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ABSTRACT 
 
Wound infection plays an important role in the development of chronicity, 
delaying wound healing. It is one of the health problems that are caused by the 
invasion of pathogenic organisms. This study aimed to identify the bacterial 
pathogens present in wounds and to determine their antibiotic susceptibility 
profile to the most common antibiotics used in therapy. One hundred and fifty 
swab samples were collected from patients with diverse types of wounds 
attending Federal Medical Centre, Ado-Ekiti, Nigeria from September, 2013 to 
March, 2014. Wound swab was collected using sterile cotton swab and processed 
for bacterial isolation and susceptibility testing to antimicrobial agents following 
standard bacteriological techniques. A total of one hundred and twenty one 
(121) bacterial isolates were recovered. Polymicrobial infection was found in 7 
(4.6%) of the wound samples and mainly constituted of two species. The most 
common association was Staphylococcus aureus/Pseudomonas aeruginosa and 
Staphylococcus aureus/Escherichia coli. Twenty nine (19.3%) of the wound 
cultures yielded no bacterial growth. The most common bacterial   species 
detected S. aureus (27.3%), followed by Proteus mirabilis 15 (%), Klebsiella 
aerogenes 15 (%), Proteus vulgaris 4(%) and Staphylococcus saprophyticus 1 (%). 
Resistance to antibiotics was high particularly for Nitrofurantoin (100%), 
tetracyclines (97.57%), Amoxillins (97.57%), Cotrimoxazole (95.1%), Nalidixic 
acid (95.1%), Subtamine (75.6%), Ofloxacin (70.7%) and Erythromycins 
(60.9%). Our study revealed that susceptibility to antibiotics varies with the 
different organisms implicated in wound infection, thus, indicating the essence 
of microbiological testing before prescribing a drug for treatment.  
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INTRODUCTION 
 
Wound infection is one of the major health problems 
resulting from colonization of wounds by pathogenic 
organisms. A breach of the skin resulting in the exposure 
of the subcutaneous tissue provides a nutritious and 
conducive environment for microbial colonization and 
proliferation (Mama et al., 2014). However, the abundance 
and diversity of micro-organisms in any wound is 
influenced by factors such as wound type, depth, location 
and quality, the level of tissue perfusion and the 
antimicrobial efficacy of the host immune response. 

Whereas, the microflora associated with clean, surgical 
wounds would be expected to be minimal; the presence of 
foreign material and devitalized tissue in a traumatic 
wound is likely to facilitate microbial proliferation unless 
early prophylactic antibiotic treatment and surgical 
debridement is implemented (Robson, 1997). 

Wound infection occurs when virulent factors expressed 
by one or more micro-organisms in a wound out-compete 
the host natural immune system and the subsequent 
invasion  and   the   dissemination   of    micro-organism in  
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viable tissue provokes a series of local and systemic host 
response (Bowler et al., 2001). It was reported that wound 
infection may be characterized by the classic signs of 
redness, pain, swelling, raised temperature and fever 
(Collier, 2004; Fa-Si-Oen et al., 2004; Janet et al., 2005; 
Grey, 2006; Ezebialu et al., 2010). According to Mama et al. 
(2014) infection in wound constitute a major barrier to 
healing and this can have an adverse effect on the patient’s 
quality of life as well as, on the healing rate of the wound. 
Since wound colonization is most frequently polymicrobial 
(Brook and Frazier, 1998) involving numerous micro-
organisms that are potentially pathogenic, any wound is at 
some risk of becoming infected. In the event of infection, a 
wound fails to heal and the patient suffers increased 
trauma, treatment costs rise and general wound 
management practices become more resource demanding. 
The predisposing factors to wound infection include old 
age, underlying infections and diseases. However, these 
factors vary with the type of wound. It has become 
increasingly difficult to control wound infections due to 
widespread bacterial resistance to antibiotics and greater 
incidence of infections caused by polymicrobial flora 
(Adebayo et al., 2003). The emergence of antibiotic 
resistant strains has provoked the continual search for 
new antimicrobial agents.  

Wound infections are caused by a variety of bacterial 
species including Staphylococcus aureus, Pseudomonas, 
members of the family Enterobacteriacea, anaerobes such 
as Bacteroides and Clostridium species (Akonai et al., 1992; 
Taiwo et al., 2002; Gelus, 2011; Sani et al., 2012; Mama et 
al., 2014). The present study is designed to update profile 
in wounds and their sensitivity to antibiotics at the Federal 
Medical Medical Centre, Ado-Ekiti, Nigeria.   
 
 
MATERIALS AND METHODS 
 
Study population  
 
Swabs of wounds of patients were obtained from 150 
patients attending the Federal Medical Centre, Ado -Ekiti, 
Ekiti State, Nigeria between March and September, 2013. 
They included 61 males and 89 female subjects; their age 
ranged from 7 year old to a 72 years old woman. Control 
organisms [S. aureus NCTC (6571), Escherichia coli NCTC 
(10418) and Pseudomonas aeruginosa ATCC (10415)] that 
were used in this study were obtained from the 
Department of Pharmacognosy, Obafemi Awolowo 
University, Ile-Ife. They were maintained on nutrient agar 
slant at 4°C prior to use. 
 
 
Collection and processing of samples  
 
Swabs of patients wound ranging from superficial lesion, 
surgical wounds, burn, diabetic foot wound and bite 
wound were obtained and then applied onto freshly 

prepared MacConkey agar, Chocolate agar, Blood agar and 
Mannitol Salt Agar (MSA) plates (Oxoid, England) and 
streaked for isolated colonies with heat flamed inoculating 
loop. All plates were incubated at 35°C for 48 h after which 
colonies which grew on these plates were gram stained 
and further characterized using bacteriological methods.  
 
 
Antibiotics susceptibility testing 
 
Isolates cultured from wound swabs of patients were 
tested for their sensitivity to commonly employed 
antibiotics using the disk diffusion methods described by 
Cheesebrough et al. (2009). Commercially prepared 
antibiotics discs (Abtek Biologicals Ltd., U.K.) used include: 
Erythromycin (15 μg), Gentamicin (10 μg), Cotrimoxazole 
(25 μg), Ciprofloxacin (10 μg), Augmentin (30 μg), 
Sulbactam (10 μg), Ofloxacin (10 μg), Nalixidic acid (30 
μg), Ceftriaxone (30 μg) Tetracycline (30 μg), Amoxycillin 
(25 μg) and Nitrofuratoin (300 μg). The result of clearing 
zone diameter was interpreted according to the 
specifications of National Committee for Clinical 
Laboratory standard (NCCLS) provided as a chart with the 
antibiotic kits.  
 
 
Plasmid analysis  
 
Plasmid analysis was carried out on the selected isolates of 
S. aureus using the phosphate method described by 
Bimboin and Doly (1979). Overnight cultures of bacteria 
grown on Muller –Hinton broth were centrifuged at 10,000 
r. p. m for 1 min in a micro- centrifuge to pellet the cells. 
The supernatant was decanted leaving about 100 µl 
together with the cell pellet and vortexted to homogenize. 
A 400 µl amount of lysing solution (4% SDS/100 Mm Tris) 
was added and inverted 20 times at room temperature. A 
300 µl volume ice cold buffer of 3M Na acetate (pH 5.5) 
was also added and vortexed band kept on ice for 30 min. 
This was centrifuged at 3000 r. p. m for 15 min. The 
supernatant was transferred into a fresh tube and mixed 
with 700 µl of chloroform, vortexed and centrifuged at 
3000 r. p. m for 10 min. Further isolation steps were 
essentially carried out as described by Bimboin and Doly 
(1979).  
 
 

Curing of plasmid DNA  
 
Curing of the plasmid was done to determine whether or 
not a plasmid encode a trait that codes for multiple 
antibiotic resistance. This was carried out using the 
method described by Sostein and Baldwin (1972). 
 
 

Post curing sensitivity  
 
The   plasmid-cured    isolates   were  tested  against those
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Table 1a: Demographic data of patients with wound infections. 
 

Age (Years) 
Sex 

 

Total number examined 

 

X2 P-value 
Male Female 

1-10 11 10 21 

5.227 0.022 

11-20 5 10 15 

21-30 7 15 22 

31-40 14 20 34 

41-50 20 23 43 

51-60 0 6 6 

61-70 4 3 7 

71-Above 0 2 2 

Total 61 89 150 

 
 

Table 1b: Demographic data of patients with wound infections. 
 

Types of wound Incidence 
 Sex 

Male Female 

Superficial lesion 65 30 35 

Burns 25 7 18 

Surgical Wound 43 10 33 

Diabetic wounds 12 5 7 

Bite wounds    5 4 1 

 
 
antibiotics to which they were previously resistant. The 
diameter zone of inhibition was measured using meter 
ruler in mm and the zones compared with standard 
antibiotic chart. 
 
 
Statistical analysis  
 
Data obtained were subjected to chi square analysis. 
 
 
Ethics  
 
Ethical clearance was obtained from the ethical committee 
of Federal Medical Centre, Ado -Ekiti. Written informed 
consent was obtained from all study participants. 
 
 
RESULTS AND DISCUSSION 
 
Table 1 shows the demographic data of patients with 
wound infection. It shows that out of 150 samples 
collected, sixty-one males and eighty-nine females were 
found between the ages of 1 to 71 years. There was a 
significant difference (x2=76.347,p=0.000) in the ages of 
the study participants. The greater percentage of the study 
participants fell within ages 31 to 50 years). A significantly 
higher percentage (x2=5.227, p=0.022) of the study 
participants were females (59.3%) when compared to the 
study participants that were males (40.7%). 

Five different genera of bacteria were identified. The 
predominant organism was S. aureus (27.3%). Table 2 
shows the distribution of bacterial isolates encountered. 
Amongst the 150 wound cultures taken during the period 
of study, 121 (80.7%) were positive for microbes, while 7 
(5.8%) of these contained mixed culture (polymicrobial). 
Table 3 shows the bacterial isolates involved in mixed 
growth. The in-vitro antibiotic susceptibility testing of the 
isolates showed that resistance of the isolates were nearly 
100% to amoxyllin, erythromycin and cotrimoxazole 
(Table 4). P. aeruginosa showed the highest resistance to 
all antibiotics except for ceftrizazone and ciprofloxation in 
which it has 50 and 41.7% sensitivity respectively. Table 5 
shows multiple resistance patterns of the isolates to 
antibiotics in wound infection. All the seven bacterial 
species exhibited varying degrees of resistance to all the 9 
classes of antibiotics tested. Out of which 83.3% of P. 
aeruginosa isolates were resistant to all the 9 classes of 
antibiotics, while 29.3% of S. aureus were in this category. 

Table 6 shows the pre and post curing antibiogram of 
selected S. aureus isolates with multiple antibiotics 
resistance from wound infection isolates. It shows that S. 
aureus (S1) was resistant to the selected 6 commonly 
prescribed antibiotics (CiprofloxacinR, GentamicinR, 
AugmentinR, OfloxacinR, CeftriazoneR and CotrimoxazoleR) 
before plasmid was cured, while post curing sensitivity of 
S1 was sensitive to other four antibiotics except Ofloxacin 
and Cotrimoxazole. This shows that S1 resistance to 
antibiotics was plasmid mediated. S. aureus (S3) and (S7) 
isolates    were    resistant    to    all    the     six     antibiotics  
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Table 2: Incidence of bacterial isolates associated with wound infections. 

 

Name of organism No. of Isolates 
% Total No. 

positive 

 

Sex 

 

X2 P value 
Male (%) Female (%) 

Staphylococcus aureus 41 27.3 23(56.1%) 18(43.9%) 

63.653 0.00 

Staphylococcus saprophyticus 1 0.7 0(0%) 1(100%) 

Escherichia  coli 21 14.0 9(42.85%) 11(52.3%) 

Proteus mirabilis 15 10.0 6(40%) 9(60%) 

Klebsiella aerogenes 15 10.0 10(66.7%) 5(33.3%) 

Pseudomonas aeruginosa 24 16.0 12(50%) 12(50%) 

Proteus vulgaris 4 2.7 1(25%) 3(75%) 

No growth 29 19.3 12(41.4%) 17(58.6% 

Total 150 100   

 
 
 

Table 3: Isolated organisms involved in mixed growth. 

 

Name of organisms Number isolates % of isolates  found X2 P value 

Staphylococcus aureus and Pseudomonas aeruginosa     2 28.57 

0.857 0.931 

Proteus mirabilis and Pseudomonas aeruginosa 1 14.3 

Staphylococcus aureus and Klebsiella aerogenes 2 28.57 

Escherichia coli and Pseudomonas aeruginosa 1 14.3 

Escherichia coli and Staphylococcus aureus. 1 14.3 

Total 7 100 

 
 
 
(CiprofloxacinR, GentamicinR, AugmentinR, OfloxacinR, 
CeftriazoneR and CotrimoxazoleR) before and after the 
plasmid curing and also resistant to the six (6) antibiotics. 
This shows that the resistance of S3 and S7 is not plasmid 
mediated but chromosomal (Table 6). 

The problem of infection has long been persistent in the 
surgical world even after the introduction of antibiotics. 
Pathogens that infect wound can be part of normal flora or 
acquired from the hospital environment or other infected 
patients. The emergence of antimicrobial resistance is 
neither a new phenomenon nor an unexpected one. A 
single random gene mutation can have a large impact on 
organisms’ disease-causing properties. 

In this study, S. aureus which supposed to be normal 
microbial flora of the skin was found to have highest 
incidence in wound infections. Its increasing incidence is a 
growing concern with emergence of virulent, antibiotic 
resistant strain in the hospital and community settings. 
This is in agreement with the report of Armstrong et al. 
(2005) who reported that S. aureus is a prevalent isolate in 
foot ulcers infection. In addition, Thornsbery (1998) 
reported that Staphylococci have highest incidence in 
wound infection. Several other authors had reported 
similar observation whereby S. aureus was the most 
frequent organism isolated (Oni et al., 1997; Surucuoglu et 

al., 2005, Sani et al., 2012). This study also confirms that 
wound infections are also caused by other aerobic micro-
organisms including P. aeruginosa, Proteus spp., Klebsiella 
spp. and E. coli. This agreed with the work of Mehta et al. 
(1995) who reported that gram positive and gram negative 
bacteria are involved in wound infections.  In this study, 
94.2% of culture positive wounds showed mono-microbial 
growth, while 5.8% showed poly-microbial growth. Brook 
(1998) and Elliot et al. (1996) however reported that 30 to 
50% and 47% of necrotizing soft tissue wound infections 
have a polymicrobial microflora. 

In this study, of all the 9 classes of antibiotics tested on 
the isolates, Ciprofloxacin and Augmentin were found to be 
most effective against reasonable percentage of bacteria 
isolates, while Tetracycline, Amoxycillin and Sulbactam 
were found to be least effective against the bacterial 
isolates. This was attributed to indiscriminate and 
empirical use of these drugs (Mama et al., 2014). 
Furthermore, Tetracycline is relatively cheaper and easily 
available as over the counter drugs in Nigeria. This is in 
agreement with Udaya et al. (2010) who found that 95.8% 
of S. aureus isolated from the wound infections are 
resistant. P. aeruginosa was found out to be resistant to 
83.3% of the tested antibiotics. S. aureus was resistant to 
some antibiotics used in this study.  
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Table 4: Antimicrobial susceptibility pattern of bacterial isolates from wound swab samples. 
 

Antimicrobial drugs 
S. aureus E. coli P. aeruginosa K. aerogenes S. saprophyticus P. mirabilis P. vulgaris 

(n=41) (n=21) (n=24) (n=15) (n=1) (n=15) (n=4) 

ERY 16 (39.1%) 3(14.3%) 0(0%) 4(26.7%) 0(0%) 2(13.3%) 3 (75%) 

COT 2 (4.9%) 2 (9.5%) 0(0%) 0(0%) 0(0%) 3(20%) 0(0%) 

GEN 22 (53.7%) 12(57.1%) 4(16.7%) 5(33.3%) 1(100%) 6(40%) 4(100%) 

CIPRO 24(58.5%) 10(47.6%) 10(41.7%) 8(53.3%) 1(100%) 6(40%) 4(100%) 

AUG 30(73.1%) 12(57.1%) 5(20.8%) 7(46.7%) 1(100%) 4(26.7%) 4(100%) 

OFL 12(29.3%) 9(42.9%) 6(25%) 6(40%) 1(100%) 3(20%) 3(75%) 

NAL 2 (4.9%) 0(0%) 0(0%) 2(13.3%) 0(0%) 0(0%) 0(0%) 

CEFT 26(63.4%) 10(47.6%) 12(50%) 9(60%) 0(0%) 2(13.3%) 2(50%) 

TET 1(2.43%) 4(19%) 0(0%) 1(6.7%) 0(0%) 0(0%) 0(0%) 

AMX 1(2.43%) 3(14.3%) 0(0%) 2(13.3%) 0(0%) 0(0%) 0(0%) 

NITRO 0 (0%) 2(9.55%) 0(0%) 0(0%) 0(0%) 3(20%) 0(0%) 

SUB 10(24.4%) 6(28.6%) 0(0%) 5(33.3%) 0(0%) 4(26.7%) 2(50%) 

 
 

Table 5:  Antibiogram of bacteria isolated from patients wound. 
 

Organisms 
No. (%) of resistance 

R9 R8 R7 R6 R5 R4 R3 

S. aureus (n =41) 12(29.3) 10 (24.4) 5(12.2) 4(9.7) 3(7.3) 4(9.8) 3(7.3) 

E. coli (n=21) 7(33.3) 8(38) 3(14.3) 2(9.5) 1(4.8) 0 0 

Kleb. spp (n=15) 8(53.3) 6(40) 1(6.7) 0 0 0 0 

Proteus mirabilis (n=15) 7(46.7) 6(40) 1(6.6) 1(6.6) 0 0 0 

S. saprophyticus (n=1) 0 1(100) 0 0 0 0 0 

Proteus vulgaris (n=4) 3(75) 1(25) 0 0  0 0 

Pseudomonas aeruginosa 
(n=24) 

20 (83.3) 3(12.5) 1(4.2) 0 0 0 0 

 

R1-R9= Number of antibiotic class to which a given isolate was resistant. 

 
 
 
Pathogenicity and resistance in this organism is 

attributed to the presence of panton-valentine 
leukocidin virulence factor (Gillet et al., 2002). The 
post curing antibiotic sensitivity testing of selected 
S. aureus isolates revealed that these resistant 

strains carried plasmid which may indicate that the 
resistance may be plasmid mediated. The resistance 
that are not plasmid mediated may be due to efflux 
mechanism of other factors like mutation of genes 
encoding    ribosomal    protein    which      decrease  

permeability of cell envelop in bacteria. 
 
Conclusion 
 
The multiple antibiotics resistances among bacteria 
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Table 6: Pre and post antibiogram of Staphylococcus aureus isolates from wound infection. 
 

Isolates 

Antibiotics 

Ciprofloxacin 

 

Gentamicin 

 

Augmentin 

 

Ofloxacin 

 

Ceftriazone 

 

Cotrimoxazole 

Before 
curing 

After 
curing 

Before 
curing 

After 
curing 

Before 
curing 

After 
curing 

Before 
curing 

After 
curing 

Before 
curing 

After 
curing 

Before 
curing 

After 
curing 

(mm) 

003(S1) 10(R) 22(S) 

 

2(R) 15(R 

 

1(R) 18(S) 

 

5(R) 5(R) 

 

4(R) 13(S) 

 

0(R) 0(R) 

025(S2) 5(R) 9(R) 1(R) 3(R) 8(R) 9(R) 4(R) 9(R) 4(R) 9(R) 3(R) 10(R) 

040(S3) 10(R) 14(S) 3(R) 18(R) 7(R) 13(R) 2(R) 14(S) 2(R) 11(R) 0(R) 0(R) 

049(S4) 4(R) 17(R) 5(R) 12(S) 7(R) 30(S) 5(R) 26(S) 6(R) 19(S) 2(R) 10(R) 

065(S5) 3(R) 15(S) 5(R) 12(S) 8(R) 28(S) 4(R) 20(S) 6(R) 20(S) 7(R) 10(R) 

096(S6) 0(R) 0(R) 5(R) 8(R) 2(R) 9(R) 3(R) 7(R) 0(R) 0(R) 7(R) 5(R) 
 

Key: S1- Plasmid mediated; S2 - Not plasmid mediated (chromosomes); S3- Plasmid mediated; S4- Plasmid mediated; S5- Plasmid mediated; S6- Not plasmid 
mediated (chromosomes); S7-Plasmid mediated; S8- Plasmid mediated; S9- Plasmid mediated. 

 
 

isolates from wound infections are frightening 
because such organisms can become endemic within 
the environment (nosocomial infections) and pose 
serious public health threats. However, this study 
revealed findings concerning antimicrobial 
resistance in wound infections in the study 
population. It is also speculated that the widespread 
use of antibiotics may create pressure that 
encourages the selection of multi-drug resistance 
among bacteria. Consequently, majority of the older 
antibiotics have been rendered ineffective in 
treatment of wound infections. Moreover, the 
resistance of S. aureus to the antibiotics used in this 
study was not only plasmid mediated but also 
chromosomal. This study showed high prevalence of 
S. aureus in wound infections and care must be taken 
while doing wound dressing and proper monitoring 
of patients may help in curtailing the nosocomial 
infection. 
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