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INTRODUCTION

Wound infection has always been the most dreaded compli-
cation of surgery and trauma. Surgical site infection (SSI) 
is defined as an infection occurring within 30 days after a 
surgical operation (or within 1 year if an implant is left in 
place after the procedure) and affecting either incision or 
deep tissues at the operation site. The Centre For Disease 
Control and Prevention (CDC) has proposed specific criteria 
for diagnosis of SSI which splits SSIs into 3 groups- Super-
ficial incisional, Deep incisional and Organ space infections 
depending on the site and the extent of infection.1 It is esti-
mated that SSI develops in at least 5% of hospitalized pa-
tients undergoing operative procedures.2 They are associated 

with increased morbidity, mortality, prolonged hospital stay 
and increased economic costs for patient care.3 Local sepsis 
manifesting in the form of redness, pain, localized tender-
ness and swelling may also involve the discharge of serous, 
seropurulent, purulent, sanguinous and sanguinopurulent 
contents from the surface of the wound.4 The US National 
Research Council group in 1964 devised four wound classes 
as following: clean, clean-contaminated, contaminated and 
dirty.5

The normal flora and organisms present in the hospital en-
vironment are responsible for SSI. Staphylococcus aureus, 
Coagulase Negative Staphylococci, Enterococci, Proteus, 
Pseudomonas, Escherichia coli and klebsiella species are the 
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ABSTRACT
Introduction: Surgical site infections (SSIs) have plagued surgeons since time immemorial. They are important causes of 
morbidity and mortality and also account for additional costs. The unrestrained and rapidly spreading resistance to the available 
array of antimicrobials further contribute to the existing problem. 
Aim: The study was undertaken to estimate the incidence of SSI, identify the risk factors, study the pathogens and their antimi-
crobial susceptibility pattern.
Methodology: This prospective study was conducted for 2 years which included 500 surgical cases. Surgical wounds were 
graded and samples were collected from the depth of the wound and sent to the laboratory for culture and sensitivity. Identifica-
tion and antimicrobial susceptibility testing of the isolates were performed by the Vitek-2 (BioMerieux) method. Also, methicillin-
resistant Staphylococcus aureus (MRSA) and β-lactamase production were noted by the Vitek-2 method.
Results: The incidence of SSI was found to be 14% (70/500). The risk factors associated were increasing age, co-morbidities 
like diabetes, prolonged preoperative hospital stay, type of surgeries (emergency surgery) and a class of wound. The common-
est organism isolated was S. aureus (31.6%), followed by K. pneumonia (26.6%). Twenty-eight (28%) of S. aureus isolates were 
MRSA and 64.7% of Gram-negative isolates were β-lactamase producers.
Conclusion: The incidence of SSI is higher in developing nations. Although SSI cannot be eliminated the reduction of the rate 
of infection to minimal can have significant benefits by reducing the wastage of healthcare resources, patient morbidity and 
mortality.
Keywords: β-lactamase, Emergency surgeries, MRSA, SSI, S. aureus
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common organisms encountered in post-operative wound in-
fections. In case of wound infections following appendec-
tomy or other lower bowel surgery, indigenous flora of the 
lower gastrointestinal tract is involved like Escherichia coli.6

Patients during inpatient admission are at risk of acquir-
ing infections from organisms endemic to that particular 
hospital environment. Microorganisms in such situations 
manifest unique patterns of antimicrobial activity. The logi-
cal approach of SSI control depends on the availability of 
epidemiological data that the surgeon needs to be aware of. 
Resistance to antimicrobials also has become a serious prob-
lem necessitating an in-depth study of SSI to prevent future 
complications in operated cases. So, the present study was 
undertaken to estimate the burden of SSI, identify its risk 
factors and also the pathogens causing it and study their an-
timicrobial susceptibility pattern in a tertiary care hospital in 
Eastern Odisha.

MATERIALS AND METHODS

This study was conducted prospectively in the Department 
of General Surgery and Department of Microbiology, for 
2years extending from December 2017-November 2019. 
A total of 500 surgical cases (elective and emergency) 
were included in this study. Following surgery, surgical 
sites were examined on postoperative day 3 and every 3 
days thereafter. Surgical wounds were categorized as per 
CDC criteria and were also graded on the following scale:  
grade 1= normal healing, grade 2= suture line erythema 
<1 cm, grade 3= suture line erythema >1 cm, grade 4= 
purulent discharge. Signs of inflammation like the local 
rise of temperature, oedema and fever were also noted. 
SSI was clinically diagnosed in wounds with grades 3 and 
4 with any signs of inflammation. The detailed history 
of each case such as age, sex, co-morbid conditions, and 
pre-operative hospital stay was also noted. Samples were 
collected from the depth of the wound using sterile cotton 
swabs and sent to the microbiology department for culture 
and sensitivity.

Laboratory procedure: Samples were inoculated on Blood 
agar and MacConkey agar and incubated at 37℃. Culture 
plates were examined for the growth of bacterial colonies 
after 24-48 hours and Gram staining was done. Further iden-
tification and antibiogram of the isolates were obtained by 
Vitek-2 (BioMerieux) method using the identification card 
(ID) and antimicrobial susceptibility testing card (AST) as 
per Clinical Laboratory Standards Institute (CLSI) guidelines 
and manufacturer’s instructions. MRSA and β-lactamase 
production were also noted in the Vitek-2 method. Statistical 
analysis was done by chi-square test using SPSS software 
and p valve <0.05 was considered as significant.

RESULTS

A total of 500 surgical cases were analyzed during the study 
period and SSI was found in 70 cases (14%).

Of these 70 cases, 54 were males and 16 were females with 
a male: female ratio of 3.4:1 but the difference in incidence 
was statistically insignificant. (Table 1)

The age of the study population ranged between 15-79 years. 
The majority of the cases belonged to the>45 years age 
group. This was found to be statistically significant as the 
frequency of SSI increased with age. (Table 1)

The co-morbidities association studied were diabetes and hy-
pertension. Forty-seven (74.6%) patients of 63 diabetics and 
15 (20.8%) patients of 72 hypertensives developed SSI. The 
association of diabetes as a comorbid condition was found to 
be statistically significant. (Table 1)

The majority (468) of the patients underwent operation with-
in 48 hours of admission and 50 (10.7%) among developed 
SSI. Rest (32) waited for a week to undergo surgery and 
among them, 20 (62.5%) developed SSI. The difference in 
the duration of pre-operative hospital stay leading to SSI was 
found to be statistically significant. (Table 1)

Of 500 cases, 340 cases belonged to elective surgeries and 
160 cases belonged to emergency surgeries. The incidence of 
SSI in elective surgeries was 6.47% (22/340) and emergency 
surgery was 30% (48/160) as shown in fig 1. This result was 
statistically significant with a p-value <0.05.

Out of 70 cultures proven SSIs, 61 samples yielded a sin-
gle organism (monomicrobial) and 9 samples yielded 2 or-
ganisms (polymicrobial) on culture. So, out of 79 bacterial 
isolates altogether, 34 (43.1%) were Gram-negative bacte-
ria (GNB), 29 were Gram-positive bacteria (GPC-36.7%) 
and 16 were non-fermenting Gram-negative bacteria (NF-
GNB-20.2%). Staphylococcus aureus (31.6%) was the com-
monest organism isolated followed by Klebsiella pneumo-
niae (29.1%) and Pseudomonas aeruginosa (14%). (Table 2)

The commonest organism isolated was S. aureus in class Ⅰ 
and Ⅱ wounds and K. pneumoniae in class Ⅲ and Ⅳ wounds. 
(Table 3)

Gram-positive organisms (N=29) showed maximum suscep-
tibility towards linezolid (96.5%) followed by vancomycin 
(86.2%) and were least susceptible to erythromycin and tet-
racycline (17.2% each). (Figure 2)

From 25 S. aureus isolates, 7 (28%) were MRSA.

Gram-negative organisms belonging to the family Entero-
bacteriaceae (N=34) showed maximum susceptibility to-
wards amikacin (82.4%) and meropenem (64.7%) and were 
least susceptible to ampicillin (5.9%) and cefuroxime (0%). 
(Figure 3).
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Out of 34 GNB, 22 (64.7%) were found to be β-lactamase 
producers. 1 out of 2 (50%) Citrobacter, 16 out of 22 (72.2%) 
Klebsiella and 5 out of 9 (55.6%) E. coli were β-lactamase 
producers.

Non-fermenting Gram-negative bacteria (N=16) showed 
maximum susceptibility towards meropenem, doripenem 
and imipenem (75% each) and were least susceptible to 
ticarcillin-clavulanic acid (6.25%). (Figure 4)

DISCUSSION

SSIs are an important cause of morbidity and mortality fol-
lowing various surgeries and also account for additional 
costs. The management of post-operative wound infection is 
a complex and important aspect of wound care. Despite the 
modern surgical and sterilization techniques and the use of 
prophylactic antimicrobials, SSIs continue to pose an impor-
tant clinical challenge. The unrestrained and rapidly spread-
ing resistance to the available array of antimicrobials further 
contribute to the existing problem.

The present study included 500 surgically treated cases and 
the incidence of SSI was found to be 14% which is well 
within the range reported by other studies.7,8 While many In-
dian studies have consistently reported high incidence rates 
ranging from 21-38%,9,10 the global estimate varies from 
2-10%.11,12 The rate of SSI varies greatly among hospitals 
and also from developing to developed nations because of 
the difference in standards of health care.

Though the major proportion of SSI was found in male 
(77.1%) patients as compared to female (22.9%) patients in 
the present study, the difference was statistically insignifi-
cant. According to Berard F et al., sex is not a risk factor for 
wound infection.13

The present study has highlighted some risk factors associ-
ated with SSI, such as age, comorbidities associated with 
diabetes, duration of pre-operative hospital stay, type of sur-
gery associated with emergency surgeries. These findings 
are comparable with other researcher’s works.7,14 The rate of 
SSI increases with age which may be due to poor immune 
response and associated comorbidities. Prolonged preopera-
tive hospitalization provides the opportunity for bacterial 
colonization, thereby directly affecting the patient’s suscep-
tibility to infection by lowering host resistance. Emergency 
surgeries lack adequate preoperative preparation and lack 
of control of other medical conditions (like diabetes) which 
may lead to an increase the rate of wound infection.

In concordance with other studies,15,16 S. aureus was the pre-
dominant cause of SSI in the present study, followed by K. 
pneumoniae and P. aeruginosa. This may be because S. au-
reus is present in the skin as normal flora and thus can invade 
deeper during surgery. Though S. aureus was the common-

est cause of SSI, Gram-Negative bacteria belonging to the 
family Enterobacteriaceae caused the major number of post-
operative wound infections. This can be attributed to being 
acquired from the patient’s normal endogenous flora.

Gram-positive isolates were mostly susceptible to linezolid 
and vancomycin and Gram-negative and non-fermenting 
isolates towards amikacin and meropenem. This finding is 
comparable to a study by Jain S et al.16

In the present study, 28% of S. aureus were MRSA and 
64.7% of GNB isolates were β-lactamase producers, a find-
ing which is supported by Boubaker I et al. and Kumar MS 
et al. respectively.17,18

CONCLUSION

SSIs are a menacing problem for healthcare providers. The 
incidence of SSI is high in developing countries as compared 
to developed nations. Risk factors associated with the devel-
opment of wound infection are extremes of age, comorbid 
conditions like diabetes, length of preoperative hospital stay, 
duration of surgical procedure, type of surgery and class of 
wound, etc. S. aureus, K. pneumoniae and P. aeruginosa are 
the 3 commonest isolated pathogens causing SSI. Amikacin, 
meropenem, linezolid and vancomycin are potent antibiot-
ics that can be used to treat wound infections. Although SSI 
cannot be eliminated the reduction of the rate of infection to 
minimal can have significant benefits by reducing the wast-
age of healthcare resources, patient morbidity and mortality. 
This can be achieved by optimal preoperative, intra-opera-
tive and post-operative patient care. Also, there is good evi-
dence that attention to patient-related and procedure-related 
risk factors can decrease the risk of SSIs significantly.

ACKNOWLEDGEMENT

We are grateful to S “O” A University for their constant sup-
port and encouragement. 

Source(s) of support - None

Conflicts of Interest - None

REFERENCES
1. Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis WR. 

Guideline for Prevention of Surgical Site Infection, 1999. Cen-
tres for Disease Control and Prevention (CDC) Hospital Infec-
tion Control Practices Advisory Committee. Am J Infect Con-
trol. 1999;27:97-132.

2. Giri S, Kandel BP, Pant S,  Lakhey PJ, Singh YP, Vaidya P. Risk 
factors for surgical site infections in abdominal surgery: a study 
in Nepal. Surgical Infections. 2013;14(3):313-18.

3. Weigelt JA, Lipsky BA, Tabak YP, Derby KG, Kim M, Gupta 
V. Surgical site infections: Causative pathogens and associated 
outcomes. Am J Infect Control. 2010;38:112-20.



Int J Cur Res Rev | Vol 13 • Issue 10 • May 2021S-157

Das et al: Post-operative wound infections

4. Koneman EW, Allen SD, Janda WM, Winn WC, Schrecken-
berger PC, Procop GW, et al, editors. Introduction to microbiol-
ogy- part II: Guidelines for the collection, transport, process-
ing, analysis and reporting of cultures from specific specimen 
sources. In: Koneman’s colour atlas and textbook of diagnostic 
microbiology. 6th ed. Philadelphia: Lippincott Williams and 
Wilkins; 2006; 67-110.

5. Gottrup F, Melling A, Hollander DA. An overview of surgical 
site infections: aetiology, incidence and risk factors. Eur W Med 
Ass J. 2005;5(2):11-5.

6. Forbes BA, Sahm DF, Weissfeld AS, editors. Skin, soft tissue 
and wound infections. In: Bailey and Scott’s Diagnostic Micro-
biology. 11th ed. St louis: Mosby;2002; 978-9.

7. Akhter MS, Verma R, Madhukar KP, Vaishampayan ARUP. In-
cidence of surgical site infection in postoperative patients at a 
tertiary care centre in India. Wound Care. 2016;25(4):214-7.

8. Mukagendaneza1 MJ, Munyaneza E, Muhawenayo E, Nyirase-
bura D, Abahuje E, Nyirigira J, et al. Incidence, root causes and 
outcomes of surgical site infections in a tertiary care hospital in 
Rwanda: a prospective observational cohort study. Patient safety 
in surgery. 2019;13:10.

9. Setty NH, Nagaraja MS, Nagappa DH, Giriyaiah CS, Gowda 
NR, Laxmipathy Naik RD. A study on SurgicalSite Infections 
(SSI) and associated factors in a government tertiary care teach-
ing hospital in Mysore, Karnataka. Int J Med PublicHealth. 
2014;4:171-5.

10. Kamat US, Fereirra AMA, Kulkarni MS, Motghare DD. A pro-
spective study of surgical site infections in a teaching hospital in 
Goa. Indian J Surg. 2008;70:120-4.

11. Ac´ın-G´andara D, Rodr´ıguez-Caravaca G, Duran-Poveda M et 
al. Incidence of surgical site infection in colon surgery: compari-

son with regional, National Spanish, and United States stand-
ards. Surgical Infect. 2013,14(4):339-44.

12. Mulu W, Kibru G, Beyene G, Damtie M. Postoperativenosoco-
mial infections and antimicrobial resistance pattern of bacteria 
isolates among patients admitted at felege hiwot referral hospi-
tal, Bahirdar, Ethiopia.  Ethiop J Health Sci. 2012;22(1):7-18.

13. Berard F, Gandon J. Factors influencing the incidence of wound 
infection. Ann Surg. 1964;160:32-81.

14. Fan Y, Wei Z, Wang W, Tan L, Jiang H, Tian L, et al. The in-
cidence and distribution of surgical site infection in mainland 
China: a meta-analysis of 84 prospective observational studies. 
Sci Rep. 2014;4:1-8.

15. Malik S, Gupta A, Singh KP, Agarwal J, Singh M. Antibiogram 
of AerobicBacterial Isolates from Post-operative Wound Infec-
tions at a Tertiary Care Hospital in India. J Infect Dis Antimicrob 
Agen. 2011;28:45-52.

16. Jain S, Gopi A, Samreen F, Madhulatha C. K. Methicillin-resist-
ant Staphylococcus aureus, extended-spectrum beta-lactamase 
and metallobeta lactamase production among organisms causing 
surgical site infections at a tertiary care hospital in Bangalore. J 
Evolution Med Dent Sci. 2017;6(72):5123-7.

17. Boubaker I, Abbes RB, Abdallah HB, Mamlouk K, Mahjoubi 
F, Kammoun A, et al. Evaluation of cefoxitin disc test for the 
routine detection of methicillin-resistant Staphylococcus aureus. 
Clin Microbial Infect. 2004;10:762-5.

18. Kumar MS, Lakshmi V, Rajagopalan R. Occurrence of extend-
ed-spectrum beta-lactamases among Enterobacteriaceae spp, 
isolated at a tertiary care institute. Indian J Med Microbiol. 
2006;24:208-11.

Table 1: Risk factors associated with SSI:

Factors SSI (%) No SSI (%) TOTAL P value

Gender
0.15965

Not significant at 
p<.05

Male 54 (15.4%) 296 (84.6%) 350

Female 16 (10.7%) 134 (89.3%) 150

Age group
0.1388

Significant at p<.0515-45 years 28 (10.4%) 240 (89.6%) 268

>45 years 42 (18.1%) 190 (81.9%) 232

Co-morbidities

Diabetes Yes 47 (74.6%) 16 (25.4%) 63 <.00001
Significant at p<.05No 23 (5.3%) 414 (94.7%) 437

Hypertension Yes 15 (20.8%) 57 (79.2%) 72 0.07080
Not significant at 

p<.05No 55 (12.8%) 373 (87.2%) 428

Pre-operative hospital stay

<2 days       50 (10.7%) 418 (89.3%) 468 <.00001
Significant at p<.052-7 days 20 (62.5%) 12 (37.5%) 32
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Table 2: Spectrum of bacterial isolates: (N=79)
ORGANISM NO. OF ISOLATES PERCENTAGE

Gram-positive isolates (n=29)

Staphylococcus aureus 25 31.6%

Coagulase negative staphylococcus 2 2.5%

Enterococcus faecalis 2 2.5%

Gram-negative isolates (n=34)

Klebsiella pneumoniae 21 26.6%

Escherichia coli 9 11.4%

Citrobacter freundii 2 2.5%

Proteus mirabilis 2 2.5%

Non-fermenting Gram negative isolates (n=16)

Pseudomonas aeruginosa 11 14%

Acinetobacter species 5 6.4%

Table 3: Spectrum of bacterial isolates according to the class of wound
ORGANISM CLASS I WOUNDS CLASS II WOUNDS CLASS III WOUNDS CLASS IV WOUNDS

S. aureus 7 3 4 11

K. pneumoniae - 2 5 14

P. aeruginosa 2 2 2 5

E. coli - 1 1 7

Acinetobacter spp. - 1 2 2

C. freundii - - 1 1

E. faecalis - - 1 1

CoNS 2 - - -

P. mirabilis - - 1 1

Figure 1: Comparison of SSI rate according to the class of 
surgery in elective and emergency cases.

Figure 2: Antibiogram pattern of Gram-positive isolates.
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Figure 3: Antibiogram pattern of Gram-negative isolates. Figure 4: Antibiogram pattern of Non-fermenting Gram-nega-
tive isolates.


