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A B S T R A C T

Surgical site infection (SSI) rates in low- and middle-income countries (LMICs) range from 8 to 30%
of procedures, making them the most frequent healthcare-acquired infection (HAI) with
substantial morbidity, mortality, and economic impacts. Presented here is an approach to
surgical site infection prevention based on surveillance and focused on five critical areas identified
by international experts. These five areas include
1. Collecting valid, high-quality data;
2. Linking HAIs to economic incapacity, underscoring the need to prioritize infection prevention

activities;
3. Implementing SSI surveillance within infection prevention and control (IPC) programs to enact

structural changes, develop procedural skills, and alter healthcare worker behaviors;
4. Prioritizing IPC training for healthcare workers in LMICs to conduct broad-based surveillance and to

develop and implement locally applicable IPC programs; and
5. Developing a highly accurate and objective international system for defining SSIs, which can be

translated globally in a straightforward manner.
Finally, we present a clear, unambiguous framework for successful SSI guideline implementation that

supports developing sustainable IPC programs in LMICs. This entails
1. Identifying index operations for targeted surveillance;
2. Identifying IPC “champions” and empowering healthcare workers;
3. Using multimodal improvement measures;
4. Positioning hand hygiene programs as the basis for IPC initiatives;
5. Use of telecommunication devices for surveillance and healthcare outcome follow-ups.
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Additionally, special considerations for pediatric SSIs, antimicrobial resistance development, an
antibiotic stewardship programs are addressed.
© 2020 Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an ope

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/

Introduction

Increased awareness of infection prevention and control as a critical
patient safety issue in low- and middle-income countries

The last decade has seen increased attention to the creation and
improvement of hospital- and community-based infection pre-
vention and control programs (Allegranzi et al., 2019; Allegranzi
et al., 2017; Storr et al., 2017; World Health Organization, 2011).
The publication of quantitative information detailing the extent of
the problem in low- and middle-income countries (LMICs) coupled
with the emergence of public health crises has highlighted the
need for trained infection prevention and control (IPC) personnel.
Outbreaks of HIV, SARS-CoV, MERS-CoV, Ebola virus disease, Zika
virus, and COVID-19 have renewed focus on appropriate IPC
measures to protect healthcare providers and improve patient
health (Reperant and Osterhaus, 2017). In healthcare-associated
infections (HAI) and community-based epidemics, trained IPC
specialists are critical for successful responses.

Two major obstacles to IPC implementation in LMICs include a
lack of adequate funding and insufficient human resources (Figure
1) (Global Burden of Disease Health Financing Collaborator
Network, 2019). Some acute care settings in LMICs may lack IPC
programs altogether, and the trained personnel required to
conduct broad-based surveillance and follow-up infection preven-
tion activities may not be available.

Why surgical site infections? A high-value focus for IPC in healthcare
settings

Surgical site infections (SSIs) in LMICs are an example of HAIs
that can be prevented by established techniques. SSI rates are
declining in high-income countries with clean operations, with
rates approximating 1–4% (Gaynes et al., 2001; Edwards et al.,
2009). This reduction in SSI rates is not reflected in LMICs. SSI rates
in LMICs range from 8 to 30% (Allegranzi et al., 2011; Biccard et al.,

2018; Sobhy et al., 2019; Horan et al., 2008). In these environments
SSIs are the most common HAI, often with substantial morbidity
mortality, and economic impacts. Thus, SSIs are an importan
target for quality improvement and patient safety initiative
(Allegranzi et al., 2011; Bagheri Nejad et al., 2011).

There is considerable variability of SSI rates between hospitals
across regions within one country, and also in continenta
groupings. To date, this variability remains unexplained. Ther
are significant concerns regarding the validity of published dat
and the challenges this creates when defining IPC priorities withi
health care systems. Importantly, the precision of studie
examining SSI rates is not increased by more copious amount
of data. Only when there is an improved understanding of SSIs vi
surveyor training, experience, and the standardization of metric
allowing interrater reliability, can data accuracy be improved
Concerning standardized SSI metrics, the current Centers fo
Disease Control/National Health Care Safety Network (CDC/NHSN
scheme is based on a complex system that prevents data clarit
(Horan et al., 2008). Further, variations in SSI rates betwee
healthcare facilities may not be random, and therefore, pooling i
not an accurate measure of risk across all hospitals. Th
aggregation of data does not itself ensure a generalizabl
statement.

These problems are also present in systematic reviews
Individual reports in LMIC settings are skewed towards bigge
higher-level hospitals with functioning microbiology laboratories
Institutions of this size are more likely to have IPC activity an
personnel awareness of IPC programs. Conversely, most patien
care occurs in smaller hospitals, described broadly as first-leve
hospitals with approximately 50–200 beds serving population
between 50,000–200,000 people (Mock et al., 2015). Many of thes
hospitals have neither microbiology laboratories nor effective IP
activity, such as hand hygiene programs and SSI surveillance
Therefore, we believe the accumulation of valid, high-quality dat
that accurately captures SSI rates in individual healthcare setting
is a critical need in LMIC healthcare settings.
Figure 1. The Health Care Economics in GDP/Capita in 2016. Between 1995 and 2016, health spending grew at a rate of 4.00% in 22 of 195 countries. The highest annual growth
rates in per capita health spending were observed in upper-middle-income countries (5.55%), mainly due to growth in government health spending, and in lower-middle-
income countries (3.71%), mainly from Development Assistance for Health. Health spending globally reached $8.0 trillion in 2016, comprising 8.6% of the global economy.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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The economic and human costs of SSIs in LMICs

SSIs impact many aspects of the patient journey. These include
increased pain and reduction in mobility, delayed wound healing,
increased use of antibiotics, a common need for additional surgery,
increased length of hospital stay, and increased mortality (Harrop
et al., 2012). The consequences of such infections have been explored
in various modeling studies with researchers pinpointing patient fees
and out-of-pocket expenses as impediments to healthcare-seeking
behaviors among the most vulnerable (McIntyre et al., 2006). A more
extended hospital stay represents a direct cost to the hospital system
and the payer and has patient and societal economic implications.
Some of these include the cost of medical supplies, nursing care, and
the extended loss of work/productivity. In low-resource settings,
wheremanyliveonlessthan$2USDperday,evenminorSSIsmayhave
a significant social and economic burden. Framing the impactof SSIs to
include morbidity, mortality, and economic data can further highlight
this challenge's urgency and focus attention on the benefits derived
from successful interventions.

The most complete work on SSIs' societal costs has focused on
maternal morbidity and mortality (Kes et al., 2015). The
unexpected occurrence of maternal morbidity triggers a series
of consequences that are often amplified by women's central
economic and social roles in LMIC households. The loss of a
woman’s contributions, combined with healthcare bills' spending
shock, can force a household into poverty. Other consequences
include negative impacts on nutrition, reduced access to health-
care for surviving children, and lost educational opportunities as
older children may withdraw from school to fulfill roles previously
occupied by the mother (Molla et al., 2015). Connecting HAIs to
financial incapacity further underscores the need for priority
investments in specific HAI prevention activities.

Role of surgical site infections as the initial target of HAI
surveillance

The WHO and CDC have developed and published SSI
prevention guidelines based on systematic reviews, meta-analy-
ses, and GRADE methodologies (Allegranzi et al., 2016a; Allegranzi
et al., 2016b; Berrios-Torres et al., 2017). These were the first major
SSI guidelines to pivot from expert opinion-based guidance to a
systematic, transparent, and evidence-based approach. Further
strengthening these guides is the WHO’s commitment to imple-
ment strategies sensitive to local cultural practices. Collectively,
this evidence-based, culturally-considerate approach to healthcare
intervention provides the best chance for successful IPC program
implementation. Additionally, the use of multimodal improvement
strategies that include communication plans, emphasizes the
Table 1
The components of a full infection prevention and control program.

The WHO recommendation states that a program consists of (Storr, 2017 #223):
� Surveillance; activities related to patients, visitors and health care workers’ safety 

� Development or adaptation of guidelines and standardization of effective preventi

� Outbreak prevention and response;

� Health care worker education and practical training;

� Maintenance of effective aseptic techniques for health care practices;

� Assessment and feedback of compliance with IPC practices (audit);

� Assurance of continuous procurement of adequate supplies relevant for IPC practices,
care waste disposal infrastructure, alongside assurance that patient care activities 

infrastructures.
desire to increase utilization of existing tools and recommenda-
tions (Allegranzi et al., 2018; 2019, Allegranzi et al., 2017; Ariyo
et al., 2019; Tartari et al., 2019). These recommendations and
associated implementation approaches provide the framework for
hospital-level programs targeting a reduction in SSIs.

Establishing IPC programs with SSI components is an ideal focus
for introducing critical structural changes, procedural alterations,
and behavioral skills for all healthcare workers. The identification
of SSIs is perhaps less difficult than other HAIs and includes teams
across the health system who are responsible for surgical patient
care. Identifying an SSI does not solely depend on microbiology,
radiology, or other laboratory services for diagnosis. SSIs may be
addressed by the surgeon and a range of other healthcare
providers. Surveillance is crucial to reducing SSI rates, and to
achieve this, a trained team is necessary to examine at-risk wounds
and support the dissemination of results.

Initial scope and design of IPC programs

The WHO has stated that “an IPC program with a dedicated,
trained team should be in place in each acute healthcare facility for
the purpose of preventing HAIs and combating antimicrobial
resistance through IPC good practices” (Storr et al., 2017; Table 1).
The number of trained professionals necessary to implement such
recommendations is not defined but generally considered to be one
IPC practitioner per 200–250 beds. Without dedicated IPC programs,
some IPC activities might still exist, but the likelihood of their
success, sustainability, and appropriate resource allocation is
limited. To fulfill the requirements of a successful SSI improvement
program, consideration must be given to both the broader IPC
program recommendations and any existing safe surgery programs.
More recently, the WHOhas outlinedthe minimum requirements for
IPC programs in a comprehensive document to assist countries with
IPC implementation (World Health Organization, 2016b).

Is this achievable as a start-up model for infection prevention
and control services?

Addressing the lack of certified/professionally recognized IPC training

Providing IPC training to healthcare workers is vital for patient
safety and to reduce the measurables of HAIs and antimicrobial
resistance (AMR). This is well known, and various training
programs have been created to train broad-based IPC personnel.
Most IPC strategies are developed following North American and/
or European standards, with little input from practitioners working
in LMICs. In LMICs with national IPC strategies, there may be a lack
of resources to fully implement these programs (Sastry et al., 2017).
and the prevention of AMR transmission;

ve practices and their implementation;

 including functioning services, namely water and sanitation facilities and a health
are undertaken in a clean and hygienic environment and supported by adequate
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Table 2
The evolution of CDC wound infection definitions.

First Author citation Definition

Berard and Gandon (1964) 1 Wounds were considered uninfected if they healed per primam without discharge
2 Definitely infected if there was a purulent discharge, whether or not organisms could be cultured from the purulent material
3 Wounds that were inflamed without discharge and wounds that drained culture-positive serous fluid were considered

possibly infected
4 Stitch abscesses were excluded from definite or possible infections:

1 if inflammation and discharge were minimal and confined to points of suture penetration
2 if the incision healed per primam without drainage
3 if healing occurred within 72 h after removal of sutures

Hart et al. (1968) “As in the NRC Cooperative Study these data do not include stitch abscesses or erythema around sutures, these being considered
as reactions about a foreign body in the skin. Included are all operations where pus, even in small amounts, had to be evacuated
from the subcutaneous tissue.”

Pollock (1979) Wound sepsis is the discharge of pus. It is subdivided into primary (when the first discharge is pus) and secondary (when the
first discharge is not pus, but the discharging wound becomes colonized by bacteria from endogenous or exogenous sources).
Both primary and secondary sepsis can be classified as minor (when constitutional disturbances are absent) and major (which
makes the patient ill)

Polk et al. (1983) Wound infection has been defined as the emergence of pus from a wound, irrespective of the results of subsequent cultures.
Indeed, any incision that must be opened for local care probably should be considered infected.

Garner et al. (1988) SURGICAL WOUND INFECTIONSurgical wound infection includes incisional surgical wound infection and deep surgical wound
infection.Incisional surgical wound infection must meet the following criteria: Infection occurs at incision site within 30 days
after surgery AND involves skin, subcutaneous tissue, or muscle located above the fascial layer AND any of the following:
1 Purulent drainage from incision or drain located above fascial layer
2 Organism isolated from the culture of fluid primarily from closed wound
3 Surgeon deliberately opens wound, unless wound is culture-negative
4 Surgeon’s or attending physician’s diagnosis of infection
Deep surgical wound infection must meet the following criterion: Infection occurs at operative site within 30 days after
surgery if no implant" is left in place or within one year if implant is in place AND infection appears related to surgery, AND
infection involves tissues or spaces at or beneath fascial layer AND any of the following:

1 Purulent drainage from drain placed beneath fascial layer
2 Wound spontaneously dehisces or is deliberately opened by surgeon when patient has fever (>3800 C) and/or localized pain or

tenderness unless wound is culture-negative
3 An abscess or other evidence of infection seen on direct examination, during surgery, or by histopathologic examination
4 Surgeon’s diagnosis of infection

Consensus paper on the
surveillance of surgical
wound infections (1992);
Garner et al. (1988);
Horan et al. (1992);
Mangram et al. (1999)

In the 1988 definitions, it was not clear that for deep surgical wound infections, specifying the anatomic location of the deep
infection was necessary. For example, NNIS System hospitals would report osteomyelitis as the specific site of a deep surgical
wound infection if it followed an orthopedic operative procedure. Hospitals unfamiliar with this two-level designation might
not have gleaned this information from the 1988 definitions. In this revision, we have included a Table listing specific sites.
Second, we have removed the term "wound," because in surgical terminology, "wound" connotes only the incision from the
skin. For infections involving the incision, we (now) use the term "incisional SSI." The previous definitions of incisional surgical
wound infection and deep soft tissue surgical wound infection' are replaced by superficial incisional SSI and deep incisional SSI.
Infections that involve the organ/space component of the surgical site were previously called deep surgical wound infections at
specific sites other than soft tissue. These are now termed organ/space SSI and use the same specific sites as soft tissues. We
introduce the term "organ/space" to define any part of the anatomy (e.g., organs or spaces), other than the incision, opened or
manipulated during the operative procedure.
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Most training curricula for health professionals at all degree levels
lack IPC components that sensitize and cultivate an interest in IPC
by healthcare professionals. IPC is not recognized in many
countries as a specialty, which hinders structured career paths.
In countries such as South Africa, Zimbabwe, and Egypt, where IPC
is offered as a graduate-level concentration, there has been
progress in IPC implementation.

Failing to recognize IPC specialists and their role in overseeing
the implementation of IPC programs is an obstacle to program
growth and sustainability. This challenge persists in settings
where national programs have developed policies, guidelines,
strategic plans, and short course IPC training (online and in-
person) for frontline healthcare workers (Pruckner et al., 2019).
The reality in many LMICs is that there are insufficient, trained
personnel to conduct broad-based surveillance or develop and
implement a formal IPC program. Therefore, it is necessary to
determine aspects of the recommended IPC structure that are
indispensable for a specific healthcare facility through discus-
sions with facility leadership, staff, regional experts, and global
authorities.
The details of surgical site infection surveillance

Accurate risk assessment tools

Certain patient characteristics are related to higher infectio
rates, and when risk-adjusting is not applied to observed infectio
rates, this may lead to false conclusions. The current infectio
rating system–referred to as the National Nosocomial Infectio
Survey–evolved from data collected as part of the US CDC Study o
the Efficacy of Nosocomial Infection Control (SENIC study) (Hale
et al., 1985). The index was developed based on 58,498 patient
undergoing operations in 1970. Analyzing ten risk-factors wit
stepwise multiple logistic regression techniques, the author
found that a model combining information on three of the ris
factors predicted a patient's probability of developing an SSI. Thes
three risk factors were wound class, operation time, and th
American Society of Anesthesia (ASA) score. The index as 

predictor of SSI infection risk was then validated against a separat
sample of 59,352 surgical patients admitted in 1975�1976. B
measuring risk with patient susceptibility and the level of woun
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contamination, the simplified index predicted surgical wound
infection risk about twice as well as the traditional classification of
wound contamination alone. Forty-five years later, this same tool is
still routinely used to determine the risk for SSIs across a broad
range of procedures (Allegranzi et al., 2018; Andiman et al., 2018;
Culver et al., 1991; Mathias, 2015).

While the NHSN is one of the most commonly referenced in
published system descriptions and studies globally, its utility remains
uncertain. The NHSN was intended for use as a domestic HAI
surveillanceandreportingmechanismintheUnitedStates.Therehave
been frequent calls to add procedure-specific variables to the existing
risk assessment tool; however, these variables add complexity for the
surveyors assigned to capture data (Haridas and Malangoni, 2008). In
some cases, relatively complex laboratory procedures are mentioned
apparently in an attempt to develop a patient-specific, vs. facility-
specific risk score. The risk assessment system is intended only for
healthcare systems, not for patient-level analysis.

The generalizability of this system across the LMIC healthcare
spectrum is not known. Debates generallycenterupon thesubjectivity
of the classifications–particularly the ASA classification. When viewed
in the context of cesarean sections, morbid obesity is a significant risk
factor for SSIs and moves these patients to ASA 3 (Wang et al., 2018).
ASA3isthecutoff foradditionalpoints intheriskassessmentequation.
This classification is not well characterized in LMIC healthcare settings
as the 75% cutoff for cesarean section procedure duration is based on
the US experience. Similarly, wound class related to cesarean sections
has not been evaluated as a predictor of SSIs. These wounds can be
classified as clean-contaminated if a prolonged rupture of membranes
results in chorioamnionitis.

It is difficult to construct an alternative system, as some have
urged, because the NHSN system is widely used and has been
validated. Recently, a new risk assessment tool–The African
Surgical Outcome Study (ASOS) Risk Calculator–was developed
using patient data from 8799 patients across 168 African hospitals
in 25 countries (Kluyts et al., 2018). The risk calculator included
patient age, ASA status, indication for surgery, urgency, severity,
and surgery type in the multivariable logistic regression model.
When the tool was applied to preoperative assessment, it showed
good discrimination and calibration to predict postoperative
morbidity and mortality. The ASOS Risk Calculator was validated
by a separate study that applied the tool to assess surgical
Figure 2. The Flow of an ‘Organized Surgical Infection Control Program.’ We specifically
where the drapes and instruments placed into the field are decontaminated and then s
systems engineers.
outcomes in 1425 patients across 79 hospitals in Nigeria (Osinaike
et al., 2019). While the new ASOS Risk Calculator is a promising
advancement, roll-out to facilities in LMCIs would require a
significant amount of retraining of surveyors and re-analysis of
performance across broad patient samples in countries that use it.
Further, for regional or national purposes, the NHSN risk
assessment system creates a standardized metric not offered by
the ASOS Risk Calculator. If new assessment tools are imple-
mented, such as the ASOS Risk Calculator, it will be difficult to
compare these tools against NHSN outcomes.

Finding the ‘best’ definition of surgical site infection

SSI definitions vary, ranging from simple subjective definitions
(e.g., surgeon diagnosis) to complex multifactorial definitions, such
as the ASEPSIS score (Bruce et al., 2001; Wilson et al., 1990; CDC
surgical site definitions are shown in Table 2). The evolution of SSI
definitions highlights the lack of an immediately obvious system.
Nonetheless, a highly accurate and objective international system
or one that can be translated globally in a straightforward manner
is needed. Current subjective case definitions generally preclude
comparability and limit the goal of tracking changes in HAI rates.

The assessment criteria we consider most important are the
depth of the infection, the extent of a systemic reaction, and the
qualitative values, including objectivity and simplicity. Concerning
wound descriptions or syndromic approaches, the CDC system is less
accurate than one would desire, particularly with superficial
infections (definitions in Table 2). In many surveys, a large
percentage, or even the majority of infections are classified as
superficial. When this objective criteria system was evaluated in
scientific studies, classification agreement was reached in approxi-
mately one-half of the wounds. The most common wound class and
the one carrying nosignificant risk orcost tothe patientorhealthcare
system ends up determining the outcomes of even well-performed
randomized and controlled studies (Anderson et al., 2008).

The infection depth is a primary variable for determining the
necessity of hospitalization and the intervention needed to cure
the infection. No intervention is needed in most superficial
infections, and an operating room environment is not commonly
required. For deep infections, exploration in the operating room
and debridement of infected skin, subcutaneous tissue, fascia, and
 note that cleaning, decontamination, and sterilization is the only point in this cycle
terilized. This point, along with a detailed guideline, has been emphasized by the
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Figure 3. Proposed definitions for SSIs in LMICs. Figured adapted from Wester-
camp, MJ: Association of Professionals in Infection Control, 2019 annual meeting,
Philadelphia PA USA, June 4, 2019.
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muscle is routine with a preference for general anesthesia, the
need for lighting, and the need for clean instruments. Organ space
infections are common following bowel surgery but may occur
following any surgical procedure that opens a cavity Figure 2.

A more suitable definition for use in limited-resource settings
would forgo the CDC definition system and focus on the
accompaniments of objectivity, specificity, and simplicity. This
definition is reproduced in Figure 3.

What implementation methods have been tried?

Safe Surgery Checklist

The need for a locally designed IPC program with SSI
considerations is best illustrated with the Safe Surgery Checklist
(World Health Organization, 2009a). This tool provides a
standardized framework designed to improve patient safety while
reducing morbidity and mortality associated with potential
deviations from best practices (Russ et al., 2015). In studies of
utilization, two themes were identified that reflected organiza-
tional barriers. The first theme, reported by 24% of participants,
was related to the style in which the checklist was initially
implemented within their healthcare setting. When there was no
planned approach to implementation (e.g., a lack of education or
training, a perceived lack of support from executives and
physicians, and no customization to the local context), or an
imposed approach, staff buy-in to adopt the usage of the tool was
jeopardized due to a lack of initiative ownership and failure t
communicate the local relevance of the tool. The second theme
reported by the same proportion of the sample (but not the sam
individual staff members), concerned the healthcare setting'
culture. This information is directly relevant to any interventio
designed to reduce SSIs, including WHO guidelines.

Comprehensive unit-based safety program

Additional work has focused on implementing a comprehensive
clinical unit-based safety program (CUSP). CUSPs are used in select U
hospitals and African countries (Allegranzi et al., 2018; Ariyo et al
2019). The utility of CUSPs has been questioned as studies wer
conducted in larger African hospitals, which may already implemen
measures to reduce HAIs and operate with significant staffin
resources. Thus, its utility in district hospitals has not been teste
and remains unproven. Despite the lack of evidence from smalle
healthcarefacilities, theavailableresearchhasinformedtheWHO’sSS
prevention improvement tools (World Health Organization, 2016a)

The way forward: specific steps for successful SSI guideline
implementation and building sustainable IPC programs in
LMICs

Identify index operations for targeted surveillance

Cesarean section (CS) delivery is one of the most commo
operative procedures performed in sub-Saharan Africa (SSA
accounting for as much as 80% of the surgical workload (Bjerrin
et al., 2015). In contrast to CSs performed in high-income countries
CSs performed in SSA are primarily emergency operations an
accompanied by high morbidity and mortality rates (Sway et al
2019). This operation is the most important known variabl
associated with an increased probability of postpartum bacteria
infection compared to vaginal birth. Reported infection rate
following CSs are between 1% and 25% in LMICs - about five to 2
times higher than postpartum bacterial infection rates in vagina
delivery (Reperant and Osterhaus, 2017). In addition to the physica
consequences of postpartum bacterial infection, such as materna
infirmity, sepsis, and neonatal mortality, these infections ofte
share a common pathophysiological pathway with fetal an
neonatal infections, thereby contributing to the significant societa
costs stemming from maternal illness.

Identify champions and empower healthcare workers

The lack of IPC programs in LMICs coupled with insufficien
personnel to conduct broad-based surveillance and follow-u
activities results in significant task shifting among healthcar
providers. Medical or clinical officers who are rarely trained in IP
are left to provide most of the operative care and may lack th
bandwidth to perform SSI surveillance (Bergstrom et al., 2015). 

broadly supported approach creating or expanding an IPC program
is the identification and creation of “champions”—healthcar
workers who are devoted to IPC and empower the continuou
adoption of IPC activities. For SSIs, surgeons are the obvious choic
as they serve as gatekeepers for programs impacting surgica
patients. This team requires leadership authority and shoul
engage perioperative care workers as champions to suppor
clinical care practices that are well known and strongly supporte
by recommended GRADE-based guidelines (Allegranzi et al
2016a, Allegranzi et al., 2016b; Berrios-Torres et al., 2017; Bratzle
et al., 2013). We recognize that in many settings, surgical practice i
conducted by non-specialist medical officers.

Within IPC teams, a ‘surveyor’ position should be designated. Thi
position is best filled by surgical care nurses given their daily contac
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with postoperative patients and their review of wounds at each
dressing change. This also represents an ideal opportunity to
introduce/reinforce safe hand hygiene measures before handling
wounds, dressing changes, and applying disinfectants. Therefore,
substantial efforts should be made to engage facility staff at all levels
and sectors because SSI prevention and control programs in LMICs are
unlikely to succeed without the involvement of surgical providers.

Global interest in surgery has been renewed due to a 2015
declaration by the World Health Assembly. In response to this
interest, LMICs are both creating and implementing national
surgical, obstetrics, and anesthesia plans (NSOAPs). These NSOAPs
scale up access to surgical care – particularly at district level
hospitals – and expand capacity by training new surgeons. These
activities will increase the volume of surgical cases and, in turn,
complications such as SSIs. An associated expansion of IPC
programs with SSI prevention and surveillance activities is needed
to avoid an upsurge in the burden of this complication in LMICs.

Use of multimodal improvement strategies

The WHO has presented a multimodal improvement strategy to
address guideline implementation for SSIs and other HAI challenges.
This strategy builds upon previously tested approaches to imple-
ment hand hygiene interventions. While different terminologies
have been used for this approach, it is clear that a concept of applying
a range of resources, reminders, evaluations, training, and culture
changes do lead to improvements in SSI rates in healthcare settings
(Ariyo et al., 2019). For SSI reduction, the WHO outlined a step-by-
stepimplementationmethodforevidence-basedrecommendations.
The first step requires assessing currently enacted IPC practices and
determining how these align with WHO recommendations. Next,
healthcare providers must identify the barriers that have prevented
the adoption of the remaining recommendations. In LMIC healthcare
settings, these challenges may relate to resource access to
disinfectants, clean water supplies, and sterilization equipment.
Other challenges may include electrical supply interruptions,
sterilization failures, and a lack of appropriate educational resources.
Following the identification of barriers, providers must breakdown
the steps required to overcome these obstacles, including financial
opportunities to address structural barriers and iteration methods
that incorporate feedback from individuals responsible for carrying
out the newly established activities.

Ensuring that teams can work together to improve and scale-
down practices deeply rooted in healthcare settings, is critical for
successful IPC. Addressing cultures and behaviors can be supported
by usingexisting safetyassessment tools that, while challenging and,
at times, uncomfortable, may be the only way to address a long-
standing poor practice, e.g., change from using adhesive drapes or
stopping prolonged duration of surgical antibiotic prophylaxis.

Hand hygiene programs as the basis for IPC programs–focusing on
ownership

The evidence for the effectiveness of hand hygiene improvement
programs is undisputed (World Health Organization, 2017; Pfäfflin
et al., 2017). Within the structure of an IPC program, hand hygiene
activities are reported through the IPC committee. By accepting this
responsibility, the executive authority sends an important message
to all workers in the healthcare setting and the IPC committee. This
becomes even more important where IPC personnel have not yet
been established or are struggling to gain attention.

The script used to engage managers is critical when considering
the ownership model. Scripts should cover key points, such as
supporting a plan and establishing targets for IPC compliance. The
WHO's “Five Moments of Hand Hygiene” serves as a valid basis for
hand hygiene interventions in all healthcare settings (World
Health Organization, 2009b). The activities described in the “Five
Moments of Hand Hygiene” can track progress towards hygiene
targets, and program administrators can share results via internal
and external publications. Additionally, the chief executive, chief
medical officer/medical superintendent, and chief nurse should all
be expected to make visible commitments to demonstrate their
support for hand hygiene improvement. This commitment must be
demonstrated on numerous occasions on surgical rounds and at
town hall meetings to engage senior surgical teams. It is a visible
and rewarding area of healthcare improvement, which should not
be underestimated. In LMIC healthcare settings, these are easily
adoptable activities that can significantly improve patient health
outcomes.

Use of telecommunication devices for patient follow-up and
surveillance

Patients often travel great distances to reach the hospitals that
perform necessary surgical procedures. As many SSIs occur after a
patient has been discharged, it is not uncommon for a patient to
seek treatment from a local practitioner instead of traveling back to
the original surgical care facility. Follow-up surveys that collect
information about patient health outcomes utilizing telecommu-
nication devices have been recommended and successfully used in
various countries. These communications take advantage of text
messaging services and smartphone apps, thus minimizing the
need for a revisit to the healthcare facility. Additional benefits to
these communication platforms include counseling patients on
responsible antibiotic use and providing other healthcare infor-
mation. When data from telecommunication surveys are assessed
in conjunction with hospital readmission rates, wound debride-
ment procedures, and antibiotic prescribing practices, healthcare
institutions can improve their monitoring of SSI rates.

Special considerations

Surgical site infections in pediatric patients

In high-income countries, pediatric SSIs may constitute one-
third of all surgical complications in children (Raval et al., 2011). In
LMICs, the extent of pediatric SSIs is poorly characterized as limited
data exists to accurately capture infection rates and healthcare
outcomes in this patient population. One systematic analysis of
interventional studies on SSI prevention in SSA concluded there
was “extremely limited research from sub-Saharan Africa on
interventions to curb the occurrence of SSI” (Aiken et al., 2012). The
same is sadly true for other LMICs and, in particular, for pediatric
populations. From what research has been conducted, the results
are concerning. A report on SSIs in pediatric patients from Nigeria
indicated the overall SSI rate was 23.6%, while the rate in clean
wounds was reported at 14.3% (Ameh et al., 2009).

Even more worrisome is the near-total silence on SSI prevention
guidelines in the pediatric population. The WHO’s 2016 global SSI
prevention guidelines found insufficient data on children (World
Health Organization, 2016a). Current guidelines on children are
based on evidence generated from adult studies (Araujo da Silva
et al., 2016). Araujo da Silva et al. point out that a lack of pediatric-
specific data is a hindrance to the standardization of care across
different settings. Children make up >40% of the population in
most LMICs, and it is crucial to create prevention and surveillance
guidelines that specifically address this age group. The role of
surgical wound classification, application of the NHSN risk index,
and antibiotic prophylaxis administration to reduce SSIs in
pediatric patients, is poorly characterized (Gonzalez et al., 2016;
Kagen et al., 2007; Oyetunji et al., 2016). Thus, high-quality studies
are urgently needed to fill this gap.
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Antibiotic resistance prevention

A challenge for preventing and treating SSIs is the growing rate
of infections with antibiotic-resistant bacteria confirmed through
microbiological testing in approved laboratories. There are sparse
data on the incidence of antibiotic resistance (ABR) in most LMICs,
in large part due to the absence of certified laboratories at anyplace
other than national referral centers, as well as a similar absence of
surveillance programs (Saied et al., 2015; Talaat et al., 2014).
However, overuse and misuse of antibiotics in LMICs is a probable
contributing factor to ABR development (Manenzhe et al., 2015).
The small amount of data available from LMICs raises a real
concern about the dynamic spread of multi-drug- and extensively-
drug resistant bacteria, especially Gram-negatives, in settings
where the availability of appropriate treatments is absent.

Reports from several countries in Africa, Southeast Asia, and India
reveal rates of extended-spectrum beta-lactamase (ESBL)-producing
Enterobacteriaceae of >50%, often associated with prior antibiotic use
(Rickard, 2019). Recent reports from Africa indicate the presence of
carbapenemase-producing genes (e.g., OXA-48, VIM, NDM-1, GES) in
Gram-negative bacteria (Adam and Elhag, 2018; Pedersen et al., 2018).
It is important to note these are healthcare-acquired bacterial
infections, not patient-specific colonizing organisms. In environments
where there is a rapid turnover of patients – often two patients in one
bed – and no decontamination of beds and linens, expedited ABR
infection acquisition is unlikely to diminish, even with strict antibiotic
stewardship. Other factors in LMICs associated with a higher
prevalence of ABR infections are a lack of laboratory facilities to guide
prescribing practices, mobile bacterial resistance genes, substandard
drugquality,andovercrowdinginhealthcarefacilities.TomitigateABR
in LMICs from the surgical field, efforts should focus on:

1 Antimicrobial stewardship to ensure the appropriate use of
antimicrobials in surgical patients;

2 Standardized and audited protocols of perioperative antibiotic
prophylaxis (addressing who is given prophylaxis, proper
timing, number of doses and when to be repeated during
surgery), and alternatives in the case of allergies;

3 And targeted IPC strategies including implementation of hand
hygiene (Adam and Elhag, 2018).

It is impossible for the above strategies to be defined,
implemented, and evaluated without knowledge of local pathogens
and their susceptibility profiles. Clinical microbiology laboratories
embedded in local referral network schemes could be developed and
strengthened to scale up microbiological testing. Advocates for this
referral scheme are present throughout LMICs; this recommenda-
tion is not born from high-income settings. The Bacteriology in Low
Resource Settings Working Group proposed solutions that prioritize
harmonization, quality assurance, availability, and adaptation to the
local setting of the equipment, consumables, techniques, rational-
ized bacterial identification, and antimicrobial testing resistance
(Ombelet et al., 2018). Diagnostics should be integrated into clinical
care and patient management, while clinically relevant specimens
must be appropriately selected and prioritized. Training lab
personnel by using open-access training materials should be
developed; open-access software like WHONET can be used for
interpreting and communicating results. In LMICs, political commit-
ment and resource allocation are essential to organize and equip
microbiology laboratories at all healthcare levels.

Conclusions

HAIs, andinparticularSSIs, remain ahigh impact challengein LMICs.
While several IPC guidelines and tools are available through global
organizations and national governments, the implementation and
evaluation of these tools is far from ideal. We are particularly concerne
with the lack of validated and accurate data on the extent of SSIs i
LMICs. We recommend that short-term efforts focus on identifying an
cultivating facility "champions," the creation and dissemination o
simple, readily available educational resources, and implementation o
strong SSI prevention measures supported by WHO evidence-base
guidelines, for all patient populations (World Health Organization
2016a). Long term measures must be holistic and include the training o
IPC professionals, changes in the patient safety culture, aggregation o
high-quality data, and standardization of SSI definitions.
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