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Abstract

Surgical site infections (SSIs) are a frequent cause of postoperative morbidity and mortality, leading to
prolonged hospital stays, increased healthcare costs, and additional antibiotic use. The rising occurrence
of infections caused by multidrug-resistant (MDR) organisms further complicates management.
Continuous hospital-acquired infection (HAI) surveillance, adherence to infection prevention protocols,
and timely surgical prophylaxis play a critical role in SSI prevention. This study aimed to determine
the prevalence of SSls in a tertiary care teaching hospital, identify the bacterial pathogens, evaluate
their antimicrobial resistance patterns, and emphasize the need for targeted preventive strategies. A
retrospective analysis was conducted in the Department of Microbiology, NRI General Hospital, Andhra
Pradesh, India, over a two-year period (August 2023-July 2025). Postoperative patients with suspected
SSIs were evaluated, and specimens were collected under aseptic precautions. Microbiological
identification and antimicrobial susceptibility testing were performed using standard protocols and the
VITEK 2 Compact system, following CLSI guidelines. Isolates were screened for methicillin resistance,
extended-spectrum (3-lactamase (ESBL) production, carbapenem resistance, and multidrug-resistance.
Out of 21,952 surgeries, 50 culture-positive SSI cases were identified (0.23%). The majority occurred in
the 21-40 year age group (56%) and in females (68%). Obstetrics and Gynecology accounted for most
infections (58%), predominantly after emergency surgeries. The leading organism was Escherichia
coli (40%), followed by Klebsiella spp. (26%) and Pseudomonas aeruginosa (12%). Resistance patterns
revealed MRSA (4%), MDR (8%), ESBL producers (14%), and carbapenem resistance (14%). E. coli showed
high susceptibility to tigecycline (90%) and amikacin (80%), while Klebsiella spp. and Pseudomonas
spp. isolates responded best to tigecycline and carbapenems, respectively. Although SSI prevalence
was low, infections were concentrated in emergency obstetric procedures and mainly caused by
Gram-negative bacilli. The detection of ESBL and carbapenem-resistant strains emphasizes the need
for robust infection control, antimicrobial stewardship and timely prophylactic measures to reduce
SSI risk and improve outcomes.

Keywords: Surgical Site Infection (SSI), Antimicrobial Stewardship, Infection Control, Obstetrics and Gynecology,
Hospital Acquired Infection (HAI)

INTRODUCTION

Surgical site infections (SSls) are a major
cause of morbidity in hospitalized patients and
constitute a serious global public health concern.!
infections at or near the surgical incision site
that occurs within 30 days of surgery depending
on the type of procedure are known as surgical
site infections (SSIs).2 These infections may be
limited to the skin and subcutaneous tissues, or
they may occur deeper, involving organs or body
cavities.? SSIs often result in increased length of
hospitalization, thereby significantly increasing
the burden of healthcare costs.*

SSIs continue to serve as a
prominent reason for rising morbidity and
mortality with increasing strain on healthcare
costs.*5 Risk factors for SSls include the level of
contamination at the surgical site and virulence
of the invading microorganisms interacting with
patient’s immune response.® Staphylococcus

aureus, Escherichia coli, Klebsiella spp., and
Pseudomonas spp. are often attributed to Surgical
site infections.”®

The operating room environment, surgical
tools used, and the patient’s endogenous flora can
harbor exogenous and endogenous microbes
responsible for SSls. Strict adherence to infection
prevention and control guidelines is thus essential
for lowering the incidence of SSIs.° Recently, the
emergence of multidrug-resistant (MDR) strains
among hospital-acquired pathogens has become
an alarming global threat for clinicians.'®* Broad-
spectrum antibiotics are extensively used for the
prevention of SSI, and their prompt initiation is
essential to reduce treatment costs and minimize
morbidity and mortality rates related to these
infections.!?

Consequently, infections caused by MDR
strains are associated with longer stays in hospitals,
increased rates of readmission, additional use of
antimicrobial agents, and a greater chance of
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treatment failure.’® The rapid emergence of
multidrug-resistant Gram-negative bacteria (GNB)
is particularly concerning, as Hospital-acquired
infections caused by multidrug-resistant GNB have
been linked to significantly increased mortality
rates compared to infections caused by non-MDR
strains.'

Objective in this current study is to
assess the prevalence of surgical site infections in
a tertiary care hospital, assess the antimicrobial
susceptibility patterns of the isolated pathogens,
and emphasize the role of hospital-acquired
infection (HAI) surveillance in reducing SSls. In
addition, the study highlights the importance of
prompt administration of prophylactic antibiotics
before surgery as a crucial strategy to reduce the
incidence of postoperative infections, both in
elective and emergency surgeries.

MATERIALS AND METHODS

This retrospective study was carried out
in the Department of Microbiology, NRI General
Hospital, Chinakakani, Guntur District, Andhra
Pradesh, India, over a two-year period from August
2023 to July 2025. The study population included
postoperative patients who developed clinical
features suggestive of surgical site infection (SSI)
during their hospital stay or follow-up.

Out of a total of 21,952 surgeries
performed during the study period, specimens
were collected only from patients showing signs
and symptoms at the surgical site such as wound
gaping, discharge of serous fluid or pus, local
erythema, tenderness, swelling, or systemic
symptoms like fever and malaise. Patients with
non-surgical wound infections were excluded, as
the focus of this study was to determine the SSI
rate and analyze the antimicrobial susceptibility
patterns of the associated pathogens.

A total of 50 culture-positive SSl isolates
were obtained over the study period. Clinical
specimens, including wound swabs, pus samples,
discharges, and aspirates, were collected under
aseptic precautions and processed following
standard microbiological procedures. All samples
were streaked onto blood agar and MacConkey
agar and kept at 37 °C for 18-24 hours under
aerobic conditions. After incubation, microbial
growth was examined, and isolates were identified

by conventional morphological and biochemical
characteristics.

Pure cultures were prepared from
each isolate and subjected to antimicrobial
susceptibility profiles were determined with the
VITEK 2 Compact system (bioMerieux, France)
following the standards outlined by the Clinical and
Laboratory Standards Institute (CLSI) guidelines.*
Gram-negative isolates were processed using GN
ID and AST 405/406 cards, while Gram-positive
isolates were tested using GP ID and AST 628 cards.

Antimicrobial resistance profiles
were classified based on standard definitions.
The categories comprised carbapenem-
resistant Enterobacterales (CRE), ESBL
producing Klebsiella spp., MRSA, and multidrug-
resistant (MDR) strains, with MDR referring to
isolates resistant to at least three distinct groups
of antimicrobial drugs.

Inclusion criteria

Patients of any age or gender presenting
with clinical signs and symptoms suggestive of
SSI within 30 days of surgery or within 1 year for
procedures involving prostheticimplants. Samples
collected from the surgical wound site, such
as wound swabs, pus, exudates, discharges, or
aspirates, showing purulent discharge, erythema,
swelling, or delayed wound healing; and specimens
yielding significant bacterial growth on culture.

Exclusion criteria

Non-surgical wound infections (e.g.,
traumatic wounds, diabetic foot ulcers, burns,
pressure sores) samples with mixed growth of
skin commensals or insignificant bacterial growth,
patients who had received systemic antibiotics
for more than 48 hours before sample collection,
unless infection signs persisted and repeat samples
from the same patient for the same infection
episode, only the first isolate was considered.

Statistical analysis
All data were recorded and analyzed
utilizing Microsoft Excel.

RESULTS

Over the 24-month study period from
August 2023 to July 2025, a total of 21,952
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Table 1. Surgical Site Infection distribution by wound classification and specialty

Speciality Clean Clean Contaminated Dirty  Total Percentage
(n)  contaminated (n) (n) (n) (%)

Obstetrics & 0 28 1 0 29 58%

Gynecology

(OB&GYN)

General Surgery 1 5 2 1 9 18%

Surgical 0 4 2 0 6 12%

Gastroenterology

Neuro Surgery 2 1 0 0 3 6%

Orthopaedics 1 1 0 0 2 1%

Cardiothoracic 0 1 0 0 1 2%

Surgery (CT Surgery)

surgical procedures were performed across various
specialties. Patients who developed postoperative
signs suggestive of surgical site infection (SSI)
including wound gaping, serous or purulent
discharge, localized erythema, and tenderness
were clinically evaluated. Relevant clinical
specimens such as wound swabs, pus, aspirates,
or discharge were collected and subjected to
microbiological culture.

Fifty culture-positive SSI cases were
recorded over the course of study period. The 21-
40 years age group formed the largest proportion
of cases (56%), followed by 41-60 years (20%), <20
years (12%), and >60 years (12%). Females were
more often affected than males (68% vs. 32%).

Young adult women (21-40 years) were the most
frequently affected subgroup (Figure).

The highest proportion of SSIs occurred
in Obstetrics & Gynecology (58%), most commonly
in clean-contaminated wounds. General Surgery
accounted for 18% of cases, followed by Surgical
Gastroenterology (12%), Neurosurgery (6%),
Orthopaedics (4%), and Cardiothoracic Surgery
(2%). Dirty wounds were exclusively seen in General
Surgery, while clean wounds predominated in
Neurosurgery and Orthopedics (Table 1).

Wound classification CDC criteria:
clean, clean-contaminated, contaminated, dirty/
infected: with results expressed as frequency and
percentage (%).¢

30

N
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Figure. Distribution of Patients by Age and gender — wise
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Table 2. Distribution of Surgical Cases by Type of Surgery (Emergency vs. Elective) and Specialty

Speciality Emergency Elective Total Emergency Elective
(n) Surgery (n) (n) (%) (%)

Obstetrics & 20 9 29 90.9% 32.1%

Gynecology

(OB&GYN)

General Surgery 2 7 9 9.1% 25.0%

Surgical 0 6 6 0.0% 214 %

Gastroenterology

Neuro Surgery 0 3 3 0.0% 10.7%

Orthopaedics 0 2 2 0.0% 7.1%

Cardiothoracic 0 1 1 0.0% 3.6%

Surgery (CT Surgery)

Table 3. Microbial Isolates distribution (n = 50)

Microbial Total Percentage
Isolates (n) (%)
E. coli 20 40%
Klebsiella spp. 13 26%
P. aeruginosa 6 12%
A. baumanii 2 4%
S. aureus 4 8%
S. haemolyticus 1 2%
E. cloacae 1 2%
Pluribacter spp. 1 2%
Serratia spp. 1 2%
Proteus penneri 1 2%

Distribution of surgical site infections by
type of surgery. Data are presented as the number
and percentage of infections observed in each
surgical category.

Of the 50 SSI cases, 22 patients
(44%) underwent emergency surgeries, while 28
cases (56%) followed elective procedures. In
Obstetrics & Gynecology, SSIs were overwhelmingly
associated with emergency operations (90.9%).
Conversely, all SSls in Surgical Gastroenterology,
Neurosurgery, Orthopaedics, and Cardiothoracic
Surgery were after elective interventions. General
Surgery cases were more evenly distributed,
with 22.2% linked to emergency and 77.8% to
elective procedures (Table 2).

Fifity culture positive specimens were
obtained during the study period from patients
with suspected SSls. A single bacterial isolate
was obtained from each of the 50 specimens.
The most common pathogen was Escherichia
coli 20 isolates (40%), followed by Klebsiella

spp. 13 isolates (26%), and Pseudomonas
aeruginosa 6 isolates (12%). Less frequently
isolated organisms included Staphylococcus
aureus (8%), Acinetobacter baumannii (4%),
and single isolates (2% each) of Staphylococcus
haemolyticus, Enterobacter cloacae, Pluribacter
spp., Serratia spp., and Proteus penneri. Gram-
positive bacteria constituted 10% of the total
isolates as shown in Table 3.

Among the 50 isolates, 2 (4%) were
identified as methicillin-resistant Staphylococcus
aureus (MRSA). Multidrug-resistance (MDR)
defined as resistance to at least three antimicrobial
classes was observed in 4 isolates (8%), including E.
coli, Klebsiella spp., P. aeruginosa, and A.
baumannii. Extended-spectrum B-lactamase
(ESBL) production was detected in 7 isolates
(14%), occurring most frequently in Klebsiella
spp. (30.8%) and E. coli (15%). Carbapenem
resistance was also seen in 7 isolates (14%),
predominantly in E. coli (20%) and Klebsiella
spp. (23.1%) as shown in Table 4.

E. coli isolates exhibited the highest
responsiveness to tigecycline (90%), then by
amikacin (80%) and gentamicin (75%). Moderate
susceptibility (60%) was noted for imipenem,
meropenem, colistin, and fosfomycin. Klebsiella
spp. demonstrated maximum susceptibility to
tigecycline (76.9%), followed by cefoperazone/
sulbactam (61.5%) and ertapenem
(53.8%). Pseudomonas aeruginosa isolates were
most susceptible to amikacin and meropenem
(83.3% each). A. baumannii showed complete
susceptibility (100%) to cefoperazone/sulbactam,
colistin, tigecycline, and minocycline. S.
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Table 4 . Patterns of Antimicrobial Resistance among Isolates

Microbial MRSA MDR ESBL Carbapenem
Isolates (n%) (n%) (n%) Resistant (n%)
E. coli 0 1 (5%) 3 (15%) 4 (20%)
Klebsiella spp. 0 1(7.7%) 4 (30.8%) 3(23.1%)
P. aeruginosa 0 1(16.7%) 0 0

A. baumanii 0 1 (50%) 0 0

S. aureus 2 (50%) 0 0 0

S. haemolyticus 0 0 0 0

E. cloacae 0 0 0 0
Pluribacter spp. 0 0 0 0
Serratia spp. 0 0 0 0
Proteus penneri 0 0 0 0

Total 2 4 (8%) 7 (14%) 7 (14%)

Table 5. Antibiotic Sensitivity Pattern of Escherichia coli
and Klebsiella spp. Isolates

Table 6. Antibiotic Sensitivity Pattern of Pseudomonas
aeruginosa and Acinetobacter baumannii Isolates

Antibiotics E. coli  Klebsiella spp. Antibiotics Pseudomonas  Acinetobacter
(n%) (n%) spp. spp.
Gentamicin 75% 69.2% Levofloxacin 50% 50%
Netilmicin 5% 0% Gentamicin 0% 50%
Chloramphenicol 5% 0% Ciprofloxacin 50% 50%
Ciprofloxacin 15% 23.1% Ceftazidime 33.33% 50%
Amoxicillin/clavulanic acid  25% 7.7% Amikacin 83.3% 50%
Doxycycline 5% 0% Cefoperazone/ 33.3% 100%
Ceftriaxone 15% 23.1% sulbactam
Ceftizoxime 5% 0% Piperacillin 33.3% 50%
Amikacin 80% 53.8% tazobactam
Cefoperazone/sulbactam 55% 61.5% Cefepime 50% 50%
Cefuroxime 10% 7.7% Imipenem 50% 50%
Tobramycin 5% 0% Colistin 50% 100%
Piperacillin/tazobactam 45% 38.5% Tigecycline 0% 100%
Cefepime 25% 30.8% Minocycline 0% 100%
Imipenem 60% 38.5% Meropenem 83.3% 50%
Polymyxin 5% 0% Co-trimoxazole 0% 50%
Ertapenem 45% 53.8%
Cefuroxime axetil 10% 7.7% Note. The CLSI guidelines were applied for susceptibility
Colistin 60% 30.8% testing, with isolates categorized as intermediate being
Tigecycline 90% 76.9% regarded as resistant for analytical purposes.?”
Minocycline 20% /7% aureus isolates exhibited full susceptibility
Meropenem 60% 38.5% (100%) to tetracycline, teicoplanin, and rifampicin
Tetracycline 5% 0% ) k ! o . !
Fosfomycin 60% 38.5% with vancomycin and gentamicin showing 75%
Ceftazidime/avibactam 5% 0% effectiveness (Tables 5-7).
ceftolozane/tazobactam 0% 0%
cefoxitin 5% 0% DISCUSSION
Co-trimoxazole 35% 53.8%

Note. The CLSI guidelines were applied for susceptibility
testing, with isolates categorized as intermediate being
regarded as resistant for analytical purposes.?”

The present study investigated the prevalence
of surgical site infections (SSls) in a tertiary care
hospital over a two-year period, characterized
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Table 7. Antibiotic Sensitivity Pattern of Staphylococcus
aureus lsolates

Staphylococcus Antibiotic
aureus sensitivity
Vancomycin 75%
Gentamicin 75%
Nitrofurantoin 50%
Linezolid 25%
Tigecycline 50%
Tetracycline 100%
Teicoplanin 100%
Rifampicin 100%
Co-trimoxazole 25%

Note. The CLSI guidelines were applied for susceptibility
testing, with isolates categorized as intermediate being
regarded as resistant for analytical purposes.?”

the microbiological profiles of the pathogens
involved, analyzed their antimicrobial resistance
patterns, and underscored the role of hospital-
acquired infection (HAI) surveillance and timely
antibiotic prophylaxis in reducing SSI incidence.
The overall SSI burden in our study was 50
culture-confirmed cases among 21,952 surgical
procedures, corresponding to a prevalence
of approximately 0.23%. This relatively low
prevalence contrasts with higher SSI rates reported
in other tertiary care hospitals across India,
where prevalence ranges widely between 2%
and 18.6% depending on surgical specialty, case
mix, and study methodology.>!2® Variability in
reported SSIs may also reflect differences in CDC
definition adherence, surveillance methods,
infection control policies, and perioperative care
protocols. Nonetheless, our findings suggest that
effective infection prevention measures, strict
adherence to prophylactic antibiotic protocols,
and active HAI surveillance may have contributed
to the comparatively lower rate observed.

A striking finding was the predominance
of SSIs among young adult females (21-40 years),
particularly in the obstetrics and gynecology
(OB&GYN) department, which contributed 58%
of all cases. The high proportion from OB&GYN
is consistent with previous data indicating that
obstetric surgical procedures, especially cesarean
sections performed in emergency settings, carry
elevated infection risks due to prolonged labor,

rupture of membranes, and contamination during
emergent interventions.3?*% Qur data showed
90.9% of OB&GYN SSlIs occurred after emergency
surgeries, reinforcing the need for enhanced
adherence to antibiotic prophylaxis timing and
improved surgical asepsis in urgent procedures.

The majority of SSls arose from clean-
contaminated wounds, particularly in OB&GYN
and surgical gastroenterology, a pattern consistent
with global literature.?® Clean wounds, which
predominated in neurosurgery and orthopaedics
in our cohort, exhibited lower infection rates,
consistent with Centers for Disease Control and
Prevention (CDC) and National Healthcare Safety
Network (NHSN).?” Dirty wounds, confined to
general surgery in our study, predictably carried
the highest inherent infection risk.

Escherichia coli (40%) was the most
frequent isolate, followed by Klebsiella spp.
(26%) and Pseudomonas aeruginosa (12%). This
predominance of Gram-negative organisms mirrors
recent SSI surveillance data from Indian and
international studies, where Enterobacterales have
overtaken S. aureus as the major pathogens.??
The S. aureus proportion (8%) aligns with other
Indian series.*

Antimicrobial resistance patterns in
our sample raise major concerns. Notably 14%
of isolates were ESBL producers and 14% were
carbapenem-resistant, most notably among E.
coli and Klebsiella spp. These findings are in line
with WHO'’s global priority list calling for urgent
research and new drug development against
carbapenem-resistant Enterobacterales.?* The
MRSA rate among S. aureus (50%) was higher than
some national averages reported from India.*
calling for strengthened infection prevention
measures and antibiotic stewardship.

Our results reaffirm the value of robust SSI
surveillance programs and targeted interventions
in high-risk specialties. Evidence shows that
adherence to proper timing of prophylactic
antibiotics within 60 minutes before incision
significantly reduces SSI rates in both elective and
emergency procedures. Hospital policies ensuring
compliance, supported by periodic audit and
feedback, are essential for sustaining low infection
rates.’*%
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Limitations

These findings of a single-center
retrospective study at a tertiary hospital may not
be generalizable to other settings. Only in-hospital,
culture-confirmed SSIs were included, possibly
underestimating true prevalence. No molecular
resistance typing was performed. Late SSIs post-
discharge may have been missed.

Multi-center surveillance with molecular
typing of resistant isolates, need-based evaluation
of bundle-based SSI prevention programs and
more targeted interventions in high-risk surgical
specialties should constitute the focus of future
research.

CONCLUSION

The low SSI prevalence in this study,
compared with Indian averages, coincides
with intensive HAI surveillance and may reflect
good prophylaxis adherence. However, the
predominance of Gram-negative pathogens and
significant multidrug-resistance highlight the
urgent need for sustained infection control and
antimicrobial stewardship.
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