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ABSTRACT
Wound infections increase the chances of wound dehiscence and delay wound healing. This study investigated the bacterial species isolated from wound swabs and their antimicrobial susceptibility patterns among patients in Nnamdi Azikiwe University Teaching Hospital, Nnewi, Anambra State.  A cross sectional approach was used for this study. Convenient sampling method was employed during the collection of wound samples from patients. A total of ninety (90) swab samples were collected from the wounds of males and females of different age groups, and the samples were analyzed using routine microbiological techniques such as culture, biochemical tests and antimicrobial susceptibility tests. The  prevalent bacteria species isolated after culturing the samples was Staphylococcus aureus 32(35.6%), followed by Klebsiella species and Proteus species 19(21.1%), then Escherichia coli 11(12.2%), and the least prevalent bacteria isolated was Pseudomonas aeruginosa 6(6.7%). Antimicrobial susceptibility testing revealed that gram-positive isolates were most susceptible to Levofloxacin (LEV). While the gram-negative isolates were most susceptible to Tarivid (Ofloxacin). This study found 87(96.7%)  bacteria isolates, which represents the prevalence of wound infection among the patients. The findings highlights the importance of mandatory antimicrobial susceptibility testing for wound patients, and targeted antibiotic therapy to improve wound healing outcomes and combat antimicrobial resistance.
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1.  INTRODUCTION 
Skin, the largest organ in the human body, plays crucial roles in sustaining life, including water regulation, thermoregulation and most importantly, as the first line of defense against external agents such as micro-organisms. Exposure of the subcutaneous tissue following loss of skin integrity(a wound) provides an environment that is moist, warm, and nutritive, all of which are conducive for microbial colonization and proliferation  (Roopashree et al., 2021). These favorable conditions enable pathogens to produce enzymes and toxins that promote tissue invasion, with adhesion to extracellular matrix proteins playing a key role in development of wound infection. Risk factors for these infections include poor wound hygiene, compromised immunity, and nosocomial exposure. Prompt identification and management, including cleaning, proper dressing, and tailored antibiotic therapy, are critical for preventing severe outcomes (Hussien et al., 2025).
A  wound is the  result  of  physical  disruption  of biological     tissue,     including     skin, mucous membranes,   and   organ   tissues that   include laceration  or  breaking  of  a  skin.  It ranges  from acute  surgical  wounds,  traumatic  wounds  such as  those  that  occur  following  an  accident,  burn wounds or chronic wounds such as diabetic foot, leg and   pressure   ulcers. High Wound infections increase the chances of wound dehiscence and delay healing (Rajan et al., 2025). 
Wounds are divided into two categories: acute and chronic. Acute wounds, like cuts, burns, abrasions and surgical wounds, heal through the regular phases of wound repair and they are caused by external factors. On the other side, chronic wounds, like arterial or leg ulcers, take a longer time to heal and they are caused by internal factors that can be associated with diseases like diabetes or immune deficiency diseases (Puca et al., 2021). 
Wound infections are mainly caused due to proliferation of microorganisms that enter the wound site once the skin is injured. The most common causative agents include Staphylococcus aureus, accounting for 20-40% of the infection, methicillin-resistant S. aureus, followed by Pseudomonas aeruginosa (5-15%), Escherichia coli, Enterococcus species, Proteus species and Klebsiella species (Roopashree et al., 2021). 
The most commonly isolated bacteria in wound infection are gram-positive bacteria like Staphylococcus aureus, Staphylococcus epidermidis, Staphylococcus pyogenes, and enterococci, and gram-negative bacilli like Escherichia coli, Klebsiella pneumoniae, Proteus species and Pseudomonas species. The improper use of antibiotics leads to the emergence of antimicrobial resistance, which is the global challenge of developing countries, where the infectious disease burden is high and cost constraints prevent the widespread application of newer and more expensive antibacterial agents (Shimekaw et al., 2020). Routine testing in microbiology laboratories allows to detect and isolate potential pathogens in order to identify the species and to determine antimicrobials susceptibilities as a guide for a therapeutic treatment(Puca et al., 2021). 

2.  MATERIALS AND METHODS 
[bookmark: _Toc189678712]2.1 Study area 
The study was conducted in NAUTH Nnewi. Nnamdi Azikiwe University Teaching Hospital (NAUTH) in Nnewi, Anambra State, Nigeria, is a key healthcare institution established in 1991. Located at approximately 6.0806° N latitude and 6.9109° E longitude, NAUTH is affiliated with Nnamdi Azikiwe University and provides comprehensive medical services across various specialties, including surgery, internal medicine, pediatrics, and obstetrics.

2.2 Study duration
The study spanned in a period of three months, from December, 2024 to February 2025.
[bookmark: _Toc189678718]2.3 Study design
[bookmark: _Toc189678713]This was a cross sectional study. Random sampling technique and voluntary participation was applied in selecting the subjects. In this, each patient within the study area that was willing to participate has an equal chance of being selected. 

2.4 Sample size calculation 
The sample size(n) was determined using standard Daniels sample size determination formula as described by (Pourhoseingholi et al., 2013). 
                                      Z2pq
              N =          ___________   
                                        D2 
N = Sample size required
Z = Statistic for a level of confidence ( 1.96)
P = prevalence of wound infections from previous study (94%) (Akujobi et al., 2010).
Q (1- p ) = 1- 0.94 = 0.06
D = Degree of precision, that is the margin of error that is acceptable and will be taken as 0.05
Therefore, substituting the values we have;
                           
                             (1.96)2 × 0.94 × 0.06
    N     =             ___________________ 
                                      ( 0.05)2   

            =                3.842 × 0.94 × 0.06
                           ___________________  
                                       0.0025

          =                         0.2166888
                            ___________________  
                                        0.0025
          
 N  = 86.67552
 N = 90 (to increase accuracy).

[bookmark: _Toc189678719]2.5 Method of sample collection 
A total of ninety (90) swab samples were collected from patients in NAUTH Nnewi. The total specimens were collected using sterile moistened cotton swabs sticks. Specimens collected were labelled appropriately reflecting the number and date. They were then transported to the Medical Microbiology Laboratory and analyzed within 72 hours.
[bookmark: _Toc189678720]2.6 Preparation of working media       
Nutrient Agar is a basal media for most bacteria cultures. Chocolate Agar is an enriched media and also selective for some bacteria. MacConkey Agar is a differential and selective media. All the agars were prepared based on manufacturer’s instructions.

[bookmark: _Toc189678721]2.7 Method of sample processing 
[bookmark: _Toc189678722]2.7.1 Culture 
Collected swab samples was inoculated immediately on properly prepared MacConkey and blood, chocolate agar plates by streaking technique, and the plates incubated at 37°C for 24 to 48hours. 
[bookmark: _Toc189678723]2.7.2 Laboratory tests (Identification)  
Macroscopy: 
Bacteria were identified on the basis of their phenotypic characteristics such as: size, outline/edge, elevation, density, colour, consistency, odour, and reaction on media.
 Microscopy: 
The swab samples were observed microscopically on a wet preparation with normal saline after culture and with gram staining 
 
[bookmark: _Toc189678724]2.8 Gram staining technique 
Thin smears were made by emulsifying a little portion of the organism picked from grown colony of 18-24 hours old pure culture into a drop of sterile normal saline on a clean grease free slide. The smears were then allowed to air-dry and heat-fixed by passing it slightly over flame. The slides were carefully placed on the staining rack and flooded with the primary stain (crystal violet) for 60 seconds. Lugol’s iodine (mordant) was added for 60 seconds. The smears were rinsed gently with tap water. Acetone was applied to serve as the decolourizer and washed off immediately. The counter stain (neutral red) was then applied and allowed to stain for 60 seconds and rinsed with tap water and allowed to airdry. The smears were then examined under the microscope using the 100x oil immersion objective lens. 
 
[bookmark: _Toc189678725]2.9 Motility  
A clean grease free slide is taken. The slides were labelled with the name of the organism. A drop of normal saline was placed at the center of a slide. A clean applicator stick was used to pick a colony of the organism and emulsified on the slide. A clean cover slip was used to cover the drop and then viewed microscopically using 10× and 40× objective lenses.
2.10  Biochemical Tests 
Biochemical tests were carried out to identify the cultured organisms based on their metabolic and enzymatic properties.The indole test was performed by inoculating organisms into peptone water, incubating at 37 °C, and adding Kovac’s reagent to detect indole production by the formation of a red ring. The oxidase test involved smearing bacterial colonies onto filter paper containing oxidase reagent and observing for a purple coloration indicating a positive result. For the citrate utilization test, organisms were inoculated onto citrate agar slants and incubated, with a color change from green to blue signifying citrate utilization. The urease test was carried out by inoculating urea agar slants and incubating overnight to detect urease enzyme activity. In the catalase test, bacterial colonies were introduced into hydrogen peroxide, and the production of bubbles indicated the presence of catalase enzyme. The coagulase test was conducted using the slide method, where bacterial emulsions were mixed with plasma and observed for agglutination. The Kligler iron agar test was used to determine glucose and lactose fermentation as well as hydrogen sulfide production. All inoculated media were incubated at 37 °C for appropriate durations to allow biochemical reactions to occur. The combined results of these biochemical tests provided reliable information for the identification and differentiation of the bacterial isolates.
  
[bookmark: _Toc189678727]2.11 Antimicrobial susceptibility testing 
Isolated colonies of test organisms was picked and inoculated into 5ml of sterile normal saline standardized to obtain 0.5 McFarland turbidity, such that a printed paper could be read through it. Using a sterile swab stick, a growth medium (nutrient agar), was evenly seeded throughout the plate with pure bacteria isolates. Commercially prepared disks, each of which was preimpregnated with a standard concentration of a particular antibiotic, was evenly dispensed and lightly pressed onto the agar surface. 
 The antibiotics that were used for gram negative organisms in this study include: CPX-Ciprofloxacin (10 µg), CN-Gentamycin (10 µg), OFX-Ofloxacin(10µg). CX- Ceftaxidime (30 µg). While for gram positive organisms, the following antibiotics will be used: CPI- Ciprofloxacin (10 µg), CN- Gentamycin (10 µg), E- Erythromycin (10 µg), OFX-Ofloxacin (10 µg), and LV-Levofloxacin(5µg). 

[bookmark: _Toc189678728]2.12 Statistical Analysis
Statistical analysis was done using Statistical Package of Social Science (SPSS) version 27.0. Results were  presented as simple percentages. Test for significance was done using Chi Square where applicable. P value < 0.05 was considered significant.

3.  RESULTS 
3.1  Socio-demographic characteristics of the respondents
Fifty two (57.8%) of the participants which represents the majority were females, while 38 (42.2%) were males. Majority, 45 (50.0%), of the participants were within age group 61 years and above; 15 (16.7%) were within the ages 46-60; 15 (16.7%) were within the ages 31-45; and 15(16.7%) were within the age group 16-30 years. Forty five  (50%) of the participants, which represented majority of the participants had no occupation, 21 (23.3%) of them were office workers, 18 (20.0%) were manual laborers and 6 (6.7%) were students. Majority representing 57(63.3%) of the participants resides in rural areas, while 33 (36.7%) resides in urban areas.
3.2 Wound characteristics and history
Seventy five (83.3%) of the participants had chronic wounds, while 15(16.7%) of them had acute wounds. Forty five (50.0%) of the participants had their wounds located in their torso, 37(41.1%) had it located in their lower limbs, while 8 (8.9%) had it located in their upper limbs. Fifty six (62.2%) of the participants had had their wounds for over 4 weeks, 20 (22.2%) had had theirs between 1-4weeks, and forteen (15.6%) had had theirs between 0-1 week. Sixty nine (76.7%) which represents the majority of participants had previously and/or is currently being administered antibiotics, while 21 (23.3%) of them had and is not.
Fifty two  (57.8%) of the participants had diabetes, 15 (16.7%) had an immunosuppressive disorder, 8(8.9%) had hypertension, while 15 (16.7%) didn’t have an underlying condition that they were aware of. Fifty-two (57.8%) had not had Antimicrobial Susceptibility Test done, while 38 (42.2%) had had it done. Forty eight (53.3%) of the participants reported improvements on wound healing, 39 (43.3%)  reported no change and three point 3 (3.3%) reported worsening of the wound.
3.3 Gram staining and biochemical tests for the isolated organisms.
Gram staining and biochemical tests were carried out to identify the bacteria isolated in the wound swabs. After the process of gram staining and microscopy, one of the five organisms present in the samples were gram-positive organisms while the remaining were gram negative organisms. After the biochemical tests were completed, the gram-negative positive organism identified was Staphylococcus aureus, while the gram-negative organisms identified were Escherichia coli, Pseudomonas aeruginosa, Proteus species and Klebsiella species.
3.4 Bacteriological profile of wound swabs
 Three batch analysis were carried out  the data is represented with Table 6a. and  Table 6b. Staphylococcus aureus was the most isolated bacteria from wound swabs, with thirty-five point six percent (35.6%) prevalence. Klebsiella species had twenty-one point one percent (21.1%) prevalence. Proteus species had twenty-one point one percent (21.1%) prevalence. Escherichia coli had twelve point two percent (12.2%). Pseudomonas aeruginosa had six point seven percent (6.7%) prevalence. Three point three percent (3.3%) of the wound swabs showed no significant growth. This summed up to ninety-six point seven percent ( 96.7%) prevalence of wound infection.
There is a significant difference in the bacterial species isolated from the wound swabs among patients in NAUTH Nnewi (p<0.05).
3.5 Gram Positive Spectrum Drugs
Gram positive drug spectrum was tested against the gram positive isolates to determine their susceptibility pattern. The drugs in the spectrum includes: Erythromycin(E), Amoxicillin(AMX), Azithromycin(AZM), Rifampicin(RD), Ciprofloxacin(CPX), Levofloxacin(LEV), Streptomycin(S), Gentamicin(GN), and Ceftazidime(CTZ). Different isolates presented different levels of susceptibility, ranging from sensitive to intermediate and to resistant. The levels of susceptibility of each drug to the isolates are represented in percentage in Table 6. There is a significant difference in the antimicrobial susceptibility profiles tested in the analysis (p<0.05).
3.6 Gram Negative Spectrum Drugs
Gram negative drug spectrum was tested against the gram negative isolates to determine their susceptibility pattern.The following drugs were included in the spectrum: Tarivid(OFX), Ciprofloxacin(CPX), Reflacine(PEF), Augmentin (AU), Septrin(SXT), Gentamicin (CN), and Streptomycin (S). Different isolates presented different levels of susceptibility, ranging from sensitive to intermediate and to resistant. The levels of susceptibility of each drug to the isolates are represented in percentage in Table 7. There is a significant difference in the antimicrobial susceptibility profiles tested in the analysis (p<0.05).
Table 1: Socio-demographic characteristics of the respondents
	            Variable 
	Frequency
	Percentage (%)

	 
Gender
	
	

	Male 
	38
	42.2

	Female
	52
	57.8

	Total
	90
	100.0

	
Age
	
	

	
	
	

	16-30 Years
	15
	16.7

	31-45 Years
	15
	16.7

	46-60 Years
61 years and above 
	15
45
	16.7
             50.0

	Total
	90
	100.0

	
Occupation
	
	

	Student
	6
	6.7

	Office Worker
	21
	23.3

	Manual Labourer
	18
	20.0

	No Occupation 
	45
	50.0

	Total
	90
	100.0

	
Residence
	
	

	Urban 
	33
	36.7

	Rural
	57
	63.3

	Total
	90
	100.0



Table 2: Wound characteristics and history
	
	Variable 
	Frequency
	Percentage (%)

	Type of Wound
	Acute
	15
	16.7

	
	Chronic
	75
	83.3

	
	Total


	90

	100.0


	Location of Wound
	Lower Limb
	37
	41.1

	
	Head/Neck
	8
	8.9

	
	Torso
	45
	50.0

	
	Total

	90

	100.0


	Duration of Wound
	1 Week
	14
	15.6

	
	1-4 Weeks
	20
	22.2

	
	>4 Weeks
	56
	62.2

	
	Total
	90
	100.0

	Previous/Active Treatment with Antibiotics
	Yes
	69
	76.7

	
	No
	21
	23.3

	
	Total
	90
	100.0

	
	
	
	

	
	
	
	

	Underlying Condition(s)
	Diabetes
	52
	57.8

	
	Hypertension
	8
	8.9

	
	Immunosuppressive Disorder
	15
	16.7

	
	Nil
	15
	16.7

	
	Total
	90
	100.0

	Has Antimicrobial susceptibility test been Carried Out Before
	Yes
	38
	42.2

	
	No
	52
	57.8

	
	Total

	90

	100.0


	Current Status of Wound
	Improving
	48
	53.3

	
	No Change
	39
	43.3

	
	Worsening
	3
	3.3

	
	Total
	90
	100.0



Table 3: Bacteriological profile of wound swabs

	         Bacteria isolates 
	Frequency
	Percentage (%)

	
	Staphylococcus Aureus
	32
	35.6

	
	Escherichia Coli
	11
	12.2

	
	Pseudomonas Aeruginosa
	6
	6.7

	
	Proteus Species
	19
	21.1

	
	Klebsiella Species
	19
	21.1

	
	No Significant Growth
	3
	3.3

	
	Total
	90
	100.0


[image: ]
Table 4: Gram Positive Spectrum Drugs
	Drug
	Sensitive (%)
	Intermediate (%)
	Resistant (%)
	Total(%)

	RD
	43.75
	25.00
	31.25
	100.00

	CTZ
	6.45
	35.48
	58.07
	100.00

	S
	27.27
	18.18
	54.55
	100.00

	AZM
	43.48
	8.70
	47.83
	100.00

	AMX
	30.30
	6.06
	63.64
	100.00

	CPX
	39.40
	6.06
	54.55
	100.00

	E
	33.33
	3.03
	63.64
	100.00

	LEV
	45.46
	18.18
	36.36
	100.00

	CN
	36.36
	6.06
	57.58
	100.00

	CEF
	12.12
	33.33
	54.54
	100.00



Table 5: Gram Negative Spectrum Drugs
	Drug
	Sensitive (%)
	Intermediate (%)
	Resistant (%)
	Total(%)

	CEP
	0.00
	0.00
	100.00
	100.00

	OFX
	42.42
	12.12
	45.46
	100.00

	NA
	0.00
	0.00
	100.00
	100.00

	PEF
	39.39
	3.03
	57.58
	100.00

	CN
	3.03
	42.42
	54.55
	100.00

	AU
	33.33
	6.06
	60.61
	100.00

	CPX
	36.36
	6.06
	57.58
	100.00

	SXT
	27.27
	9.09
	63.64
	100.00

	S
	3.03
	39.39
	57.58
	100.00

	PN
	0.00
	0.00
	100.00
	100.00







[bookmark: _Toc189678738]4. Discussion
Wound infections have long been determined as a common cause of delayed wound healing, wound chronicity, and in severe cases, they may cause (Giordano and Giannoudis, 2024).
This study investigated the bacterial growth from wound swabs among patients in Nnamdi Azikiwe University Teaching Hospital, Nnewi, Anambra State. The bacteria isolated from the wound swabs were Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Proteus species, and Klebsiella species. All the isolates from the wound swabs of the participants are infectious strains that impairs wound healing. This is similar to the research findings by Patel and Patel (2022), wherein Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Proteus species, and Klebsiella species were isolated from wound swabs.
Amongst the isolates, Staphylococcus aureus was the most predominant organism isolated with 35.6% occurrence, which is similar to the research findings by Shimekaw et al., (2020) where Staphylococcus aureus made up the majority, 32.1%, of the organisms isolated. Staphylococcus aureus is the most common organism in wound infections due to its ability to colonize human skin and mucosa, making it a frequent contaminant of wounds. Its virulence factors, such as toxins and enzymes, facilitate tissue invasion and immune evasion. Additionally, nasal carriage of S. aureus is strongly linked to wound infections (Shekar et al., 2019).
According to this study, it was observed that majority of the participants were of older ages. This may be  as a result of reduced immunity which leads to longer period of healing and longer stay in the hospital when compared with the younger age group with a likely better immunity and consequently shorter hospital admissions  and since age increases the likelihood of wound chronicity, they had chronic wounds, which are factors that increases the likelihood of wound infection and delayed wound healing (Williams, 2021). 
This study also observed that, although 69(76.7%) of  the  participants had been administered antibiotics, 38(42.2%) had not undergone Antimicrobial Susceptibility Tests(AST), which may be a contributing factor to the impaired healing and worsening of wound observed in the 39 (43.3%) and 3 (3.3%)  of the participants respectively as there may be a case of drug resistance. 
 Results from the AST(Antimicrobial Susceptibility Tests) findings of this research, the Gram positive isolates from the wound swabs were most frequently susceptible to Erythromycin(E),due to its effectiveness as a macrolide antibiotic, which inhibits bacterial protein synthesis. This makes it particularly effective against Gram-positive organisms, including S. aureus, which often lack resistance mechanisms against erythromycin (Mahfuoz et al., 2023). 
Gram negative isolates were most frequently susceptible to Tarivid (OFX). Gram-negative isolates are more susceptible to Tarivid (ofloxacin) because it is a fluoroquinolone that targets bacterial DNA gyrase and topoisomerase IV, enzymes essential for DNA replication. Ofloxacin’s broad-spectrum activity and high efficacy against Gram-negative bacteria explain its frequent susceptibility (Kherroubi et al., 2024).
[bookmark: _Toc189678739]4.2 Conclusion
Wound infections were found prevalent among the patients in Nnamdi Azikiwe University Teaching Hospital (NAUTH). Staphylococcus aureus isolates showed the highest incidence, and the least common was  Pseudomonas aeruginosa. The organisms isolated exhibited different levels of susceptibility to the different drugs tested against them. However, some drugs were found to be ineffective against the isolated organisms, indicating antimicrobial resistance.
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