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A B S T R A C T

Background: The Centres for Disease Control and Prevention (CDC) estimates surgical site infections
SSI is major contributor of healthcare associated infections (HAI). Multidrug resistant (MDR) Gram-
negative bacilli are emerging pathogens. This study aimed to determine the magnitude of SSI and identify
predominant pathogens with their antimicrobial susceptibility patterns.
Materials and Methods: It is a hospital-based descriptive cross-sectional study including 2070 suspected
SSI specimens from 25809 surgeries between 1st July 2021 to 30th June 2023. Organisms’ identification
and AST was done by both conventional and automated methods. Data was collected and analysed on
MS-Excel sheet with various charts and tables.
Results and Discussion: In our study SSI rate was 6.3%, much higher than previous study (2.83%) from
this institution. SSI rate was highest in plastic surgery (8.2%). Major pathogens of SSI were Gram-negative
bacilli e.g., Klebsiella pneumoniae (26.34%), Escherichia coli (25.59%) and Staphylococcus aureus
(74.69%) was predominant among Gram-positive cocci. Gram-negative bacilli including enterobacterales
and non-fermenter Pseudomonas aeruginosa and Acinetobacter baumannii complex showed resistance to
major classes of broad- spectrum antibiotics. Methicillin resistance Staphylococcus aureus (MRSA) was
43.9%, which indicates need to improve infection control practices.
Conclusion: Our study showed significant higher proportion of SSI as compared to previous studies from
the same institute with alarming number of isolated MDR Gram-negative bacilli. So, this study focusses
the need of robust infection control practices and strict implementation of antimicrobial stewardship to
overcome challenges of antimicrobial resistance.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
AttribFution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.

For reprints contact: reprint@ipinnovative.com

1. Introduction

World Health Organization (WHO) estimates surgical site
infection (SSI) as one of the frequent types of healthcare
associated infections (HCAI) in low-and middle-income
countries. SSI involves infection of the skin, soft tissue,

* Corresponding author.
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Ganguly Bhattacharjee).

organs and implanted materials following surgery and
manifested by pain and redness around the area of surgery,
discharge from surgery wound, and fever.1,2

SSI is classified into superficial incisional (within 30
days), deep incisional SSI and organ/space SSI (within 30
or 90 days). Both superficial and deep incisional SSI are
further divided into primary and secondary groups.3
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In India recent studies on SSI and Health Management
Information System (HMIS) database (2019-20) showed
SSI rate varying from 0.12% to 18%.4–6

The outcomes of SSI are prolonged hospital stay,
development of multidrug resistant organism, high
treatment costs and increased mortality.7

The risk factors of SSI are patient-related (e.g.,
pre-existing infection, elderly age), procedure-related
and operative environment-related (e.g., emergency
surgery, inadequate antiseptic surgical site preparation, air
quality of OT).8,9 Surgery in patients with poly-trauma,
hemodynamic instability and patients who develop post-
operative hypothermia, hypoxia, hyperglycaemia are prone
to develop SSI.10

Surgical site infection (SSI) surveillance is an important
part of hospital infection control practice.11 Though
considerable improvements in infection control practices,
surgical techniques and sterilization procedures have
occurred, SSI still remains the major HCAI, mostly due
to multidrug resistant organisms either from exogenous
sources or from patients’ endogenous flora.12

Previously Staphylococcus aureus (MRSA) was the
commonest pathogen isolated from SSI wounds.13,14

Recent reports have shown that multidrug-resistant
(MDR) Gram-negative bacilli and non-fermenters like
Pseudomonas aeruginosa and Acinetobacter baumannii
complex are increasingly isolated from SSI.15,16

Hence, aim of this study was to determine magnitude of
SSI in various surgical specialities, predominant pathogens
causing SSI and their antibiotic susceptibility patterns.

2. Materials and Methods

This was a descriptive cross-sectional study, conducted
in the Department of Microbiology at a 2000 bedded
tertiary care hospital in Kolkata. The primary objective
of this study was to determine magnitude of SSI across
various surgical specialities, clinico-demographical and
microbiological profile of SSI cases along with their
antimicrobial susceptibility profile. These data will help
in formulation of local antibiogram of SSI cases which is
required for both surgical antimicrobial prophylaxis and
hospital infection control practices.

SSI data from 1st July 2021 to 30th June 2023
(24 months) was collected from the SSI surveillance
database from the medical record department of the hospital
after approval of the Institutional Ethics Committee (IEC
No - NRSMC/IEC/133/2023 Dt. 31/05/2023). Detailed
epidemiological data and clinical history were collected in a
pre-tested structured questionnaire format. Data collection
was done from 1st June 2023 to 31st July 2023 and data
analysis done between 1st August 2023 and 31st August
2023.

All SSI cases according to guidelines by CDC NHSN
SSI classification criteria3 were included in this study while

episiotomy wound infection was excluded.
A total of 25809 surgeries were performed during the

study period of 1st July 2021 to 30th June 2023. Two
thousand seventy samples from suspected SSI cases, which
satisfied CDC NHSN SSI classification criteria,3 were sent
to the Microbiology laboratory for processing.

SSI samples e.g., pus, wound swab, implants were
received at the laboratory for processing. After Gram
staining, specimens were cultured on 5% Sheep Blood Agar
and MacConkey agar plates and plates were incubated at
37◦C for 48 hours. After the end of incubation culture plates
were examined for colony morphology and preliminary
bacteriological identification was done by Gram stain,
motility test by hanging drop method and standard battery
of biochemical tests. Further identification was done by
automated system Vitek 2 Compact ® (BIOMERIEUX).

Antimicrobial susceptibility test (AST) was done by both
Vitek 2 Compact® and Kirby Bauer disk diffusion method
as required following CLSI guideline 2022. Identification
of Gram-positive bacteria in Vitek 2 Compact ® was
done using GP cards and AST was done using P628,
ST03 cards. Identification of Gram-negative bacteria was
done using GN cards and for AST N235, N405 and N406
cards were used. Kirby Bauer disk diffusion method was
done on Mueller Hinton agar with commercially available
discs of penicillin (10 U), ampicillin (10mcg), cefoxitin
(30mcg), oxacillin (1 mcg), amoxycillin-clavulanic acid
(20/10mcg), linezolid (30mcg), erythromycin (15mcg),
clindamycin (2mcg), levofloxacin (5mcg), amikacin
(10mcg), gentamicin (10mcg), ceftriaxone (30mcg),
piperacillin-tazobactam (100/10 mcg), cotrimoxazole
(1.25/23.75mcg), cefoperazone-sulbactam (75/30 mcg),
imipenem (10mcg), meropenem (10mcg). Staphylococcus
aureus (ATCC 25923), Escherichia coli (ATCC 25922)
and Pseudomonas aeruginosa (ATCC 27853) were used
as controls in disc diffusion method. Carbapenemase
production in Enterobacterales and Pseudomonas
aeruginosa was detected phenotypically by Modified
Carbapenem Inactivation Method (mCIM) followed by
EDTA Carbapenem Inactivation Method (eCIM) following
CLSI guideline 2022. All dehydrated media, reagents,
antibiotic discs were acquired from Himedia Laboratories
Pvt. Ltd, Mumbai.

SSI rate was calculated following NHSN criteria17

SSI rate calculation :
Total number o f cul ture−posit ive SSI x 100

Total number o f surger ies per f ormed

Data was collected and analysed in a Microsoft Excel
sheet with various charts and tables. For categorical variable
e.g., gender of patient, types of SSI, types of wounds, place
of occurrence, organisms involved, susceptibility patterns
and resistance mechanisms expressed in frequency counts
with percentage distribution. Quantitative variable e.g.,
age of patient was categorized using 10-year categories
and expressed using percentage. The statistical test of
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hypothesis was not applied to our study.

3. Result

In the present study, 25809 surgeries were performed during
the study period of 24 months (from 1st July 2021 to
30th June 2023). Among all these surgeries, 2070 (8.02%)
patients developed post operative wound infection suspected
of SSI and duplicate samples, e.g., pus, wound swab and
implant were sent to our laboratory for microbiological
processing. Significant growth was detected in 1628 (6.3%)
cases, out of these 1628 positive samples pus, wound swab
and implant samples were 1099 (67.5%), 518 (31.81%) and
11 (0.69%) in numbers respectively.

Out of 1628 cases 1062 (65.23%) cases were male and
566 (34.77%) cases were female, with male: female ratio
being 1.9:1. The peak incidence of SSI was observed in the
age group of 31-40 years n=347 (21.31%) followed by in
the 21-30 years age group n=271 (17%) and 51-60 years
age group n=269 (16.52%) (Figure 1).

Figure 1: Bar diagram showing distribution of SSI cases across
the age groups

The distribution of superficial SSI, deep SSI and
organ/space SSI were n=444 (27.27%), n=1002 (61.55%)
and n=182 (11.18%) (Table 1).

Degree of wound contamination in SSI cases were
as follows, majority wounds were contaminated n=675
(41.46%) followed by clean contaminated n=608 (37.35%)
wounds and clean n=345 (21.19%) wounds (Table 2).

Maximum SSI cases were observed in the plastic surgery
department n=73 (8.22%), followed by the general surgery
department n=759 (7.6%) and orthopaedic department
n=555 (6.2%) against total number of surgeries done in each
department (Table 3).

Enterobacterales were predominant pathogens in
orthopaedics (Escherichia coli n=139, 25.03%), general
surgery (Klebsiella pneumoniae n=190, 25.03%),
plastic surgery (Escherichia coli n=23, 31.05%), ENT
(Escherichia coli and Klebsiella pneumoniae n=3, 37.5%
each), urosurgery (Klebsiella pneumoniae n=9, 39.1%),
gynaecology & obstetrics (Escherichia coli n=20, 16.2%) Ta
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and in paediatric surgery significant proportion of isolates
was Staphylococcus aureus n=11 (27.5%) (Table 4).

The average day of presentation of superficial SSI, deep
SSI and organ/space SSI were 7 days, 13 days and 12
days respectively. Among positively isolated samples, 1300
(79.85%) growths were mono-microbial and 328 (20.15%)
were poly-microbial. A total of 1928 microbial pathogens
were isolated among which 478 (24.79%) were Gram-
positive cocci and 1450 (75.21%) were Gram-negative
bacilli.

Out of 478 Gram-positive cocci 357 (74.69%)
Staphylococcus aureus, 88 (18.41%) coagulase-negative
Staphylococcus spp. (CONS), 25 (5.23%) Enterococcus
spp. and 8 (1.67%) Streptococcus pyogenes. were identified
(Figure 2). According to our laboratory practice duplicate
samples were collected and processed before CONS were
reported as a pathogen.

Figure 2: Pie diagram showing distribution of different Gram
positive cocci

Among 1450 Gram-negative bacilli n=382 (26.34%)
Klebsiella pneumoniae, n=371 (25.59%) Escherichia
coli, n=214 (14.76%) Pseudomonas aeruginosa, n=173
(11.93%) Acinetobacter baumannii complex, n=119 (8.2%)
Enterobacter spp, n=94 (6.48%) Proteus spp and n=30
(2.06%) Citrobacter spp. and n=60 (4.64%) other Gram-
negative bacilli were identified (Figure 3).

Figure 3: Pie diagram and table 5 showing distribution of different
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In this study, Gram-positive cocci showed higher
susceptibility to daptomycin n=414 (99.22%), linezolid
n=471 (98.64%), teicoplanin n=463 (96.96%) and
vancomycin n=462 (97.67%) and least susceptibility to
penicillin n=15 (3.2%) (Figure 4). Among all Gram-positive
cocci, 157 (43.9%) Methicillin-resistant Staphylococcus
aureus (MRSA) among Staphylococcus aureus (n=357) and
1 (4%) Vancomycin-resistant Enterococcus (VRE) among
Enterococcus spp (n=25) were detected (Table 6).

Figure 4: Bar diagram showing susceptibility pattern (blue bar)
and resistant pattern (orange bar) among Gram-positive cocci

Gram-negative bacilli showed greater resistance pattern,
30% (n=435) was multidrug-resistant organisms (MDRO).
Higher resistance was detected against ciprofloxacin
(n=279, 73.03%) in Klebsiella pneumoniae, ceftriaxone
(n=72, 76.59%) in Proteus spp., imipenem (n=82,
87.23%) in Proteus spp., levofloxacin (n=341, 91.91%) in
Escherichia coli), ciprofloxacin (n=140, 80.92%) and co-
trimoxazole (n=130, 75.14%) in Acinetobacter baumannii
complex (Table 5).

Greater susceptibility was observed in Pseudomonas
aeruginosa against piperacillin-tazobactam (n=34,
15.88%), gentamicin (n=60, 28.03%), meropenem (n=83,
38.78%), Acinetobacter baumannii complex against
cefoperazone-sulbactam (n=83, 47.97%), Klebsiella
pneumoniae against amikacin (n=130, 34.03%),
Escherichia coli against amikacin (n=82, 22.10%),
imipenem (n=137, 36.92%) and cefoperazone-sulbactam
(n=160, 43.12%) (Table 5).

In our study 34.78% were carbapenem-resistant
Enterobacterales (CRE) among enterobacterales and
16.35% Pseudomonas aeruginosa were Difficult-to-Treat
Resistance Pseudomonas spp. (DTR-P) and 70.52%
Acinetobacter baumannii complex were carbapenem-
resistant Acinetobacter spp. (CRAB) among non-fermenters
(Table 6).

Proportion of isolated organisms from previous three
studies from same institute14,16,18 and current study is
compared in Figure 5.

4. Discussion

Surgical site infection is the second most common reported
healthcare-associated infection around the world.1 It is
responsible for an extended hospital stay, life-threatening

Figure 5: Bar diagram showing isolated organisms causing SSI in
different studies from same institute

multidrug-resistant infection and higher healthcare costs,
ultimately increasing the burden on the already stressed
healthcare system in lower- and middle-income countries as
well as mental agony to the patient and his/her family.7,19

Rates of SSI in different studies in India vary between
5% to 18%, SSI rate in this study was 6.3%. Similar studies
done by Hirani S et al. and Singh S et al. showed SSI rates
to be 5.6% and 4.2% respectively.7,20

Duplicate samples collected from suspected SSI sites
were pus, wound swab in duplicate and removed implant
(along with pus sample), a similar procedure was also
followed in a study by Negi V et al.21

In our study male preponderance was observed among
those affected with a male-to-female ratio of 1.88:1 which
was lower than 2.9:1 as shown by Negi V et al21 but higher
than 1.56:1 found in a study by Reddy Chada CK et al.22

A higher proportion of SSI was observed in the age group
of 31-40 years (21.31%) followed by 21-30 years (17%) and
51-60 years (16.52%) age group. Delayed wound healing
due to advanced age and comorbidities are risk factors as
evident in other studies.18,21–23

Majority of SSI in our study was deep SSI (61.55%)
followed by superficial SSI (27.27%) and organ/space SSI
(11.18%) whereas a previous study by Lawson EH et al24

documented 6.2% superficial SSI and 4.7% deep/organ-
space SSI.

We observed SSI occurrence were much higher in
contaminated (41.46%) and clean contaminated (37.35%)
surgical wounds than clean (21.19%) surgical wounds
which was similar to findings by Lilani SP et al.25

Maximum SSI was recorded in the plastic surgery
department (8.22%), followed by the general surgery
department (7.6%) and orthopaedic department (6.2%). In a
previous study by Pham JC et al26 highest SSI was recorded
in the general surgery department followed by orthopaedics
and Gravante G. et al27 showed SSI rate in plastic surgery
varied from 0.001% to 36% in different procedures.

The average days of presentation of superficial SSI were
7 days and 12-13 days in deep or organ/space SSI. In a study
by Alfouzan W et al28 majority of SSI cases in the caesarean



Banik et al. / Indian Journal of Microbiology Research 2024;11(1):25–33 31

Table 5: Showing resistance pattern among GNB against different antimicrobials,*IR = Intrinsic Resistance

E. coli
(n=371)

K. pneumoniae
(n=382)

Citrobacter spp.
(n=30)

P. aeruginosa
(n=214)

A. baumannii
(n=173)

Proteus spp.
(n=94)

Ampicillin 204
(54.98%)

IR IR IR IR 56 (59.57%)

Ceftriaxone 260
(70.08%)

264 (69.10%) 23 (76.66%) IR 116 (67.05%) 72 (76.59%)

Cefoperazone-
sulbactam

160
(43.12%)

199 (52.09%) 16 (53.33%) 71 (33.17%) 83 (47.97%) 33 (35.10%)

Piperacillin-
tazobactam

190
(51.21%)

206 (53.92%) 18 (60%) 34 (15.88%) 137 (79.19%) 14 (14.89%)

Amikacin 82
(22.10%)

130 (34.03%) 15 (50%) 62 (28.97%) 99 (57.22%) 30 (31.91%)

Gentamicin 145
(39.08%)

153 (40.05%) 11 (36.66%) 60 (28.03%) 121 (69.94%) 57 (60.63%)

Levofloxacin 341
(91.91%)

271 (70.94%) 23 (76.66%) 96 (44.85%) 118 (68.20%) 76 (80.85%)

Ciprofloxacin 297
(80.05%)

279 (73.03%) 23 (76.66%) 88 (41.12%) 140 (80.92%) 75 (79.78%)

Imipenem 137
(36.92%)

222 (58.11%) 18 (60%) 81 (37.85%) 135 (78.03%) 82 (87.23%)

Meropenem 152
(40.97%)

214 (56.02%) 17 (56.66%) 83 (38.78%) 130 (75.14%) 24 (25.53%)

Co-trimoxazole 234
(63.07%)

176 (46.07%) 22 (73.33%) IR 130 (75.14%) 65 (69.14%)

Table 6: Showing distribution of different resistance mechanisms among isolated microorganisms

Organism Resistance Percentage
Staphylococcus aureus (n=357) MRSA 157 (43.9%)
Enterococcus spp. (n=25) VRE 1 (4%)
Enterobacterales (n= 1055) CRE 367 (34.78%)
Pseudomonas aeruginosa (n=214) DTR-P 35 (16.35%)
Acinetobacter baumannii complex (n=173) CRAB 122 (70.52%)

sections presented within 15 days.
Monomicrobial growth was observed in 79.85% of

samples and polymicrobial growth in 20.15% as also
reported by Rao AV et al.29 Polymicrobial infection in SSI
poses significant challenges in treatment because broad-
spectrum antibiotics are needed for a longer duration which
increases treatment cost and resistance among organisms.

In our study majority causative microorganisms were
Gram-negative bacilli (75.21%) and rest were Gram-
positive cocci (24.79%). Previously Bhattacharya S et al.14

showed MRSA as the major pathogen of SSI but recent
studies by Deka S et al15 and Pradeep MS et al30 established
Gram-negative bacilli as predominant pathogens of SSI.

Staphylococcus aureus, Klebsiella pneumoniae and
Escherichia coli were frequently isolated followed by
Pseudomonas aeruginosa and Acinetobacter baumannii
complex. Sikdar S et al demonstrated that Klebsiella
pneumoniae and Escherichia coli were predominant
pathogens of SSI18 and Deb S et al. showed non-
fermenters like Pseudomonas aeruginosa and Acinetobacter
baumannii complex as emerging pathogens of SSI.16

Isolation of enteric pathogens, e.g., Escherichia coli

which are part of patient’s endogenous flora, and non-
fermenter Pseudomonas aeruginosa which thrives in
warmer healthcare environment, indicate poor hospital
hygiene practices.31

The susceptibility pattern of Gram-positive cocci showed
resistance to penicillin (95.18%) but higher susceptibility
has been recorded against daptomycin (99.22%), linezolid
(98.64%), teicoplanin (96.96%) and vancomycin (96.67%).
A significant proportion of Gram-positive cocci were
MRSA (43.9%) as observed in study done by Negi V et
al.21 In his study MRSA rate was 15.7% which was much
lower than our finding but Eagye et al32 and Kaye et al33

documented MRSA rates as 45% and 58.2% respectively.
As MRSA has predominant role in healthcare associated
infections, higher isolation of MRSA from SSI samples
indicates need of better infection control practices.

Resistance was even higher among Gram-negative
bacilli with a significant proportion to be MDR. Among
enterobacterales, Klebsiella pneumoniae was least
susceptible to quinolones and Escherichia coli was
least susceptible against ceftriaxone and quinolones but
their susceptibility against aminoglycosides, carbapenems,
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piperacillin-tazobactam, cefoperazone-sulbactam were
much better. Non-fermenter GNB Acinetobacter baumannii
complex was least susceptible against carbapenems,
quinolones, aminoglycosides, piperacillin-tazobactam and
ceftriaxone. Pseudomonas aeruginosa was susceptible
against most of the antibiotics except quinolones.
Susceptibility pattern was similar in study by Negi V
et al,21 showing better susceptibility in Gram-negative
bacilli against meropenem, piperacillin-tazobactam, and
amikacin.

In contrast to the three preceding studies,14,16,18 the
present study reveals a notably higher proportion of
MRSA, multi-drug resistant Klebsiella pneumoniae and
Acinetobacter baumannii complex isolations from SSI
samples indicating a matter of concern.

SSI remains major HCAI mostly due to MDR organisms
and poor adherence to infection prevention control practices
(IPC). SSI surveillance is an important tool to counter both
these obstacles. Significant reduction of SSI rate can be
achieved by the formation of local antibiogram according
to isolates’ susceptibility pattern, strict adherence to IPC
protocols and routine SSI surveillance.

5. Limitations

1. Mycobacterial culture, fungal culture and anaerobic
culture of received SSI samples were not done.

2. Phenotypic resistance patterns were only detected.

6. Conclusion

The higher SSI rate in our study as compared to
previous studies can be attributed to involvement of
contaminated wound, infection by MDR pathogens among
other risk factors. Greater isolation of Gram-negative bacilli
in SSI cases and their better susceptibility against β-
lactam/β-lactamase inhibitor combination indicates need
to rationalize antibiotic uses and appropriate surgical
prophylaxis. Higher proportion of SSI in plastic surgery,
orthopaedic departments was an alarming scenario where
outcomes were graft failure or implant rejection. Hence this
study highlighted the need for improved and strict infection
control measures as well as implementation of a robust
antimicrobial stewardship program in our hospital.
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