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ANTIBIOGRAM OF BACTERIA ISOLATED FROM POST - OPERATIVE WOUNDS 3 

OF MOTHERS WHO UNDERWENT CAESAREAN SECTION AT THE MOTHER AND 4 

CHILD HOSPITAL, AKURE, ONDO STATE. 5 

 6 

ABSTRACT 7 

This study was designed to determine the antibiogram of bacteria isolated from post - operative 8 

wound samples of mothers who underwent caesarean section at the Mother and Child Hospital, 9 

Akure. The collected samples were subjected to microbiological analysis and bacterial isolates 10 

were identified using conventional identification techniques. The antibiotic sensitivity profile of 11 

the bacterial isolates to commercially available antibiotics was determined using disc diffusion 12 

technique. Chloramphenicol (30µg), Ampiclox (Ampicillin and Cloxacillin) (20µg), 13 

Levofloxacin (20µg), Ciprofloxacin (10µg), Gentamicin (10µg), Norfloxacin (10µg),  14 

Amoxicillin (10µg),  Streptomycin (30µg), Rifampicin (20µg),   and  Erythromycin (20µg) were 15 

the antibiotics used for Gram positive bacteria  while Ofloxacin (10µg), Pefloxacin(30µg),  16 

Ciprofloxacin (20µg),  Augmentin (30µg),  Gentamycin (10µg),  Streptomycin (30µg),  Cephem 17 

(cephalosporins and cephamycins) (10µg),  NA- Nalidixic acid (30µg),  Trimethoprim-18 

Sulfamethoxazole (30µg),  PN-ampicillin (20µg) were the antibiotics used for Gram negative 19 

bacteria. Results obtained showed that Staphylococcus aureus, Pseudomonas aeruginosa, 20 

Proteus sp and E. coli are the most frequently isolated strains from post - operative wound 21 

samples analyzed. Moreover, most of the isolates displayed multi drug resistance to the 22 

conventional antibiotics used.  This study has shown that multi drug resistant pathogenic 23 

organisms are predominant in post-operative caesarean wounds amongst the patients sampled. 24 

The implication of this is the tendency of such wounds to become septic and life threatening to 25 

the patients. Hospitals must give measures to restrict hygienic in hospitals to prevent bacterial 26 

contamination and development of more effective chemotherapeutic drugs against multi-drug 27 

resistant bacteria must be done.  28 
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1.0 INTRODUCTION 33 

A wound is a breach in the skin that can lead to loss of skin integrity. It  exposes the 34 

subcutaneous tissue as a result of cuts, scrapes, scratches or punctures which happens 35 

accidentally, during surgery (such as caesarean section), sutures or stitches, which creates easy 36 

entry of microorganisms leading to their proliferation (Valerie, 2016). Wound infection is 37 

regarded as the most common nosocomial infection especially in patients undergoing surgery. 38 

Caesarean section (CS) is the most common obstetric surgeries done in women of reproductive 39 

age group. Post-caesarean wound infection is a disturbing occurrence in spite all the techniques 40 

and measures to ensure aseptic condition. This infection has led to prolonged hospital stay, high 41 



hospital bills, as well as other morbidities and mortality (Agboeze et al., 2014). Bacteria such as 42 

Staphylococcus aureus, E. coli, Klebsiella spp., Proteus spp., Pseudomonas aeruginosa are the 43 

most associated bacterial strains (Church et al., 2006). S. aureus was reported to have 72% of 44 

cases of Post-operative Wound Infection (POWI) in implants while E. coli and Klebsiella species 45 

accounted for 14% each as reported in Lagos, Nigeria. In Jos, North Central Nigeria, the picture 46 

was slightly different where it was found that Proteus species were in 41.9% of wounds samples 47 

cultured while S. aureus was 25.6%. Coliforms (13.9%), Streptococcus Spp., Pseudomonas spp. 48 

and Klebsiella were the other isolates (Akinjogunla et al., 2009). Minimizing the incidence of 49 

postoperative wound infection relies on adequate asepsis and antisepsis and preservation of the 50 

local host defenses (Bowler et al., 2001).  51 

Post-operative wound infection otherwise known as ‘Surgical Site Infection’ (SSI) (CDC, 1992; 52 

CDC, 1997) has proven to be a serious hazard to patients, with incidence according to CDC 53 

(1997) to be 15.5%, according to the UK nosocomial infection surveillance (2009) to be 11.32%, 54 

and according to ASEPSIS (2009) to be 8.79% as documented by (Ashby et al., 2010). About 55 

77% of the deaths of surgical patients are related to surgical wound infection (Mangram et al., 56 

1999). Surgical Site Infections are classified into incisional SSIs, which can be superficial or 57 

deep, or organ/space SSIs (Ashby et al., 2010). The control of wound infections from CS has 58 

become more challenging due to widespread bacterial resistance to antibiotic and to a greater 59 

incidence of infections caused by methicillin-resistant S. aureus, polymicrobic flora and by fungi 60 

(Shittu et al., 2002). The emergence of resistant strains of S. aureus has increased the morbidity 61 

and mortality associated with wound infections. Although, Vancomycin has been shown to be 62 

effective against Methicillin Resistant S. aureus (MRSA), however, some strains of S. aureus 63 

have been shown to be resistant to this vancomycin (Hemanth et al., 2004).  64 

Moreover, bacteria such as P aeruginosa, Klebsiella sp and Proteus sp among others have also 65 

developed resistance to almost all known antibiotic. Actually, the spread of antimicrobial 66 

resistance is a global problem due to significant changes in microbial genetic ecology and as a 67 

result of indiscriminate use of antimicrobial agents. As a result, research efforts are now geared 68 

at the development of new agents to treat bacterial infections (Zhanel et al., 2006). There have 69 

been series of reports of wound infections in many hospitals around the globe, however, not 70 

much work has been done on antibiogram of post-CS wound infections in the community 71 

sampled in this investigation, that is, Akure, Nigeria. Therefore, this study was aimed at 72 

determining the microbiological pattern of post-CS wound infections in Akure town using the 73 

Mother and Child Hospital, Akure as case study and also to evaluate the antibiogram profile in 74 

order to reduce post-operative wound infections and associated morbidity and mortality (in 75 

severe cases). 76 

 77 

2.0 RESEARCH METHODOLOGY 78 

2.1. Collection of clinical samples 79 

A total number of 35 wound swab samples were collected aseptically from Mother and Child 80 

Hospital, Akure, Ondo state, Nigeria and were transported to the laboratory of Microbiology at 81 

Federal University of Technology, Akure. 82 

2.2 Ethical clearance/ Informed consent of patients  83 



The certificate of ethical clearance was issued by the management of the hospital and the consent 84 

forms were filled by all the patients examined. 85 

2.3. Isolation and identification of bacteria from wound infections. 86 

The wound swabs collected were inoculated on a Mannitol Salt Agar (MSA), Eosin methylene 87 

blue agar, Nutrient agar (NA), Cystein Lactose Electrolyte Deficient Agar (CLED) using 88 

streaking method and was incubated aerobically at 37
o
C for 24hours in an IPF400 Precision 89 

incubator (Memmert, Germany). The different bacteria colonies were identified on the basis of 90 

their morphological and biochemical characteristics as described by Cheesbrough (2006). 91 

2.4. Morphological and biochemical characterization of isolated bacteria 92 

The isolates were characterized morphologically first on agar plate and then sub-cultured. Gram 93 

staining was carried out on the subculture to ascertain purity. Pure isolates were sub-cultured  on 94 

a double strength nutrient agar slant for further studies and  identification. Cultural 95 

characterization of colonies; colour, edge,  elevation, surface, biochemical  tests such as  96 

catalase, oxidase,  indole production, coagulase, methyl red and citrate test as well as  sugar 97 

fermentation (such as glucose, arabinose, fructose, maltose,  sucrose, lactose, galactose , etc) 98 

using standard microbiological techniques were employed (Olutiola et al., 1991). 99 

2.5. Antibiotics sensitivity test 100 

The antibiogram of the isolates to selected conventional antibiotics was determined by the disc 101 

diffusion method. Using antibiotic-impregnated paper discs (Medicare Nig. Ltd.) containing the 102 

following antibiotics: Chloramphenicol (30µg), Ampiclox (Ampicillin and Cloxacillin) (20µg), 103 

Levofloxacin (20µg), Ciprofloxacin (10µg), Gentamicin (10µg), Norfloxacin (10µg),  104 

Amoxicillin (10µg),  Streptomycin (30µg), Rifampicin (20µg),   and  Erythromycin (20µg) were 105 

the antibiotics used for Gram positive bacteria  while Ofloxacin (10µg), Pefloxacin(30µg),  106 

Ciprofloxacin (20µg),  Augmentin (30µg),  Gentamycin (10µg),  Streptomycin (30µg),  Cephem 107 

(cephalosporins and cephamycins) (10µg),  NA- Nalidixic acid (30µg),  Trimethoprim-108 

Sulfamethoxazole (30µg),  PN-ampicillin (20µg) were the antibiotics used for Gram negative 109 

bacteria. Sterile Petri dishes were seeded aseptically with 1 ml each of 18 h old pure cultures of 110 

the test organisms each while about 15 ml of sterilized Muller-Hinton agar was poured 111 

aseptically on the seeded plates. The culture was first standardized using spectrophotometer and 112 

plate count methods at 2.0 ×104 cfu/ml. McFarland standard at 540 nm (0.050 spectrophotic 113 

reading) was used. The plate were swirled carefully for even distribution and allowed to gel. 114 

With the aid of sterile forceps the antibiotics discs were placed firmly on solidified plates and 115 

incubated for 24 h at 37°C. After incubation, zones of inhibition were measured in millimeter 116 

(mm). The experiment was carried out in triplicate (CSLI, 2014). 117 

 118 

 119 

3.0. RESULTS 120 

3.1 Types of bacteria isolated from different wound samples  121 



Different strains of bacteria were isolated from various wound samples. These bacterial species 122 

include; S. aureus, P. aeruginosa, Proteus spp., and E. coli. The morphological and biochemical 123 

characteristics can be found on Table 1. 124 

3.2. Frequency of occurrence of bacteria isolated from CS wound samples 125 

The most frequently isolated bacteria was S. aureus (13; 41.9%) followed by P. aeruginosa (8; 126 

25.8%) and Proteus spp.  (8; 25.8%) while E. coli (2; 6.4%) was the least isolated bacteria. This 127 

observation can be seen in Figure 1. 128 

 129 

3.3. Antibiotics sensitivity pattern of Gram-positive bacteria isolated from CS wound 130 

samples 131 

The only Gram-positive bacteria isolated from the CS wound swab sample was S. aureus. 132 

Streptomycin, rifampin, ciprofloxacin and levofloxacin are the most active antibiotics against S. 133 

aureus. Some strains of S. aureus isolated exhibited multiple resistance to the antibiotics used 134 

(amoxicillin, nalidixic acid, streptomycin, erythromycin, chloramphenicol, Ampiclox 135 

(Ampicillin and Cloxacillin) and gentamycin). These observations are displayed in Figures 2. 136 
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Table 1: Biochemical characteristics of isolated bacteria from different sources 148 
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3 Cocci (clustered/chain) + + + - + + + + + + + S. aureus 

4 Cocci (clustered) - + - - +  - + + + + Proteus spp. 
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 153 

        Figure1: Frequency of occurrence of bacteria isolated from CS wounds samples 154 
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Figure 2: Antibiotics sensitivity pattern of Gram positive isolates 156 

KEY: CH-Chloramphenicol; APX- Ampiclox (Ampicillin and Cloxacillin); LEV-Levofloxacin; 157 

CPX- Ciprofloxacin, CN-Gentamicin, NB-Norfloxacin; AMX-Amoxicillin , S-Streptomycin; 158 

RD-Rifampicin; E-Erythromycin 159 

sa1 – sa3, sa7, sa8, sa12, sa15, sa12, sa25, sa30, sa31 sa36 and sa37 - S aureus isolated from CS 160 
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 165 

Fig3: Antibiotics sensitivity pattern of Gram negative bacteria isolated from CS wound 166 

samples. 167 

KEY: OFX- Ofloxacin, PEF- Pefloxacin, CPX-Ciprofloxacin, AU-Augmentin, CN-Gentamicin, 168 

S-Streptomycin, CEP- Cephem (cephalosporins and cephamycins), NA- Nalidixic acid, SXT- 169 

Trimethoprim-Sulfamethoxazole, PN-ampicillin; ec1 and ec5- E. coli isolated from CS wound 170 

samples; ps5, ps30, ps1, ps13, ps7, ps2, ps20, ps21- P. aeruginosa isolated from CS wound 171 

samples; pv3, pm4, pm5, pv4, pv2, pm3, pm2- Proteus spp. isolated from CS wound samples 172 

 173 

3.4. Bacterial isolated from CS wound swabs with multiple resistance to antibiotics 174 

Tables 2 and 3 showed the isolates that displayed multiple resistant to the antibiotics used. P. 175 

aeruginosa (4; 50.0 %), and Proteus spp.  (3; 37.5%) were resistant to aminoglycosides, 176 

penicillin, fluoroquinolones, β-Lactam/β-Lactamase inhibitor, aminoglycosides, Cephem 177 

(cephalosporins and cephamycins), quinolones, folate pathway inhibitor (Table 2). While, S. 178 

aureus (7; 53.8%) were resistant to aminoglycosides, penicillin, fluoroquinolones, ansamycins, 179 

macrolides and phenicols (Table 3). The isolated Gram-negative bacteria were highly resistant to 180 

Trimethoprim-Sulfamethoxazole, ampicillin and Cephem (cephalosporins and cephamycins) 181 

(Figure 4), while the isolated Gram-positive bacteria were highly resistant to norfloxacin, 182 



gentamycin, Ampiclox (Ampicillin and Cloxacillin), erythromycin and chloramphenicol (Figure 183 

5).  184 

 185 

Table 2: Percentage of Gram negative bacterial isolates that displayed multiple resistance 186 

to conventional antibiotics  187 
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The zone of inhibition was interpreted as resistance, intermediate or susceptible according to the 188 

Clinical and Laboratory Standards Institute (CLSI), 2014 interpretative chart. 189 

KEYS:  190 

MDR- Multi Drug Resistant Bacteria 191 
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Table 3: Percentage of Gram positive bacterial isolates that displayed multiple resistance to 196 

conventional antibiotics 197 
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The zone of inhibition was interpreted as resistance, intermediate or susceptible according to the 198 

Clinical and Laboratory Standards Institute (CLSI), 2014 interpretative chart. 199 

KEYS:  200 

NMDR- Non Multi Drug Resistance;  201 
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 207 

Figure 4: Percentage resistance of Gram-positive bacteria isolated from to antibiotics 208 

The zone of inhibition was interpreted as resistance, intermediate or susceptible according to the 209 

Clinical and Laboratory Standards Institute (CLSI), 2014 interpretative chart. 210 

KEY: OFX- Ofloxacin, PEF- Pefloxacin, CPX-ciprofloxacin, AU- Augmentin, CN- Gentamicin, 211 

S-Streptomycin, CEP- Cephem (cephalosporins and cephamycins), NA- Nalidixic acid, SXT- 212 

Trimethoprim-Sulfamethoxazole, PN-Ampicillin 213 
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 214 

Figure 5: Percentage resistance of Gram-negative bacteria isolated from to antibiotics 215 

The zone of inhibition was interpreted as resistance, intermediate or susceptible according to the 216 

Clinical and Laboratory Standards Institute (CLSI), 2014 interpretative chart. 217 

KEY: OFX- Ofloxacin, PEF- Pefloxacin, CPX-ciprofloxacin, AU- Augmentin, CN- Gentamicin, 218 

S-Streptomycin, CEP- Cephem (cephalosporins and cephamycins), NA- Nalidixic acid, SXT- 219 

Trimethoprim-Sulfamethoxazole, PN-Ampicillin 220 

 221 

4.0 DISCUSSION 222 

The type of bacteria isolated from the wound sample collected from Caesarean section of women 223 

attending Mother and Child hospital in Akure Ondo state were S. aureus, Pseudomonas sp., 224 

Proteus sp. and Escherichia coli. This is in accordance with the report of Agboeze et al. (2014). 225 

The observation that S. aureus (42%) was the predominant bacteria isolated is in agreement with 226 

the report of Valarmathi et al. (2013). The high incidence of S. aureus could be due to their 227 

abundance on human skin as normal flora. However, its abundance can pose a serious threat as it 228 

can cause series of infection when it gets to the mucosal part of the body especially during 229 

wound ailment. It has been implicated with infections such as impetigo, cellulitis, bacteremia and 230 

septicaemia among others (Vos, 2012; Kumar et al., 2007). The presence of E. coli and Proteus 231 

species can be due to contamination of wound with patient’s endogenous flora (Opalekunde et 232 

al., 2014). The presence of E. coli on the wound is a major threat as it can result to bactermia if it 233 

gets to the blood vessels and also prolong the stay in the hospital and increase hospital bills 234 

(Valarmathi et al., 2013). 235 

The presence of Pseudomonas sp is a great threat to mothers attending Mother and Child 236 

Hospital as it has emerged as one of the most important pathogen during the past two decades. It 237 

causes between 10% and 20% of nosocomial infections. The most serious infections include 238 

malignant external otitis, endophthalmitis, endocarditis, meningitis, pneumonia, and septicemia 239 

(Gerald et al., 2016). The resistance of some strains of Proteus spp. to Trimethoprim-240 
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Sulfamethoxazole, ampicillin and nalidixic acid is in agreement with Mwambete and Rugemalila 241 

(2015) who stated that Pr. mirabilis had 50% resistant to antibiotics treatment. Forty percent of 242 

the isolated S. aureus displayed multiple resistance to conventional antibiotics used 243 

(streptomycin (Aminoglycosides), Norfloxacin (Fluoroquinolones), Amoxicillin (Penicillin), 244 

Ampiclox (Ampicillin and Cloxacillin) (Penicillin), Levofloxacin (Fluoroquinolones), 245 

chloramphenicol (Phenicols), Gentamycin (Aminoglycosides, erythromycin (macrolides) and 246 

ciprofloxacin (Fluoroquinolones). This result corroborates the report of Opalekunde et al. (2014) 247 

and Mwambete and Rugemalila (2015). The resistance observed in Staphylococcus aureus could 248 

be attributed to irrational use of antibiotics for conditions that may not clinically indicate their 249 

use, over the counter sales of antibiotics in pharmacies without prescription by authorized 250 

practitioners, some drug formulations which may be of poor quality and dumping of banned 251 

products into the market where the public may get access to them (Opalekunde et al., 2014). 252 

This resistance displayed is a great threat to the health of these post natal patients resulting to 253 

prolong stay in the hospital. The life of the new baby is likewise at risk due to the exposure of 254 

the immunodefficient babies to infectious bacteria. Most of the isolated strains are susceptible to 255 

Rifampicin, streptomycin, ampicillin, levofloxacin and ofloxacin in contrast to Agboeze et al. 256 

(2014). 257 

 258 

 259 

5.0 CONCLUSION AND RECOMMENDATION 260 

5.1. Conclusion 261 

Bacteria isolated from Caesarean section wound swabs are pathogenic bacteria.  The resistance 262 

of the isolated bacteria to most of the antibiotics tested is of major concern because so many 263 

complications that can result after CS delivery. There is therefore the need to source for 264 

alternative therapy for the treatment of wounds after CS delivery to prevent infection and wound 265 

sepsis that may jeopardize the health of the woman that has just given birth. Hygienic condition 266 

should be more intensified among the hospital workers so as to minimize nosocomial infections 267 

and any other infectious diseases. 268 

5.2. Recommendation 269 

In the antenatal clinic or postnatal clinic, hygiene must be taken serious to avoid contaminations 270 

of surgical wounds among pregnant women. Moreover, indiscriminate use of antibiotics must be 271 

discouraged as this has been increasing the resistance of bacteria to antibiotics. 272 

 273 
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