenems inadvertently slows the development of resistance (Hawser et al., 2012). Reduced selective pressure resulting from infrequent use may therefore delay the emergence and dissemination of carbapenem-resistant bacterial strains.
Nevertheless, the apparent effectiveness of carbapenems in this study should not encourage indiscriminate empirical prescribing. The inappropriate or excessive use of these critically important antimicrobials could rapidly accelerate resistance development. In many parts of the world, carbapenemase-producing bacteria such as Klebsiella pneumoniae, Escherichia coli, and Acinetobacter baumannii have emerged as major causes of hospital-acquired infections. Once these bacteria become established within healthcare systems, treatment options become severely limited and infection control becomes considerably more challenging. Therefore, maintaining the current susceptibility pattern will require strict adherence to antimicrobial stewardship policies, rational prescribing practices, and continuous laboratory surveillance.
Conversely, the substantially diminished susceptibility observed among cephalosporins, particularly cefepime (10 %), is a cause for concern. Cephalosporins have historically been widely used in clinical practice due to their broad antimicrobial spectrum, favourable safety profile, and relative affordability. However, extensive and sometimes indiscriminate use has contributed to the widespread emergence of resistance. The reduced activity of third- and fourth-generation cephalosporins observed in this study may indicate the circulation of extended-spectrum β-lactamase (ESBL)-producing bacteria or other β-lactam resistance mechanisms that compromise the efficacy of this antibiotic class (Shaikh et al., 2015). ESBL enzymes hydrolyse a wide range of β-lactam antibiotics, including penicillins and cephalosporins, thereby significantly reducing the effectiveness of these agents in clinical therapy.
The presence of such resistance determinants has serious therapeutic implications because infections caused by ESBL-producing bacteria often require treatment with broader-spectrum agents such as carbapenems. Consequently, increasing cephalosporin resistance may indirectly contribute to greater reliance on carbapenems, thereby increasing selective pressure for carbapenem resistance. Comparable resistance trends have been documented across several countries in sub-Saharan Africa, where cephalosporin resistance among Enterobacteriaceae has been reported with increasing frequency (Ashley et al., 2011). These findings reinforce the need for cautious use of cephalosporins in clinical practice and emphasise the importance of performing routine antimicrobial susceptibility testing before selecting these agents for definitive therapy.
The moderate susceptibility rate recorded for ciprofloxacin (75 %) reflects evolving resistance patterns to fluoroquinolones within the Nigerian healthcare environment. Fluoroquinolones have long been considered valuable therapeutic agents due to their broad antimicrobial coverage and favourable pharmacokinetic properties, including excellent tissue penetration and convenient oral formulations. However, in many developing countries, fluoroquinolones are widely available and may be obtained without prescription, contributing to inappropriate use in both community and hospital settings. Previous studies conducted in Nigeria have associated increasing fluoroquinolone resistance with widespread and sometimes unregulated consumption of these agents (Lamikanra et al., 2011). Resistance may arise through several mechanisms, including mutations in DNA gyrase and topoisomerase IV genes, as well as the presence of plasmid-mediated quinolone resistance determinants.
Although ciprofloxacin retains moderate activity against many isolates in the present study, the observed reduction in susceptibility suggests that its long-term clinical effectiveness may be gradually declining. Continued empirical reliance on ciprofloxacin without laboratory confirmation could promote further resistance selection and reduce its therapeutic value over time. For this reason, clinicians should increasingly rely on microbiological data to guide antibiotic selection rather than empirical preference alone.
4.1 Public Health and Stewardship Implications
The results of this study have several important implications for public health policy, infection control, and antimicrobial governance. Firstly, the findings underscore the necessity for routine, institution-specific surveillance systems capable of generating reliable and up-to-date antimicrobial susceptibility data. Antimicrobial resistance patterns vary considerably between geographic locations, hospitals, and even individual clinical units within the same institution. Consequently, locally generated data are essential for adapting empirical treatment guidelines to reflect the resistance patterns present within a particular healthcare setting rather than relying solely on national or international surveillance reports.
Secondly, the findings highlight the urgent need to strengthen antimicrobial stewardship programmes in healthcare institutions across Nigeria. Antimicrobial stewardship programmes are coordinated interventions designed to promote the appropriate use of antimicrobial agents, improve patient outcomes, reduce microbial resistance, and decrease unnecessary healthcare expenditure. These programmes align with global recommendations aimed at optimising antibiotic use and minimising the emergence of antimicrobial resistance (WHO, 2012; CDC, 2013; Africa CDC, 2018). Effective stewardship initiatives typically incorporate prescriber education, antibiotic review and feedback systems, formulary restriction policies, and improved laboratory support to ensure that antimicrobial therapy is evidence-based and microbiologically justified.
In addition, infection prevention and control measures should be strengthened to reduce the transmission of resistant bacteria within healthcare facilities. Strategies such as improved hand hygiene compliance, environmental sanitation, screening of high-risk patients, and isolation precautions are essential components of comprehensive antimicrobial resistance control programmes. The integration of infection control practices with antimicrobial stewardship efforts can significantly reduce the spread of resistant pathogens in hospital environments.
Thirdly, deliberate and coordinated efforts must be made to preserve the efficacy of carbapenems through controlled, indication-specific use. The current high susceptibility levels observed in this study represent a valuable therapeutic asset for the management of severe infections. However, without proactive regulatory oversight, antimicrobial stewardship enforcement, and continuous surveillance, resistance may emerge rapidly. Experiences from other healthcare systems have demonstrated that once carbapenem resistance becomes established, reversing the trend becomes extremely difficult (Huttner et al., 2013). Protecting the effectiveness of these last-line antibiotics should therefore remain a priority for clinicians, microbiologists, hospital administrators, and public health authorities alike.
4.2 Study Limitations
Several limitations should be acknowledged when interpreting these findings. The investigation was conducted within a single tertiary healthcare institution, which may limit the generalisability of the results to other regions or levels of care. Additionally, molecular characterisation of resistance determinants was not performed; therefore, specific mechanisms, such as ESBL or carbapenemase production, could not be confirmed. The study design did not incorporate inferential statistical analyses or assessment of patient-level risk factors associated with resistant infections. Furthermore, clinical outcomes were not correlated with antimicrobial susceptibility profiles, preventing evaluation of the direct therapeutic impact of observed resistance patterns.
Future research incorporating molecular detection of resistance genes, expanded multi-centre sampling, and integration of clinical outcome data would provide more comprehensive insight into resistance dynamics and inform targeted intervention strategies.
5. Conclusion
Carbapenems continue to demonstrate robust in vitro effectiveness against a broad spectrum of clinical bacterial isolates recovered in this tertiary healthcare facility in Nigeria, indicating that these agents remain reliable therapeutic options for the management of severe and complicated infections within this setting. The consistently high susceptibility observed suggests that carbapenem resistance has not yet become widespread locally, thereby preserving their clinical utility as critical last-line β-lactam agents.
In contrast, cephalosporins display markedly reduced activity against the isolates evaluated, reflecting substantial levels of resistance that may compromise their effectiveness in empirical treatment regimens. The diminished susceptibility to this commonly prescribed class of antibiotics raises important concerns regarding their continued reliability for routine clinical use, particularly in the absence of laboratory-guided therapy.
Collectively, these findings emphasise the pressing need for sustained and structured antimicrobial stewardship initiatives aimed at optimising antibiotic selection, minimising inappropriate prescribing, and reducing selective pressure that drives resistance development. The establishment and regular updating of institution-specific antibiograms are essential to guide evidence-based empirical therapy and support clinical decision-making. Furthermore, strengthening national antimicrobial resistance surveillance systems will enhance coordinated data collection, improve policy formulation, and facilitate early detection of emerging resistance trends across healthcare institutions. Proactive implementation of these measures is crucial to preserving the effectiveness of currently active agents and mitigating the long-term public health impact of antimicrobial resistance.
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