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Abstract 

Background

Surgical site infections (SSIs) are a major yet preventable cause of poor post-operative 

clinical outcomes, prolonged ICU/hospital stay, increased antibiotic consumption and 

added cost of therapy. Low- and Middle-income Countries (LMICs) have disproportion-

ately higher rates of SSIs as compared to high-income countries despite various national 

and international guidelines in place as multipronged, combined interventions are seldom 

used. The IMPRESS project aims to respond to this urgent need to identify and evaluate 

the quality improvement measures contextualized to the logistic constraints of LMIC set-

tings such as India.

Methods and analysis

We adopt a multi-center longitudinal mixed-methods study to be conducted over a period 

of 2 years in various phases. Phase 1 will be formative research with the objective of iden-

tifying knowledge gaps and baseline data collection. Phase II will involve co- 

development of multipronged interventions addressing identified barriers. Phase III will 

focus on the deployment of the selected multipronged interventions. Phase IV will be the 
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post-intervention phase to evaluate the impact of the interventions. The study has been 

prospectively registered with CTRI and is supported by a funding grant from the Indian 

Council of Medical Research, New Delhi. The Institutional Ethics Committee approval has 

been obtained from all the sites involved in the study.

Article summary 
Various interventions have been explored in research for the prevention of SSIs. However, 

these measures have not been standardized and multipronged combined interventions 

are seldom used, especially in resource-constrained settings. The strength of our study 

lies in the design adopted and the semi-structured format, which will allow us to remain 

open to exploratory findings and help us develop the interventions that are scalable in our 

healthcare settings. Secondly, our study will be pragmatic. The study deployed over seven 

sites will enable an understanding of the practical challenges in adopting the interventions 

and enhance generalizability.

Introduction
Surgical site infections (SSIs) are defined as superficial site infections, if involving skin and 
subcutaneous tissue of the incision site within 30 days or deep incisional site infections, if 
involving deep soft tissues of the incision (fascial and muscle layers) within 30 or 90 days, if 
implant in situ following the operative procedure [1]. The World Health Organization (WHO) 
mentions SSI as the most common hospital-acquired infection (HAI) among surgical patients 
in low-middle income countries (LMICs), affecting around one-third of the patients under-
going surgical procedures [2]. While the global estimates vary from 0.5% to 15% depending 
on type of surgery, LMICs including India, have disproportionately higher rates of surgical 
site infections, ranging from 23 to 38% as compared to high-income countries [3,4], despite 
adjustment for the surgery and patient factors [5]. The SSI rate being higher in emergency 
procedures as compared to elective procedures [6]. SSIs lead to higher antibiotic consump-
tion, increased medical costs, prolonged hospital stay and recovery time, poor wound healing, 
risk of wound breakdown and hernia, poor clinical outcomes, psychological challenges and 
increased mortality [3]. The patients who develop SSI are 60% more likely to be admitted to 
ICU and have twice the mortality rate than non-infected patients [3]. It is noteworthy that 
around 40-60% of SSIs are preventable by the use of appropriate infection control prac-
tices. Many national and international organizations have published guidelines to prevent 
SSIs [2,7,8]. Despite these guidance documents in place, SSIs remain a substantial cause of 
morbidity, mortality and economic burden in hospitalized surgical patients, especially in 
LMICs. A study from India found a higher prevalence of SSI (17.7%) in emergency surgeries 
as compared to elective surgeries (12.5%) [9]. Similar rates were found in a recent pragmatic 
multicentric randomized controlled study in LMICs with an overall SSI rate of 22% (15.5% 
for clean-contaminated and 30% for contaminated or dirty surgeries) [10]. A recent prospec-
tive study from North India found the incidence of SSI to be ~ 8% for clean and ~ 10% for 
clean-contaminated surgeries [11].

SSI rate may be influenced by factors like pre-operative care, agent and timing of anti-
microbial administration for surgical prophylaxis, patient factors such as advanced age and 
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smoking, co-morbidities especially diabetes, operation theatre environment, intra-operative 
conditions especially surgery complexity or prolonged surgeries, type of surgery (higher in 
tumor-related, transplant surgeries), post-operative care and hand hygiene [6,12,13]. How-
ever, these measures have not been standardised and multipronged, combined interventions 
are seldom used. The WHO describes compliance with antibiotic administration within 60 
minutes prior to surgery and surgical prophylaxis stopped within 24 hours after surgery 
as major process measures in reducing the surgical site infections [14]. In addition to the 
appropriate use of antimicrobial prophylaxis, other measures like maintaining operation 
theatre (OT) cleanliness, hand hygiene, aseptic precautions, a sterile environment in OT, and 
restricting the opening of OT doors are other important measures in limiting the SSIs [15,16]. 
Quality improvement measures in cesarian section patients like following standard antimicro-
bial prophylaxis guidelines, decreasing OT traffic, reduced door openings, training of OT staff, 
surgical safety checklist, and biomedical waste management led to reduction in SSI rate from 
30% to 5% over a period of 6 months [17]. Continued use of multiple doses of antimicrobial 
surgical prophylaxis for > 1 day, even in clean surgical procedures [18,19] and use of dual or 
overlapping antimicrobial coverage (double gram-negative or anaerobic) not only exacerbate 
antimicrobial resistance but also contribute to the added cost of therapy while increasing the 
risk of adverse effects [20]. A recent meta-analysis by Cooper et al (2020) showed that educa-
tion to improve appropriate antibiotic prophylaxis is associated with the reduction of SSIs in 
LMICs [21].

Despite these advances, the efficacy of optimal surgical prophylaxis has not been strate-
gically evaluated in various surgeries including general surgery, neurosurgery, and pediatric 
surgery, although some evidence exists for cesarian section. The available evidence empha-
sises pairing surveillance of antimicrobials with effective audit and feedback mechanisms for 
frontline workers so that they can modify their behaviour in light of the quantitative data from 
audit and feedback to improve outcomes [16]. However, this alone has not led to a significant 
reduction in the rate of SSIs. Hence, there is a need to co-develop feasible and scalable mul-
tipronged interventions targeting healthcare professionals for the prevention of surgical site 
infections. These interventions must address the system-level challenges and be contextualised 
to the logistical constraints of LMICs.

Study objectives
The primary objective of the IMPRESS study is to evaluate the effect of multipronged inter-
ventions on the rate of surgical site infections in clean, clean-contaminated and contaminated 
surgeries.

The secondary objectives (SO) of the study are:

1)	 to identify knowledge gaps in the practice, barriers and challenges in the adoption of surgi-
cal prophylaxis prevention guidance;

2)	 to co-develop multipronged interventions that can be applied in hospital settings in 
LMICs;

3)	 to evaluate the impact of multipronged interventions on in-patient mortality and length of 
hospital stay;

4)	 to evaluate the number of ICU admissions averted and number of hospital readmissions 
averted within 30 days after discharge by adoption of multipronged interventions;

5)	 to evaluate the effect of multipronged interventions on the antimicrobial consumption 
indicators Days of Therapy (DOT);
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6)	 to evaluate the percentage of patients receiving the correct surgical antimicrobial 
prophylaxis.

Fig 1 map the secondary objectives to the specific research questions.

Methods and analysis

Study design and study process
A quasi-experiment (pre-post design) will be adopted for the study. Our research design 
adopts a multi-sited mixed-methods approach across a four- phased strategy, each phase 
addressing a specific research question (Figs 1, 2).

Phase I (Formative research).  Phase I will involve a scoping review with the objective 
to identify the knowledge, attitude and practice (KAP) gap in the adoption of surgical 
prophylaxis prevention guidance in the LMIC setting. In addition to the scoping review, a 
mixed-method analysis in the form of a sequential exploratory design, and cross-sectional 
analysis of administrative data (quantitative) followed by in-depth interviews (IDIs) of 
surgeons and nurses, as well as observations (qualitative) will be conducted to achieve the first 
secondary objective (SO-1).

The quantitative analysis involves the baseline data collection on the burden of SSI and 
the evaluation of surgical practices among healthcare professionals using a cross-sectional 
analysis. The risk factors which might contribute to the increased risk of SSI will be identified. 
The qualitative semi-structured questionnaire will be developed from the scoping review. 

Fig 1.  Phase-wise research strategy, objectives and activities planned for each phase of the study.

https://doi.org/10.1371/journal.pone.0319645.g001

Fig 2.  Study plan and duration of each phase of the study.

https://doi.org/10.1371/journal.pone.0319645.g002
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The questionnaire will be filled by the surgeons, nurses and other healthcare professionals in 
direct contact with the patient, and the questions will explore the practice followed in their 
setting (elective and emergency surgeries) and if there are any challenges in the adoption of 
the already published guidelines (global guidelines for prevention of surgical site infections 
by WHO second edition 2018 and clinical practice guidelines for antimicrobial prophylaxis in 
surgery) [2,7]. Overall, the qualitative component allows us to explore surgeons’ perspectives 
and perceived barriers to the implementation of SSI prevention strategies in their respective 
settings. A semi-structured format allows us to remain open to exploratory findings during 
the course of interviews. The number of interviews will range from 10-15 per site or until 
saturation of data is achieved.

The baseline data collection will be done by the trained research associate/staff nurse 
for the eligible patients undergoing surgeries and the baseline SSI rate in the setting will be 
calculated. The baseline data collection will be done using the standard case record form 
(CRF) designed for the study which will include the parameters (but not limited to) like type 
of surgery, American Society of Anesthesiologists (ASA) physical status score, timing and 
antimicrobial agent for surgical prophylaxis, duration of surgery, redosing of antimicrobial 
prophylaxis, and other defined parameters.

In addition, the trained research associate/staff nurse will observe the practices of the care 
delivery team and observe interactions between the care team and patients. Detailed observa-
tion notes will be recorded on a daily basis, and summarized across sites on a fortnightly basis. 
This multi-sited collaborative approach will enable the team to attend to practices that may be 
observed at one site and not the other, thus forming a shared repository. This qualitative assess-
ment will allow the research team to observe points that practitioners may not have reflected on 
or recollect during interviews. The baseline data collection phase will last for 6 months.

Outcome of Phase I: The expected outcome of Phase I will be to identify the knowledge 
gaps in the practice, barriers and challenges in the adoption of surgical prophylaxis guidance 
(SO-1). The baseline data collection will be done in this phase (pre-intervention data) on the 
baseline SSI rates and practices followed in the setting. These findings will be helpful in the 
co-development of the multipronged interventions during Phase-II.

Phase II (Co-development of a multipronged intervention package by the stakeholders 
addressing the identified barriers and suitable for low resource settings).  The multipronged 
interventions will be co-developed by the stakeholders based on the findings of the Phase-I, 
including the scoping/literature review. The stakeholders will involve the head of the 
departments of surgery, hospital administration (medical superintendent of the site), and the 
investigators (PI and Co-PI) from the respective sites involved. The most relevant, feasible and 
impactful interventions will be identified from Phase I.

A series of discussions on evidence-based interventions and foreseen challenges with all the 
stakeholders will be conducted to finalize the components of the multipronged intervention. 
These interventions will then be first be listed, mapped, and all the stakeholders will reach a 
consensus on components to be included as the multipronged intervention.

After developing the multipronged interventions by the stakeholders, the review will be 
done by the Project Advisory Group (PAG). The PAG will involve senior academicians, exter-
nal experts in the implementation research and PIs from all the sites. The final multipronged 
interventions will cover various core domains - system, structural and behavioral; which will 
be implemented in Phase III.

After co-development, the standardization of these multipronged interventions will be 
done and monitoring plan for the same will be drawn.

Intervention standardization It includes defining the type of standardization for each 
component and defining the limits of the standardization for each component [22,23]. The 
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type and limits of the standardization will be set after consensus with the stakeholders and the 
project advisory group.

A.	 The type of standardization for each component and step will be classified into “manda-
tory”, “optional”, or “prohibited”. The “mandatory” step must be performed under all cir-
cumstances and, if not performed, will be considered as protocol deviation; the opposite is 
true for “prohibited”. The “optional” step may or may not be performed at the discretion 
of the participating surgeon [23].

B.	 The limits of standardization for each component will be set as “exactly”, “with boundar-
ies” or “without boundaries (flexible)” based on the flexibility allowed for the adoption 
by the health care professional. If mentioned as “with boundaries”, the component or step 
can be followed as per the amount of flexibility mentioned for each component of the 
intervention [23].

Intervention monitoring The levels of fidelity will be defined and noted as per the discus-
sion with all the stakeholders. Any discrepancy among the stakeholders will be resolved after 
discussion with each other to reach a final consensus. Based on the multipronged interven-
tions, a checklist and standard data collection form will be developed. The checklist developed 
will be used for assessing the level of fidelity and compliance to the multipronged intervention 
package for each patient.

Outcome of Phase II: Feasible and acceptable multipronged intervention package that can 
be implemented in the low-resource setting to prevent surgical site infections.

Phase III (Deployment of the multipronged interventions).  Multipronged interventions 
developed in Phase II will be implemented in Phase III as a quasi-experimental study using 
the following strategies: training of healthcare professionals, identification of surgical site 
infection prevention (SSIP)/stewardship champions, review of implementation by the project 
advisory group. The primary objective of the study and secondary objectives 3-6 will be 
accomplished in this phase.

A. Development of a structured training curriculum and training manual based on the inter-
vention package: The structured training modules will be developed as per the multipronged 
interventions co-developed in Phase II. The training modules will be contextualized to the 
practice change needs and the training sessions will be conducted using interactive sessions 
and practical demonstrations. The assessment will be applied pre and post-training among 
the health care professionals undergoing training to assess the practice and knowledge change 
adopted from the training modules. The assessment will also indicate the need for re-training.

B. Training and skill development: The project steering group (comprising of a multidis-
ciplinary team of PIs from the sites, and antimicrobial stewardship experts) will impart 
comprehensive training to the relevant healthcare professionals including the operation 
theatre nursing staff involved in surgery and patient care, the residents, anesthesiologists 
and the surgeons using the structured training modules and curriculum using 4-5 interac-
tive sessions, didactic lectures for adoption of the multimodal interventions spanning over 
a period of two months. The healthcare professionals undergoing training will be assessed 
for practice and knowledge change using a pre-developed assessment module. A score of 
> 80% in the training assessment will be considered adequate. If the score is < 80%, then a 
re-training session will be conducted.

C. Implementation of the multipronged intervention package: The health care pro-
fessionals will implement the multipronged interventions in toto after completion 
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of necessary training. The impact on SSI and other secondary objectives will then be 
recorded. Any challenge faced in the adoption of the interventions will be documented and 
communicated.

D. Identification of Surgical Site Infection Prevention (SSIP)/Stewardship Champions: 
The “SSIP champions” will be identified for each setting by the site PI/Co-PI (could be ICN 
nurse/residents/surgeons who have leadership qualities and are actively working in the 
surgical department). These SSIP champions will ensure the adoption of multimodal inter-
ventions in their setting and will also assess the need for interim training or re-training in 
their respective sites. If the compliance with the multipronged interventions is lacking at 
a particular site as assessed by the checklist of each patient, then re-training will be sched-
uled. If non-compliance is persistent, then it will be communicated to the project advisory 
group. The process evaluation will be done by the project advisory group, and IDI will be 
conducted to understand the hurdles and challenges in the adoption of these interventions, 
as explained below.

Process evaluation: The compliance to the multipronged interventions, as reported by the 
SSIP champions, will be evaluated by the project advisory group. The SSIP champions will 
also evaluate whether the structural and system changes are in place at respective sites and 
whether behavioural changes are adopted by the health care professionals. If the  
non-compliance is persistent, then the stakeholders will re-assess the acceptance of the co- 
developed multipronged interventions. In-depth interviews with the health care profession-
als will follow to understand the hurdles and challenges in accepting these interventions and 
troubleshooting iteratively. The multipronged interventions will be either adapted as per the 
challenges noted or co-developed as per the site need or if only retraining will suffice, then 
re-training will be planned. The monitoring of compliance to the multipronged interventions 
at each site using the checklist will be done by SSIP champions and reported to the project 
advisory group quarterly.

The intervention will continue with the help of SSIP Champions. The intervention and 
quarterly result assessment will go hand in hand and the impact assessment will follow.

Phase IV (Post-intervention Phase).  This phase will involve the data collection on 
the same parameters as in the pre-intervention phase using the CRF to evaluate the 
implementation of multipronged intervention packages using the developed checklist. 
The SSIP champions will evaluate whether these multipronged interventions are adopted 
adequately in their respective setting. Intermittent weekly reminders such as by e-posters will 
be sent to health care professionals for adoption of multipronged interventions, which will act 
as reinforcement reminders. Interim training sessions will be planned every 6 months (in case 
new staff is recruited or diminished compliance is noted).

In-depth interviews will be conducted with key stakeholders (surgeons, health care profes-
sionals and nursing officials involved) to evaluate their perception of impact and feasibility 
of interventions at 6 months post-intervention phase and suggestions to improve the multi-
pronged interventions.

The study period and timelines of each phase of the study have been shown in Fig 3

Ethical approval and consent to participate
The study will follow all the principles laid down by the Declaration of Helsinki. The Ethical 
Clearance has been obtained from the Institutional Research Board (IRB) and Institutional 
Ethics Committee (IEC) from the Central coordinating site (AIIMS Bathinda) vide approval 
number IEC/AIIMS/BTI/554 dated 13-04-2024 and each participating site by respective Site 
PIs. The consent has been taken from the healthcare professionals for participation in the 
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study as the intervention is directed towards healthcare professionals. We obtained waiver of 
informed consent for participants from IEC as the interventions are directed towards health-
care professionals and patients will be followed only for outcomes in anonymized form. The 
multipronged intervention will direct towards healthcare professionals (system or admin-
istrative or behavioral). The patient data will be kept confidential and will be recorded as 
anonymized form during and after the study. Due approval has been taken from competent 
authority and the surgeon in-charge for the accessing the health records of the patients.

The informed consent will be obtained from healthcare professionals before the In-depth 
Interviews (IDIs). The qualitative data will be kept confidential. The results will be presented 
and published in anonymized form.

The study has been prospectively registered with CTRI with registration number 
CTRI/2024/04/066362 dated 26th April 2024. Any amendments/protocol modifications, 
if required will be communicated to the IEC at each site and necessary approvals will be 
obtained.

Current status of recruitment of patients for Phase-I of the study
The baseline data collection as per Phase-I has started from 1st September 2024. The duration 
of study will be 3 years.

Study duration, enrollment and number of sites.  The study participation for patients will 
last for 30 days unless an implant is placed during surgery. Each subject will be included in 
the study on pre-operative day 1 and followed till discharge. After discharge, the patient will 
be reviewed in the OPD or followed up telephonically till 30 days after the surgery or 90 days 
if the implant is placed (where the day of surgery will be taken as POD-0) for any evidence of 

Fig 3.  SPIRIT figure showing various phases of study along with the proposed time frame.

https://doi.org/10.1371/journal.pone.0319645.g003

https://doi.org/10.1371/journal.pone.0319645.g003
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surgical site infection. Any re-admission in between the discharge and 30 days will be noted 
along with the reasons for re-admission.

There will be seven collaborating sites across different Indian states with the central 
coordinating site being All India Institute of Medical Sciences (AIIMS) Bathinda, Punjab, 
India. Other six are as follows: Postgraduate Institute of Medical Education and Research, 
(PGIMER), Chandigarh, India; Postgraduate Institute of Medical Sciences (PGIMS), Rohtak, 
India; Dayanand Medical College and Hospital (DMC&H), Ludhiana, India; Government 
Medical College & Hospital, Sector-32 (GMCH-32), Chandigarh, India; Jawaharlal Nehru 
Medical College (JNMC), AMU, Uttar Pradesh, India; All India Institute of Medical Sciences 
(AIIMS), Jodhpur, Rajasthan, India.

The multi-center collaborative approach presents novel possibilities for developing practi-
cal and generalizable toolkit.

Study population.  Surgical patients undergoing elective or emergency procedures 
(open or laparoscopic) under general surgery, neurosurgery, orthopedics, pediatric 
surgery, plastic surgery or urology will be included in the study. Immunocompromised 
patients including uncontrolled diabetic patients, cancer patients, on immunosuppressive 
therapy; patients with HIV/HBV/HCV infection; patients with prolonged hospital stay > 1 
week and receiving multiple antimicrobials before the planned procedure; patients with 
dirty wounds or pre-existing active infection at surgical site; patients requiring therapeutic 
hypothermia during intra-operative or post-operative period, patients with American 
Society of Anesthesiologist (ASA) score [24] of 6 (declared brain dead whose organs 
are being removed for donor purposes) will be excluded. In addition, minor procedures 
performed under local anesthesia; pregnant or lactating females will be excluded from the 
study.

Sample size and power.  The three strata based on the type of the surgery (clean, clean-
contaminated and contaminated) will be separately powered based on different baseline 
SSI rates extracted from an Indian study showing the prevalence of SSIs in general surgery 
patients [8,9]. The sample sizes were based on 90% power, a 5% two-sided significance level 
and 15% loss to follow-up or death before reaching the primary endpoint at 30 days. For the 
clean surgeries, anticipating the baseline average SSI rate of 8%, a 3% absolute reduction in 
SSI to 5% will be taken as clinically significant and would require 3260 patients in total (1630 
patients in pre-intervention and intervention each). For the clean-contaminated surgeries, 
anticipating the baseline average SSI rate of 12%, a 4% absolute reduction in SSI to 8% will 
be taken as clinically significant (i.e., relative risk of 0.67) and would require 2700 patients 
in total (1350 in pre-intervention and intervention each). For the contaminated surgeries, 
anticipating higher baseline SSI rate of 30%, a 10% absolute reduction in SSI to 20% will be 
taken as clinically significant and would require 900 patients in total (450 in pre-intervention 
and intervention each).

Data collection and management.  The patient planned for elective surgery will be 
screened as per inclusion-exclusion criteria a day prior to the surgery. For emergency 
surgeries, the screening will be done as earliest possible before planned emergency surgery.

The anonymized data will be collected in the standard data collection form. The confi-
dentiality of the data will be maintained during, after the study and during publication of the 
results.

The data collection for the surgical patients undergoing elective or emergency surgery 
will be done by the nurse and research fellow in the standardized data collection form. The 
patient will be followed up regularly till discharge, and data on SSI, antimicrobials, and clinical 
outcomes will be recorded using RedCap database and source documents will be stored with 
patient wise folders at each site. The patient will be called in person for follow-up to ODP at 
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30 days to know the clinical status and outcome of the patient. Any unplanned visit to OPD or 
emergency will be noted with the reason for the visit.

The in-depth interviews (IDI) records will be stored to ensure data quality at the central 
coordinating site and later will be analyzed as per data analysis plan.

In the intervention phase, in addition, the checklist of multipronged interventions will be 
checked for implementation assurance along with the data collection form.

Subject completion/withdrawal.  The patients who take leave from the hospital against 
medical advice (LAMA) will be contacted for follow-up at 30 days for the outcome.

If follow-up is not possible at 30 days after surgery, patients will be followed up as soon 
after this as possible or telephonically. If patients develop SSI before postoperative day 30, they 
will still be reviewed at 30 days after surgery to record secondary outcomes.

Study outcomes.  The primary outcome of the study is the rate of surgical site 
infection till 30 days after surgery (90 days if implant) using CDC definition of SSI in 
pre-intervention versus post-intervention phase for clean, clean-contaminated and 
contaminated surgeries

The secondary outcomes are (1) the number of ICU admissions averted and number of 
readmissions averted in clean, clean-contaminated and contaminated surgeries by adop-
tion of multipronged interventions; (2) the length of index hospital admission in pre- 
intervention and post-intervention phase for clean, clean-contaminated and contaminated 
surgeries; (3) the antimicrobial consumption indicators (Days of therapy) in the pre- 
intervention and post-intervention phase for clean, clean-contaminated and contaminated 
surgeries; (4) the percentage of patients receiving single dose of antimicrobial prophylaxis 
in the pre-intervention and post-intervention phase for clean, clean-contaminated and 
contaminated surgeries; (5) the percentage of patients receiving prolonged antimicrobial 
prophylaxis (>24 hours duration) in the pre-intervention and post-intervention phase for 
clean, clean-contaminated and contaminated surgeries; (6) the percentage of irrational 
combinations of drugs (double gram positive, double gram negative or double anaerobic 
coverage) for surgical antimicrobial prophylaxis in the pre-intervention and post- 
intervention phase for clean, clean-contaminated and contaminated surgeries; (7) the 
number of deaths prevented in clean, clean-contaminated and contaminated surgeries by 
adoption of multipronged interventions; and (8) acceptance of these multipronged inter-
ventions and challenges in their implementation by healthcare professionals.

Statistical analysis plan.  The data collected using the standard data collection form will be 
analysed after entry into the excel form. The antimicrobial consumption analysis will be done 
using Microsoft Excel. The descriptive data analysis will be done using Statistical Package 
for the Social Sciences (SPSS). The rate of surgical site infection till 30 days after surgery 
(90 days if implant) will be expressed as events per person-time, separately for clean, clean-
contaminated, contaminated surgeries. All secondary endpoints will be expressed as mean, 
standard deviation (if the variable is continuous) or as frequency, percentage (if the variable 
is categorical). The rates of primary outcome and secondary outcomes measured at the study 
centres in post-intervention will be compared with the pre-intervention/baseline data to assess 
the impact of the intervention. Chi-square test, independent sample t-test or Mann-Whitney 
U test will be used for the statistical comparisons.

Plots and pivot tables will be generated using statistical software or excel as appropriate. 
The analysis will be conducted separately for clean, clean-contaminated and for contaminated 
surgeries. A sub-group analysis will also be conducted as per the level of fidelity.

Kaplan-Meier curves will be plotted to demonstrate the incidence rates of surgical site 
infections. The difference in the rate of surgical site infections between the nature of surgeries 
(clean, clean-contaminated, contaminated surgeries), or any other exposure categories will be 
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statistically tested using the log-rank test. A Cox proportional hazard model will be con-
structed to identify the predictors of surgical site infections.

Qualitative methods and analysis.  We will adopt qualitative research approaches in 
two phases of our study. In-depth interviews will be conducted in phase 1 (formative study) 
as the design of the same is a mixed-method, sequential exploratory design. As mentioned 
earlier, interviews will also be conducted with key stakeholders (surgeons, nursing officials 
and other health care professionals involved) to evaluate their perception of the impact and 
feasibility of interventions at 6 months post-intervention phase and suggestions to improve 
the multipronged interventions (Phase 4). Thematic analysis will be the analytical framework 
used for the qualitative analysis [25].

All interviews will be transcribed in English. The PI and Co-PIs will read through the 
responses in the qualitative practice assessment, observation notes and interview transcripts, 
creating memos where necessary. All responses will be thematically coded to facilitate the 
identification and analysis of patterns or themes in the data set [25,26]. Themes will be 
generated from the initial codes. Themes will be reviewed, named and documented. Multiple 
thematic codes will be shared with all members of the research team to guide the development 
of the multipronged interventions.

Dissemination.  The project advisory group (PAG) will maintain the audit trail of all 
the activities done in their respective sites. Periodic meetings will be conducted (physical 
or virtual with all the stakeholders and they will be appraised of the project activities). The 
implementation plan will be continuously evolved with the inputs for the project advisory 
group and external experts in implementation research. The report of the project will be 
presented to the Heads of the respective institutes and the PAG. The results will be published 
in an indexed journal with a reputable standing in the research community. The evidence 
generated from this study will be used to advocate for prevention of SSIs in hospital settings, 
particularly in the Global South, but also of potential interest in resource-constrained settings 
in different parts of the world today.
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