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ABSTRACT

Surgical site infections (SSIs) are a frequent worry after surgery, caused by several interactions and relationships
involving the patient and the surgical process. The investigated primary factors, which play an important role in
SSIs, are the traditional risk factors of diabetes, obesity, and smoking, and the emerging risk factors for metabolic
syndrome, anemia, and hypoproteinemia. Effective SSI prevention methods in the operating room include timely
prophylactic antibiotic use, strict aseptic protocols, and adequate perioperative care. In this narrative review, we
have addressed emerging methods such as the use of biodegradable electrically active sutures and antimicrobial
photodynamic therapy to reduce the rate of SSIs. There are still difficulties in giving optimal and quick treatment
to many patients, especially in India, where the resources and use of new knowledge are restricted. We believe
that the only way to address these challenges is through engagement and incorporation of patient-related factors,
process improvement, the role of technology, creation and implementation of systematic protocols, adequately
funded health policies, and equipment can serve to improve patient outcomes and reduce the incidence of SSIs
ultimately.

Keywords: Antimicrobial stewardship, Biofilm, Healthcare-associated infections, Nosocomial pathogens, Wound
healing

INTRODUCTION

Surgical site infections (SSIs) have been around for many years and continue to be an important
element of post-operative care, resulting in a substantial burden of patient morbidity and
ultimately healthcare expenditures.! SSIs are defined as an infection that occurs at or near a
surgical incision within 30 days of an operative procedure, and for an implant, up to one year."
SSIs are among the most common healthcare-associated infections (HAIs) worldwide, accounting
for 14-16% of all HAIs in the hospital setting and 38% among surgical patients specifically.”’ One
systematic review with 43 studies across 29 countries summarized a pooled global incidence of
2.5%. However, the incidence in low and middle-income countries (LMICs) is even higher, with
rates as high as 11.8% out of 100 surgical procedures in LMICs.! SSI control and awareness
have developed greatly over the years. Although doctors use the latest techniques and good
hygiene, SSIs can still be difficult, especially where resources are lacking."! SSIs remain a major
problem concerning post-operative care throughout India, leading to increased morbidity,
prolonged hospital stay, and skyrocketing costs for healthcare.”*! Incidence and prevalence
vary widely across different regions and healthcare centers in the country.”’ In Mumbai, a study
lasting four years at a private tertiary-care hospital found that 1.6% of 24,355 surgical patients
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had SSI after clean and clean-contaminated procedures.>¢!
The major causative pathogens are Gram-negative Bacilli,
predominantly Escherichia coli and Klebsiella spp., including
a considerable number of extended-spectrum P-lactamase
producers.[

On the other hand, higher rates have been recorded
elsewhere in India.”’ A certain study in a teaching hospital
at Ujjain, Madhya Pradesh, clinched a 5% SSI rate among
720 patients, establishing that factors such as disease severity,
drain presence, and long duration for surgery have been
major risk contributors.” In Trichy, Tamil Nadu, a cross-
sectional study brought out the picture of an SSI prevalence
rate of 5.6% among 2,076 surgical patients, with abdominal
surgery, emergency operation, and diabetes being major risk
factors.® Some hospitals have seen even higher numbers.
A tertiary care hospital in Mumbai found an 11% SSI rate in
1,196 patients after surgery.” They noticed that being over the
age of 55, having diabetes, and needing emergency surgery
made it more likely to suffer from SSL®! These differences
show we need to make infection control the same everywhere
and take specific steps in Indian hospitals to cut down on
SSIs.") The World Health Organization stresses the need to
follow proven guidelines to prevent SSIs.”! These include
proper hand cleaning before surgery, using antibiotics, and
creating a good setting for operations."” SSIs also lead to
longer hospital stays, more patients coming back, and huge
costs for health care.”) To achieve conceptual clarity on
this review, we categorized the risk factors as traditional
(i.e., those that have been consistently identified in earlier
literature, e.g., diabetes, wound class, and surgery duration),
and emerging risk factors include newly identified or
emerging determinants such as antimicrobial resistance
trends, perioperative glycemic variability, and environmental
or technological factors.? This focus on the Indian
healthcare setting can be explained by the heterogeneity of
its healthcare infrastructure, inconsistent infection control
measures, and high surgical volume, all of which are
indicative of issues common to most LMICs. Therefore, the
conclusions made in this setting can be generalized at large to
other LMICs.”” Comparative incidence of SSIs across global,
LMIC, and Indian healthcare settings has been depicted in
Figure 1.

SEARCH METHODOLOGY

We performed a structured search of PubMed, Scopus,
Web of Science, and Google Scholar (2000-2024) using
combinations of keywords and medical subject headings
(MeSH) terms “surgical site infections,” “SSI risk factors,”
“post-operative  infections,”  “antibiotic  prophylaxis,’
“nosocomial infections,” “infection prevention,” “India,” and
“emerging treatment strategies for SSIs” linked with Boolean
operators. English-language peer-reviewed original articles,

Journal of Laboratory Physicians « Article in Press | 2

11.8

-
jurg

SSI Incidence (%)
PN
O N A~ O OO N N

LMIC]
Tertiary
Hospital
Mumbai
Tertiary|

Ujjain Teaching

GlobaIHm

(8}
|

Trichy Hospital <

Mumbai Private!

Region/ Hospital

Figure 1: Comparative incidence of surgical site infections across
global, LMIC, and Indian healthcare settings. SSI: Surgical site
infections; LMIC: Low and middle-income countries.

systematic reviews, meta-analyses, clinical guidelines, and
government reports that addressed incidence, classification,
risk factors, prevention, or treatment of SSIs in LMICs
(particularly India) were eligible for inclusion. Non-English
articles, editorials, and commentaries without primary data
and duplicates were excluded. Titles and abstracts were
screened accordingly, followed by a full-text review.

Information, including study aims, design, setting,
population, methods, outcomes, and conclusions, was
extracted manually into a standardized form. Indian data
on SSI rates, causative organisms, and hospital interventions
received special emphasis. Findings were synthesized
narratively and organized by incidence-prevalence patterns,
classifications, clinical presentation, traditional and emerging
risk factors, prevention strategies, therapeutic approaches,
and implementation challenges; summary tables or figures
were created, where helpful. To have equal coverage of
the existing and new determinants, the literature included
was stratified into two broad categories: (i) Traditional risk
factors that have been widely reported in the past (e.g.,
diabetes, obesity, wound class, and surgery duration) and
(ii) emerging risk factors including antimicrobial resistance
trends, perioperative glycemic variability, and environmental
or technological effects. Such stratification allowed an equal
weight of analysis to both categories and prevented bias in
either direction of existing or recent evidence. Moreover,
possible overlaps of interrelated variables were recognized
and well considered with cross-reference to study methods
and multivariate analyses published in the literature. Where
overlap might have been probable, these factors were not
considered separately as variables but were grouped together
under integrated risk domains because of their multivariate
quality. This methodology provides a comprehensive,
specific view of SSIs in healthcare. Structured literature
search methodology and study selection criteria have been
mentioned in Table 1.
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Table 1: Structured literature search methodology and study selection criteria.

Parameter Description

Databases searched PubMed, Scopus, Web of Science, Google Scholar

Search period 2000-2024

Search terms/ “Surgical site infections,” “SSI risk factors,” “post-operative infections,” “antibiotic prophylaxis,” “nosocomial
keywords infections,” “infection prevention,” “India,” “emerging treatment strategies for SSIs”

Search strategy Keywords and MeSH terms combined using Boolean operators (AND, OR) to refine results

Inclusion criteria

Exclusion criteria

Screening process

Data extraction

Special emphasis
Data synthesis
approach

Risk factor
stratification and

handling of overlaps

Presentation of
findings

Outcome

English-language peer-reviewed original research articles, systematic reviews, meta-analyses, clinical guidelines,
and government reports

Studies addressing incidence, classification, risk factors, prevention, or treatment of SSIs in low- and
middle-income countries (particularly India)

Non-English publications
Editorials or commentaries without primary data
Duplicates or incomplete records

Initial screening of titles and abstracts followed by full-text review for eligible studies

Manual extraction into a standardized form, including study aims, design, setting, population, methods,
outcomes, and conclusions

Indian data on SSI rates, causative organisms, and hospital-based interventions

Narrative synthesis organized by:

Incidence and prevalence patterns

Classifications and clinical presentation

Traditional and emerging risk factors

Prevention strategies

Therapeutic approaches and implementation challenges.

Literature is categorized into two broad groups:

(i) Traditional risk factors (e.g., diabetes, obesity, wound class, surgery duration)

(ii) Emerging risk factors (e.g., antimicrobial resistance trends, perioperative glycemic variability, environmental
or technological effects)

(iii) Stratification ensured equal weight to both categories and minimized bias. Interrelated variables were
cross-referenced with study methods and multivariate analyses. Overlapping variables were grouped under
integrated risk domains rather than treated separately, reflecting their multivariate nature.

Summary tables and figures prepared to illustrate patterns and comparisons

Provides a comprehensive, region-specific overview of SSIs in healthcare settings, with a focus on India and other
LMICs contexts

SSIs: Surgical site infections, LMICs: Low and middle-income countries

REVIEW

SSIs are infections that occur at or near a surgical incision
within 30 days of an operative procedure or within one year if
an implant is placed and involves skin, subcutaneous tissues,
or deeper tissues such as organs or implanted material.""! The
Centers for Disease Control and Prevention (CDC) identifies
three main categories of SSIs, which include superficial
incisional, deep incisional, and organ.!'” Superficial incisional
SSIs involve the skin and subcutaneous tissues in the vicinity
of the incision.">*! Deep incisional SSIs involve the deeper soft
tissues (e.g., fascia, muscle)."” Organ SSIs involve any part of the
anatomy that was manipulated during surgery (excluding the
incision itself), such as organs or body spaces. Classification
of SSIs according to the CDC has been mentioned in Table 2.

CLASSIFICATION OF SURGICAL WOUNDS AND
SSI RISK

Classifying surgical wounds into four separate classes
is critical in determining the risk of SSIs and guiding
perioperative care.'® The CDC, as cited in the National
Center for Biotechnology Information, describes wounds
classified Class I (Clean) as uninfected operative sites with
no inflammation and in which the respiratory, alimentary,
genital, or uninfected urinary tracts are not entered.!”
Class I (Clean) wounds are typically created under sterile
conditions, and a primary closure occurs, one that carries
the least risk of post-operative infection.™ Class II (Clean-
Contaminated) wounds occur when controlled exposures
are made to the respiratory, alimentary, genital, or urinary
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Table 2: Classification of surgical site infections according to the Centers for Disease Control and Prevention.

Organ/space ~ Within 30 days (no  Any part other than

SSIs(®! implant) or one year the incision that is
(with implant) manipulated during
surgery

SSI types Time frame Tissue involved Diagnostic criteria
Superficial Within 30 days Skin and subcutaneous o Purulent drainage from the incision
incisional post-surgery tissues « Organisms isolated from an aseptically obtained culture
SSIs12) « Signs of infection (pain, redness, swelling, heat)
« Diagnosis by a surgeon or the attending physician
Deep Within 30 days (no  Fascia and muscle layers ¢ Purulent drainage from a deep incision
incisional implant) or one year « Spontaneous dehiscence or surgical opening with signs of infection
SSIs!1213] (with implant) « Abscess or evidence of infection on examination or imaging

« Diagnosis by a surgeon or the attending physician!™*!

« Purulent drainage from a drain inserted into an organ/space
« Organisms isolated from an aseptically obtained culture

o Abscess or infection evidence on examination or imaging

« Diagnosis by a surgeon or the attending physician!"*!

SSIs: Surgical site infections

tracts without unusual contamination.!'"*!* These sites are not
free of bacteria, as cleanliness classification suggests, when
surgery is planned, and precautions are taken to minimize
infection risk.'” Clean-contaminated wounds have a
moderately increased risk of SSIs than clean wounds, but are
still manageable.!"”!

Class III (Contaminated) wounds include open, fresh,
accidental wounds, as well as surgical wounds in which there
has been a major break in sterile technique (e.g., alcohol prep
wiped off) or significant spillage from the gastrointestinal
tract.1*1l These wounds have a considerably increased risk
of infection, because spillage of bowel without pathogens
cannot be determined."” Severe contamination is a Class IV
(Dirty/Infected) wound, old traumatic wounds with retained
devitalized tissue, clinical infection, or perforated viscera
at the time of operation."'%! Dirty wounds are considered
widely contaminated. They require aggressive management
to prevent or control infection. Wound classification is
important because it can help assess infection risk.'" The
surgical wound classification pyramid gradient showing
increasing risk of SSIs has been depicted in Figure 2. Surgical
wound classification and risk of SSIs have been briefed in
Table 3.

CLINICAL PRESENTATION AND EARLY
RECOGNITION OF SSI

Symptoms of SSIs should be identified as early as possible to
maximize intervention and recovery.!"”! Typical clinical signs
consist of localized redness and swelling, which are usually
palpable within three to seven days of surgery.'”'®l There
may be pain or tenderness at the site of incision; this pain
or tenderness indicates inflammation in the surrounding
tissue."®! Another common symptom of SSI would be the
presence of pus in incised or opened tissues.” Pus is usually
creamy in appearance, cloudy in color, and has a strong

Journal of Laboratory Physicians « Article in Press | 4

Very High

(Clean-Contaminated)

Class | (Clean)

LOW

Figure 2: Surgical wound classification pyramid showing increasing
risk of surgical site infection.

foul odor, all indicative of coupling and are associated with
bacteria.l”! Systemic signs such as fever or chills may also
occur as SSIs sometimes, at least deeper SSIs, will introduce
organisms to your blood, and the potential for circulation of
the organism and/or sepsis.?*?!

Aside from the aforementioned initial symptoms, some
very important clinical signs of SSIs are more pain at the
incision than expected postoperatively which can even
indicate an underlying abscess; localized wound dehiscence
(partial or complete opening of the wound) due to the
wound infection damaging the tissue; delayed healing,
which is identified with continued slough, necrosis, or no
granulation; warmth localized to the incision area (indicating
that the inflammatory process is continuing); and in some
instances, a malodorous discharge, often showing signs of
infection by anaerobic organisms.”**?! In the case of severe
or organ/space SSIs, you may see additional clinical signs
such as abdominal pain (in the case of post-intra-abdominal
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Table 3: Surgical wound classification and risk of surgical site infections.

Class Name Definition Examples SSI risk
I Clean Uninfected operative wounds with no inflammation. Hernia repair, mastectomy, Low
Respiratory, alimentary, genital, or urinary tracts are not entered.  thyroidectomy
I Clean- Controlled entry into respiratory, alimentary, genital, or Elective cholecystectomy, Moderate
contaminated"!  urinary tracts without unusual contamination. appendectomy without perforation,
vaginal hysterectomy
111 Contaminated!*!  Open, fresh, accidental wounds; operations with major Penetrating abdominal trauma, High

breaks in sterile technique or gross spillage from the GI tract.

v Dirty/infected!'®!

Old traumatic wounds with retained devitalized tissue,
existing clinical infection, or perforated viscus.

bowel surgery with spillage

Perforated bowel, abscess drainage, Very
necrotic tissue debridement high

GI: Gastrointestinal

surgeries), shortness of breath (in the case of thoracic
SSIs), or altered mental state (in the case of the elderly or
immunocompromised).®!

Patient and procedure-related risk factors for SSI

SSIs are a major complication that occurs following a surgical
procedure as a result of many factors, some of which are patient-
related and some are procedural.?” Some common patient-
related risk factors include diabetes mellitus, obesity, smoking,
and advanced age.” The SSIs are significantly associated with
diabetes mellitus.” Obesity (body mass index >30) was found to
lead to a higher ratio of association with SSIs.”” Smoking delays
wound healing and weakens immunity, which creates a chance
for infections.?” If a person is not getting proper nutrition, has
a weak immune system, or has Staphylococcus aureus in their
body, they become much more likely to get SSIs.*

Many procedural factors impact the SSI incidence rates.**"!
Longer surgical procedures can present an opportunity for
contamination with microbes and increase the risk of
infection.”® The degree of complexity of the surgery and
classification of the wound as contaminated or dirty have
also been risk factors.?**! Inadequate pre-operative skin
antisepsis, improper use of antibiotics for prophylaxis, and
poor intra-operative methods all contribute to the risk of
having SSIs.®" Patient and procedure-related risk factors for
SSIs have been detailed in Table 4.

Emerging and newly identified risk factors for SSI

Metabolic syndrome has recently been highlighted as an
important risk factor for SSIs; other previously unrecognized
independent risk factors identified include anemia and
hypoproteinemia, a topic often mentioned as significant
in emergency surgeries.”!! Both of these now-official
independent risk factors, in addition to mental health
issues, can impact cellular, immune, and wound healing
responses.”*?) Asymptomatic bacteriuria has been implicated
as a risk factor, especially in patients having joint replacement

surgeries, suggesting a higher incidence of SSIs in patients
with this potential risk factor.”**

Surgical drains are now found to be associated with increased
risk of infections, but this may potentially be further
mediated due to bacterial colonization.”” A paradox in
dermatological surgery is that procedures requiring local
flaps or skin grafts, although performed to achieve optimal
reconstruction, are associated with a higher risk of SSIs
as compared to simpler primary closures.?** The rise of
multiple drug-resistant organisms like carbapenem-resistant
Enterobacteriaceae is producing increasingly complex
challenges regarding prevention, diagnosis, and subsequent
surgical management of SSIs.* Length of hospital stay and
previous antibiotic use are significant contributing factors.®!!
Preoperative, intraoperative, and postoperative risk factors
for SSIs have been mentioned in Table 5.

MULTIMODAL STRATEGIES FOR THE
PREVENTION OF SSIS

Making sure SSIs do not occur is necessary to ensure better
recovery of the patient and for healthcare costs to decline.”*
The main strategies to prevent SSIs are following surgical
aseptic guidelines, using antibiotics early on, and ensuring
the patient improves their blood glucose levels and stops
smoking.’® The timing of prophylaxis is particularly
important; administering prophylactic antibiotics within
one hour of incision is associated with reduced risk of SSIs
since the concentration of prophylactic antibiotics in tissue is
highest at the time of incision.”

In addition, restoring normothermia and optimizing
oxygenation  during  the  perioperative  period
improves the immune response against infections,
respectively.® Implementation of a standardization surgical
bundle with a variety of interventions also demonstrated
consistent effectiveness in decreasing SSIs.!'*** Preoperative
skin cleaning with betadine, chlorhexidine-alcohol-

containing agent spirit over the incision site, wearing suitable
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Table 4: Patient and procedure-related risk factors for surgical site infections.

Surgical complexity and wound classification
Inadequate preoperative skin antisepsis
Improper prophylactic antibiotic administration

Poor intraoperative technique

Category  Risk factors Description
Patient- Staphylococcus aureus colonization Carrier status elevates the risk of wound infection®*
related Malnutrition/immunosuppression Poor nutritional status and weak immunity increase susceptibility!!
Smoking Delays healing and suppresses immune function*%!
Advanced age Associated with reduced immune response and tissue regeneration!
Diabetes mellitus Strongly associated with increased SSIs incidence!®
Obesity (BMI=30) Higher body fat contributes to impaired wound healing and infection risk®”
Procedure- Long duration of surgery Prolonged procedures increase microbial exposure!
related 28,29]

Contaminated or dirty wounds are more prone to infection!
Increases risk of microbial presence at the incision site*”!
Reduces the ability to prevent perioperative infections!*

Breaks in asepsis or surgical errors can directly introduce pathogens*!

passages, which can cause SSIs

SSIs: Surgical site infections, BMI: Body mass index, Staphylococcus aureus: A common Gram-positive bacterium often found on the skin and in the nasal

Table 5: Preoperative, intraoperative, and postoperative risk factors for surgical site infections.

Surgical phase Risk factors

Explanation

« Diabetes mellitus

« Obesity (BMI>30)

« Malnutrition (low albumin/protein levels)
« Prolonged hospital stays

« Poor glycemic control

Preoperative2627:31]

Intraoperative®*>*! « Long surgical duration
« Excessive blood loss (>600 mL)
« Use of surgical drains

Inadequate aseptic technique

Post-operative®?2*! « Prolonged hospital stays
« Delayed wound healing
« Inadequate wound care

« Improper antibiotic use

« Diabetes significantly raises SSI occurrence

« Obesity is linked to increased SSI rates in bariatric and other surgeries

« Hypoproteinemia and anemia are independent risk factors in
cardiac surgery

o Longer duration increases microbial exposure
« Bacteria may colonize drains
« Poor technique raises contamination risk

« Longer stays correlate with higher nosocomial exposure
« Close monitoring and aseptic wound care are essential

SSI: Surgical site infection, BMI: Body mass index, mL: Milliliters

protective gear, and limiting visitors in the operation room
are all part of surgical bundles.® Managing wounds with the
best methods and identifying them early in the perioperative
phase, along with avoiding unnecessary subcutaneous
sutures and less frequency dressing for clean wounds, can
further reduce SSIs.*® Keeping the air-exposed clean wound
with decreased moisture also decreases the risks of bacterial
growth from occlusive or semi-occlusive dressings, which
helps to reduce the risk of SSIs related to the dressing.***
It also allows the wound to dry and allows the clinician to
monitor the wound. Early removal of the drain is also an
important aspect for the prevention of SSIs.””’ In summary,
a team approach is demanded, since surgical, anesthesia,
nursing, and infection experts are needed to prevent SSIs.['"!
The multimodal surgical bundle for SSI prevention across
perioperative phases has been described in Figure 3.
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TREATMENT STRATEGIES IN SSI
MANAGEMENT

Treatment for SSI depends on how much the infection
is spread under or on the surface of the skin."” Damage
from a superficial infection can be resolved with regular
irrigation, a suitable dressing, and paying close attention to
the wound."* If an abscess develops, incision and drainage
are important, and follow that with a proper dressing and
rewound care."!! Perhaps for deeper or more complex
infections, surgical debridement is key to removing dead
or necrotic tissue and to cleaning bacteria from the affected
tissue to ensure healing occurs.

Systemic antibiotic therapy is also an important strategy
for the management of SSLM) Empirical antibiotic therapy
should address the most likely pathogens and local resistance
patterns.*! Following culturing and sensitivity testing, specific
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PREVENTION OF SURGICAL
SITE INFECTIONS

PREOPERATIVE

— 1 Follow surgical
< | aseptic guidelines

INTRAOPERATIVE
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Administer Optimize
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ol 95
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Manage wounds -
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of drain

Surgical, anesthesia,
nursing and infection
experts are needed
to prevent SSls

@ Keep wound
clean and dry

Figure 3: Multimodal surgical bundle for SSI prevention across
perioperative phases. SSIs: Surgical site infections.

effective therapy should be instigated, including multi-drug
resistant bacteria.®! In the face of a mounting “Antibiotic
Resistance Crisis;” antibiotic selection must be made judiciously,
while optimizing treatment regimens to limit the emergence of
resistant strains and ensure maximal patient efficacy.**! In
complicated patients involving multi-drug resistant organisms,
it is suggested that physicians consult with an infectious disease
specialist to assist with complex antimicrobials.***! Using
adjunctive therapies such as negative pressure wound therapy,
advances the healing process by increasing granulation tissue
and reducing fluid accumulation under the skin."* In addition,
among diabetic patients, the same can be said regarding optimal
glycemic control, nutritional support, and smoking cessation;
these adjuncts can support the comprehensive plan of care and
improve outcomes.*!

Novel technological advances in the surgical treatment of SSI

The recent innovations in surgical procedures have identified
new ways to manage SSIs, with the hope of improving

healing and reducing infection rates.*® One innovation
involves the development of electrically active biodegradable
sutures. These biodegradable sutures build up current,
from mechanical strain, through the triboelectric effect,
releasing electrical stimulation that promotes wound
healing and decreases bacterial growth without an external
device.*! Antimicrobial photodynamic therapy (aPDT) is
another new technique and is especially relevant for nasal
colonization."” This technique involves the application of
photosensitizers, activated by light, which generate reactive
oxygen species that defectively target and kill bacteria during
the activation phase.”? The most notable reduced rate of SSIs
using this method was in orthopedic and spinal surgery, and
unique non-antibiotic approaches can be used to control
infections. "

Micropore particle technology (MPPT) represents another
new method of wound management using highly porous
particles to absorb wound exudate rapidly and to distribute
biofilm formed from bacteria.* Most significantly,
passive immunotherapy enhances the immune system’s
natural responses and does not cause or increase antibiotic
resistance.” The innovations in these areas represent a
step forward in the management of SSIs, providing not
only alternative methods but also adjunct methods to the
conventional treatment of SSIs.*! Conventional and novel
treatment strategies for SSIs have been described in Table 6.

BARRIERS AND PROGRESS IN SSI GUIDELINE
IMPLEMENTATION IN INDIA

Even with good prevention guidelines, India faces many
obstacles while applying them effectively, mainly in areas with
few resources.®! Many healthcare facilities lack enough sterile
instruments, are crowded, and receive their basic infection
control supplies on an inconsistent basis.*” Limited training
and staffing shortages affect the ability to be consistent with
the suggested guidelines.®**!! The inappropriate or excessive
use of antibiotics, together with a lack of microbiological
support, means resistance to antimicrobials increased, which
complicates SSI management.**? Cultural differences, which
include sporadic compliance with hand hygiene practices and
a lack of institutional monitoring mechanisms, are further
barriers.”® The systemic and structural issues mean that the
guidelines need to be pragmatically altered to be usable and
generally use cost-effective, scalable interventions that can be
implemented reliably, in variable settings, relevant to Indian
healthcare facilities.>*!

Despite challenges, India has achieved major progress in areas
related to tackling SSIs." In the National Health Mission,
programs concentrate on keeping watch, skill-building, and
implementing steps to avoid SSIs in districts and specialist
hospitals.”" Indias major hygiene and sanitation campaign,
the Swachh Bharat Abhiyan, has helped improve healthcare

Journal of Laboratory Physicians « Article in Press | 7



Shailabh, et al.: Surgical site infections

Table 6: Conventional and novel treatment strategies for surgical site infections.

Category Treatment/innovation

Mechanism/description

Conventional Superficial wound care
treatments Glycemic control, nutrition, and
smoking cessation

Incision and drainage

Surgical debridement

Systemic antibiotic therapy
Infectious disease consultation
Negative pressure wound therapy

Novel
innovations

Electrically active biodegradable

sutures bacterial*!

Micropore particle technology

Regular irrigation, dressing, and wound monitoring!

Supportive strategies to optimize immune response!*!

For abscesses; followed by proper wound dressing!*!

Removal of necrotic tissue to promote healing!*?

Empirical and targeted antibiotics, adjusted after culture results*’!

For multidrug-resistant cases!*>*!

Enhances healing by increasing granulation and reducing fluid buildup**!

Triboelectric stimulation from body movement promotes healing and reduces

Antimicrobial photodynamic therapy Light-activated photosensitizers generate ROS that kill bacteria (especially nasal
decolonization)”#8

Absorbs exudate, disrupts bacterial biofilm, supports passive immunotherapy!*!

40,41]

NPWT: Negative pressure wound therapy, aPDT: Antimicrobial photodynamic therapy, ROS: Reactive oxygen species, MPPT: Micropore particle technology

buildings and informed people about hygiene.* Numerous
Indian tertiary care hospitals have successfully implemented
multimodal bundles promoting infection control as described
above.®”! These bundles often include intraoperative skin
antisepsis, compliance with antibiotic prophylaxis, and
meticulous adherence to surgical asepsis protocol, which also
includes the use of intra-operative wash and irrigation of the
wound before its closure.'”*!l These programs demonstrate
the power of the coordinated efforts of government leadership
with engagement from healthcare providers and measure
success by addressing chronic surveillance page remains a
long-lasting outcome for SSI in India.*>*¢!

Innovations and personalized approaches in SSI control

Among the emerging innovations in the field of SSI
management, there are several promising directions of future
research. aPDT and electrically active biodegradable sutures
provide non-antibiotic interventions that might reduce
the use of systemic antibiotics and mitigate antimicrobial
resistance.”) Passive immunotherapy and MPPT have the
potential to improve the wound healing process and directly
address the problem of bacterial biofilms.” The future research
to be undertaken should aim at streamlining these technologies
for various surgical environments, their cost-effectiveness,
and incorporation into multimodal SSI  prevention
bundles.?*¥ Furthermore, exploring patient-specific variables
that determine the effectiveness of these new interventions
may contribute to customizing precision measures towards SSI
prevention, especially in resource-limited settings.(*>*!

CONCLUSIONS

SSIs are still a frequent problem in clinical settings, causing
high healthcare costs and additional problems for those
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undergoing surgery. Using prevention protocols backed by
research is a key, but surgical practice can be greatly improved
when new technology is used and professionals from various
specialties team up. In general, the recommendations stress
early recognition, careful antimicrobial use, and treating each
patient individually. Issues with implementation, training,
and infrastructure are singled out in India due to its limited
resources. Research should keep moving forward, and
surgeons should collaborate globally to lessen the negative
effects of SSIs and advance surgical treatment all over the
world.
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