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Abstract

Purpose of review The purpose of this manuscript is to review preventive strategies for surgical
site infection (SSI) in low- and middle-income countries (LMIC) and how the recent World
Health Organization (WHO) guidelines, along with the Centers for Disease Control (CDC)
recommendations on SSI prevention, may be implemented on these settings, considering
frequent limitations and possible solutions.
Recent findings Surgical site infection (SSI) is themost common postoperative complication and
in LMIC is the first cause among healthcare-associated infections (HAI). SSIs are largely
preventable if there is a standardized process of care throughout the operative and perioperative
period. SSIs, especially clean procedures, are considered a marker of quality in healthcare.
Summary Education and cultural aspects have an enormous influence on the correct
performance of SSI preventive measures. Getting patients and healthcare professionals
engaged with prevention is the first step to make policies work properly in LMIC, no matter
how this might take a lot of time and effort to be accomplished. Infection control
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professionals are not a luxury in any setting and efforts to support HAI control should be a
priority. Surveillance is one of the most important and difficult tasks in SSI prevention.

Introduction

Importance, background, and problem magnitude: in
limited resource countries
Surgical site infection (SSI) is the most common
postoperative complication and in many settings,
the first cause among healthcare-associated infec-
tions (HAI) [1••, 2••]. SSIs are expensive as they
increase morbidity and mortality, direct and indirect
healthcare-associated costs, pain, and patients’ suf-
fering. In addition, when patients are required to pay
for their own treatment, catastrophic health expen-
diture and impoverishment can also result [3•].

Low-, middle-, and high-income economies are de-
fined according to their per capita national income using
theWorld Bank Atlas methods. Sixty-three percent of the
world’s nations are classified as low- and middle-
income countries (LMIC), and they represent more than
75% of the world’s population [4].

In 2010, the World Health Organization (WHO)
reported that the prevalence of HAI in LMIC was
20 times higher than that observed in high-income
countries. SSIs were the most prevalent HAI and
affected up to one-third of patients undergoing
surgery, demonstrating a marked disparity com-
pared with SSI rates from high-income countries
[2••]. Furthermore, data from the GlobalSurg Col-
laborative study reported more resistant infections
in LMIC, consistent with other reports from Latin
America and Asia [3•, 5, 6].

SSIs are largely preventable if there is a stan-
dardized process of care throughout the operative
and perioperative period. SSIs (especially clean pro-
cedures) are considered a marker of quality in
healthcare, and thus, the efforts targeted to reduce
these infections through the surgical process stan-
dardization, and introduction of evidence-based
preventive measures, represents a major accom-
plishment for healthcare institutions.

The practice of surgery in limited resources set-
tings is often surrounded by medical and non-
medical factors that interfere with best surgical
practice, as equipment, surgical facilities, supplies,
and standards of operations need to be improved.
In LMIC, it is a well-known fact the reuse of med-
ical equipment that is designed for single use is a
common practice with non-optimal reprocessing
protocols and sterilization, as these protocols are
frequently non-regulated and insufficient to guaran-
tee sterility of supplies [7]. Another problem faced
in the surgical practice is the constant availability
of supplies. Antibiotics for surgical prophylaxis,
antiseptics, properly fitted gloves, and a wide vari-
ety of other resources are not always available be-
cause of economic constrains and administrative
policies, creating a non-safe environment for sur-
gery and surgical care, which in turn, increases the
risk of SSIs and other adverse events [8].

Most of the guidelines on SSI prevention come from
high-income countries, and despite its proficient quality
and reasonable adherence in such countries, the imple-
mentation and compliance of these recommendations
in LMIC may be unrealistic due to the inherent limita-
tions on infrastructure, financial support, logistics, and
human capital. To overcome part of these problems, in
2016, the WHO published a series of recommendations
that could be used worldwide, with a certain focus on
LMIC [9]. Shortly after their publication, the Centers for
Disease Control (CDC) updated their current guidelines
and recommendations [10••].

In this literature review, we analyze the policies
on SSI prevention throughout the process of surgical
care, considering the most recent recommendations
by WHO and the CDC guidelines, with special em-
phasis in the process of care and practices in LMIC;
we also review some common limitations and
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possible solutions in these settings. For host-related
factors, and those targeted to special surgeries, we

encourage the readers to review the WHO and CDC
guidelines and specialized literature.

What are the current recommendations on SSI prevention?

For a long time, SSI prevention has been a serious concern among surgeons,
hospital epidemiologists, and infection control practitioners, not to mention
patients. With the increasing complexity of surgery and more comorbid pa-
tients, safe surgical care must be a priority.

There is compelling evidence of preventivemeasures that reduce SSIs; however,
their implementation varies according to the type of medical center and within
countries. In LMIC,many of the preventive strategies to reduce SSIs are still lacking
or might be difficult to utilize despite the most current recommendations.

The causeof anSSI is usuallymulti-causal (Fig. 1) anddependson the interaction
of host and microbial and environment/extrinsic factors. Process standardization
and compliance to themost basic infection controlmeasuresmayprevent up to50%
of SSI, but preventing those infections in LMIC facilities is still difficult to achieve.

Actions against SSI must be taken before, during, and after the surgical
procedure. Relevant aspects of the process will be discussed in the following
part of this manuscript.

Fig. 1. Risk factors for surgical site infections.
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Preoperative preventive strategies

Perioperative antimicrobial prophylaxis
Administration of parenteral antimicrobial prophylaxis (PAP) is widely
accepted as an efficacious preventive strategy for SSI in clean-
contaminated and several clean procedures (e.g., cardiovascular, neuro-
logical, orthopedic with prosthetic implant, hernioplasty, and breast
procedures). It is strongly recommended by most guidelines worldwide
and is an accepted practice. Antimicrobial agents for perioperative anti-
biotic prophylaxis should be administered within 60 min of the skin
incision (strong recommendation) and no additional prophylactic agent
doses are needed after the surgical incision is closed in the operating
room, even in the presence of a drain (strong recommendation; high
quality of evidence). Some research gaps remain related to weight-
adjusted parenteral administration of antibiotics and intraoperative
redosing in long surgeries [9••, 10••].

Gaps and opportunities in limited resources countries

Despite that recommendations in the use of PAP regarding the most
appropriate antibiotics and number of doses are widely accepted, in
limited resources settings, it is not infrequent to choose antibiotics
for prophylaxis based on availability or surgeons’ preferences. In
many hospitals, there is no continuous supply of antibiotics or
restricted amount of them, which frequently ends up on choosing
antibiotics according to their availability and not based on the best
practice. The use of low-quality generic drugs that deliver suboptimal
concentrations seems to be an increasing problem with negative
consequences.
In limited resources medical facilities, extended prescription of antibiotics
after surgery prevails, with the belief that sanitary conditions in the hospi-
tals and the hygiene of patients are inferior to that of high-income coun-
tries. Other factors such as the wide use of quinolones for PAP in environ-
ments with high resistance not only make PAP inappropriate but also
increase selective pressure with the risk of infections caused by resistant
pathogens [11].
The introduction of stewardship programs for reducing the inap-
propriate use of antibiotics in surgery is still lacking in most hos-
pitals in LMIC. The use of centralized pharmacy delivery of antibi-
otics is also absent in many institutions, and there is a big oppor-
tunity to improve and standardize its prescription; we strongly rec-
ommend this strategy. Education to nurses, surgeons, and anesthe-
siologists, coupled with electronic systems that favor a rational use
of antibiotics during the surgical process of care, should be pro-
moted. For policy makers and investors, the introduction of afford-
able information technology that can be available to all prescribers
is a huge necessity.
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Screening for extended-spectrum beta-lactamase colonization and surgical antibiotic prophylaxis
The prevalence of extended-spectrum beta-lactamase (ESBL)–producing En-
terobacteriaceae, mainly Escherichia coli, has increased over the past 10 years
both in the community and healthcare facilities. As other Enterobacteriaceae,
ESBL strains reside in the gastrointestinal tract. Gastrointestinal tract coloniza-
tion varies, but it is considered to be high if there is a prevalence 9 10%. In two
recent studies, preoperative carriage of ESBL Enterobacteriaceae was higher than
10% [12, 13]. In the study by Dubinsky-Pertzov conducted in three cities,
Geneva, Serbia, and Tel Aviv, in patients undergoing colorectal surgery, the
prevalence in each city was 12%, 9%, and 29%, respectively [12]. For the
patients in Mexico, the prevalence in gynecological and gastrointestinal surger-
ies was 17.5% [13]. In both studies, being colonized by an ESBL Enterobacte-
riaceae duplicated the risk of an SSI [12, 13].

Gaps and opportunities in limited resources countries

In LMIC, E. coli and other enterobacteria are frequently associated to SSI
[14, 15•]. Considering the high prevalence of ESBL-colonizing strains,
although there is no any recommendation regarding perioperative antibi-
otic prophylaxis if the patient is colonized by ESBL strains, adjusting PAP
might be necessary in some procedures. An individualized approach
should be considered in high-risk patients, such as patients with cancer or
those undergoing complex procedures such as liver transplant or pancreatic
surgery. The authors do not recommend routine screening, nor a particular
scheme for prophylaxis, but we encourage the reader to evaluate the local
conditions and make the best choice of antibiotics for the patient and the
type of surgery.

Decolonization with mupirocin in nasal carriers of Staphylococcus aureus
S. aureus is one of the most common pathogens associated with healthcare
infections. In SSIs, it is the microorganism most frequently isolated, especially
in clean procedures, such as cardiothoracic and orthopedic surgeries [16].

S. aureus nasal carriage has been identified as a risk factor for subsequent
infection in several groups of patients, with increasedmorbidity, mortality, and
costs, particularly if there is methicillin resistance. Despite that very few SSIs are
caused bymethicillin-resistant S. aureus, preoperative nasal decolonizationwith
mupirocin 2% ointment, with or without chlorhexidine soap body wash in
cardiothoracic and orthopedic surgeries, is recommended (strong recommen-
dation, moderate quality of evidence) [17, 18]. For other high-risk surgeries, it
can also be considered [9••, 10••].

Gaps and opportunities in limited resources countries

Screening for S. aureus nasal colonization is a well-accepted, efficient, and
cheap preoperative practice in high-risk procedures; in high-income coun-
tries, it is also cost-effective. In LMIC, implementation of this strategy is
feasible and it is probably cost-effective as well, but considering that in
many hospitals from limited resources countries, the prevalence of S. aureus
is lower compared with other settings, we recommend to evaluate the
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prevalence of S. aureus nasal colonization in each setting prior to the
implementation of a decontamination program [19]. It is also important to
mention that many LMIC microbiology laboratories are not always avail-
able on site, and if available, they usually have scarce resources.
Considering all of the above, the authors recommend to shape a screening
and decontamination protocol based on each hospital and patient’s prev-
alence of S. aureus colonization and infections.

Antiseptic prophylaxis
For this section, three practices will be reviewed, preoperative bathing, preop-
erative surgical skin preparation, and surgical hand preparation, as these pre-
ventive measures are related to skin antisepsis and represent a key element to
SSI prevention.

Preoperative bathing

It is a good clinical practice for patients to bathe or shower prior to surgery
(the same day or the night before), and most medical societies and orga-
nizations endorse this measure as it helps to keep the skin clean and reduce
the burden ofmicroorganisms. There is inconclusive evidence regarding the
optimal timing of preoperative shower or bath, the total number of soap or
antiseptic applications, and the use or not of chlorhexidine washcloths. The
US Institute for Healthcare Improvement (IHI) bundle for hip and knee
arthroplasty recommends the use of chlorhexidine soap for preoperative
bathing [20].

Gaps and opportunities in limited resources countries

Bathing or showering should be encouraged in all patients undergoing
surgery, but in LMIC, the availability and access to clean water may be a
problem in some areas. Another potential problem is the conditions and
long journeys patients take prior to their arrival into the hospital. Consid-
ering the increasing number of patients admitted the same day of surgery,
themedical centers should have the facilities for the patients to shower, and
nurses and medical assistants should encourage the patients to do so.
Despite that the quality of water can be a problem in limited resources
settings, and that there is inconclusive evidence on the use of impregnated
chlorhexidine wash-clothes to prevent SSIs, as they increase costs and
potentially bacterial tolerance and resistance, we do not recommend this as
an alternative to patients showering and use of plain or antiseptic soap
prior to surgery.

Surgical skin preparation

The aim of the surgical site skin preparation is to reduce the patient’s skin
microbial load prior to the surgical incision. It should always be performed
inside the operating room, prior to the initiation of surgery. For a long time,
themost common agents used include chlorhexidine gluconate (CHG) and
povidone-iodine, alone or in combination with alcohol-based solutions.
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The current evidence supports the use of alcohol-based antiseptic solution
based on CHG for surgical skin preparation, unless contraindicated (strong
recommendation, moderate quality of evidence) [9••, 10••]. Alcohol-
based solutions should not be used on neonates or come into contact with
mucosa or eyes. Because of its flammable nature, caution should be
exercised. Chlorhexidine should not get in contact with the brainmeninges,
eyes, or middle ear.

Gaps and opportunities in limited resources countries

In LMIC, it is not an extended practice to use alcohol-based solutions for
surgical site skin preparation as they are usually more expensive, and in
distant places, procurement is alsomore difficult. Inmost LMIC, povidone-
iodine is extensively available. Despite that the current recommendations
favor alcohol-based CHG antiseptic solutions, it is not inappropriate to use
povidone-iodine or chlorhexidine for skin preparation [21]. What is more
important is the quality and availability of antiseptics, and we strongly
recommend that in LMIC, healthcare providers and administrators verify
the quality and acquisition of antiseptics because it is not uncommon that
administrators buy cheaper products that do not comply with quality
standards [14].
Another frequent problem with the antiseptics in LMIC is that they are not
single use preparations. Operating room staff should also comply with a
prespecified and regular disposal of antiseptics in small volumes in order to
avoid contamination and ensure that the containers used are cleaned and
sterilized on regular basis.

Surgical hand preparation

It is widely accepted and strongly recommended that surgical hand prepa-
ration of staff on the sterile field is performed either by scrubbing with a
suitable antimicrobial soap and water, or using alcohol-based hand rub
before donning the sterile gloves. Surgical hand preparation is of utmost
importance to maintain the lowest possible contamination of the surgical
field, especially if we consider that glove micropunctures are frequent
during surgery. Surgical hand preparation is clearly acknowledged and
recommended in 2009 WHO Guidelines [22].

Gaps and opportunities in limited resources countries

As for the surgical site skin preparation, in LMIC, the quality of antiseptics
and safety of the running water pose a risk, and operating room and
infection control staff should warranty the quality of both. Regular
checking of water chlorine and the quality of antiseptics are highly en-
couraged, along with appropriate sinks for hand cleaning and antisepsis,
and/or alcohol-based hand rub dispensers as per international standards.
In places with limited availability of antiseptics, the local production of
alcohol-based formulation as specified in the WHO Hand Hygiene
Guidelines is highly encouraged [22].
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Hair removal
In patients undergoing surgery, removal of hair has been traditionally a part of
the preoperative preparation; however, evidence strongly supports not to re-
move the hair, unless if it is absolutely necessary. Hair removal can be achieved
by shaving, clipping, or depilatory creams. Although clipping is preferred over
shaving because SSIs rates are 50% lower, both have the potential to cause
microscopic skin trauma and should be discouraged.Whennecessary, the use of
the clipper is preferred and should always be conducted as close as possible to
the incision time. Removing the hair the night before is strongly discouraged as
this practice increases the skin colonization by hospital bacteria.

Gaps and opportunities in limited resources countries

In busy hospitals from LMIC, clippers are usually not available because of
their cost, and shaving razors remain the most frequent method for hair
removal. Although some studies found an increased risk of SSI with shav-
ing, when using this method, razors should be single use [23, 24]. We also
encourage to perform the hair removal as close as possible to the incision
time to avoid colonization of skin micro-abrasions after shaving. In LMIC,
physicians and nurses are advised to verify the current practice of hair
removal in their hospitals and write clear policies on this practice, as
important variations may occur within hospitals and healthcare workers
beliefs.

Intraoperative and immediate postoperative period
In general, according to the CDC guidelines, the priority during surgery to
reduce SSI is to maintain a correct surgical technique and proper aseptic
precautions. During the postoperative period, it is important to emphasize that
wound closed by first intentionmust be covered by a sterile dressing at least for
the next 24 h after the surgery, and dressing must be changed using sterile
technique [25•].

It is important to explain in a more detailed fashion the following concepts
during the intraoperative period:

Normothermia
Hypothermia is a common phenomenon that usually occurs during and after
surgery in procedures lasting more than 2 h because of impairment of ther-
moregulation by anesthesia, combined with exposure to cold environment in
the operating room [26••, 27]. Unintended hypothermia might be associated
with an increased risk of cardiac complications, blood loss due to impaired
coagulation, impaired wound healing, decreased drug metabolism, decreased
immune function, and an increased risk of SSI [26••, 28]. There are several
studies that have demonstrated the effect of body warming with 50–70%
reductions in SSIs, regardless the warming method [29] (Wong, 2007).

Gaps and opportunities in limited resources countries

Although there is a good amount of evidence to support the use of warming
devices to avoid hypothermia during surgery, in low resources settings,
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these devices are usually not available because of their cost and mainte-
nance. Several alternatives as warming the solutions in conventional mi-
crowaves or using simple blankets can help to reduce hypothermia, but a
note of caution is advised, especially with fluid warming. We encourage the
readers to adopt the best practice considering a reduction of risks to patients
(e.g., fluid contamination). Another problem in some of these settings is
the lack of sensors tomeasure core body temperature, with the consequence
of no records on body temperature. We encourage the reader to establish a
program of body temperature measurement during surgery and shortly
after, balancing efficiency, cost, and risks of the available warming devices.

Perioperative oxygenation
Several studies have suggested that providing high FiO2 (80%) compared with
the usual 30–35% FiO2 is beneficial in adult patients undergoing general
anesthesia with tracheal intubation, especially in colorectal surgeries, based on
the fact that the surgical incision might receive higher oxygen if there is a higher
partial pressure of oxygen in the blood. There is also the notion that higher
oxygenation improves the neutrophil oxidative killing, decreasing several ad-
verse events, including SSIs. [30]. Although perioperative oxygenation through
a facemask or nasal cannula may optimize oxygenation during and immedi-
ately after surgery and that this preventive measure has been endorsed by
different professional associations, the 2018 updated WHO Global Guidelines
for the Prevention of Surgical Site Infection and the CDC SSI 2017 guideline
give to this preventive strategy a conditional recommendation with moderate
quality of evidence [9••, 10••]. There are some concerns on pulmonary adverse
events, such as atelectasis; critically ill patients may increase mortality and there
is scarce information on the pediatric population [31].

Gaps and opportunities in limited resources countries

Considering the available information and that in remote areas, oxygen
supply might be restricted, we suggest to prioritize its use in procedures
(e.g., colorectal surgery) in which hyperoxia has shown more benefits, in
order to have a rational use of resources.

Glycemic control
Control of blood glucose during surgery and the immediate postoperative
period in diabetic and non-diabetic is desirable and sounds a physiological and
a medical measure that should be done in all surgical patients. This has been
recommended by many professional associations, but some confusion has
arisen regarding intensive perioperative blood glucose control and more strict
target levels, as more adverse events, such as hypoglycemia, may occur. The
currentWHOGlobal Guidelines for the Prevention of Surgical Site Infection left
the intensive protocols for blood glucose control as a conditional recommen-
dation with low-quality evidence. Opposite to the WHO recommendation, the
2017 CDC SSI guideline strongly recommends to implement perioperative
glycemic control and use of blood glucose target levels less than 200 mg/dL,
regardless if the patient has diabetes or not [9••, 10••]. From our point of view,
and considering that approximately 3.42% of patients undergoing non-cardiac
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surgery do not know that they are diabetic, and that levels 9 200 mg/dL have
been associated to SSIs and other adverse events, we support the control of
blood glucose during surgery and the immediate postoperative period in all
major in-hospital surgeries with targets not higher than 180–200 mg/dL [32].

Gaps and opportunities in limited resources countries

Most of the studies published on glycemic control in surgical patients come
from high-income countries, and cost-effectiveness of this preventive mea-
sure is lacking. The latter issue is an important gap to consider when
planning to implement this policy in constrained resources environments;
we encourage to conduct such analysis in LMIC. There are also some
practical aspects to acknowledge when doing glycemic control in the sur-
gical patient in limited resources centers:

1. The resources available. Capillary blood glucose measurement is easy and
inexpensive, but the availability of these supplies varies from site to site and
we must make sure that the implementation of a more intensive blood
glucose program in surgical patients does not compromise the resources for
other patients, such as the diabetics.

2. A clear policy must be introduced, stating the surgeries in which this policy
will operate, along with a clear and safe insulin program delivery for
patients with glucose levels 9 200 mg/dL during surgery or the immediate
postoperative period.
From our perspective, a written program on glucose measurement and

control for surgical patients in LMIC is a priority, since there are many patients
with unknown diabetes or pre-diabetes, overweight, and obesity who could
benefit from the test itself and to reduce SSIs, which have been shown to be
increased in patients with both diabetes and obesity. Considering these facts, a
surgical glycemic control program is probably cost-effective in most cases, but
more studies in these settings are needed.

Postoperative period

Wound care and dressings
The surgical wound refers to the incision made with a scalpel or other
sharp cutting device and then closed by approximation of the skin edges
in the operating room by suture, staples, adhesive tape, or glue. These
incisions are regularly covered by a dressing that acts as a physical
barrier to protect the wound from the external environment until it
becomes impermeable to microorganisms. The dressing may also serve
to absorb exudate and keep the wound dry. A surgical wound closed in
the operating room is usually impermeable 48 h after the incision, and
covering the incision is a common and an appropriate practice in
surgery [9••].

There are a wide variety of dressings, from gauzes to advanced dressings that
can be used to cover the surgical incision. From the most recent evidence, it is
uncertain whether one dressing or other reduces the risk of developing an SSI. It
is also uncertain that covering the surgical wounds healing by primary intention
for longer periods than 48–72 h reduces the risk of SSI [9••, 33].
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Despite the controversies, the UK-based NICE clinical guideline on SSI
prevention recommends the use of an appropriate interactive dressing at the
end of the procedure over the traditional gauze [34]. Nowadays, several trans-
parent film dressings for postoperative use are available to cover surgical
wounds, and their use depends a lot on surgeon preferences. They are usually
cheap, easy to use, and comfortable for patients, with the advantage of being
semipermeable with better adhesion than a gauze.

Gaps and opportunities in limited resources countries

Despite that there are some controversies on the use of dressings to prevent
SSIs, in LMIC, several issues must be addressed. In many hospitals, it is a
common practice to use a simple gauze as an occlusive dressing because of
its low cost, but in most settings, there is a lack of a protocol of care of the
surgical wounds during the postoperative period. It is not uncommon that
as a standard practice, the gauzes are changed once or twice daily, regardless
of the time since surgery or the condition of the wound. Moreover, in
limited resources settings, overcrowding and unsafe delivery of care are
common, and due to the low risk perception of dressing change by most
healthcare workers, poor hand hygiene compliance and incorrect use of
gloves increase the risk of wound contamination and cross-transmission.
Exposure during the first 48 h to unsafe water may also increase the risk of
wound contamination.
We strongly recommend that a written protocol on surgical wound care is
written and used at each institution. Recommending one dressing over
another depends on the resources available and preferences, but having the
wound occluded for the first 48 h without manipulation or exposure to
water, if no complication occurs, sounds cost-effective and a safe preventive
measure. Transparent semipermeable post-op films may be a good and
cost-effective dressing. We suggest the reader to evaluate the most appro-
priate dressing in each practice.

Implementation and strengthening of a good surveillance
program to detect and prevent surgical infections

Surveillance is one of themost important and difficult tasks in SSI prevention. It
consumes more time and resources compared with other hospital infections
and it is labor-intensive. It has been demonstrated that surveillance, regular
auditing, and feedback to surgeons on their SSI rates contribute to SSI reduc-
tion. It can also help to strengthen compliance of bundles on SSI prevention
[35•, 36].

Several modalities of surveillance are accepted, with various degrees of
sensitivity. For SSI surveillance, a combination of methods is usually used.
Electronical patient, microbiology, and pharmacy records seem to be effective
in high-income countries while the patient is in-hospital; however, the most
challenging part of surveillance is post-discharge surveillance, as should be as
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long as 30 days after surgery, or even 1 year when prosthetic material has been
inserted. For post-discharge surveillance, information usually relies on surgeon
reports of infection, questionnaires or telephone calls to the patient, or a follow-
up visit by healthcare workers to patients’ “home” [37]. The combined use of
chart reviews, microbiology reports, and re-admissions to the hospital within
the 30 days of surgery is also an accepted method for SSI surveillance. The
combination of different strategies usually gives best results.

Ideally, surveillance on surgical patients should create necessary data for
developing statistical models to predict SSI in specific populations, as has been
proven accurate and relevant for assisting high-risk patients in certain groups
[38]. Nevertheless, this reality is far from being implemented in the majority of
LMIC, but some similar and simpler measures might be helpful.

Gaps and opportunities in limited resources countries

Surveillance as a hallmark on SSI is also vulnerable in LMIC. Although
successful development of HAI National Surveillance Programs has been
implemented in various LMIC, lack of resources and continuity still remains
[39]. Pressure to report SSI data andmore strict regulations are not enforced as
strictly as in high-income countries, and not infrequently there is a low risk
perception of surgical-related infections by most actors. Furthermore, the
importance of surveillance, audit, and feedback becomes crucial at the mo-
ment of asking for new government funds. If no surveillance in SSI ismade, no
data is obtained, which misses the opportunity to identify the problem. If the
problem is not identified, then there is no evidence of it and therefore no way
to prove the importance of this issue as a priority and the need of more
resources to deal with it [40]. A fact usually left unadvertised is that prevention
results in savings, which is appealing for all HAI in LMIC [41].
Also, poor attendance to follow-up visits has been identified as a common
problem in LMIC [42]. Therefore, some strategies have been proposed to
overcome this problem. In LMIC with high penetration of mobile phone
services, telephone calls to patients after discharge have been considered a
reasonable method for SSI detection. Some studies have described a sensi-
tivity ranging from 70 to 83%, and a specificity of 100% for this modality,
when compared with direct clinical evaluation [37, 43, 44]. When phone
call is made, there is consensus regarding the good negative predictive value
of the self-diagnosis of purulent drainage by patients, which ranges from 95
to 99%. [37, 44, 45]. Althoughmore information is needed, the use of these
technologies and friendly and appropriate applications for patients that live
in remote areas may be attractive.

What else can we do to prevent SSIs? Think on multimodal
improvement strategy

SSI’s prevention is complex and it is possibly underestimated because of the
challenges around complete ascertainment of these infections, especially for the
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SSIs that are diagnosed after hospital discharge or are related to ambulatory
procedures.

In the WHO Global Infection Prevention and Control Unit, a multimodal
improvement strategy with the aim of reducing SSIs was established. This
multimodal strategy is targeted to system change, training and education,
evaluation and feedback, communication for awareness raising, and creating an
institution safety climate and culture. All of these should allow for steps to be
taken to prevent SSIs based on known modifiable risk factors [46].

With a similar approach, in the USA, the Centers for Medicare andMedicaid
Services and the Centers for Disease Control and Prevention established the
Surgical Care Improvement Project (SCIP) with the support of multiple agen-
cies and organizations, and with the aim of improving SSI outcomes by in-
creasing adherence to established evidence-base performance measures. Al-
though with the same objectives as the WHO multimodal strategy, these
measures are more specific and some of them require more than a system
change in LMIC. The measures proposed by SCIP regarding SSI prevention are
as follows: prophylactic antibiotic started within 1 h prior to surgical incision;
antibiotic prophylaxis consistent with recommendations; prophylactic antibi-
otics discontinued within 24 h after surgery end time; cardiac surgery patients
with controlled postoperative glucose; surgery patients with appropriate hair
removal; urinary catheter removed on postoperative day 1 or postoperative day
2 with day of surgery being day zero; and surgery patients with perioperative
temperature management. Most hospitals in the USA have rapidly adopted
thesemeasures during the last decade, but as has been discussed, these practices
probably reflect the minimum requirement for SSI prevention; for true SSI
reduction, simultaneous adherence to additional interventions is needed.

In Fig. 2, we provide a flowchart of evidence-based risk factors for SSIs
throughout the process of surgical care that may be reduced if addressed
properly.

Closing remarks on SSI prevention in LMIC

Education and cultural aspects have an enormous influence on the correct
performance of SSI preventive measures. A lack of culture in infection preven-
tion, no awareness of guidelines, and non-expectancy to implement and follow
up them, deficient audit systems, deviations in application of policies to protect
patients’ rights, lack of motivation, and deficient communication to health
professionals and patients are reported as regular cultural and educational
limitations to prevent SSI in LMIC [47•].

Fear to change is also common and resistance to the introduction of new
policies is frequent in some hospitals. Healthcare staff is generally satisfied with
their status quo and they would be unlikely to accept changes. As their perfor-
mance is continuously evaluated, they might feel it as a threat and a lot needs to
be done in this regard [48]. Getting patients and healthcare professionals
engaged with prevention is the first step to make policies work properly in
LMIC, nomatter how thismight take a lot of time and effort to be accomplished
[49]. Although it is a long and a difficult task, there are successful examples that
should encourage other hospitals, infection control personnel, surgeons, and
other HCWs and administrators to embrace in these activities.
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Infection control professionals are not a luxury in any setting [26••] and
efforts to support the programs should be a priority. Academic and professional
cooperation among developed countries and LMIC should be encouraged as a
tool for training high-quality professionals, so they can return to their native
countries and implement the state of art on SSI prevention on precarious
settings.
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