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Surgical site infections causes and the burden of  
Staphylococcus aureus in these infections with  

their antibiotic susceptibility pattern

Introduction
Postoperative wound infections obscure the recovery 
course of many patients [1] and thus a nightmare to the 
surgeons. Also the increase in surgical procedures will 
contribute to more surgical site infections, and thus worth 
further awareness [2]. As per the statement of Centers for 
disease control and prevention (CDC) SSI accounts for 
22% of all health care associated infections [3]. 

Microbial contamination is inevitable during surgery, as 
skin incision itself disrupts the skin barrier [4]. SSI is a 
consequence of microorganisms inoculated into the wound 
at the time of surgery. Pathogens that contaminate surgical 
site can be part of patient’s endogenous flora or acquired 
from the hospital environment (exogenous source) [5]. 
Incision by virtue impairs first line of defense between 
environmental microbes and internal host environment; 
thereby the exposed tissues are at risk of contamination 
with patient’s endogenous flora [6]. Among the various 
pathogens Staphylococcus aureus is the most important 

pathogen in SSI around the world [3]. Infections caused 
by this pathogen ranges from superficial to deep seated. 
It may even cause severe life threatening complications in 
orthopaedic and cardiac surgery [2]. 

Particular concern in the infections caused by S.aureus is 
due to its increasing resistance to methicillin [7]. MRSA now 
turns out to be the bug bear of modern surgical practice. 
Its increased prevalence in hospitalized patients and 
moreover the emergence of vancomycin resistance makes 
it mandatory to control the spread of MRSA infection 
[8]. The rationale of the present work was to establish the 
aetiological causes of surgical site infections, the incidence 
of Staphylococcal infections among them and also to 
analyze the sensitivity pattern. 

Materials And Methods
Study Population And Area: This study was carried out in 
the department of microbiology Aarupadai Veedu medical 
college and hospital, Puducherry from the year 2015-
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ABSTRACT
Background: Surgical site infections (SSI) set hurdles in the healing course of a significant proportion of abdominal surgical patients and 
thus associated with excessive health care costs. Staphylococcus aureus remains the principal causative agent in these infections. Also the 
emergence of multidrug resistant bacterial strains further complicates the recovery course of the patients and thus adds burden to both the 
patients and the surgeon. 

The intention of this study is to evaluate the etiology of SSI, to establish the incidence of S aureus and to determine their antimicrobial 
susceptibility pattern in patients with SSI. 

Methods: A cross section study was done in Aarupadai veedu medical college in patients attending surgery outpatient department for SSI. 
Purulent material was collected either with syringe or 2 sterile swabs and was sent to the microbiology department. The sample was processed 
as per standard guidelines, identified and antibiotic susceptibility was done for S.aureus. 

Result: Among the 63 SSI patients, 50 (79.4%) were culture positive. The most frequently isolated organism was S aureus 23 (36.5%) 
isolates. Among them methicillin resistant S.Aureus (MRSA) was 9 (39.1%). Both Methicillin sensitive S.aureus (MSSA) and MRSA were 
all sensitive to linezolid and vancomycin. Majority of the isolates were sensitive to amikacin and clindamicin.

Conclusion: Thus our study concludes S. aureus as the foremost etiological agent of SSI, and treatment is further complicated by emerging 
multidrug resistant MRSA where empirical therapy can be started with clindamicin, amikacin in moderate risk cases and linezolid, vancomycin 
in high risk cases. 
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2016 after getting approval from the ethical committee. 
Patients with post operative wound infections with signs 
of skin inflammation and abscess or drainage at the wound 
site were enrolled in the study after consent. The patients 
included both our patients who had undergone surgery 
in our college and also patients attending our surgery 
department for SSI treatment who had undergone surgery 
elsewhere. Patient who were on antibiotics were excluded 
from our study.

Microbioloical Investigation: Purulent material of 0.5 ml 
to 1.0 ml was collected wherever possible with syringe. 
When discharge was minimal it was collected using 
two sterile swabs without contaminating them with skin 
commensals. The samples were sent to microbiology 
department at the earliest. Gram stain for microscopy was 
done and then the samples were inoculated in blood agar, 
Mac Conkey agar and were incubated overnight. Sterile 
samples with more than 7 days infection were further 
screened for acid fast bacilli by Ziehl Neelsen stain and 
the culture plates were further incubated for 7 days. The 
organisms were identified based on their colony appearance, 
gram stain and biochemical tests as per standard procedures 
[9]. Antibiotic susceptibility tests were done by Kirby Bauer 
disc diffusion method following Clinical and Laboratory 
Standards Institute (CLSI) guidelines [10].

The colonies suggestive of  Staphylococcus aureus  were 
identified by standard procedures. Tube coagulase was taken 
as the main criteria for identification of  Staphylococcus 
aureus. Antibiotic susceptibility testing was done using 
commercially available Penicillin (10units), Linezolid 
(30μg), Clindamycin (2μg), Erythromycin (15μg), 
Ciprofloxacin (5μg), ceftriaxone (30 μg), Co-trimoxazole 
(1.25/23.75 μg), mikacin (30 μg), and Cefoxitin (30μg). 
Vancomycin sensitivity was done using screening agar. 
All  Staphylococcus aureus  strains were screened for 

MRSA by detection of resistance to Cefoxitin disc 
(zone of inhibition was ≤21 mm) following the CLSI 
guidelines. Staphylococcus aureus ATCC 25923 was used 
as control strain.

Result
Among the 63 established post operative wound infections 
(Table 1) treated in our surgery department, 44 (69.8%) 
patients were females and 19 (30.5%) patients were males, 
their mean age was 32.35 with standard deviation 13.35. 
Fifty patients (79.4%) were culture positive and among 
them 47 (94%) were acute pyogenic organisms. Rapidly 
growing Mycobacteria was grown in 3 (6%) patients 
who had chronic postoperative wound infections of more 
than 7 days and acid fast bacilli positive. No organisms 
were isolated in 13 patients (20.6%). The most frequently 
isolated organism was S. aureus 23 (36.5%) isolates. Other 
organisms isolated were Escherichia coli, Pseudomonas 
aeruginosa, Enterococcus faecalis, Staphylococcus 
epidermidis, Klebsiella pneumonia, Acinetobacter species 
shown in (Table 2).

S. aureus which was isolated in 14 (60.9%) wound 
samples were sensitive to cephoxitin. All the isolates were 
also sensitive to linezolid and vancomycin 14(100%). 
Their sensitivity for other antibiotics were amikacin 
13(92.9%), clindamycin 12 (85.7%), cotrimoxazole 9 
(64.3%), erythromycin 8 (57.1%), ciprofloxacin 4(28.6%), 
ceftriaxone 2(14.3%)% and least pencillin 1(7%) [Table 3].

Methicillin resistant S.aureus was isolated in 9 (39.1%) 
wound samples. All the MRSA isolated were however 
sensitive to linezolid and vancomycin 9(100%). Their 
sensitivity for other antibiotics were as follows clindamycin 
7(77.8%), amikacin 8 (88.9%), cotrimoxazole 4(44.4%), 
erythromycin 3(33.3%) and ciprofloxacin2 (22.2%) 
[Table 3]. 

Table 1: Type of surgery.
1. Caeserean section 25

2. Hystrectomy 13
3 Appendicectomy 11
4. Herniotomy 9
5. Cholecystectomy 4
6. Pyeloplasty 1

Total 63

Table 2: Prevalence of aerobic organisms from surgical site infections.

Organisms No of isolates n=50 Percentage

Staphylococcus aureus + MRSA 23 36.5%

Escherichia coli 8 12.7%
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Organisms No of isolates n=50 Percentage

Pseudomonas aeruginosa 6 9.5%

Enterococcus faecalis 4 6.3%

Staphylococcus epidermidis 3 4.7%

Mycobacterium fortuitum 3 4.7%

Klebsiella pneumoniae 2 3.2%

Acinetobacter species 1 1.6%

Total 50 79.2%

Table 3: Antimicrobial sensitivity patterns of methicillin-resistant S. Aureus (mrsa) and methicillin susceptible S.aureus 
(mssa) strains (% sensitivity) isolated from SSI.

Drugs MRSA susceptible % (n=9) MSSA susceptible % (n=14)

Cephoxitin 0 14(100%)

Penicillin 0 1(7%)

Ceftriaxone 0 2(14.3%)

Ciprofloxacin 2(22.2%) 4(28.6%)

Clindamycin 7(77.8%) 12(85.7%)

Co trimoxazole 4(44.4%) 9(64.3%)

Amikacin 8(88.9%) 13(92.9%)

Erythromicin 3(33.3%) 8(57.1%)

Linezolid 9(100%) 14(100%)

Vancomcin 9(100%) 14(100%)

Discussion
Surgical site infection (SSI) is a major cause of morbidity 
and thus an important determinant for the success or failure 
of surgical practice. Given that the overall number of 
surgical procedures is increasing, the burden of surgical site 
infection (SSI) could be more significant and should merit 
further attention. The situation could be further aggravated 
due to the related problems of antimicrobial resistance [3].

Inspite of careful antiseptic policies adopted in surgical 
practice, yet SSI occurs in patients and a number of 
exogenous and endogenous factors contribute in the 
incidence of these infections. In the current study, 63 
patients with post operative wound infections who had 
undergone abdominal surgeries like cesarean section, 
hysterectomy, appendicectomy, 

herniotomy, cholecystectomy and pyeloplasty in and 
around Puducherry who attended our hospital were 
studied. Majority of the post operative wound infection 
were cesarean section 25 (40%). This increased prevalence 

in caesarean section could be due to increasing number of 
cases as compared to others.

Determining the microbial prevalence is of utmost 
important to appropriately guide antimicrobial therapy [11]. 
In the current study among the 63 post operative wound 
infection only 50 (79.4%) were culture positive. 

It has been regularly noted that S. aureus continues to be 
the single most important bacterial species in the primary 
aetiology of surgical site infections since the past thirty 
years or so [12]. In our current study also the most frequently 
isolated organism was Staphylococcus aureus 26 (36.5%). 
This was in accordance with other study by Krishnan et 
al, Ballari, Karnataka [8], where they have also isolated 
S. aureus in 31.3%. In addition, prior studies in India by 
Surange et al [13], Subramanian et al [14] and recent study by 
Kownhar et al [15] have stated the occurrence of S. aureus 
to be 34.2%, 30.9% and 37% respectively. Past studies 
revealed that 80% of healthy individuals harbor S.aureus in 
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their skin or anterior nares and hence causes post operative 
wound infection when integrity of the skin is breached 
during surgery [16].

The management of SSI caused by S.aureus is further 
complicated due to the emerging multi drug resistant 
strains, particularly the methicillin resistant S.aureus 
(MRSA), which also represents the leading cause of 
S.aureus associated nosocomial infections [2]. MRSA has 
become a hospital superbug throughout the world [16]. In the 
current study 39.1% of S.aureus isolates were methicillin 
resistant. Their prevalence varied from 15.7 % to 63.5% 
in studies done in India and other countries. This marked 
variation could be due to preoperative and postoperative 
antibiotic policies and surveillance programmes adopted 
among different regions [16].

The treatment of MRSA infections are further 
complicated as they are also usually resistant to other 
anti-staphylococcal agents (clindamycin, erythromycin, 
tetracycline, sometimes gentamicin and trimethoprim/ 
Sulphomethoxazole), with the exception of vancomycin 
[12]. In our study MRSA isolates showed decreased 
sensitivity to ciprofloxacin (22.2%), erythromycin (33.3%) 
and cotrimoxazole (44.4%). Multidrug resistance seen 
in MRSA is multifactorial, 1. mec A gene that encodes 
for protein PBP-2a that binds to available lactam, 2. 
production of Staphylococcal pencillinase and other 
enzymatic deactivators, 3.presence of other resistance 
factors e.g. could be plasmids involvement [17]. However 
88.9% sensitivity was there for amikacin and 77.8% for 
clndamycin. Also on the other hand all isolates both MRSA 
and MSSA were sensitive to linezolid and vancomycin 
100%. 

We also compared MRSA isolates with other MSSA 
isolates with regard to the sensitivity pattern among the 
antibiotics and the resistance rates for MRSA isolates were 
higher than MSSA for all the antibiotics. Ranjan KP et al 
[18] also observed in their study that multidrug resistance 
was more common in MRSA than MSSA.

Conclusion
Our current study concludes surgical site infection is a 
major cause of increased morbidity and a huge burden for 
both the patients and the surgeon. S. aureus continues to 
be the notorious organism causing SSI and also highlights 
clindamicin and amikacin should be used for empirical 
therapy preferably over cefriaxone and ciprofloxacin.
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