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Surgical Site Infection (SSI) has been difficult to manage due to bacterial resistance. The study aim was to 
determine multiple antibiotic resistance by bacterial pathogens from SSI. Purulent materials were 
aseptically collected from postsurgical in-patients (n=64) and assessed for sensitivity to antibiotic of 
frequent use in the study area. A total of 80 bacterial isolates were obtained. Forty eight (75%) of the 
samples yielded monomicrobial growth while 16 (25%) yielded polymicrobial growth. Staphylococcus 
aureus was the predominant bacteria (25%); followed by Pseudomonas aeruginosa (20%), Escherichia coli 
(15%), Klebsiella oxytoca (10%), Proteus mirabilis (10%), Klebsiella aerogenes (5%), Coagulase-negative 
Staphylococcus (5%), Streptococcus pyogenes (5%) and Proteus vulgaris (5%). The infection was most 
prevalent in the age group of 21 (65%), least prevalent in the age group of ‘41 years and above’ (5%); more 
in males (76.5%) than females. This was statistically significant (P<0.01). The results of the antibiotics 
susceptibility showed that the Gram-positive isolates were highly resistant to penicillin, cloxacillin, 
chloramphenicol and ampicillin but all except Staphylococcus aureus were highly sensitive (70 - 90%) to 
streptomycin and gentamycin and erythromycin. The Gram-negative isolates showed resistance (70 - 100%) 
to clotrimoxazole, ampicillin, streptomycin and tetracycline and moderately sensitive to nitrofurantoin, 
nalidixic acid, but highly sensitive to gentamycin and colistin except Klebsiella oxytoca and Pseudomonas 
aeruginosa. The result showed that 56 (70%) of the isolates were multi drug resistant. This calls for 
abstinence from antibiotic abuse.  
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INTRODUCTION 
 
All surgical wounds are contaminated by both pathogens 
and body commensals (Davis et al., 1999; Anguzu and 
Olila, 2007), but the development of infection in the site 
depends on complex interplay of many factors (Olsen, 
2008). These may be microbial virulence (Bowler et al., 
2001), patient risk factors like diabetes, cigarette smoking, 
obesity, and coincident remote site infections or 
colonization (Reichman and Greenberg, 2009) and 
operation-related risk factors including prolonged hospital 
stay before surgery, duration of the operation, tissue 
trauma,  poor  hemostasis,   and   foreign  material   in   the  
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wound, with these last greatly increasing the risk of serious 
infection despite a relatively small bacterial inoculum 
(Rubin, 2006). 

Meanwhile, the organisms that would invade the tissue 
depend on the location of the wound (Oluwatosin, 2005). 
This is because of close correlations between microorga-
nisms present in wounds in close proximity to those sites 
(Brook, 1987). Superficial incisions are mostly colonized by 
endogenous bacterial flora (commensals) or pathogens, of 
which S. aureus is frequently observed (Lilani et al., 2005).  
The microbial pathogens are therefore brought to wound 
site by direct contact, self contamination and airborne 
(Prakash, 2010). Whichever organism(s) is involved 
depends on the locations of wound, exposure of the 
patients and the hospital hygiene. Nosocomial infection 
poses   a   great   treat   to   surgical   wound  management 



 
 
 
 
especially when the microbe involved is resistant to 
conventional antibiotics in wound management. 

Davis et al. (1999) observed that 106 (14%) of the 
surgical equipment yielded positive culture containing 
Staphylococcus spp., Pseudomonas spp., Bacillus spp. 
among others. Such isolates have been implicated as 
causing multiple antibiotic resistant infection of wound and 
soft tissue by Misra et al. (2001). Pseudomonas 
aeruginosa on its own has been of great threat in surgical 
site infection due to its records of staggering resistance to 
extended spectrum antibiotics (Brown and Izundu, 2004; 
Rajput et al., 2008; El-Souny and Magaam, 2009). The 
organism has defied therapy even with many drugs in the 
last line of defense.  
 
 
MATERIALS AND METHODS 
 
Study location 
 
The study was carried out in oil rich state of Uyo, Akwa Ibom State, 
Nigeria. The University of Uyo Teaching Hospitals was chosen as the 
sampling hospital because it is a referral centre for about 5 million 
people within and outside the state. Only the conventional antibiotics 
available for frequent use by patients in the area were considered for 
this study. 
 
 
Sample collection 
  
During the study, a total of 64 surgical wound samples were collected 
from in-patients at the University of Uyo Teaching Hospitals and Saint 
Luke’s Hospital, Uyo using sterile cotton-tipped applicators. The swab 
samples were collected before wound dressing. They were inoculated 
aseptically into sterile nutrient broth as transport medium and were 
transported to the laboratory within 48 h for analysis. The samples 
were analyzed using the standard bacteriological media like blood 
agar, heated blood agar, mannitol salt agar, MacConkey agar, etc. All 
the bacterial isolates thus obtained were characterized and identified 
by studying their cultural and morphological features from the results 
of Gram staining reaction, serological and biochemical tests such as 
catalase, coagulase, motility, oxidase, indole, citrate utilization, 
urease, carbohydrate oxidation/fermentation etc described by Cowan 
(1974). 
 
 
Antibiotic susceptibility test 
 
Only the conventional antibiotics regularly available for frequent use 
in the study area were considered for the study. The diffusion 
technique was employed to determine the antibiotic susceptibility 
pattern of the isolates to the selected antibiotics such as penicillin 
(11.u), ampicillin (10 �g), tetracycline (10 �g), streptomycin (25 �g), 
cotrimoxazole (25 �g), cloxacillin (10 �g), colistin (10 �g), 
erythromycin (10 �g), gentamycin (10 �g), Cloramphenicol (30 µg) 
and Nalidixic acid (30 µg). The multi-antibiotic discs were 
commercially prepared by Abtek. The antibiogram was performed in 
accordance with standards described by the National Committee for 
Clinical Laboratory Standards (1987).  
 
 
Standardization of inoculums 
 
Four pure colonies of each isolate on a 24 h plate culture were 
randomly selected and inoculated into 2 mL of  sterile  peptone  water  
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broth in Bijou bottles. This was incubated at 37°C for 6 h and the 
turbidity was adjusted by serial dilution in phosphate buffer saline (pH 
7. 2) to match an opacity tube containing 0. 5 mL of 1% barium 
chloride in 1% suplhuric acid (a Mc Farlands 0.5 barium sulphate 
standard containing 105 cfu/mL of the inoculums). One milliliter (1 mL) 
of the culture dilution (bacteria suspension) was transferred into a 
well dried surface of diagnostic sensitivity test agar (DST) medium 
and tilted to spread evenly over the entire surface of the agar plate.  

The excess fluid was drained off and dried in incubator for less 
than 15 min. Multi-antibiotic discs were then  placed  on  the  surface  
of  the  inoculated plate, placed in a refrigerator to allow proper 
diffusion of the antibiotics and incubated aerobically at 37°C for 18 to 
24 h (over-night). S. aureus NCTC 6751 and E. coli NCTC 10418 
were used as control organisms for the sensitivity test. The diameter 
of the zone of inhibition was measured in millimeter. The result of 
each antimicrobial agent tested was reported as susceptible or 
resistant when the test organism was compared with the control and 
manufacturer’s manuals for interpretation. 
 
 
Multiple antibiotic resistant (MAR) 
 
The percentage of the isolates that showed multiple antibiotic 
resistance was estimated and recorded. 
 
 
RESULTS 
 
PATIENTS’ CLINICAL DATA AND ORGANISMS 
RECOVERY FROM SAMPLES 
 
The patients had records ranging from acute post surgical 
wound sepsis to septicaemia after surgery. They all have 
high body temperature and fever. The patients were made 
up of 40 males and 24 females. The ages ranged from 21 
to 40. Just 2 patients were about 80 years old (“about” 
because they did not know their actual age). Wound 
infection was observed in all the patients (100%) as all 
cultures were positive with 80 isolates. S. aureus was the 
most frequently isolated organism (25%), followed by P. 
aeruginosa (20%), E. coli (15%), Klebsiella oxytoca (10%), 
Proteus mirabilis (10%). Klebsiella aerogenes (5%), 
coagulase negative Staphylococcus (5%), Streptococcus 
pyogenes (5%) and Proteus vulgaris (5%) which were less 
frequently isolated (Table 1). Samples from forty-eight 
patients (75%) had monomicrobial growth while the 
remaining 16 patients (25%) had polymicrobial growth 
(Summary on Table 2). Surgical wound infection was most 
prevalent in the age group of 21-30 and less prevalent in 
the age group of 41 and above (Table 3).  

In relation to sex, surgical wound infection was more 
prevalent in males than in females (Figure 1). The 
antibiotic susceptibility pattern of the isolates revealed that 
the Gram-positive organisms (coagulase-negative 
Staphylococcus and S. pyogenes) were highly susceptible 
to gentamycin, erythromycin, streptomycin and 
tetracycline, with percentage ranging from 70-95%. 
Majority of the Gram-negative organisms were moderately 
sensitive to nitrofurantoin, nalidixic acid and highly 
sensitive to gentamicin with percentage ranging from 70 - 
90%.  The  result  equally  showed  that   14 (70%)   of  the  
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Table 1. Prevalence/occurrence of bacteria isolates in surgical wound infection. 
 

Bacteria Number of isolates Percentage of isolates (%) 
Escherichia coli 12 15 
Klebsiella oxytoca 8 10 
Klebsiella aerogenes 4 5 
Staphylococcus aureus 20 25 
Coagulase-negative Staphylococcus 4 5 
Pseudomonas aeruginosa 16 20 
Streptococcus pyogenes 4 5 
Proteus vulgaris 4 5 
Proteus mirabilis 8 10 
Total 80 100 

 
 
 

Table 2. Categorizing patients according to clinical source of isolation, age/sex and organisms isolated from patients.  
 
Age (yrs)/sex No. of patients in the category Culture source Organisms isolated 
    22 / F 3 Abdomen a, d 
    25 / M 5 Leg c, b 
    28 / M 6 Arm f 
    27 / M 4 Thigh a 
    31 / M 1 Leg c, e 
    28 / M 7 Knee b 
    80 / F 2 Leg a 
    21 / F 2 Arm b, g 
    30 / F 2 Abdomen i 
    28 / M 7 Head h 
    32 / M 4 Leg a 
    40 / M 4 High i 
    26 / M 6 Knee c 
    39 / M 5 Arm a 
    23 / F 3 Arm b 
    36 / F 4 Neck d 

 

Key: a, Staphylococcus aureus; b, Pseudomonas aeruginosa; c, Escherichia coli; d, Klebsiella oxytoca; e, Klebsiella 
aerogenes;  f, Coagulase-negative Staphylococcus; g, Streptococcus pyogenes; h, Proteus vulgaris; I, Proteus mirabilis. 

 
 
 

Table 3. Occurrence of bacterial isolates in surgical wound infection in relation to age. 
 

Age No. of samples No. of organisms isolated % of isolates 
0-20 - - - 
21-30 45 52 65 
31-40 17 24 30 
41 and above 02 04 05 

 
 
 
isolates were multidrug resistant (Table 4 and 5). 
 
 
DISCUSSION 
 
Surgical site infection was observed to be on the high side 
among the volunteers in patients. There have been notable 

differences in various report of the incidence of surgical 
site infection. Observation of infection in all the patients 
(100%) in this study differs considerably from the report of 
various workers (Lilani et al., 2005). As low as 3.7% was 
observed in Iran (Bahar et al., 2010) while higher infection 
rates were noted after colon resection (32.1%), gastric and 
oesophageal  operations  (21.1%),  cholesystectomy  (17.2%),  
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No. of samples No. of isolates % of isolates  
 
Figure 1. Occurrence of bacterial isolates in surgical wound infection in relation to sex.  

 
 
 

Table 4. Occurrence of bacterial isolates in surgical wound infection in relation to sex. 
 
 Male Female 
No. of samples 49 14 
No. of isolates 48 32 
Percentage of isolates 60 40 

 
 
 

Table 5. Percentage antibiotics susceptibility pattern of gram positive isolates from surgical wounds. 
 

Staphylococcus aureus Coagulase-negative 
Staphylococcus Streptococcus pyogenes 

Antibiotics  
S (%) I (%) R (%) S (%) I (%) R (%) S (%) I (%) R (%) 

Tetracyclin 10 0 90 80 0 20 80 0 20 
Streptomycin 20 0 80 70 0 30 90 0 10 
Penicillin  10 0 90 10 0 90 0 0 100 
Gentamicin  20 0 80 70 0 30 95 5 0 
Erythromycin 20 0 80 80 0 20 80 5 15 
Cloxacillin  30 0 70 20 0 80 30 0 70 
Cloramphenicol 30 0 70 30 0 70 30 0 70 
Ampicillin  15 0 85 30 0 70 25 0 75 

 

Key: S %, percentage sensitivity; I%, percentage intermediate; R%, percentage resistance. 
 
 
 
and splenectomy (10.2%) by Yalcin et al. (1995). The 
observation made in our study was repertory of poor 
nursing service and poor hospital hygiene. 

S. aureus found as the most prevalent organism (25%) is 
a commensal of the skin and nasal passages (Adegoke 
and Komolafe, 2008). Poor wound management allows the 
organisms to invade the inner tissue and bring 
aboutchronic systemic infection (Komolafe and Adegoke, 
2008). E. coli invasion of the wound is a clear case of poor 
hospital hygiene, just like  other  implicated  organisms  are 

frequent agent of nosocomial infection (Samuel et al., 
2010). P. aeruginosa was observed as the second most 
prevalent organism (20%) and this tallies with the report of 
Lilani et al. (2005) where the organism occurs 4 out of 17 
times. 

When the observed infection rate was categorized with 
respect to age, sex, location of the surgery and the 
organisms, it was discovered that deeply infected limb 
related surgery could be attributed to young men (Table 2). 
This   is   attributable   to   the   fact   that   the   age   range               
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Table 6. Percentage antibiotics susceptibility pattern of gram negative isolates from surgical wounds. 
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Key: I (Escherichia coli); II (Klebsiella oxytoca); III (Klebsiella aerogenes);  IV (Pseudomonas aeruginosa); V (Proteus vulgaris); VI (Proteus mirabilis); TET 
(TETRACYCLINE); STREP (STREPTOMYCIN); COL (COLISTIN); NIT (NITROFURANTOIN); NAL (NALIDIXIC ACID); GEN (GENTAMYCIN); COT 
(COTRIMOXAZOLE); AMP (AMPICILIN). 

 
 
 
21-30 years is termed as the leisurely active age group 
(Tanaka et al., 2000). Largest number of bacterial 
pathogens isolated from the same age range might also be 
due to their agility as we observed (during sample 
collection) that many of them hardly stayed on their beds. 
This observation was peculiar to male patients and might 
explain higher infection in them than their female 
counterparts (Table 4). 

A study of in vitro antimicrobial susceptibility profile of the 
aetiological agents of surgical site infection has revealed 
that there is a growing emergence of multi-drug resistant 
microbes. Forty six percent (46%) of S. aureus isolated 
were resistant to cloxacillin which is a drug often used for 
initial and empirical treatment of Staphylococcal infections. 
This high level of resistance to cloxacillin may pose 
problems in the treatment of SSI. The increasing 
resistance of S. aureus to cloxacillin is 70% observed in 
SSI as against 40% documented by Angyo et al. (2001) in 
septicaemia. This may be due to the widespread abuse of 
the drug which is usually available in combinations with 
ampicillin for the treatment of infections in our society and 
can be obtained over the counter without a prescription. 
About seventy to ninety percent (70 – 90%) of S. aureus 
isolates were resistant to other commonly used antibiotics 
like penicillin, ampicllin, tetracyline and cloramphenicol. 
The consequences of using an ineffective drug in severe 
bacterial infections could be disastrous as this can 
complicate management and increase morbidity and 
mortality. In adults of all ages, SSI is associated with 
increase in mortality, longer days of hospitalization 
(Kirkland et al., 1999) and adverse impact on clinical 
outcomes. 

A general overview of the antibiogram of all the bacterial 
isolates indicated that Gram positive bacteria exhibited a 
greater level of antimicrobial susceptibility (ranging 
between 10 - 95%) than Gram negative bacteria (5 – 90%) 
to various antibacterial agents employed during the study 
period (Table 6). This situation raises serious concern. This 
suggests a very high resistance gene pool due perhaps to 
gross     misuse     and     inappropriate     usage    of     the  

antibacterial agents. The upsurge in the antibiotic 
resistance noticed in this study is in agreement with an 
earlier report by Obseiki-Ebor et al. (1987) where antibiotic 
abuse and high prevalence of self medication with 
antibiotics were identified as being responsible for the 
selection of antibiotic resistant bacterial strains. This piece 
of work has demonstrated vividly the urgent need for 
management strategies designed for specific groups of 
patients with infections in order to maximize therapeutic 
benefits, cost reduction and possible reduction in the 
incidence of adverse drug reactions. There is therefore 
need for usage policy that would be made applicable to the 
different tiers of our health care providers at the primary, 
secondary and tertiary levels. This can be done 
concurrently with sustained enlightenment and media 
publicity focusing attention on the dangers of high 
incidence of bacterial resistance to antibacterial agents in 
general and the ultimate consequences. 
 
 
ACKNOWLEDGEMENTS 
 
We are greatly indebted to the medical staff in the surgical 
wards and in the Microbiology Department of University of 
Uyo Teaching Hospital, Saint Luke’s Hospital, Uyo and the 
AEMREG, Department of Biochemistry and Microbiology, 
University of Fort Hare, Alice for support. 
 
 
REFERENCES 
 
Adegoke AA, Komolafe AO (2008). Nasal Colonization of School Children 

in Ile-Ifeby Multiple Antibiotic Resistant Staphylococcus aureus. Int. J. 
Biotech. All. Sci., 3(1): 317-322. 

Anguzu JR, Olila D (2007). Drug sensitivity patterns of bacterial isolates 
from septic post-operative wounds in a regional referral hospital in 
Uganda. Afr. Health Sci., 7(3): 148-154. 

Angyo IA, Opkeh ES, Opajobi SO (2001). Predominant bacterial agents of 
childhood septicaemia in Jos. Nig. J. Med., 10: 75-77. 

Bahar MM, Jangjoo A, Amouzeshi A, Kavianifar K (2010). Wound 
Infection Incidence in Patients with Simple and Gangrenous or 
Perforated Appendicitis. Archives of Iranian Med., 13(1): 13-16. 

Bowler PG,  Duerden BI, Armstrong DG. (2001). Wound Microbiology and  



 
 
 
 
Associated Approaches to Wound Management. Clin. Microb. Rev., 14(2): 

244-269. 
Brook I (1987). Microbiology of human and animal bite wounds in 

children. Pediatr. Infect. Dis. J., 6(1): 29-32. 
Brown PD, Izundu A (2004). Antibiotic resistance in clinical isolates of 

Pseudomonas aeruginosa in Jamaica. Pan. Am. J. Public Health, 
16(2): 125-130. 

Cowan ST (1974). Cowan & Steel’s Manual for the Identification of 
Medical Bacteria, 2ndedition. Cambridge University Press, London, UK, 
pp. 141-148. 

Davis N, Curry A, Gambhir AK, Panigrahi H, Walker CRC (1999). 
Intraoperative bacterial contamination in operations for joint 
replacement. J. Bone Joint Surg. [Br], 81-B: 886-889. 

Kirkland KB, Briggs JP, Trivette SL (1999). The impact of surgical-site 
infections in the 1990s  attributable mortality, excess length of 
hospitalization, and extra costs. Infect Control Hosp. Epidemiol., 20: 
725-730. 

Komolafe AO, Adegoke AA (2008). Incidence of Bacterial Septicaemia in 
Ile-Ife, Nigeria. Malaysian J.Microbiol., 4(2): 51- 61.. 

Lilani SP, Jangale N, Chowdhary A, Daver GB (2005). Surgical Infection 
in clean and clean-contaminated cases. Indian J. Med. Microbiol., 
23(4): 249-252. 

Misra A, Kapur R, Maffulli N (2001). Complex proximal humeral fractures 
in adults – A systemic review of management. Injury. 32:  363-372. 

Obaseki-Ebor EE, Akerele JO, Ebea PO (1987). A survey of antibiotic 
self-medication. J. Antimicrob. Chem., 20(5): 759 -763. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Adegoke et al.          3881 
 
 
 
Olsen MA, Nepple JJ, Riew KD (2008). Risk Factors for Surgical Site 

Infection Following Orthopaedic Spinal Operations. J. Bone Joint Surg. 
(American), 90: 62-69. 

Oluwatosin OM (2005). Surgical Wound Infection: A General Overview. 
Annals of Ibadan Postgraduate Medicine, 3(2): 26-31. 

Reichman DE, Greenberg JA (2009). Reducing Surgical Site Infections: A 
Review. Rev. Obstet. Gynecol., 2(4): 212-221. 

Rajput A, Singh KP, Kumar V, Sexena R, Singh RK (2008). Antibacterial 
resistance pattern of aerobic bacteria isolates from burn patients in 
tertiary care hospital. Biomed. Res., 19(1): 1-4. 

Rubin RH (2006). Surgical wound infection: epidemiology, pathogenesis, 
diagnosis and management. BMC Infect. Dis., 6: 171-172. 

Prakash KS (2010). Nosocomial Infection: General Overview Sited on 6th 
August, 2010 at 2.00 pm on 
www.delhimedicalcouncil.nic.in/nosocomialinfections.pdf.  

Samuel SO, Kayode OO, Musa OI, Nwigwe GC, Aboderin AO, Salami 
TAT, Taiwo SS (2010). Nosocomial infections and the challenges of 
control in developing countries. Afr. J. Cl. Exp. Microb., 11(2): 102-110. 

Tanaka H, Dinenno FA, Monahan KD, Clevenge CM, Desouza A, Seals 
DR (2000). Ageing, habitual exercise and dynamic arterial compliance. 
Circulation, 102: 1270-1275. 

Yalçin AN, Bakir M, Bakici Z, Dökmetas I, Sabir N (1995). Postoperative 
wound infections. J. Hosp. Infect., 29(4): 305-309. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


