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ABSTRACT
Introduction: Surgical site infections (SSI) constitute a major
public health problem worldwide and are the commonest
nosocomial infection after urinary tract infection (UTI). They are
responsible for increasing the treatment cost, length of hospital
stay and significant morbidity and mortality.
Objective: To determine the incidence of SSIs and the
bacteriological profile with antimicrobial susceptibility patterns
of the isolates.
Materials and Methods: The present study was carried out in
the Department of Microbiology, RIMS, Ranchi from January
2017 to Nov 2017. Total of 3442 surgeries were performed in
the Department of Surgery during this period. The identification
of the infecting organism was done by staining, and culture and
antibiotic susceptibility by Disc Diffusion method.
Results: Among the 3442 cases with surgical wounds, 206
cases (5.98%) were suspected to be clinically infected. Out of
206 clinically infected wounds, 178 were culture positive and
were considered definite cases of surgical site infection. Thus
the overall incidence of infection of SSI was 5.17%.
Staphylococcus aureus was the most common pathogen
isolated followed by Escherichia coli, Pseudomonas spp.,
Klebsiella spp.

INTRODUCTION
The United States Centres for Disease Control and Prevention
(CDC) has developed criteria that define surgical site infection
(SSI) as infection related to an operative procedure that occurs at
or near the surgical incision within 30 days of the procedure or
within 90 days if prosthetic material is implanted at surgery.1
These infections may be superficial or deep incisional infections,
or infections involving organs or body spaces.2
SSI are commonest nosocomial infections after urinary tract
infection (UTI) and are responsible for increasing cost, substantial
morbidity and occasional mortality related to surgical operations
and continue to be a major problem even in hospital with most
modern facilities and standard protocols of preoperative
preparation and antibiotics prophylaxis.3,4 A recent prevalence
study found that SSIs were the most common healthcare
associated infection, accounting for 31% of all HAIs among
hospitalizes patient.5 The rate of SSI varies greatly worldwide and
from hospital to hospital. The rate of SSI varies from 2.5% to
41.9% as per different studies.6 Infection rates in the 4 surgical
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Conclusion: Although surgical site infections cannot be
completely eliminated, a reduction in the infection rate to a
minimum level could have significant benefits, by reducing
postoperative morbidity and mortality and wastage of health
care resources.
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classifications (clean, clean-contaminated, contaminated and dirty
wounds) have been published in many studies but most literature
refers to the work of Cruse and Foord as a benchmark for
infection rates.7,8 The CDC’s National Nosocomial Infection
Surveillance (NNIS) system established in 1970 has developed
standardized surveillance criteria for defining SSIs. By these
criteria, SSIs are classified as being either incisional or
organ/space. Incisional SSIs are further divided into those
involving only skin and subcutaneous tissue (superficial incisional
SSI) and those involving deeper soft tissues of the incision (deep
incisional SSI). Organ/space SSIs involve any part of the anatomy
(e.g. organ or space) other than incised body wall layers, which
was opened or manipulated during an operation.9 Incisional
infections are the most common; they account for 60% to 80% of
all SSIs and have a better prognosis than organ/space -related
SSIs do.10-12 In most SSIs, the responsible pathogens originate
from the patient’s endogenous flora.2 The most commonly isolated
organisms are S. aureus, coagulase - negative staphylococci,
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Enterococcus spp. and Escherichia coli. In addition to the patient’s
endogenous flora, SSI pathogens may originate from exogenous
sources such as members of the surgical team, the operating
theatre environment, and instruments and materials brought within
the sterile field during the procedure. Such pathogens are
predominantly aerobes, particularly Gram-positive organisms such
as staphylococci and streptococci.2
Widespread and indiscriminate use of antibacterial agents in
hospital has led to the progressive development of resistance to
penicillin and many of the other antibiotic agents, by a large
variety of important bacteria concentrated in the hospital
environment. These virulent organisms have shown the potential
to become pathogenic in patients weakened by disease, injury,
metabolic conditions, surgery and other debilitating factors.11,12

MATERIAL AND METHODS
The present study bacteriology of surgical site infections was
carried out in the Department of Microbiology, Rajendra Institute
of Medical Sciences, Ranchi from January 2017 to November
2017.
Inclusion Criteria
➢ Clean and Clean contaminated surgeries.
Exclusion Criteria
➢ Procedures in which healthy skin was not incised, such as
opening of an abscess.
➢ Burn injuries and donor sites of split skin grafts.
➢ Contaminated and Dirty surgeries.

Table 1: Incidence of SSI
Wounds examined

3442

_

Clinically suspected SSI
Culture positive SSI

206
178

5.98%
5.17%

Fig 1: Incidence According To Wound Class
NO OF SURGERIES

NO OF SSIs
1806

1636

138

40
CLEAN

CLEAN CONTAMINATED

Fig 2: Organisms Isolated In SSI
4.81%

2.14%

2.14%
33.69%

13.37%

20.32%
23.53%
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S.aureus

E. coli

Pseudomonas sp.

CoNS

Enterococcus sp.

Acinetobacter sp.
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Table 2: Antibiotic Susceptibility of Staphylococcus aureus.
Antibiotics

Isolates Sensitive
No.
54
41
37
50
63
47
39
60

Amikacin
Amoxycillin-Clavulanic Acid
Erythromycin
Levofloxacin
Linezolid
Gentamicin
Oxacillin
Vancomycin

%
85.71
65.08
58.73
79.33
100
74.60
61.90
95.24

Isolates Resistant
No.
9
22
26
13
0
16
24
3

%
14.28
34.92
41.27
20.63
0
25.40
38.10
4.76

(n=63)
Table 3: Antibiotic Susceptibility Of Gram Negative Organisms. (Except Pseudomonas spp.)
Antibiotics
Amikacin
Amoxycillin-Clavulanic Acid
Ampicillin
Cefotaxime
Ceftriaxone
Levofloxacin
Gentamicin
Imipenem
Piperacillin-tazobactum

Isolates Sensitive
No.
59
44
35
43
51
62
52
69
64

Isolates Resistant
%
80.82
60.27
47.95
58.90
69.86
84.93
71.23
94.52
87.67

No.
14
29
38
30
22
11
21
4
9

%
19.18
39.73
52.05
41.10
30.14
15.07
28.77
5.48
12.33

(n=73)
Table 4: Antibiotic Susceptibility of Escherichia coli
Antibiotics
Amikacin
Amoxycillin-Clavulanic Acid
Ampicillin
Cefotaxime
Ceftriaxone
Levofloxacin
Gentamicin
Imipenem
Piperacillin-Tazobactum

Isolates Sensitive
No.
36
28
21
28
33
38
33
43
40

Isolates Resistant
%
81.82
63.64
47.73
63.63
75
86.36
75
97.73
90.91

No.
8
16
23
16
11
6
11
1
4

%
18.18
36.36
52.27
36.36
25.00
13.64
25.00
2.27
9.09

(n=44)
Table 5: Antibiotic Susceptibility of Pseudomonas spp.
Antibiotics
Amikacin
Ceftazidime
Gentamicin
Levofloxacin
Imipenem
Piperacillin-Tazobactum
Tobramycin

Isolates Sensitive
No.
32
27
25
29
38
31
30

%
84.21
71.05
65.79
76.32
100
81.58
78.95

Isolates Resistant
No.
6
11
13
9
0
7
8

%
15.79
28.95
34.21
23.68
0
18.42
21.05

(n=38)
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RESULTS
Among the 3442 cases with surgical wounds, 206 cases (5.98%)
were suspected to be clinically infected. Out of 206infected
wounds studied, 178 were culture positive and were considered
definite cases of surgical site infection. Thus the overall incidence
of infection of SSI was 5.17% (Table 1).
In the present study, out of the 1636 operations included in the
Clean wound category, 40 cases (2.44%) were infected. The
incidence of wound infection was significantly high in the Clean
contaminated wounds which formed the majority of the cases, with
138 cases (7.64%) being infected in 1806 surgeries performed
(Fig 1).
The figure 2 below shows the organisms isolated from infection
sites. Among all Staphylococcus aureus was the most common
pathogen isolated 33.69% (63/187), followed by Escherichia coli
23.53% (44/187), Pseudomonas spp. 20.32% (38/187), Klebsiella
spp. 13.37 % (25/187) and CoNS 4.81% (09/187). Acinetobacter
spp. (2.14%) was isolated with least frequency.
Table 2 shows sensitivity pattern of Staphyloccus aureus. All
strains were sensitive to linezolid. The isolates were also highly
sensitive to vancomycin (95.24). 38.10% (24/63) of the isolates
were methicillin resistant. Maximum resistance with 26 of the 63
(41.17%) isolates being resistant, was seen against erythromycin.
34.92% of the Staphyloccus aureus isolates were also resistant to
amoxycillin-clavulanic acid.
Table 3 shows the highest sensitivity among gram negative
organisms was seen for imipenem (94.52%). 87.67% of the
isolates were sensitive to piperacillin-tazobactum while 84.93%
were sensitive to levofloxacin. More than 50% of the isolated
organisms were resistant to ampicillin. Next in the list of resistant
drugs were amoxicillin-clavulanic acid and cefotaxim both of which
had resistant rate of 39.73% & 41.10% respectively.
Table 4 shows Escherichia coli isolates were most sensitive to
imipenem showing 97.73% sensitivity followed by piperacillintazobactum (90.91%). They also showed good sensitivity to
levofloxacin (86.36%) and amikacin (81.82%). Among the
cephalosporins, the isolates were more sensitive to ceftriaxone
(75%) than cefotaxime (63.63%). Resistance was maximum with
ampicillin (52.27%).
Table 5 shows Pseudomonas strains were 100% sensitive to
imipenem. Out of the 38isolates 32 (84.21%) were sensitive to
amikacin and 31 (81.58%) showed sensitivity to piperacillintazobactum. The highest resistance was seen for gentamicin
(34.21%). The isolates also showed resistance to the
cephalosporin ceftazidime (28.95%).
DISCUSSION
Surgical site infections have a significant impact on physical,
economical and emotional wellbeing of an individual, apart from
being a major problem to the surgical team. In the present study,
an attempt has been made to know the various pathogens
associated with surgical site infections, their antibiogram and the
relationship of risk factors with incidence of SSI.
Out of 3442 cases, 206 cases were diagnosed clinically. 178
Surgical Site infections were confirmed by bacteriological study,
so the overall infection rate was 5.17%. The incidence rate of
5.17% of the study is well within the infection rates of 0.6% to 32%
seen in other studies. Among Indian studies Anvikar et al had an
almost identical figure (6.09%) while Lilani P.et al had a slightly
72 | P a g e

higher infection rate of 8.95%.13,14 Bhatiani A. et al (2016) reported
the lowest incidence rate of 1.8% which was lower than that
observed in some developed countries.15 Mundhada S. et al
reported a very high incidence rate (32%) from a study in
Maharashtra, India.16
Wound contamination class is an important factor influencing the
incidence of post-operative wound infections. Among the Clean
wounds, which accounted for 47.53% cases, the rate of infection
was 2.44%. But in Clean contaminated cases, the rate of infection
almost tripled to 7.64% probably because of profound influence of
endogenous contamination. In the present study infection rate of
2.44% in Clean category is very similar to findings seen in other
studies in India (Suljagic´V et al 2.5%). In Clean contaminated
procedures the rate increased two and a half times (10.04% from
4.04%) in a study by Anvikar et al, while in a similar study by Lilani
S et al, the rate increased sevenfold (22.41% from 3.03%).13,14
Suljagic´ V et al (2006) reported a two fold increase as the
category changed from Clean to Clean contaminated.17 In
Mundhada S. et al study, the incidence rates by wound class
ranged from 17.65% in the clean category to 39.39% in the clean
contaminated category.16
In the present study Staphylococcus aureus was the commonest
organism isolated in 63 cases (33.69%). The next common
organisms were Escherichia coli in 44 cases (23.53%),
Pseudomonas spp. in 38 cases (20.32%), Klebsiella spp. in 25
cases (13.37%) and Coagulase negative staphylococcus in 09
cases (4.81%). Acinetobacter spp (2.14%) and Enterococcus spp.
(2.14%) were isolated with least frequency. The antibiogram
pattern of Staphylococcus aureus shows that it was most sensitive
to linezolid (100%), vancomycin (96.05%) and amikacin (86.84%).
Maximum resistance was seen with erythromycin (40.79%), while
38.10% of the isolates were methicillin resistant. Wassef M. A et al
(2010) reported a similar finding in which seventeen out of thirty
two (53.12%) strains of Staphylococcus aureus were methicillinresistant but none of the strains were resistant to vancomycin.18 In
a similar study, Shriyan A et al (2010) found that Staphylococcus
aureus was generally sensitive to vancomycin (100%), teicoplanin
(100%) andlinezolid (100%).19
As Escherichia coli was the most common pathogen among the
gram negative isolates its antibiogram was also evaluated.
Imipenem (97.73%) was the most effective drug against
Escherichia coli isolates followed by piperacillin-tazobactum
(90.91%). Majority of the strains were also found to be susceptible
to levofloxacin (86.36%) and amikacin (81.82%). Cefotaxime and
amoxicillin-clavulanic acid showed identical sensitivity pattern with
63.63% isolates being sensitive to them. Resistance was highest
for ampicillin, accounting for 52.27% of cases. Suchitra J. B. et al
(2005) found 90% of their Escherichia coli sensitive to amikacin
and gentamicin which is slightly higher than that observed in this
study. Among the cephalosporins maximum sensitivity was seen
with cefotaxime (70%). Maximum resistance was seen to cefazolin
(70%) and cefadroxyl (70%).20 Malik S. et al (2010) also reported
a similar sensitivity pattern. In their study Escherichia coli isolates
showed maximum susceptibility to imipenem and cefoperazonesulbactum (93.10%). Ampicillin (44.83%) was the most resistant
drug in their study as well.21
All the Pseudomonas isolates were sensitive to imipenem. 71.05%
of the isolates were sensitive to ceftazidime. Resistance was
recorded most for gentamicin in which 13 of the 38 (34.21%)
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isolates were resistant. 23.68% of the isolates were resistant to
levofloxacin. Suchitra J. B. et al (2005) found 91% of their
Pseudomonas strains to be sensitive to amikacin while 82% were
sensitive in the present study. 15% of their strains were resistant
to gentamicin while almost the double (31.71%) were found to be
resistant in the present study.20
Wassef M. A et al (2010) found 3.6% of carbapenems, 9.7% of
amikacin, 16.5% of fluoroquinolones and 21.4% of gentamicin
were not effective against the Pseudomonas sp. detected by
them.18
Malik S. et al (2010) in their study reported that 72.22% of their
Pseudomonas strains were sensitive to ceftazidime and 83.3% to
amikacin which is pretty similar to that observed in this study.
They also found that 88.89% of the isolated Pseudomonas strains
were sensitive to imipenem which was not the case in this study
as all the isolates were sensitive to imipenem. Maximum
resistance to gentamicin (27.8%) was also reported by them.21

CONCLUSION
The present study has given us an idea about the incidence of
Surgical Site Infection in our hospital. It also highlights the
variation in the incidence rate of infection in Clean and Clean
contaminated wounds.
SSIs are significantly related to duration of surgery, type of
operation and the age of the patient, showing increased infection
rate in all of them. Although surgical site infections cannot be
completely eliminated, a reduction in the infection rate to a
minimum level could have significant benefits, by reducing
postoperative morbidity and mortality and wastage of health care
resources.
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