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Abstract 

Background: Knowledge of the common bacteria that cause surgical site in-
fection (SSI) and their antibiotic sensitivity is mandatory if treatment of sur-
gical infection is to be successful. The threat of the emergence of resistant 
strains of bacteria is ever-present. Hence, a sensitivity directed therapy is pa-
ramount for the successful eradication of organisms with minimal risk of de-
velopment of antibiotic resistance. Aim: The aim is to identify the common 
bacteria that cause SSI in orthopaedic implant surgeries in our hospital. Me-
thod: This is a prospective longitudinal study that includes all orthopaedic 
surgeries involving the use of implants within one year. Patients that had 
major orthopaedic surgeries involving implant were followed up and their 
wounds inspected for signs of SSI on postoperative days 3, 7, 14, 42 and 90. 
Wound swab was taken for microscopy, culture and sensitivity analysis from 
those who had wound infection, based on the CDC guidelines. Results: 
One-hundred and sixteen patients met our inclusion criteria and were in-
cluded in the analysis. There were 62 males and 54 females. The mean age of 
the participant was 39.62 years (SD = 15.02 years). Fracture fixation with 
plates and screws was the most common implant surgery done. The incidence 
of SSI was 2.6%, and Escherichia coli was the most common isolated patho-
gen. All the SSIs were superficial incisional type, and the infection was mo-
nomicrobial in 67% of cases and polymicrobial in 33%. All of the isolated pa-
thogens were sensitive to Imipenem and Gentamycin. Conclusion: Superfi-
cial incisional SSI is the most common type of SSI in this study. Escherichia 
coli is the most frequent pathogen in SSI affecting implant surgeries in our 
hospital. Gentamycin and Imipenem should be used for the prophylaxis of 
SSI in our environment. 
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1. Introduction 

Surgical site infections (SSI) are defined as infection occurring along the surgical 
wound within 30 days after surgery or within one year if an implant is used and 
left in place [1] [2]. They are categorized as incisional and organ/space infec-
tions, with the former further classified as superficial and deep [2]. The former 
involves the skin and subcutaneous tissue while the latter affects tissues under-
neath the deep fascia. Organ/Space infection involves organ manipulated or en-
tered during the procedure and would include periprosthetic or peri-implant in-
fections. The CDC has developed guidelines for the diagnosis of both incisional 
and organ/space infections [2]. Prevention of SSI in orthopaedic implant surge-
ries is paramount to the surgeon since infections, particularly periprosthetic and 
peri-implant infections, cause substantial morbidity to the patient. 

The worldwide incidence of SSI ranges from as low as 2.6% to as high as 
41.9% [3]. The National Healthcare Safety Network (NHSN) (USA) data in-
cluded 16,147 SSIs following 849,659 operative procedures in all groups. They 
reported an overall rate of 1.9% from 2006 to 2008 [4]. However, the incidence 
of reported SSI in Nigeria has been higher than that reported in the USA, with 
the prevalence ranging from 4.6% to 16.7% [5] [6] [7] [8]. Surgical site infections 
increase overall hospital costs, increase the length of hospital stay, may increase 
the need for revision surgeries and may cause the death of a patient.  

However, complete eradication of the offending pathogen requires a microbi-
ological diagnosis to type the organism and its antimicrobial sensitivity. Blind 
antibiotic therapy encourages the emergence of resistant strains and may be in-
effective if the pathogen is not sensitive to the drug. This may cause a delay in 
the appropriate treatment of the patient and also wastes the patient’s money. In 
addition to guiding antibiotic therapy, knowledge of the most common patho-
gens causing SSI may also help to plan containment in the case of outbreaks of 
nosocomial infections in surgical wards and intensive care units. 

The trend of the offending organisms in SSI has changed over time. Histori-
cally, Staphylococcus aureus has been the most commonly isolated microor-
ganism in SSI [5] [9]. However, other studies, most of them recent, have 
demonstrated Escherichia coli as the most predominant bacterium in SSI [10] 
[11]. Also, emerging organisms like Vancomycin-resistant Enterococci and 
gram-negative bacilli with unusual patterns of resistance have been isolated 
more frequently [12]. In orthopaedic SSIs, gram-positive organisms predomi-
nate, with both methicillin-resistant and susceptible Staphylococcus aureus be-
ing the most common microorganism [7] [13] [14]. This study aims to investi-
gate the most common pathogen responsible for SSI in orthopaedic implant 
surgery. 
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2. Patients and Methods 

This work was done at the National Orthopaedic Hospital, Enugu, in South-East 
Nigeria. It is a regional tertiary hospital that caters for specialist Orthopaedics 
and trauma cases. We received ethical approval from the Hospital’s Research 
and Ethics Committee and written informed consent was obtained from each 
participant. The inclusion criteria were all patients 18 years and above under-
going clean orthopaedic implant surgeries at the main theatre of the hospital and 
who gave informed consent to the study. The exclusion criteria include open 
wounds in any part of the body, immunosuppression such as HIV infection, 
chronic steroid therapy, malignancy, ongoing sepsis, and refusal of consent.  

The required sample size for the study was calculated with the formula for a 
cross-sectional survey, n = z2pq/d2, where n = sample size, p = proportion of va-
riable of interest, q = 1 − p and d = precision. In the preceding year, 480 clean 
orthopaedic implant surgeries were done in our hospital, out of a total of 667 
major orthopaedic operations. This gives a proportion of clean orthopaedic im-
plant surgery of 0.72. Setting precision at 10%, and z at 1.96 (95% confidence 
level), and substituting into the equation gives a sample size of approximately 78 
subjects. Additional eight subjects were added to account for a possible drop-out 
rate of 10%. Therefore, a minimum sample size of 86 subjects is required at a 
confidence level of 95% and a precision of 10%.  

Data collection was from November 2017 to October 2018. Every patient for a 
major orthopaedic surgery involving implant within this period was counselled 
about the study and assessed for the selection criteria. Eligible patients were 
scrubbed with 4% Chlorhexidine gluconate in water, dried and painted with 70% 
isopropyl alcohol as per the hospital’s protocol. The surgery was done by a Con-
sultant Orthopaedic Surgeon or a senior registrar under the supervision of a 
Consultant. The operations done are shown in Table 1. 

Standard perioperative protocols were observed for all patients. These include 
administration of 1gram of intravenous Ceftriaxone at the induction of anaes-
thesia if general anaesthesia was used, or during the preloading, if a neuraxial 
blockade (spinal or epidural) was used. If a tourniquet was used, the tourniquet 
was applied 10 minutes after giving the antibiotics. Skin scrubbing was done for 
five minutes, and if there was a breach in aseptic technique intraoperatively, the 
patient was excluded from subsequent analysis. Two further courses of Cef-
triaxone were given postoperatively. If a drain was used, it was removed at 48 
hours except if the drainage exceeded 50 mls the previous day. The urethral ca-
theter was removed 24-hours after surgery. 

The wound was inspected on postoperative days 3, 7, 14, 42 and 90. We spe-
cifically look for features of SSI in line with CDC NNIS definitions of 
SSI-purulent discharge, tenderness, localised swelling, redness or local warmth, 
positive culture from aseptically collected fluid or tissue from the surgical track 
[2]. When surgical site infection was diagnosed clinically, wound swab was asep-
tically taken from the infected surgical site and transported to the microbiology 
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Table 1. The surgeries that were done during the study period. 

Type of Surgery n (%) 

ORIF with plates and screws 47 40.5 

ORIF with intramedullary interlocking nails 38 32.8 

Corrective osteotomy 17 14.7 

Posterior spinal decompression and pedicle screw fixation 4 3.4 

Total knee replacement 5 4.3 

Total hip replacement 3 2.6 

Osteoclasis and intramedullary interlocking nailing 2 1.7 

 
laboratory for microscopy, culture and sensitivity. The culture media used were 
Chocolate agar and MacConkey medium, and the culture was for a minimum of 
72 hours and was done at a temperature of 37˚C.  

An antibiotic sensitivity test was done on a nutrient agar to which an inocu-
lum of bacterial colony growth was applied. The gram-positive and 
gram-negative antibiotic disks were sequentially applied to the nutrient agar for 
24 hours. A zone of lysis indicates that the colony is sensitive to the antibiotic 
represented by that particular zone. 

3. Results 

One-hundred and sixteen patients met our inclusion criteria and were included 
in the final analysis. There were 62 males (53.4%) and 54 females (46.6%). The 
mean age of the participant was 39.62 years (SD = 15.02 years). Surgical site in-
fection occurred in three cases (2.6%) in this study. The infections were all su-
perficial incisional SSI and were characterized by purulent wound drainage. 
They were observed on the 6th, 8th and 9th postoperative days. All healed with 
daily wound dressing and antibiotics based on the sensitivity analysis. 

Escherichia coli was isolated in two cases (67%) of SSI while mixed isolates of 
Escherichia coli, Klebsiella spp. and Staphylococcus aureus were found in the 
third case (33%) of SSI. All the bacterial strains were sensitive to Gentamicin and 
Imipenem antibiotics. The microbial isolates with the antibiogram are shown in 
Table 2. 

4. Discussions 

Our study has identified Escherichia coli as the most common cause of SSI in 
orthopaedic implant surgery. This is a departure from earlier studies that have 
consistently shown Staph aureus as the culprit in most cases [15] [16] [17] [18] 
[19]. It is noteworthy that ten years ago, Staphylococcus aureus was the most 
common cause of implant-associated infection in our hospital [7]. The emer-
gence of gram-negative bacteria may be due to the preferential use of Amoxicil-
lin-Clavulanic acid as the first-choice prophylactic antibiotic within the last few 
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years. This is because the drug has more activity against the gram-positive Staph 
aureus, which hitherto, has been the most common agent causing SSI. 

Many landmark works have also identified Staph aureus as the most common 
pathogen in SSI. The National Nosocomial Infections Surveillance System 
(NNISS) published the common causes of SSI between the year 1986 to 1996 
[20], see Table 3. Also, a 2009 study of SSI in Orthopaedic implant surgeries 
have identified Staph aureus as the most common cause of SSI [17], Table 4. 

 
Table 2. The bacterial isolates with their antibiotic sensitivities. 

Bacteria 
Total 

number of 
isolates 

IPM GT CAZ CXM CRO LEV OFX CIP PEF AMC 

Escherichia coli 3 Yes Yes No No Yes No No Yes No No 

Klebsiella spp. 1 Yes Yes No Yes No Yes No No No No 

Staphylococcus 
aureus 

1 Yes Yes No No No Yes No Yes No No 

IPM = Imipenem, GT = Gentamicin, CAZ = Ceftazidime. CXM = Cefuroxime, CRO = Ceftriaxone, LEV = 
Levofloxacin, OFX = Ofloxacin, CIP = Ciprofloxacin, PEF = Pefloxacin, AMC = Amoxicillin-Clavulanic 
acid. 

 
Table 3. Distribution of pathogens isolated from SSIs, National Nosocomial Infections 
Surveillance System, 1986 to 1996 [20]. 

Pathogen 
Percentage of Isolates 

1986-1989 
(N = 16,727) 

Percentage of Isolates 
1990-1996 

(N = 17,671) 

Staphylococcus aureus 17 20 

Coagulase-negative  
Staphylococci 

12 14 

Enterococcus spp. 13 12 

Escherichia coli 10 8 

Pseudomonas aeruginosa 8 8 

Enterobacter spp. 8 7 

Proteus mirabilis 4 3 

Klebsiella pneumoniae 3 3 

Other Streptococcus spp. 3 3 

Candida albicans 2 3 

Group D streptococci  
(non-enterococci) 

- 2 

Other gram-positive aerobes - 2 

Bacteroides fragilis - 2 

* Pathogens representing less than 2% of isolates are excluded. 
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Table 4. Distribution of pathogens in orthopaedic implant SSIs [17]. 

Bacteria No. (%) 

S. aureus 34 (21.94) 

Klebsiella ozaenae 26 (16.77) 

P. aeruginosa 24 (15.50) 

E. coli 23 (14.83) 

S. epidermidis 14 (9.05) 

Enterobacter cloacae 11 (7.10) 

P. mirabilis 9 (5.80) 

Acinetobacter baumannii 7 (4.51) 

Streptococcus viridans 3 (1.93) 

Bacteroides 3 (1.93) 

Enterococcus faecalis 1 (0.64) 

 
Our finding is in agreement with the study by Young-Dede [21], which re-

ported gram-negative bacteria as the most common organism; although his 
study included non-implant cases. In another prospective study involving clean 
orthopaedic implant surgeries, Suneet et al. [22] found that gram-negative En-
terobacteriaceae accounted for 62.79% of isolated organisms, with Klebsiella and 
Escherichia coli dominating at 39.53% and 18.6% respectively. Agrawal et al. 
[23] and Lalremruata et al. [24] observed similar findings with Gram-negative 
bacteria accounting for 74.8% and 66.94% of the total number of isolates. Also, 
Olufunmilola [11] reported Escherichia coli as the predominant pathogen in or-
thopaedic SSIs. 

In this study, the antimicrobial susceptibility test revealed that Escherichia co-
li, Klebsiella spp. and Staphylococcus aureus were uniformly sensitive to Imipe-
nem and Gentamycin. This finding is similar to an earlier study by Khosravi [17] 
and Kumar [19], which reported Imipenem as the most effective antibiotic 
against the isolated bacteria. In the same vein, the sensitivity of the isolates to 
Gentamycin was documented by Kumar [19]. In addition to the drugs as men-
tioned earlier, Klebsiella was found to be susceptible to Levofloxacin and Cefu-
roxime while Staphylococcus aureus was observed to be sensitive to Levofloxacin 
and Ciprofloxacin. All the isolated bacteria were uniformly resistant to Amox-
icillin/Clavulanic acid. Amoxicillin/Clavulanic acid has been traditionally pre-
scribed postoperatively in the study centre over the years, which may account for 
the uniform resistance of these isolates to it.  

5. Conclusion and Recommendation 

The trend of the aetiology of SSI associated with implant surgeries in our envi-
ronment has changed. Escherichia coli is presently the most common cause of 
implant-associated SSI. There is a high level of resistance to Amoxicil-
lin-Clavulanic acid among the isolates, and this should no longer be used as a 
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prophylaxis for SSI in implant surgeries. Gentamycin and Imipenem should be 
used for the prophylaxis of SSI in our environment. 

Limitations of the Study 

Non-bacterial pathogens and mycobacteria were not studied. 
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