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Abstract

Background: The objectives of the study were to investigate the organizational characteristics of acute care facilities
worldwide in preventing and managing infections in surgery; assess participants' perception regarding infection pre-

vention and control (IPC) measures, antibiotic prescribing practices, and source control; describe awareness about the
global burden of antimicrobial resistance (AMR) and IPC measures; and determine the role of the Coronavirus Disease
2019 pandemic on said awareness.

Methods: A cross-sectional web-based survey was conducted contacting 1432 health care workers (HCWs) belong-
ing to a mailing list provided by the Global Alliance for Infections in Surgery. The self-administered questionnaire was
developed by a multidisciplinary team. The survey was open from May 22, 2021, and June 22, 2021. Three reminders
were sent, after 7, 14, and 21 days.

Results: Three hundred four respondents from 72 countries returned a questionnaire, with an overall response rate
of 21.2%. Respectively, 90.4% and 68.8% of participants stated their hospital had a multidisciplinary IPC team or a
multidisciplinary antimicrobial stewardship team. Local protocols for antimicrobial therapy of surgical infections and
protocols for surgical antibiotic prophylaxis were present in 76.6% and 90.8% of hospitals, respectively. In 23.4% and
24.0% of hospitals no surveillance systems for surgical site infections and no monitoring systems of used antimicro-
bials were implemented. Patient and family involvement in IPC management was considered to be slightly or not
important in their hospital by the majority of respondents (65.1%). Awareness of the global burden of AMR among
HCWSs was considered very important or important by 54.6% of participants. The COVID-19 pandemic was considered
by 80.3% of respondents as a very important or important factor in raising HCWs awareness of the IPC programs in
their hospital. Based on the survey results, the authors developed 15 statements for several questions regarding the
prevention and management of infections in surgery. The statements may be the starting point for designing future
evidence-based recommendations.

Conclusion: Adequacy of prevention and management of infections in acute care facilities depends on HCWs
behaviours and on the organizational characteristics of acute health care facilities to support best practices and
promote behavioural change. Patient involvement in the implementation of IPC is still little considered. A debate on
how operationalising a fundamental change to IPC, from being solely the HCWs responsibility to one that involves a
collaborative relationship between HCWs and patients, should be opened.

Keywords: Cross-sectional survey, Antimicrobial stewardship, Antibiotic prescribing, Antibiotic resistance, Infection
prevention and control
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Background

Improving patient safety in health care requires a system-
atic approach to combat antimicrobial resistance (AMR)
and prevent and treat infections appropriately. The con-
cepts go hand-in-hand [1]. AMR has emerged as one of
the major problems of public health worldwide, resulting
in a crisis of global proportions that threatens the mod-
ern practices of medicine and animal health, as well as
food security [2]. Although a natural phenomenon that
occurs as bacteria evolve, human activities have acceler-
ated the pace at which bacteria develop and propagate
AMR. The threat of AMR represents one of the most sig-
nificant patient safety challenges of our time.

Multi-drug-resistant organisms (MDROs) in humans,
animals, or the environment may spread between species
and from one country to another [2]. Despite the com-
plexity of the problem, health care workers (HCWs) play
a crucial role in preventing the emergence and spread of
AMR.

Hospitalized patients may have multiple risk factors for
AMR acquisition, and acute care facilities are incubators
for their development [1]. The intensity of patient care in
acute care facilities creates an environment that facili-
tates both the emergence and transmission of AMR [3].
In these settings, excessive and inappropriate use of anti-
biotics and poor infection prevention and control (IPC)
practices are the two main drivers of AMR. Moreover,
despite evidence supporting best practices in preventing
and managing infections, evidence-based practices are
often underused in routine practice. Surgical infections
constitute a global burden of disease. Development of
surveillance, infection prevention and control (IPC), and
antimicrobial stewardship (AS)s are initial steps forward.
Education is critical and should begin early in training, be
an active process and be sustained through regular pro-
grams [4].

Prevention and management of infections along the
surgical pathway should always focus on collaboration
among HCWs and sharing knowledge of best practices
[5, 6]. Some of the most common clinical conditions
that surgeons manage are infectious. Additionally, health
care-associated infections (HAIs), such as surgical site
infections (SSIs), catheter-associated urinary tract infec-
tions (CA-UTIs), and hospital-acquired or ventilator-
associated bacterial pneumonia (HABP/VABP), are
among the most common complications surgeons face in
clinical practice.

IPC is a pivotal component of all health systems, affect-
ing the health and safety of patients. An established cul-
ture of safe health care practices can prevent and control
the dissemination of pathogens and is crucial for con-
taining the spread of AMR, because every infection
prevented equates to one less instance of antibiotic use.
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Thus, IPC is one of the main pillars of the global frame-
work to reduce AMR [7].

HAIs are the most common adverse events in health
care. Although HAIs are common, the global burden
remains unknown because of the difficulty in gather-
ing reliable data worldwide. Patients at particular risk
of HAIs are those who undergo surgical procedures and
patients with medical devices (e.g. central lines, urinary
catheters, and ventilators). HAIs result in substantial
morbidity and mortality, necessitate additional diagnos-
tic and therapeutic interventions, prolong hospital stay,
and generate additional cost. However, the importance of
the phenomenon is not yet sufficiently perceived among
HCWs, resulting in a poor level of responsiveness when
it comes to prevention [6]. Considering that HAIs are
often-preventable, HAIs are considered a patient safety
issue and an indicator of the quality of patient care [8].
Moreover, many HAIs are caused by MDROs such as
methicillin-resistant = Staphylococcus aureus (MRSA),
vancomycin-resistant Enterococcus (VRE), extended-
spectrum beta-lactamase (ESBL)-producing Gram-nega-
tive bacilli, or carbapenemase-producing Gram-negative
bacilli (CRE). IPC plays a pivotal role by preventing HAIs,
assisting with prompt detection of MDROs and promot-
ing compliance with standard and transmission-based
precautions. In fact, effective prevention tactics reduce
the incidence of MDROs, minimize HAIs, and decrease
antibiotic use.

Antibiotics can be life-saving when treating bacterial
infections but are often used inappropriately (e.g. drug
choice, duration, or dosing). Many HCWs underestimate
the burden of AMR in their hospitals, and thus, many
antibiotics prescribed are unnecessary or prescribed
incorrectly.

By far, the most important reason for inappropriate
prescribing practices in hospitals is lack of knowledge,
but cultural and social reasons may also play a role. Sys-
tematic approaches to optimizing antibiotic use world-
wide are now urgently necessary [1].

Antimicrobial stewardship (AS) is a pivotal component
of IPC. AS promotes the appropriate use of antibiotics,
improving patients’ outcomes and decreasing the inci-
dence of infections caused by MDROs. Several studies
demonstrated that ASPs significantly reduce the inci-
dence of infections and colonization with MDROs and
Clostridium difficile infections of hospital inpatients [9].
The best tactical approaches for effective AS programs
are not definitively established and are likely to vary
based on local culture, policies, routine clinical prac-
tice, and probably on resources. Many hospitals remain
without formal programs, and those that maintain as
programs continue to struggle with gaining acceptance
across service lines. Therefore, every hospital worldwide
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should utilize existing resources to create an effective
multidisciplinary AS program. AS’ policies should be
based on international/national antibiotic prescribing
guidelines and tailored to local microbiology and AMR
patterns. Based on guidelines and local formulary options
promoted by the AS team, facility-specific treatment rec-
ommendations can guide clinicians in antibiotic agent
selection and duration of therapy. Because physicians are
the primary prescribers of antimicrobial agents, educa-
tion to change attitudes and improve knowledge directed
towards physicians are crucial for improving antibiotic
prescribing practices.

Finally, source control (SC) encompasses all physical
measures undertaken to eliminate the source of infection,
ideally during the index procedure. As a general prin-
ciple, every verified source of infection should be con-
trolled as soon as possible. Appropriate SC is of utmost
importance in the management of surgical infections.
Intra-abdominal infections and soft tissue infections are
the types where SC is most feasible and most likely to be
impactful, but even then, can be ineffective initially in as
many as one-quarter of cases. SC, when effective, reduces
the bacterial inoculum and corrects or controls any
anatomic derangements to restore normal physiologic
function. The urgency of treatment is determined by
the affected organ(s), the pace of symptom progression,
and the physiologic stability of the patient. Uncontrolled
infection may trigger an excessive immune response and
dysregulated coagulation; localized infection may evolve
progressively into sepsis (including organ failure accord-
ing to the SEPSIS-3 definitions) or septic shock. Failure
of therapy for surgical infections may reflect inadequate
antibiotic therapy or failed SC; the latter should prompt
consideration of immediate surgical re-intervention to
mitigate worsening organ dysfunction, chronic critical
illness, or death. If achieved by the index intervention, SC
not only improves patients’ outcomes but also reduces
antibiotic selection pressure by allowing a short course
of antibiotic therapy [10, 11]. SC generally involves drain-
age of abscesses or infected fluid collections (whether by
percutaneous or open drainage), debridement of necrotic
or infected tissues, and definitive control of the source of
contamination [12].

AS, IPC, and SC are strictly interconnected and syn-
ergistic. Increased concern about the correct manage-
ment of infections and increasing incidences of AMR in
acute care facilities worldwide make multidisciplinary
approaches necessary, reinforcing the concept that each
aspect brings a particular contribution to patient care
(Fig. 1). Successful prevention and management ensem-
bles depend on HCWs behaviours and the organizational
characteristics of acute health care facilities promoting
behavioural change. This study was conducted to evaluate
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the organization of acute care facilities around the world
in preventing and managing infections in surgery, to sup-
port proposed acute health care facilities’ organizational
standards.

Methods

We conducted a cross-sectional electronic survey in
order to: (1) investigate the organizational characteris-
tics of acute care facilities worldwide in preventing and
managing infections in surgery; (2) assess participants’
perception regarding ICP measures, antibiotic prescrib-
ing practices, and SC; (3) describe awareness about the
global burden of AMR and IPC measures; and (4) deter-
mine the role of the coronavirus disease 2019 (COVID-
19) pandemic on said awareness.

The population target was represented by the HCW's
registered in the database of the Global Alliance for
Infections in Surgery (GAIS). A total of 1432 HCWs
were contacted via e-mail with an invitation letter and
a survey link (Google Docs, Alphabet Inc., Mountain
View, CA, USA). The survey was open for one month,
between May 22, 2021, and June 22, 2021. Three
reminders were sent, after 7, 14, and 21 days. The self-
administered questionnaire (Additional File 1) was
designed by a multidisciplinary team of investigators
(including a surgeon, an epidemiologist, and an infec-
tious disease physician) and was piloted among three
physicians for face and content validity. The survey
was written in English. Participation was voluntary
but not anonymous; however, the confidentiality of
respondents and their choices was ensured by de-iden-
tifying responses prior to data analysis. No incentives
for participation were given. Data were automatically
entered into an Excel database (Microsoft Corpora-
tion, Redmond, Washington, USA).

Infection
prevention
and control

Patient
care

Source
control

Antimicr obial
Stewar dship

Fig. 1 Patient care
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Published recommendations for the development
and implementation of web-based surveys were
applied to the design of our questionnaire [13, 14].
The self-administered questionnaire started with
a characterization of the participants’ professional
profiles, such as country, profession, years of experi-
ence, and membership of an IPC team or an AS team.
Characteristics about working setting were also col-
lected: type of hospital, hospital inpatient beds, exist-
ence and characteristics of the IPC team and the AS
team, the existence of IPC measures; implementation
and characteristics of local protocols for surgical anti-
biotic prophylaxis, and for therapy of surgical infec-
tions; existence and characteristics of surveillance
systems for preventing health care associated infec-
tions (HAIs), and for monitoring SSIs; characteristics
of laboratory testing; availability of periodic reports
on local (AMR) data; availability and characteristics of
radiological tools for emergency surgery; availability
of a dedicated operating room for emergency surgery;
and existence of surgical intensive care unit (ICU).

The questionnaire included 13 questions about par-
ticipants’ perception regarding respect of IPC precau-
tions, antibiotic prescribing practices, and principles
of source control in their hospitals. Moreover, exist-
ence of teamwork, patient safety, and evidence-based
medicine (EBM) culture were surveyed, as well as par-
ticipants’ perception regarding HCWs role, their edu-
cation and motivation. Finally, the last three questions
investigated the participants’ awareness of the global
burden of AMR, and the role of COVID-19 pandemic
in raising awareness about IPC and appropriate anti-
biotic prescribing practices. Questions about partici-
pants’ perceptions were ranked with response options
from 1 (very unrespected/unimportant/uninvolved/
unaware) to 10 (very respected/important/involved/
aware).

Based on the survey results, the investigators devel-
oped 15 statements for several questions regarding the
prevention and management of infections in surgery.
Agreement on the statements was reached by an Inter-
net-based survey (using Google Docs). Statements were
approved with an agreement of > 80%. The statements
may be the starting point for designing future evidence-
based recommendations about infection prevention
and management in surgery.

Statistical analysis

Descriptive analysis for categorical variables is presented
as frequency and percentage or median with interquar-
tile range (IQR). Data regarding participants’ percep-
tions and awareness were collapsed into four categories
as follows: 1-4, not respected/important/involved/aware;
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5-6, slightly  respected/important/involved/aware;
7-8, respected/important/involved/aware; 9-10, very
respected/important/involved/aware. Categorical data
were compared by chi-square or Fisher exact tests, as
appropriate, using Stata 11 software (StataCorp, Col-
lege Station, TX, USA). All tests were two-sided; p-val-
ues < 0.05 were considered significant.

Results

Baseline data: Coverage, response rate, professional
profile, and working setting

Three hundred four respondents from 72 countries
returned a questionnaire, with an overall response rate
of 21.2%. Participants’ professional profiles and working
settings are described in Table 1.

IPC and AS teams: characteristics

Two hundred seventy-five (90.4%) participants stated
their hospital had a multidisciplinary IPC team; 114
(114/275, 41.5%) declared they were currently team
members. The median number of professionals com-
prising the IPC team was 6 [IQR 4-7]. Furthermore, 209
(68.8%) participants declared their hospital had a multi-
disciplinary AS team; 91 (91/209, 43.5%) stated they were
currently team members. The median number of profes-
sionals comprising the AST was 5 [IQR 3-7].

In 204 hospitals (67.1%), both the IPC and AS teams
were present, whereas, in 28 hospitals, no such teams
were reported (9.2%). Two hundred forty-two (79.6%)
participants declared to have at least one surgeon with
interest or skills in surgical infections within their hospi-
tal. A surgeon with interest or skills in surgical infections
was significantly less likely to be present in hospitals
with <100 inpatient beds (50.0%, p =0.018) compared to
hospitals with a larger number of inpatient beds (80.6%).
Moreover, a surgeon with interest or skills in surgical
infections was significantly less likely to be part of the
IPC team in hospitals with <100 inpatient beds (10.0%,
p=0.003) compared to larger hospitals (51.3%).

Implementation of hygiene procedures, local protocols,
and surveillance or monitoring systems

Local protocols for antimicrobial therapy of surgical
infections were present in 233 hospitals (76.6%) (Table 2).
Two hundred (200/233, 85.8%) survey participants
declared the protocol for antimicrobial therapy included
interventions to reduce duration of therapy, and 186
(186/233, 79.8%) stated the protocol advocated for alter-
native dosing tactics based on pharmacokinetic and phar-
macodynamic principles. Furthermore, 211 (211/254,
83.1%) participants stated all hospital wards to have
local protocols that included discontinuation of prophy-
laxis in the post-operative period. A surgical antibiotic
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Table 1 Participants’ professional profile and working setting
(304 participants)

Characteristics N (%)
WHO Region classification
European Region 198 (65.1)
Region of the Americas 29(9.5)
South-East Asia Region 25(8.2)
Easter Mediterranean Region 23(7.6)
Africa Region 20 (6.6)
Western Pacific Region 9(3.0)
Profession
Surgeon 216 (71.1)
Infection diseases specialist 29(9.5)
Infection control specialist 16 (5.3)
Intensivist or anaesthesiologist 14 (4.6)
Microbiologist 11(3.6)
Epidemiologist or PH specialist 9(3.0)
Other profession 9(3.0)
Years of experience
Less than 5 years 56 (184)
5-10 years 62 (20.4)
11-15 years 54(17.8)
16-20 years 38(12.5)
More than 20 years 94 (30.9)
Type of hospital
University hospital 190 (62.5)
Community teaching hospital 62 (20.4)
Community hospital 43 (14.1)
Other 9(3.0)
Hospital setting
Urban 272 (89.5)
Suburban 25(82)
Rural 7(2.3)
Hospital inpatient beds
<100 10(3.3)
101-500 109 (35.9)
501-1000 106 (34.9)
> 1000 79 (26.0)

WHO World Health Organization, PH public health

prophylaxis protocol was significantly less likely to be
implemented in hospitals <100 inpatient beds compared
with hospitals with a larger number of inpatient beds
(60.0% vs. 91.8%, p<0.001). No other statistically signifi-
cant differences in implementation of local protocols and
surveillance or monitoring systems were found as defined
by World Health Organization (WHO, Geneva, Switzer-
land) region classification or work settings.
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Other hospital characteristics

Two hundred nineteen participants (72.0%) declared
their hospitals to have systems for rapid laboratory test-
ing, 279 (91.8%) had 24-h computed tomography capa-
bility, 201 (66.1%) had 24-h interventional radiology
capability, 250 (82.2%) had dedicated operating room
facilities for emergency surgery, and 247 (81.2%) had a
surgical ICU.

Participants’ perception of respect of basic measures

in their hospital

The majority of participants (244, 80.3%) stated that basic
IPC measures are very respected or respected in their
hospitals, whereas 99 (32.6%) declared basic antibiotic
prescribing practices are slightly or not respected in their
hospitals (Table 3). Basic antibiotic prescribing practices
were more respected in hospitals with AS teams (75.6%
vs. 49.5% p<0.001), and in hospitals with implemented
protocols for antimicrobial therapy of surgical infections
(74.6% vs. 38.3%, p<0.001).

Participants’ perceptions of importance of teamwork,
patient safety, and EBM culture in their hospitals

The majority of participants stated the culture of team-
work (186, 61.2%), patient safety culture (203, 66.8%),
and culture of EBM (199, 65.5%) are considered very
important or important in their hospitals (Fig. 2). Greater
importance was ascribed to teamwork culture (68.9% vs.
44.2%, p<0.001), patient safety culture (71.8% vs. 55.8%,
p=0.006), and EBM culture (74.2% vs. 46.3%, p <0.001)
by respondents working in hospitals with an AS team.

Participants’ perceptions of the importance of HCWs
and patients’ and families’ roles in their hospital
HCWs participation in IPC was considered very impor-
tant or important by 181 (59.5%) of respondents (Table 4).
In hospitals with less than 100 inpatient beds, HCWs
involvement in IPC was significantly more important
(90.0% vs. 58.5%, p=0.046) compared to hospitals with
a larger number of inpatient beds. Furthermore, greater
HCWs involvement in IPC was observed among respond-
ents working in hospitals with IPC teams (62.2% vs. 34.5%,
p=0.004) and AS teams (67.0% vs. 43.2%, p <0.001.
Patient and family involvement in IPC management
was considered to be slightly or not important in their
own hospital by the majority of respondents (198, 65.1%),
and greater participation of loved ones was detected
among respondents working in hospitals with IPC teams
(37.1% vs. 13.8%, p=0.012) and AS teams (40.7% vs.
22.1%, p=0.002).
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Table 2 Implementation of hygiene procedures, local protocols, and surveillance or monitoring systems (304 participants)

Implementation of hygiene procedures, local protocols, and All hospital wards [n (%)] Some hospital wards [n (%)]  No hospital
surveillance or monitoring systems wards [n (%)]
HWDs of alcohol-based hand rub at the POC 273 (89.0) 28(9.2) 3(1.0)
Alcohol-based solutions for surgical site preparation 209 (68.7) 37(12.2) 58 (19.1)
Protocol on prevention of specific HAIs 261 (85.9) 24(7.9) 19 (6.2)
Protocol for surgical antibiotic prophylaxis 254 (83.6) 22(7.2) 28(9.2)
Protocol for AMT for surgical infections 233 (76.6) 0 71 (23.4)
Surveillance systems for SSIs 88(61.8) 45 (14.8) 71(234)
Monitoring systems of used antimicrobials 155 (51.0) 76 (25.0) 73 (24.0)
Systematic reports about AMR data 78 (58.5) 58(19.1) 68 (22.4)

HWDs hand wash dispensers, POC point of care, HAIs health care associated infections, AMT antimicrobial therapy, SSis surgical site infections, AMR antimicrobial

resistance

Table 3 Participants' perception of respect of basic measures in their hospital

Questions Very Respected [n (%)] Slightly Not
respected [n respected [n  respected
(%] (%)] [n (%)]

How much are basic infection prevention and control precautions respected in 120 (39.5) 124 (40.8) 48 (15.8) 12 (3.9)

your hospital?

How much are basic antibiotic prescribing practices respected in your hospital? 81 (26.6) 124 (40.8) 71 (234) 28(9.2)

How much are basic principles of source control respected in your hospital? 120 (39.5) 110 (36.2) 54(17.8) 20 (6.5)

Importance of teamwork culture

Importance of EBM culture

0% 10%  20%  30%  40%  50% 60%

Evidence-based medicine

fmportance of paﬁent_safety culture

70%
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Fig. 2 Participants’ perceptions of importance of teamwaork, patient safety and evidence-based medicine culture in their hospitals. EBM

]
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Table 4 Participants’ perceptions of the involvement of HCWs and patients’and families'roles in their hospital

Questions Very Involved [n (%)] Slightly Not involved [n (%)]
involved [n involved [n
(%)] (%)]

How much are health care workers involved in infection risk in your hospital? 87 (28.6) 94 (30.9) 75 (24.7) 48 (15.8)

How much are patients and families involved to help and support the journey 29 (9.6) 77 (25.3) 94 (30.9) 104 (34.2)

to safer infections management in your hospital?
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Participants’ perceptions about education and motivation
in their hospitals

Respectively, 172 (56.6%) and 180 (59.2%) participants
stated the contribution of education and motivation
of HCWs to the design and delivery of safe systems for
infections management was very important or important
in their hospital. A greater importance (very important
or important) about education of HCWs was signifi-
cantly more likely to be present in hospitals with an AS
team compared to hospitals without (39.0% vs, 64.6%,
p<0.001). Similarly, greater importance (very important
or important) ascribed to motivation of HCW was sig-
nificantly more likely to be present in hospitals with an
AS team compared to hospitals without (48.4% vs. 64.1%,
p=0.010).

Participants’ awareness about global burden of AMR

in their hospitals

Over half of the surveyed participants (166, 54.6%) stated
the awareness of the global burden of AMR was very
widespread or widespread among health care workers in
their own hospitals. Specifically, greater awareness of the
global burden of AMR (very important or important) was
observed among participants working in hospitals with
implemented SSI surveillance systems (63.1% vs. 26.8%,
p<0.001), monitored antimicrobial use (62.8% vs. 28.8%,
»<0.001), and reports about AMR data (63.1% vs. 25.0%,
p<0.001).

Participants’ perception of the role of COVID-19 pandemic
The COVID-19 pandemic was considered by 244 (80.3%)
respondents as a very important or important factor in
raising HCWs awareness of the IPC programs in their
own hospital, and by 199 (65.5%) in increasing con-
sciousness regarding appropriate antibiotic prescribing
(Fig. 3). No statistically significant differences in these
perceptions were found according to the WHO region
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classification, the work setting, or the professional pro-
file. Nonetheless, HCWs working in hospitals with mul-
tidisciplinary AS teams declared that the COVID-19
pandemic had a very important or important role in
raising their awareness both on adequate IPC (85.2% vs.
69.5%, p=0.001), and on appropriate antibiotic prescrib-
ing (71.3% vs. 52.6%, p=0.001).

Discussion

The primary goal of IPC programs is to prevent the
acquisition and dissemination of HAIs within health care
facilities. IPC programs should always include policies,
procedures, and activities designed to prevent or reduce
the spread of HAIs within health care facilities. Differ-
ent hospital disciplines are typically involved in IPC pro-
grams, making collaboration and teamwork essential.
IPC teams are effective in improving patients’ clinical
outcomes, and cost-effective in providing important cost
savings [15]. Raising awareness of IPC measures to stake-
holders is a crucial factor in changing behaviour. The data
of our survey demonstrated that the median number of
professionals comprising the IPC team was 6 [IQR 4-7],
including microbiologists (72.4%), infectious diseases
specialists (70.2%), nurses (68.4%), hospital pharmacists
or pharmacologists (67.6%), surgeons (56,7%), infection
control specialists (56.4%), intensivists or anaesthesiolo-
gists (48.7%), hospital administrators (45.8%), epidemi-
ologists (38.9%), public health specialists (30.2%), and
emergency medicine specialists (18.2%).

Preventing SSIs is a priority for all surgical departments
around the world. Bacteria are becoming increasingly
resistant to antibiotics. SSIs are among the most common
HAIs, making SSI prevention especially important. SSIs
are associated with longer post-operative hospital stays,
and higher attributable morbidity and mortality. SSIs
prevention requires integrating a range of measures
before, during, and after surgery. Both the WHO and the

Role of COVID-19 pandemic on raising awareness
of adequate IPC

Role of COVID-19 pandemic on raising awareness
of appropriate AMP

0% 10%

@ Very important @ Important

0 Slightly important
Fig. 3 Participants’ perception of the role of COVID-19 pandemic. IPC Infection prevention and control, AMP antimicrobial prescription

R

30% 40% 50% 60% 70% 80% 90% 100%

0O Not important
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U.S. Centers for Disease Control and Prevention (CDC)
have published guidelines for preventing SSIs [16—18].
The 2016 WHO Global guidelines for preventing SSIs
are evidence-based, including systematic reviews pre-
senting additional information supporting actions to
improve practice [17, 18]. The guidelines include 13 rec-
ommendations for the pre-operative period and 16 for
preventing infections during and after surgery, ranging
from simple precautions such as ensuring that patients
bathe or shower before surgery, effective skin disinfection
for patients and surgical teams, guidance on when and
for how long to use prophylactic antibiotics, and which
sutures to use. According to the WHO Global guide-
lines, the use of alcohol-based solutions for the surgical
site preparation is a strong recommendation and may be
considered an important process indicator for SSIs pre-
vention. In our survey, 68.7% of participants stated that
alcohol-based solutions for surgical site preparation were
used in all wards, while 12.2% in some wards, and 19.1%
stated that alcohol-based solutions were not used.

The availability of guidelines is essential to provide a
robust framework to support good clinical practice [17,
18]. Guidelines for the prevention of HAIs, including
SSIs, have been published in recent years. Despite the
clear evidence, compliance is uniformly poor, and sig-
nificant difficulties arise when introducing evidence and
clinical guidelines into routine daily practice.

Notably, guidelines alone are not sufficient to ensure
adoption and the implementation of their principles and
findings. Local adaptation is a prerequisite for successful
guideline adoption and adherence. One way to engage
HCWs in guideline development and implementation is
to translate recommendations into a protocol or pathway
that specifies and coordinates responsibilities for par-
ticular actions and timing among multidisciplinary team
members in an acute care facility. Surveillance and out-
comes assessment are crucial to monitor adherence with
guideline recommendations. The results of our survey
demonstrated that a protocol on HAIs prevention was in
place in all hospital wards in the vast majority of acute
facilities (85.9%), and only in 6.2% a protocol on HAIs
prevention was not in place.

Hand hygiene is an important indicator of safety and
quality of care in any health care setting. There is sub-
stantial evidence demonstrating the correlation between
good hand hygiene practices and low HAI rates [19]. Fail-
ure to perform appropriate hand hygiene is considered
the leading cause of HAIs and the spread of MDRO and
has been recognized as an important contributor to out-
breaks. There is convincing evidence that improved hand
hygiene through multimodal implementation tactics can
reduce HAI rates. In addition, several studies showed a
sustained decrease in the incidence of MDRO isolates
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and patient colonization following the implementation of
improved hand hygiene [19]. The point of care may be the
starting point for an implementation program for hand
hygiene, but an effective program of hand hygiene func-
tions facility-wide with the participation of all HCWs.
Most participants (89%) stated that hand washes dispens-
ers of alcohol-based hand rub at the point of care were in
place.

It is widely acknowledged that surveillance systems
allow the evaluation of the local burden of HAIs and
AMR and contribute to the early detection of HAIs and
new patterns of AMR, including the identification of
clusters and outbreaks. HAI surveillance is a challeng-
ing task as well because it requires particular expertise
to analyse and assess epidemiologic data as to its quality
and interpretation to tailor intervention and prevention
measures. In our survey, participants stated that surveil-
lance systems for SSIs were in place in all wards in 61.8%
of acute care facilities, while in 23.4% were not in place.
Systematic reports about AMR data were in place in all
wards in 58.5% of acute care facilities, while in 22.4%
were not in place.

AS programs have been promoted to optimize anti-
microbial usage and patient outcomes and reduce the
prevalence of AMR. However, the best tactics for an AS
program are not definitively established and identifying
optimal efforts to impact system change has been chal-
lenging. As programs are likely to vary based on local
culture, available antibiograms, policy and routine clini-
cal practice, and probably on resources [1]. Many hospi-
tals remain without formal programs, and those that do
continue to struggle to gain acceptance. Restriction of
prescribing may be effective at controlling use but raises
issues of prescriber autonomy and requires a large com-
mitment of resources, including personnel. Multidisci-
plinary collaboration within health systems is mandatory
to ensure that prophylactic, empiric, and directed use of
antimicrobial agents results in optimal patient outcomes
in the current era of AMR.

Every hospital worldwide should utilize existing
resources to create an effective multidisciplinary team
for AS [20]. Preferred aspects of AS programs include
comprehensive collaboration among various special-
ties within a health care institution. The AS program is
generally coordinated by infectious diseases specialists,
whether physicians or pharmacists. Pharmacists with
advanced training or longstanding clinical experience
in infectious diseases should be key participants in the
design and implementation of AS interventions. Infec-
tion control specialists and hospital epidemiologists
should coordinate efforts to monitor and prevent HAIs
and analyse and report “real-time” data to prevent infec-
tions, reduce antimicrobial use, and minimize the spread
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of AMR. Microbiologists should actively guide the proper
use of tests and the flow of laboratory results, including
periodic reports on AMR data within the facility, so as to
allow the multidisciplinary team to determine the ongo-
ing burden of AMR in the hospital. Moreover, timely and
accurate reporting of antimicrobial susceptibility test
results allows de-escalation to more appropriate targeted
therapy and may help reduce broad-spectrum antimicro-
bial use.

Surgeons with expertise in surgical infections and sur-
gical anatomy, when involved in AS programs, may audit
antibiotic prescriptions, provide feedback to the prescrib-
ers, integrate best practices of antimicrobial use among
surgeons, and act as champions among colleagues. Inten-
sivists have a crucial role in treating MDROs of critically
ill patients and thus are at the forefront of successful AS
programs. Nurses are crucial for maintaining patient
safety and monitoring the consequences of antimicrobial
therapy. The engagement of hospital administration is a
key factor for both developing and sustaining of AS pro-
grams. Without adequate support from hospital adminis-
tration (AS programs do not generate revenue), programs
will be inadequate or inconsistent.

In our survey 68.8% of participants stated that their
hospital had a multidisciplinary AS team; 43.5% of
respondents stated they were currently members of it.
The median number of professionals working inside the
AST was 5 [IQR 3-7], mainly represented by infectious
diseases specialists, microbiologists, hospital pharmacists
or pharmacologists, and infection control specialists.

Especially in resource-poor-settings, the IPC and AS
teams can optimize bidirectional communication and
collaborate in sharing resources and personnel. Data
review, monitoring and reporting, and interventions such
as audit and feedback and education are integral pro-
cesses to both AS and IPC. Integrating these activities
can make for more efficient workflow for both programs.

AS policies should be based on international and
national antibiotic guidelines and tailored to local micro-
biology and AMR patterns. Based on the guidelines and
local formulary options promoted by the AS team, facil-
ity-specific treatment recommendations can guide cli-
nicians in antibiotic selection and duration of therapy.
Standardizing and monitoring a shared protocol of surgi-
cal antibiotic prophylaxis is a logical first step in develop-
ing an AS program.

Local protocols for antimicrobial therapy of surgical
infections were present in the majority of the hospitals
(76.6%). Most participants (85.8%) declared the proto-
col for antimicrobial therapy included interventions to
reduce the duration of therapy, while 79.8% stated the
protocol advocated for alternative dosing tactics based
on pharmacokinetic and pharmacodynamic principles.

Page 10 of 15

It is important to observe that 83.1% of participants
stated all hospital wards have local protocols that
included discontinuation of prophylaxis in the postop-
erative period. A surgical antibiotic prophylaxis pro-
tocol was significantly less likely to be implemented in
hospitals with < 100 inpatient beds compared with hos-
pitals with a larger number of inpatient beds (60.0% vs.
91.8%, p<0.001).

Pharmacy’s contribution to AS programs has evolved
substantially during the twenty-first century. Although
infectious diseases specialist physicians and microbiolo-
gists have been responsible conventionally for provid-
ing advice on clinical management of infected patients,
many pharmacists in clinical practice have now estab-
lished roles complementing the expertise in multidisci-
plinary antimicrobial stewardship teams. Pharmacists’
responsibilities for AS include promoting the optimal
use of antimicrobial agents. Typical interventions include
patient-specific recommendations on optimization or
de-escalation of antimicrobial therapy; and implemen-
tation of policies, education, therapeutic drug monitor-
ing, and participation in AS ward rounds. Antibiotics are
prescribed in up to one-third of hospital inpatients, often
inappropriately, and more than two-third of critically ill
patients are on antibiotics at any given time during hos-
pitalization. Antibiotic use is one of the most direct and
important parameters to assess the impact that an AS
program has on a hospital and its patient population [21],
although AMR and clinical outcomes are also important
measures. Antimicrobial use (consumption) is a com-
monly used measures and is described by defined daily
dose (DDD) or days of therapy (DOT), usually normal-
ized per 1000 patient-days. The results of the survey dem-
onstrated that monitoring systems of used antimicrobials
were in place in all wards in just over half of acute care
facilities.

Some of the most common clinical conditions that
surgeons manage are infectious in nature. Addition-
ally, HAIs such as SSIs, CA-UTIs, and HABP/VABP are
among the most common complications surgeons face in
clinical practice. Therefore, compliance with IPC meas-
ures and AS practices is integral to good clinical practice.
However, both IPC and AS practices among surgeons
are often inadequate. Surgeons are at the forefront in
preventing infections in that they are responsible for
many health care processes that impact the risk of HAIs
and their prevention. Surgeons are also at the forefront
of infection management of surgical patients, achieving
prompt source control and providing adequate antibiotic
therapy. In this context, surgeons’ participation in multi-
disciplinary efforts to improve surgical quality is crucial,
including efforts to increase the evidence base [22, 23].
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Increasing knowledge alone may be insufficient and
ineffective unless education is continuous and interac-
tive, including discussions of evidence, achievement of
local consensus, and peer feedback on performance.
Identifying a local opinion leader “champion” is impor-
tant to facilitate integration of best clinical practices and
encourage colleagues to change behaviours. Surgeon
champions may provide feedback to prescribers and lead
by implementing change personally, interacting directly
with the AS team and the IPC team. The majority of
participants stated to have at least one surgeon with an
interest or skills in surgical infections within their hos-
pital department. A surgeon with an interest or skills in
surgical infections was significantly less likely to be pre-
sent in hospitals with less than 100 inpatient beds (50.0%,
p=0.018) compared to hospitals with a larger number
of inpatient beds (80.6%). Moreover, a surgeon with an
interest or skills in surgical infections was significantly
less likely to be part of the IPC team in hospitals with less
than 100 inpatient beds (10.0%, p=0.003) compared to
larger hospitals (51.3%).

Appropriate SC is of utmost importance in managing
complicated intra-abdominal infections and soft-tissue
infections, Furthermore, adequate SC can also shorten
the course of antibiotic therapy. The adequacy of SC
is unrelated to appropriate antibiotic administration.
Although each is an independent predictor of mortality,
antibiotic therapy may have no effect without adequate
SC. The level of urgency of treatment is determined by
the affected organ(s), the relative speed at which clinical
symptoms progress, and the underlying physiological sta-
bility of the patient. The challenges of multiple patients
requiring emergency surgery or of limited resource avail-
ability highlight the importance of triage patients accord-
ing to anatomic diagnosis and physiologic state. An
expedient diagnosis of infection that requires emergent
source control is crucial for patients with sepsis or sep-
tic shock; the source control intervention must be imple-
mented as soon thereafter as is medically and logistically
practical. Delays of as little 6 h have been associated with
increased mortality [24—26]. Two hundred fifty (250/304
82.2%) participants stated that a dedicated operating
room for emergency surgery was available 24 h a day.

Education spans all domains of health service delivery
and is relevant to all health care workers, ranging from
frontline workers to administrative management. Educa-
tion of all health professionals in preventing and manag-
ing infections should begin at the undergraduate level
and be supplemented with further training throughout
the postgraduate years. Hospitals are responsible for
educating clinical staff about IPC programs. According
to available resources, education programs such as aca-
demic detailing, consensus building, and educational
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workshops should be implemented in each hospital
worldwide.

Respectively 56.6% and 59.2% of participants stated
the contribution of education and motivation of HCWs
to the design and delivery of safe systems for infections
management was very important or important in their
hospital. A greater importance about the education of
HCWs was significantly more likely to be present in hos-
pitals with an AS team (64.6%, p<0.001) compared to
hospitals without (39.0%).

Effective teamwork in health care delivery can have an
immediate and positive impact on patient safety. Health
care teams that communicate effectively reduce the
potential for human error, resulting in enhanced patient
safety and improved clinical performance. Implementa-
tion research has demonstrated that best practice inter-
ventions are most effective when applied by teams that
support the translation of evidence and guideline rec-
ommendations into practice, intending to change HCW
behaviour. The majority of participants stated the culture
of teamwork was considered very important or impor-
tant in their hospitals. Patient safety is a crucial compo-
nent of health care quality and is related to preventing
and managing infections. Patient safety is a serious global
public health issue that is defined as the prevention of
harm to patients, with an emphasis on a culture of safety
that involves health care professionals, organizations, and
patients in a collaborative system of care delivery that
prevents errors and learns from errors that do occur. In
our survey, most participants stated that the culture of
patient safety was very important or important in their
hospitals.

Finally, many authors highlighted the need to increase
patient involvement in IPC implementation in health
care settings. Patient involvement in IPC may ensure a
more patient-centred health care prioritising their needs
and empowering them to take control of their own IPC
[27, 28]. Patients and family involvement in IPC man-
agement was considered to be slightly or not important
in their own hospital by the majority of respondents
(65.1%). Although the low importance among respond-
ents of patient involvement in IPC, both patients and
HCWs should jointly advocate for a culture of patient
involvement in reducing the burden of HAIs [27]. It
would require changes to the organisational cultural
model in which HCWs tend to control their organisation
and also play an “authoritarian” role over patients [28].
The required cultural changes should imply a reversion
in the relation between HCWs and patients and the need
to put patients in a responsible and protagonist role as
experts in their own care and IPC, rather than being pas-
sive participants and observers of HCWs’ behaviours.
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This study has several limitations: a response rate of
just 21.2% should be considered a response bias, and it
is possible that non-participating HCWs may have been
less interested in surgical infections than the participants
and therefore it is possible that results are biased towards
a better picture than it actually is. According to specialty,
no stratification or sampling was pre-planned to ensure
that all stakeholders were adequately represented and
the questionnaire was self-reported. The major strength
of the study is its multinational (global) and multidisci-
plinary approach, to our best knowledge the first in this
setting. Thus, our survey provides a benchmark to all
interested stakeholders; it can be repeated over time to
explore if better uniformity on a global platform of health
care environments would develop in the future, and may
be used to build consensus around the best practices in
the field of prevention and management of surgical infec-
tions a future project.

Conclusions
Adequacy of prevention and management of infections
depends on both HCWs behaviours and organizational
characteristics of acute health care facilities to support
best practices and promote behavioural change. Patient
involvement in the implementation of IPC is still lit-
tle considered. A debate on how operationalising a fun-
damental change to IPC, from being solely the HCWs
responsibility to one that involves a collaborative rela-
tionship between HCWs and patients, should be opened.
Based on the survey results, the authors shared 15
strongly suggested statements regarding the principal
questions surrounding the prevention and management
of infections in surgery that may be the starting point for
future evidence-based recommendations.

1. An IPC program should be in place in each acute
care facility around the world. It should be led by
professionals trained in and dedicated to IPC; how-
ever, it should also include allied health care work-
ers who are directly involved in infection preven-
tion measures in their areas of clinical expertise
(208 responses: agreement 98.1%).

2. Each acute health care facility around the world
should implement, according to the available
resources, measures aimed at reducing the risk of
surgical site infections (SSIs) before, during, and
after surgery (208 responses: Agreement 100%).

3. A local adaptation of evidence-based guidelines
for the prevention of HAIs, according to available
resources, should be developed and implemented
in each acute health care facility around the world.
The education and training of health care workers
on the recommendations and the monitoring of
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adherence with guideline recommendations should
be undertaken to achieve successful implementa-
tion (208 responses: Agreement 99%).

Hand hygiene is the cornerstone of IPC. When
optimally performed, hand hygiene reduces HAIs
and the spread of AMR. Poor compliance with
hand hygiene practices remains a challenge for
IPC practitioners all over the world. Hand hygiene
should be guaranteed at the point of care in each
acute health care facility worldwide, according to
the available resources (208 responses: Agreement
100%).

Facility-based HAI surveillance, including AMR
surveillance, should be performed to guide inter-
ventions and detect outbreaks, according to avail-
able resources. The collection and analysis of moni-
toring data should serve to identify vulnerabilities
in the system, and serve as the basis for organiza-
tional improvement and risk reduction. Timely
feedback of results to HCWs should be provided
(208 responses: agreement 97.6%).

According to the available resources, an antimi-
crobial stewardship program should be in place in
each acute health care facility worldwide. It should
be led by professionals trained in antimicrobial
stewardship; however, it should also include allied
health care workers directly involved in prescribing
antibiotics in daily clinical practice (208 responses:
Agreement 98.6%).

Local adaptation of evidence-based guidelines
for appropriate antibiotic prescribing practices,
according to local epidemiology and according
to the available resources, should be developed
and implemented in each acute health care facil-
ity around the world. The education and training
of relevant health care workers on these guidelines
and monitoring of adherence with their recom-
mendations should be undertaken to achieve suc-
cessful implementation (208 responses: Agreement
99.5%).

Monitoring of antibiotic utilization along with anti-
microbial resistance surveillance data and clinical
outcome measures should be performed regularly
(e.g. every three to six months), with results pro-
vided to all antibiotic stewardship program team
members for review (208 responses: Agreement
97.1%).

Every surgeon should have a basic understand-
ing of need for and approaches to preventing and
managing infections. However, surgeons with spe-
cial interest and knowledge in surgical infections
should be incorporated into the infection control
and antimicrobial stewardship teams and recog-
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nized as “champions” (208 responses: Agreement
95.2%).

10. Capability of performing source control procedures
to treat surgical infections, including dedicated
operating rooms, should be available 24 h a day in
each acute health care facility around the world, in
order to avoid unnecessary delays in treating time-
dependent infections (208 responses: Agreement
95.7%).

11. Education in preventing and managing infections
in surgery, by utilizing team- and task-based tac-
tics, should be available for all health care workers
in every acute health care facility around the world
(208 responses: Agreement 99.5%).

12. Implementation of team work activities to improve
clinical practices in preventing and manag-
ing infections in surgery are suggested for every
acute health care facility around the world (208
responses: Agreement 98.6%).

13. A culture emphasizing patient safety should be
a strategic goal of every acute health care facil-
ity around the world (208 responses: Agreement
99.5%).

14. According to the available resources, protocols for
triage of patients requiring emergency surgery for
surgical infections should be implemented in each
acute health care facility around the world (208
responses: Agreement 97.6%).

15. Each acute health care facility around the world
should organize local initiatives to improve sepsis-
related mortality. These include hospital-based
programs for sepsis prevention, early detection,
and delivery of early treatment. As part of a hos-
pital-wide program on sepsis, a dedicated “sepsis
team” to evaluate patients with sepsis and septic
shock may favourably influence outcomes (208
responses: Agreement 91.8%).
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