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                  A B S T R A C T                            

Introduction  

A surgical wound infection can develop at 
any time from two to three days after 
surgery until the wound has healed (usually 
2 to 3 weeks post operation). Occasionally, 
an infection can occur several months after 
an operation (Humphreys, 2009; Anderson, 
2011). Most surgical wound infections are 
limited to the skin, but can spread to deeper 
tissues as consequence of microbial 
invasion/infections, of which majority are 
caused by human normal flora. Most chronic            

infections of wounds are colonized with 
different microorganisms, especially 
problematic bacteria like antimicrobial-
resistant Staphylococcus aureus, 
Pseudomonas aeruginosa and Enterococcus, 
which represent an increasing therapeutic 
challenge in wound management. It is 
therefore essential to specify the bacteria in 
surgical wounds for an individual-specific 
treatment. Wound due to physical trauma, 
burn or surgical procedure predisposes the 
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This study intends to isolate the most common bacteria-associated with surgical 
site wound infections using imprint method owing to its large wound surface 
coverage, embedment of surgical site fluid and being cost-effectiveness, and assess 
their sensitivity patterns to commonly used antibiotics using the Kirby-Bauer disc 
diffusion method.  A total of 62 patients who underwent surgical procedures from 
three tertiary hospitals were recruited, from whom a total of 158 bacteria were 
isolated; that is multiple infections were common among the patients. 
Staphylococcus aureus, Pseudomonas, aeruginosa, Proteus mirabilis and 
Enterobacter aerogenes were the most frequently encountered bacteria.  About 
55% of the isolated bacteria were resistant to the antibiotics.  Of all tested 
antibiotics, ciprofloxacin and co-trimoxazole were the most and least effective 
against both Gram negative and Gram positive bacteria. The imprint technique has 
proved to be feasible and useful for surgical site wound microbial sampling for 
resources-limited health settings. Hence we recommend routine surgical site wound 
sampling prior antibiotic prescription to prevent further spread of antimicrobial 
resistance. 
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internal body tissues to microbial infections, 
especially bacterial ones. Wound infection 
impairs the healing process. In case of 
severe wound infection, healing becomes 
more difficult and sometimes converts into 
chronic wounds. For surgical wounds, if 
such a situation occurs, re-suturing may 
become necessary (Cheadle, 2006).   

Surgical site infections (SSI) and infections 
of other types of wounds due to physical 
trauma or burns are difficult to prevent 
particularly in health facilities (Wong, 2004; 
Naqvi et al., 2013). The SSI are common 
sources of morbidity among operated 
patients, which are normally diagnosed on 
clinical criteria rather than microbiological 
criteria, as wounds may be colonized by 
microbial species without any adverse 
effects on healing process (Cheadle, 2006). 
Therefore, routine microbiological 
investigation is not justified (Hansonn et al., 
1995). Nevertheless, laboratory 
investigation provides clinicians with 
important information of types of 
microorganisms present in a wound and 
their antibiotic susceptibility, which is 
helpful for successful wound management 
(Brook et al., 2013). A major challenge 
during treatment of SSI is resistance of the 
pathogens to empirically prescribed 
antimicrobial agents. The empirical mode of 
treatment leads to the pathogens to develop 
antimicrobial resistance, which may result 
into non-healing of the SSI and making the 
patient even more ill and occasionally 
causes death.  

Despite the presence of diverse wound 
sampling techniques, the consequences of 
SSI such as morbidity, long hospitalization 
stay and/or polypharmacy for SSI 
management are still increasing (Fehr et al., 
2006; Akoko et al., 2013). In most patients, 
an exemplary bacterial swab is taken from 
the center of the wound surface (Ghazal et 

al., 2012). However inadequate skills and 
costs incurred to perform the current wound 
swab sampling techniques may hinder their 
routine application for treatment of SSI. 
Therefore, present study highlights the use 
of imprint technique for surgical wound 
sampling and subsequent sensitivity testing 
of clinical bacteria associated with wound 
infections.  

Materials and Methods   

Patients and Sample collection 
procedures: Patients who were undergone 
surgical procedures at Muhimbili 
Orthopedic Institute (MOI), Mwananyamala 
Municipal Hospital (MMH), and Amana 
Municipal Hospital (AMH) were recruited 
for this purpose. The Whatman filter paper 
No.1 (size of 3 x 4 cm) was employed as 
microbial transmission medium. The pre-
sterilized Whatman No. 1 filter paper was 
aseptically attached to 24 hours blood agar 
plate. The filter paper was brought into 
contact with a surgical wound surface for 10 
seconds then removed back on to the fresh 
blood agar and transported to microbiology 
laboratory. Then the filter paper was 
incubated at 37 ºC for 48 hours in 10 % CO2 

(in a candle jar).   

Isolation and identification of the isolates:   

Following 24hours of incubation of wound 
derived filter paper on the blood agar; the 
resultant bacteria were sub-cultured on 
McConkey agar (MCA) in order to purify 
the observed microbial isolates. The 
prepared MCA plates were then incubated at 
37oC for 24 hours and then subjected to 
identification process using the conventional 
methods (Cheesbrough, 2006). The obtained 
pure bacterial colonies were sub-cultured 
separately on the Nutrient agar (slants) prior 
to subjecting them to antimicrobial 
susceptibility testing. 
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Antibiotic susceptibility testing 
procedures: The identified bacterial isolates 
were tested against 8 commonly used 
antibiotics:

 
ampicillin (30 g), Erythromycin 

(15 g), Ciprofloxacin (5 g), Tetracycline 
(30 g), Ampiclox (30 g), Gentamycin 
(10 g), Cotrimoxazole (25 g) and 
Chloramphenicol (30 g). The Kirby Bauer 
disk diffusion method was employed and 
antibiotic susceptibility results were 
interpreted as per Clinical 
Laboratory and Standards Institute (CLSI, 
2006). Two strains of reference bacteria 
from the American Type Culture Collection 
(ATCC) namely Escherichia coli 
(ATCC25922) and Staphylococcus aureus 
(ATCC25923) that are conserved in the 
Laboratory of Microbiology/Immunology-
School of Medicine (MUHAS) were 
employed as control bacteria. Each 
microorganism was sensitized by sub-
culturing into freshly prepared Mueller-
Hinton broth (Roth, Germany); then 
turbidity of each bacterial suspension was 
compared to that of McFarland 0.5 standard 
turbidity (equivalent to 1.5×108cfu/ml); 
prior to performing antibiotic susceptibility 
profiling as per CLSI guidelines 
(CLSI, 2006). Following an overnight 
incubation at 37°C, diameters of inhibition 
zones (IZ) were determined in millimeter.  

Ethical consideration: The study was 
granted ethical clearance by the Muhimbili 
University of Health and Allied Sciences 
Ethical Committee and responsible 
authorities at MOI, MMH and AMH. Prior 
commencement of samples collection, both 
verbal and written informed consents were 
sought from each participant, who was also 
vividly explained the study s objectives. 
Patients were also informed that all the 
information gathered and laboratory findings 
would be used for research purpose, but 
could be available for any participant who 
would wish to know the findings. In order to 

maintain confidentiality data were entered 
into the computer for analysis and 
interpretation by using code numbers. 
Specific ethical issues like pain during 
imprint sampling were addressed with 
assurance that pain was self limited and in 
case of persistence, analgesics would be 
offered.   

Results and Discussion   

A total of 62 patients who underwent 
surgical procedures at MOI, AMH and 
MMH were recruited in this study. Slightly 
less than half (47.55%) of the patients were 
from MOI, simply because is the National 
Orthopedic Institute that offers such 
specialized services (Table 1). From the 62 
study participants surgical sites/wounds, a 
total of 158 pathogenic bacteria were 
isolated, which means occasionally, from a 
single surgical site more than two bacteria 
were also isolated. Most of the SSI- 
associated bacteria were comprised of 
Staphylococcus aureus (STA) and Proteus 
mirabilis (PRO) as shown in Table 2.   

Comparison of the sensitivity profiles of the 
isolated bacteria with respect to reference 
strains of bacteria namely S. aureus (Ref-
STA) and E. coli (Ref-ECO) that represent 
the Gram positive and negative bacteria 
respectively, showed statistically significant 
differences between the pathogens and the 
strains of reference bacteria (p<0.05) as 
indicated in Figures 1 & 2. Antibacterial 
susceptibility tests of the isolated pathogens 
to commonly prescribe and used antibiotics 
revealed that only 45(27%) of the pathogens 
were susceptible to the antibiotics, while 
87(55%) were resistant. More than half of 
the tested isolates of Staphylococcus aureus, 
Streptococcus pyogenes, Entereobacter 
aerogenes, Proteus mirabilis and 
Pseudomonas aeruginosa exhibited 
resistance to the antibiotics (Table 3). 
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Ciprofloxacin (CIP) was the most effective 
antibiotic against Gram negative bacteria 
with exception to KLE species. High 
sensitivity was observed among KLE, SAL, 
and BAC isolates against C30 (Figure 2). On 
the other hand, SXT25 was not effective 
against ENT, PRO and ECO (Figures 1 and 
2). However, placid effects of SXT were 
observed against SAL as shown in (Figure 
2). Majority (60%) of STR isolates was 
resistant to E15, TE30 and ACL30, similarly 
over 50% of STA isolates were resistant to 
E15 (Figure 1 and Table 3). SXT was the 
least effective antibiotic against KLE, SAL, 
PSE and BAC. Moreover, high variability of 
sensitivity to SXT25 was observed in SAL 
isolates (Figure 2).   

Surgical site infection is the second most 
common health facility acquired infections 
after urinary tract infection and contributes 
significantly to morbidity and mortality in 
patients. Several previous studies conducted 
in Tanzania indicate that the rate of SSI has 
been increasing over the past 3 decades 
(Fehr et al., 2006; Akoko et al., 2013). 
Presumably, because aseptic techniques 
employed in developing countries for 
preparing patients for surgical procedure or 
for cleaning and dressing surgical site 
wounds are not effective enough to assure 
aseptic conditions.   

Techniques for obtaining specimens from 
surgical site wounds include wound 
swabbing, needle aspiration and wound 
tissue biopsy, which could be either costly 
or require special skills. The imprint 
technique employed in our study produced 
reliable samples for microbiological analysis 
and proved to be more cost-effective. Our 
results revealed presence of Staphylococcus 
aureus, Streptococcus pyogenes, Bacillus 
subtilis, Proteus mirabilis, Pseudomonas 
aeruginosa, Klebsiella pneumoniae, 
Salmonella typhi, Escherichia 

coli and Enterobacter aerogens, which are 
not very different from those previously 
isolated by Signoretti et al., (2013) and 
Reiffel et al., (2013).  

The present study show that the 
antimicrobial resistance rate of various 
bacteria infecting human is on increase. 
Majority of the isolated bacteria (especially 
Gram negative rods) showed high resistance 
rate to SXT25. The antibiotic is one of the 
most frequently employed for prophylaxis of 
opportunistic infections such as Pneumocyst 
jiroveci pneumonia, toxoplasmosis and other 
parasitic infections in HIV/AIDS patients ( 
Geresu et al., 2014; Zhu et al., 2014, 
Nowaseb et al., 2014). Resistance of E. coli 
isolates to SXT is also of major health 
concern as the antibiotic is widely used for 
prophylaxis and management of 
diarrheagenic E. coli infections in 
immunological compromised individuals 
(Omran et al., 2014). Our present study 
shows that  empiric antibiotic treatment 
should be broad as the aetiology can be 
polymicrobial (mixed aerobic anaerobic 
microbes) or Gram negative and Gram 
positive bacteria (Stevens et  al., 2014). Four 
of nine types of the isolated bacteria were 
human normal flora, which implies that 
some hygienic measures or /and aseptic 
surgical procedures were breached. 
Moreover, the presence of a large number of 
bacteria in a single surgical site buttresses 
the above observations.  

Most of the bacteria that exhibited higher 
rates of antibacterial resistance are human 
normal flora and biofilm forming pathogens 
such as S. aureus, P. aeruginosa, E. 
aerogenes and Streptococcus spp. 
Pseudomonas aeruginosa causes infection in 
all parts of the human body. The bacterium 
is naturally resistant to a wide range of 
antibiotics, which is attributable to its 
resistance mechanisms such as efflux pumps 
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and the ability to form biofilm that reduces 
further P. aeruginosa s susceptibility to 
antibiotics. The presence of such biofilm 
greatly contributes to persistent bacterial 
infections in surgical sites because of their 
inherent high tolerance to all antimicrobials 
and immune cells (Alhede et al., 2014). 
Clinicians must understand the role of 
pathogenic biofilms that play in impairing 
the healing of chronic SSI and in increasing 
the risk for wound infection, as our results 
show implication of most human flora in the 
surgical sites/wounds. The susceptibility of 
pathogenic biofilm in the SSI and their 
antimicrobial resistance depend on their 
composition, virulence, bioburden and 
host s patho-physiology and most 
importantly immunological status (Waldrop 
et al., 2014; Bugli et al., 2014; Christensen 
et al., 2014).  Moreover, exposure of inner 
tissues by skin puncture (wounds) and 
traumas associated with wounds may greatly 
disturb the local inflammatory responses, 
increasing vulnerability to bacterial 
infections (Naqvi et al., 2013; Buikema et 

al., 2014; Shekarabi et al., 2014).  Sampling 
of SSI and susceptibility testing prior 
prescription of antimicrobial agents may 
significantly minimize irrational use of the 
agents and reduce further spread of 
antimicrobial resistance; through such 
intervention, highly virulent bacteria with 
unpredictable antibiotic susceptibility 
profiles can be determined (Brook et al., 
2013; Anderson, 2011).  

Conclusively, high antimicrobial resistance 
was revealed among the SSI-associated 
bacteria. Ampicillin-derivatives (AM30 and 
ACL30) and SXT24 were the least effective 
against the Gram positive and Gram 
negative bacteria respectively. Ciprofloxacin 
remains the most effective antibacterial 
agent for both Gram positive and Gram 
negative bacteria. We recommend that 
sampling of SSI using the imprint technique 
and sensitivity testing prior antimicrobial 
prescription may greatly prevent further 
spread of antimicrobial resistance.     

Table.1 Bacteria isolated from surgical wound sites  

Frequency of bacterial isolation/ Hospital

 

Bacteria  
MOI (%) AMH (%) MMH (%) 

Staphylococcus aureus (STA) 12 (7.6)

 

2(1.25)

 

15(9.5)

 

Streptococcus pyogenes (STR) 3(1.9)

 

2(1.25)

 

5(3.2)

 

Enterobacter aerogenes (ENT) 11(7.0)

 

1(0.6)

 

14(8.9)

 

Proteus mirabilis (PRO) 14(8.9)

 

3(1.9)

 

10(6.3)

 

Escherichia coli (ECO) 6(3.8)

 

0(0.0)

 

8(5.0)

 

Klebsiella  pneumoniae (KLE) 3(1.9)

 

2(1.25)

 

7(4.4)

 

Salmonella typhi (SAL) 3(1.9)

 

1(0.1)

 

2(1.25)

 

Pseudomonas aeruginosa (PSE)

 

12(7.6)

 

2(1.25)

 

11(7.0)

 

Bacillus sublitis (BAC) 4(2.5)

 

2(1.25)

 

3(1.9)

 

Total 68 (43.0)

 

15(9.5)

 

75 (47.5)
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Table. 2 Number of bacteria isolated from the surgical wound in the tested patients  

Bacterial Species Total No. of 
bacteria isolated/ 
patient 

STA

 
STR

 
ENT

 
PRO

 
ECO

 
KLE

 
SAL

 
PSE

 
BAC

 
1 1 0 0 5 0 1 0 0 0 
2 2 2 1 2 0 1 0 2 1 
3 16 4 11 11 9 4 2 3 0 
4 6 1 5 5 3 2 3 15 3 
5 3 2 4 1 1 0 0 3 2 
7 1 1 3 0 1 3 0 1 0 

11 0 0 2 3 0 1 1 1 3 
Total 29 10 26 27 14 12 6 25 9 

  

Table. 3 Antibiotic sensitivity patterns of bacteria from surgical wound sites  

Bacteria

 

Susceptibility Status 

 

Sensitive Intermediate

 

Resistant 
STA 6 7 16 
STR 2 2 6 
ENT 6 4 16 
PRO 7 5 15 
ECO 5 3 6 
KLE 4 2 6 
SAL 3 1 2 
PSE 6 3 16 
BAC 4 1 4 
Total 45(27.2%)

 

28(17.7%) 87(55.1%)

   

Fig. 1 Sensitivity profiles of reference strains and the isolated bacteria  
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Fig. 2 Sensitivity profiles of Gram negative bacteria and reference strains of E. coli  
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