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Antimicrobial resistance and antimicrobial 
stewardship: an update

Abstract
Objective The aim of this narrative review is to examine the historical evolution of antimicrobial treatments, the rise of 
antimicrobial resistance (AMR) and the implementation of antimicrobial stewardship (AMS) over time. It explores whether 
AMR remains a concern in wound care, the development of new antibiotics and alternative antimicrobial therapies, and 
the benefits observed following AMS initiatives.

Materials and methods The Medline (PubMed) electronic literature database was searched for the relevant studies. The 
search revealed 2940 potential articles, screening for relevance identified 203 articles, which were reviewed.

Results Despite the emergence of AMS strategies, our review found that AMR remains a significant issue with regard 
to wound care and healthcare more generally. AMR is an increasing problem with resistance being widespread and 
being seen in non-antibiotic antimicrobials, such as silver. The identification of new antibiotics is lacking and, despite the 
development of newer treatments with current antibiotics (including combination therapies), there is a strong push for 
new, non-antibiotic therapies, such as photodynamic therapy and phage therapy.

Conclusion Alongside the development of new treatments, updating current AMS procedures and enhancing their 
implementation (resulting in a reduction in antimicrobial use) are identified as important areas in the battle against AMR. 
In addition, the implementation of AMS procedures corresponded with a decrease in levels of antimicrobial resistant 
microorganisms. As well as reducing levels of resistant microorganisms, this review revealed additional benefits of the 
introduction of AMS procedures, including a reduction in costs (surgical antibiotic prophylaxis costs), and a reduction in 
patient morbidity and mortality.

Introduction
Wounds disrupt the skin barrier and expose the body to 

infection, usually caused by bacteria such as Pseudomonas 
aeruginosa, Staphylococcus aureus and others.1 Microbial 

biofilms, which provide protection to bacteria, complicate 

wound healing by being resistant to antimicrobial agents and 

the immune system.2

The history and importance of antimicrobials
Antimicrobial agents have been used for centuries, with the 

discovery of penicillin in 1928 marking a major milestone 

(Figure 1). However, antimicrobial resistance (AMR), 

accelerated by the overuse of antibiotics, is now a global 
health threat.3 New antibiotic discoveries have stalled since 
1987, leaving limited treatment options.4,5 AMR leads to 
increased morbidity, mortality and health care costs.6

Treating wound infection
AMR occurs when microorganisms develop the ability to 
withstand treatments that once effectively controlled them.9 
AMR occurs when microorganisms develop resistance 
through mutations or acquisition of resistance genes, 
rendering standard treatments ineffective.2 Wound care 
involves a combination of strategies, such as debridement 
(removal of dead tissue) and antimicrobial therapy.10 



Wound Practice and Research 80

Antimicrobial dressings containing substances such as 
silver, iodine, honey and PHMB are common in wound care.11 
Known for its antimicrobial properties, silver is widely used,12 
but its overuse has raised concerns about durability and 
environmental impacts.13

Silver-resistant bacteria have emerged, including some 
found in wounds,14 necessitating close monitoring of silver-
based treatments. Silver nanoparticles (NAg) are effective 
against bacteria,15 but resistance has also been observed 
in WHO priority pathogens.15,16 While silver-based dressings 
have been promoted for wound healing,17,18 the evidence 
supporting their efficacy is mixed,19 and increasing resistance 
to silver warrants re-evaluation of their use in minimising 
AMR.20

An alternative approach to minimise the emergence of AMR 
includes dressings without active antimicrobial ingredients, 
such as hydrogels, and DACC-coated dressings.21,22 These 
dressings help remove microorganisms from wounds without 
the risk of contributing to AMR,23 making them valuable in 
treating infections.

Figure 1. Antibiotic class discovery and resistance timeline7,8

Antimicrobial stewardship
The goal of AMS is to optimise the use of antimicrobials 

to reduce resistance and improve patient outcomes.24 First 

mentioned and subsequently incorporated into guidelines 

in the 1990s,25,26 AMS emphasises correct antimicrobial 

prescribing, regular evaluation of practices, and improved 

diagnostics.24 Several guidelines, consensus documents and 

other important resources have been developed promoting 

AMS and for combating AMR.27-30

Global efforts against AMR
Global health organisations such as the World Health 

Organization (WHO), the Centers for Disease Control and 

Prevention (CDC), and the European Center for Disease 

Prevention and Control (ECDC) have developed policies and 

strategies to combat AMR.27-30 In 2015, WHO adopted the 

Global Action Plan (GAP) on AMR,27 which focuses on raising 

awareness, reducing infection rates and optimising the use 

of antimicrobial agents. By 2023, 178 countries had aligned 

their national action plans with the GAP.3
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This global effort includes improving antimicrobial prescribing 
practices, improving diagnostic methods, and promoting 
multidisciplinary collaboration. WHO developed the AWaRe 
(Access, Watch, Reserve) classification system that provides 
guidelines for the correct use of antibiotics, helping to reduce 
the number of inappropriate prescriptions.29 In addition, the 
WHO list of priority bacterial pathogens, updated in 2024,31 
helps address the evolving challenges of AMR.

Despite new antibiotics and adjuvants, multidrug-resistant 
organisms such as ESKAPE pathogens (Enterococcus 
faecium, S. aureus, Klebsiella pneumoniae, Acinetobacter 
baumannii, P. aeruginosa and Enterobacter spp.) remain 
significant therapeutic challenges,32 highlighting the 
continued need for global collaboration and innovation in the 
fight against AMR.31

AIM: A narrative review to compare and contrast the history 
of antimicrobial treatments with the development of AMR and 
the instigation of AMS past, present and future. To explore:

•	 whether AMR still an issue in wound care

•	 if new antibiotics are being developed to challenge the 
development of AMR

•	 if new antimicrobial agents (excluding antibiotics) or other 
antimicrobial therapies are being developed to challenge 
the development of AMR

•	 what benefits have been identified post-AMS 
implementation

Methods
Inclusion criteria: This review includes primary published 
research articles of any study design: randomised control 
trials (RCTs), non-randomised controlled trials, prospective, 
retrospective, case series studies, and pre-post studies. 
Any study focusing on use of antimicrobial treatments and 
the development of AMR and the instigation of AMS was 
included.

Exclusion criteria: Articles that did not match these types 
of studies, and studies not written in the English language. 

Electronic searches: The literature search was conducted 
in MEDLINE (via PubMed) between January 2019 and May 
2024. In addition, reference lists were screened. Wound 
journals not listed in MEDLINE that were published within the 
date range were screened manually. The keywords included 
in the search included:

•	 #1: “antimicrobial” AND (“wounds” OR “injury” OR 
“diabetic foot ulcer*” OR “venous leg ulcer*” OR 
(“pressure ulcer*” OR “pressure sore*”) OR “burn*” OR 
“surgical wound*”

•	 #2: “resistance” OR “stewardship” 

•	 #3: “infection”

•	 #4: #1 AND #2 AND #3

Study selection: Article titles and abstracts were assessed 
by two authors (MR and AR) according to the inclusion 
and exclusion criteria. The full-text versions of potentially 
relevant studies were obtained and screened against the 
inclusion criteria. Following screening of the full text articles, 
consensus between reviewers in relation to the studies to be 
included was then obtained.

Data extraction: Descriptive data were extracted from 
the full text versions and added to a pre-designed data 
extraction table recording author and year, country, setting, 
design, population, sample and intervention.

Study inclusion: The study selection process is illustrated 
in the PRISMA flow diagram (Figure 2). The initial search 
identified 2940 potential articles, and no other articles were 
identified from other sources, giving a total of 2940 articles 
to screen. Following review of the abstracts against the 
inclusion criteria 238 articles were screened for full-text 
eligibility after title/abstract screening, and from this, 203 
articles were found to be eligible for inclusion in the narrative 
review.

Results and discussion
Characteristics of included studies: An overview of the 
wound types featured in the reviewed studies indicated 
that surgical site infections (44.3%, 58/131) was the largest 
wound infection recorded in the papers followed by burn 
wounds (11.5%, 15/131). Chronic wounds were identified 
in 15 (7.4%) studies, with three-quarters of these studies 
(66.7%, 10/15) relating to diabetic foot ulceration. Thirty-
six (16.7%, 34/203) papers were laboratory-based studies. 
Thirty-nine (19.2%, 39/203) studies did not specify wound 
type in enough detail to be assigned to any specific group.

Figure 3 summarises the number of articles in each of the 
six review discussion areas. Sixty-nine (34.0%) articles 
related to describing new wound pathogens, with 36/203 
(17.7%) detailing the use of new antibiotics therapies (such 
as, antimicrobial agent combinations). Non-antibiotic (“new 
treatment”) therapies were summarised in 40/203 (19.7%) 
studies.

Updates to AMS processes and implementation were 
described in 23/203 (11.3%), and 18/203 (8.9%) articles, 
respectively, and a demonstration of the benefits of AMS in 
wound care was described in 19/203 (9.4%) articles.

Emerging antimicrobial resistant organisms: Recent 
studies have investigated the rise of AMR in humans by 
analysing global data and using models.33-35 These studies 
examine how factors, such as antimicrobial use, population 
size and mobility influence the emergence of AMR. By 
incorporating these factors, the researchers developed 
predictive models to estimate the global risk of developing 
AMR. These studies suggest that AMR emergence is 
positively correlated with antibiotic consumption in humans, 
particularly for WHO critical priority and high priority 
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pathogens.34 Mendelsohn et al35 found that human travel 
may also play a role in AMR emergence. Interestingly, Allel 
et al34 presented data to suggest that reducing the rate of 
antibiotic consumption alone will not be sufficient to combat 
rising worldwide prevalence of AMR.

Emerging resistance to antibiotics is not the only concern 
in the fight against infection, particularly in wound care. 
Silver (in the form of antimicrobial silver ions (Ag+), a 

widely used antimicrobial agent of the last 20+ years is 

an important tool in the fight against wound infection.36 

Found in wound care products (such as bandages, creams, 

wound dressings) in several different forms (silver nitrate, 

silver sulfadiazine, nanocrystalline silver), and offering 

different ways of delivering silver ions,37 concern has been 

raised by the emergence of silver resistance including in 

microorganisms with clinical significance.13,38,39 An increasing 

Figure 3. Breakdown of articles (n=203) into discussion areas

Figure 2. PRISMA flow diagram of literature review
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number of studies have shown silver resistance in bacteria 
including (but not exclusively) P. aeruginosa, S. aureus, and 
A. baumannii, examples of ESKAPE microorganisms that 
are also examples of WHO priority pathogens.16,40 To avoid 
further selection and spread of silver-resistant bacteria with a 
high potential for healthcare-associated infections, the use of 
silver-based products needs to be controlled, and the silver 
resistance monitored.41 

This review identified 69 articles42-110 related to the emergence 
of pathogens exhibiting AMR, with the description of the 
identification of antimicrobial resistant pathogens being the 
highest proportion of articles in this group (see Figure 4).

Antimicrobial resistant microbes were isolated from 
various clinical situations including several different wound 
types (including surgical site infections,43,51,54,55,77,107 burn 
wounds,52,60,72,101,108,110 traumatic wounds,67 a bite wound,53 and 
studies where wounds were not specified,81,83,88,92,93,99,100,103,104,106 
and other non-wound conditions (including peritonitis,64 
intestinal colonisation,94 and meningitis105). Both gram-positive 
(such as S. aureus, S. epidermidis, E. faecalis, E. faecium) 
and gram-negative (Escherichia coli, K. pneumoniae, P. 
aeruginosa, A. baumannii) bacteria resistant to antimicrobials 
were identified.

Resistance to antibiotics such as beta-lactam antibiotics (for 
example carbapenems and penicillin’s), and the isolation of 
extended spectrum beta-lactamase (ESBL)- and metallo-
beta-lactamase (MBL)-producing microorganisms was 
observed in microorganisms isolated from a variety of 
different wound types (for example carbapenems in SSI,47,82 
burn wounds72 and wounds generally,73,88 ESBL in SSI,47,82 
burns,56 and unspecified wounds,97,106 and MBL in wounds104).

Several studies identified microorganisms with multi-drug 
resistance (such as SSI,43,54,74,80 burn wounds,60 and studies 
with undefined wounds92,93). In one multicentre study in patients 
undergoing surgical procedures several gram-positive and 
gram-negative bacteria were isolated that showed resistance 
to numerous antimicrobials (such as penicillin, tetracycline, 
cefoxitin). Several of the microorganisms (for example S. 

aureus) exhibited 100% multi-drug resistance (MDR).43 Zhao 
et al51 report the appearance of AMR (ESBL-producing 
and carbapenem-resistant) in a hypervirulent Klebsiella 
pneumonia found in SSIs, which is a microorganism that 
can cause life-threatening infections. Tchakal-Mesbahi et 
al52 document the emergence of a new antibiotic-resistant P. 
aeruginosa in burn patients.

Several studies indicate an increase in frequency in AMR and 
increased resistance rates (Figure 4 shows results of a study 
of the trend of AMR of K. pneumoniae from a number of 
sample types (including wound swabs) in patients between 
2016 and 2020 found that there was a significant increase 
in carbapenem resistance rates, increasing from around 
45% in 2016 to over 80% in 2020,47 as well as an increase 
in the rate of ESBL-producing K. pneumoniae since 2017. 
Additionally, pathogens were showing increasing levels of 
resistance (meaning the level of resistance was increasing 
and microorganisms were becoming less susceptible to 
the antimicrobials). Sana et al62 concluded from their cross-
sectional study of intensive care patients that there was a 
rapid increasing resistance profile in A. baumannii. In another 
cross-sectional study, swabs taken from 140 patients with 
diabetic foot ulcers found an overall increase in bacterial 
resistance to antimicrobial agents.102

Together, these studies indicate that resistance to 
antimicrobial agents in microorganisms found in several 
different wound types is common, and that this resistance 
covers a wide range of antimicrobials. In addition, this 
resistance is an increasing problem and, consequently, 
the options for effective antimicrobials are becoming more 
limited.

The development of new antibiotics/treatment 
regimens
The current situation with regards to the development of 
AMR has been highlighted by the WHO3 as an emerging 
crisis and that the development of new antimicrobial agents 
is an imperative. In 2022 WHO published a document,111 
titled 2021 Antibacterial agents in clinical and preclinical 
development: an overview and analysis stating that a number 
of antibiotics were at various stages of development. 
However, the number of microorganisms becoming resistant 
to treatment with current antibiotics is rising. With few new 
antimicrobial agents being developed there is a necessity for 
the urgent development of new classes of antibiotics to avoid 
a major global health crises.

More recently, WHO released its updated Bacterial Priority 
Pathogens List (BPPL) 2024 which prioritises 24 pathogens 
(including A. baumannii, P. aeruginosa, S. aureus, and E. 
faecium) and provides guidance on the development of new 
and necessary treatments to stop the spread of AMR.31 

Thirty-six papers112-147 related to the identification and use of 
new antibiotics or AMS-driven changes to the use of current 
antimicrobials for the management of AMR (see Figure 5).

Figure 4. New pathogens, number of articles describing new 
pathogens exhibiting AMR, their distribution, and increasing 
frequency and incidence of AMR
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Articles about the combined use of two or more antimicrobials, 
or switching between antimicrobials, made up the largest 
group of articles about agents being used to combat 
resistant microorganisms. Combination therapy is described 
for several conditions including tuberculosis, pneumonia, 
and several wound-related issues, such as surgical site 
infections, diabetic foot ulceration (DFU) and other general 
wounds. 

For example, Wang et al140 described a study in renal 
transplant patients where tigecycline combination therapy 
was found to be a potential option for treating Carbapenem-
resistant gram-negative bacteria infections. Additionally, in a 
case of patient with an open craniocerebral injury, a series of 
in vitro and in vivo tests showed that tigecycline combined 
with aminoglycosides had good synergistic effects against 
carbapenem-resistant K. pneumoniae, and that bacterial 
resistance selection was suppressed.130 In a multicentre 
cohort study of patients (with a variety of infections including 
wound infections) treated for MDR P. aeruginosa several 
antimicrobial combination therapies offered potential for 
treatment of infections.135 Two studies in our review described 
newly discovered antibiotics and their potential use against 
infections.139,141

Other studies reported changes in antimicrobial therapy 
duration (such as reduced prophylactic duration),115,126 
changes in dosage,116 and timing of antimicrobial agents 
application are at least as effective or improve treatment of 
infection compared with previous treatments.119 Maruo et 
al,116 rather than using systemic high-dose antibiotics to treat 
patients with fracture-related infection after osteosynthesis, 
treated these infections with continuous local antibiotic 
perfusion thus reducing the overall dosage applied to 
patients and minimising patient adverse events. Another 
study examing infection after osteosynthesis,119 compared 
the use of immediate combination antibiotic therapy with 
postponed targeted antibiotic therapy. They observed overall 
success rates for both modalities, and no additional bacterial 
resistance was reported. The use of novel delivery systems 
such as aerosolisation129 or nebulisation143 were reported.

Although the development of new antibiotics to address 
the increasing problem of AMR are lacking, studies show 
that the development of combination therapies with current 
antimicrobial agents, and the application of AMS principles, 
such as reducing antimicrobial agent usage through changes 
in parameters such as duration, dosage, and timing of usage 
have the potential to be as effective as current antimicrobial 
therapy practices while reducing the use of antimicrobials.

Emerging new treatments
With the increasing emergence of antimicrobial agents’ 
resistance in increasing numbers of microorganisms there 
has been an increase in the research and development of 
potential antimicrobial agents – excluding agents such as 
antibiotics – in the fight against AMR. For example, the 
development of bacterial viruses (phages), which were 
originally developed for the treatment of bacterial infections 

before the discovery of penicillin,148,149 for treatment of drug-
resistant pathogens. In addition, photodynamic therapy 
is being used whereby photosensitised drug-resistant 
bacteria are killed by light irradiation.150,151Development 
work is also underway on the identification of other potential 
antimicrobial agents, such as novel metal ions12 and plant-
derived agents152,153 for use against antimicrobial resistant 
microorganisms. They are at various stages in development 
and clinical use. 

Forty papers5,154-192 related to the use of new treatments for 
the management of antimicrobial resistant (see Figure 6). 
Bacterial phage technology and ‘biological’ agents (such 
as a group of agents including antibacterial peptides, and 
efflux pump inhibitors) were the largest group of antimicrobial 
agents reported. Other groups of antimicrobial treatments, 
including photodynamic therapies, were also reported.

Bacterial phages were active against resistant microorganisms 
in a number of laboratory-based studies,154,184 as well as 
a number of clinical studies in patients with SSIs160,182 or 
DFUs.161,187 Green et al160 reported on the use of customised 
bacterial phage therapy in 12 patients (including patients 
with sternal wounds) to improve difficult-to-treat AMR 
infections and associated bacterial eradication and clinical 
improvement. Other phage-mediated antimicrobial activity 
was shown in AMR K. pneumoniae,154,181 MDR strains of P. 
aeruginosa,161 and carbapenem-resistant A. baumannii.184

Figure 6. Antimicrobial treatments used against antimicrobial 
resistant microorganisms

Figure 5. New antibiotic/treatment regimens for use against 
antimicrobial agent resistant microorganisms
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Figure 7. Major areas identified related to updates to AMS 
practices

There was also positive laboratory162,172— and clinical163,178—
based antimicrobial activity reported in several different non-
antibiotic antimicrobial agents, termed ‘biologicals’ (Figure 
6). In one study, antibacterial peptides were found to be 
effective in reducing antimicrobial resistant microorganisms 
in patients with sternal wound infections — and reducing 
length of hospital stay and reducing costs.163 Laboratory-
based studies have demonstrated a pentapeptide conjugate 
with potent activity against MDR clinical isolates of both 
gram-positive and gram-negative bacteria species belonging 
to the ESKAPE group of pathogens.172

In physical antimicrobial therapy, antimicrobial photodynamic 
therapy has been shown to have antimicrobial activity 
against clinical strains from diabetic foot ulcers156 and 
prophylactic photodynamic disinfection therapy for spinal 
SSIs.166 Using organic light-emitting diodes (OLED) as the 
light source, and methylene blue as a photosensitiser for the 
microorganisms, Piksa et al156 identified these were effective 
against pathogens and opportunistic bacteria regardless 
of drug resistance. Antimicrobial agents for treatment of 
AMR microorganisms based upon the use of metal ions, 
botanically derived compounds, and constructs are being 
developed. Nanoparticle forms of silver165 and zinc169 have 
been shown to exhibit potent antibacterial effects for multi-
drug resistant P. aeruginosa, and carbapenem-resistant K. 
pneumoniae. Electro-fabricated copper-alginate matrices,158 
and antimicrobial nanofibre mats171,185 are examples of 
various forms of constructed matrices that have shown 
antimicrobial activity against drug resistant microorganisms.

A number of studies have provided further evidence for the 
mode of action of the antimicrobial effect of DACC-coated 
dressings and its wide spectrum effect (including WHO-
prioritised microorganisms). Additional clinical studies have 
provided evidence of new applications, such as in treating 
wounds in paediatric patients, and extended the evidence 
relating to their use in treating surgical site infections. 
Evidence also shows that DACC-coated wound dressings 
can aid in the binding of biofilms, and how this technology 
can align and support AMS in the prevention of AMR.21,23

The use of non-antibiotic-dependent antimicrobial therapies 
in the fight against AMR is a promising area with enormous 
potential for supporting AMS practices. These therapies, 
particularly those independent of the AMR of microorganisms, 
offer treatments with broad action potential across multiple 
resistant microorganisms. Those therapies that minimise the 
likelihood of subsequent emergence of resistance offer the 
best potential.

Updates to AMS practices
With the inappropriate use of antimicrobial agents driving 
the acquisition of antimicrobial resistant pathogens both 
in hospitals and within the wider community,193 it has 
been reported that 30–50% of hospital antibiotics are 
considered unnecessary or inappropriate.194 Laboratory and 
clinical studies examining AMR in microorganisms have 
important implications for the updating of AMS processes for 
minimising the development of AMR. 

In 23 papers195-217 identified in this review the improvement 
of microorganism screening was the largest area related 
to potential points for AMS procedures. A number of these 
studies highlight the importance of regular screening of 
patients for multidrug resistant (MDR) microorganisms. 
Yaacoub et al199 retrospectively evaluated patients admitted 
with war-related injuries and found a high proportion of 
MDR microorganisms (including Enterobacterales, 
methicillin-resistant S. aureus (MRSA), and P. aeruginosa). 
They proposed that regular screening for MDR bacteria 
coupled with antibiotic-sensitivity testing for an appropriate 
therapeutic approach to treatment.

To facilitate improved screening a number of screening 
methodologies for microorganisms are being developed 
and used clinically. For example, rapid PCR assays have 
been used for the detection of MRSA from clinical isolates 
of patients with DFUs,198 a fluorescence-based assay is 
being developed to improve diagnostic accuracy of bacterial 
burden in patients with wounds and guide appropriate 
antimicrobial treatment,210 laboratory studies have provided 
evidence of the use of novel biosensor technology to develop 
a whole cell bacteria (for example, MRSA, P. aeruginosa).213

AMS-identified processes that can have an impact in 
reducing the onset of AMR have also been identified in this 
review, including suggestions for improving antimicrobial 
use,205 reducing the duration of use of antimicrobials,195,200 
and improving antimicrobial coverage through the use of 
the full range of antibiotic classes.197 Other studies have 
suggested improved education196 and the development or 
updating of guidelines and practices to further enhance AMS 
practices.206,207 Within 10 weeks of implementing a quality 
improvement project to improve AMS practices, Konda et 
al212 observed a reduction in unindicated antibiotic usage.
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Artificial intelligence is being assessed as a potential tool 
for the identification of AMR which can be applied to the 
improvement in AMS processes. Rothberg et al203 developed 
a logistic regression prediction model to identify risk of 
resistance in community-acquired pneumonia. In being 
able to predict infection by resistant pathogens the authors 
suggested that the integration of the model into clinical 
use could reduce unnecessary use of broad-spectrum 
antibiotics. Stracy et al209 used machine learning analyses of 
data related to urinary and wound infections to predict and 
minimise treatment-induced emergence of resistance.

Updating AMS practices with procedures, such as improved 
screening of microorganisms and changing antimicrobial 
use (such as reducing usage) are all aimed at minimising the 
opportunity for the emergence of AMR. Improved screening 
for bacteria also allows for timely identification of resistant 
microorganisms, including those with MDR.

Updates to AMS implementation
The emergence of AMR is being driven by inappropriate 
use of antibiotics. Antibiotic consumption in the outpatient 
setting represents 80% or more of total consumption,218 and 
inappropriate prescribing accounts for up to 50%.219 There 
are a number of key factors that are particularly important for 
the implementation of AMS programs (ASPs).218

Eighteen articles220-237 were identified that related to updates 
to AMS implementation. Together, provision of practical 
training and education, along with the implementation of 
AMS guidelines were identified as the three main and 
important areas described in the literature related to the fight 
against AMR (Figure 8).

Several studies reinforced the opinion that, together, the 
training and education of healthcare professionals, the 
implementation of AMS guidelines as part of ASPs are key in 
the drive to minimise the emergence, as well as reduce the 
presence, of AMR.223,224,227 Sartelli et al223 identified that the 
behaviours of healthcare workers and the characteristics of 
their workplaces regarding ASPs is key to supporting best 
practices and for the promotion of behavioural change. As 
part of a microbiological assessment of 109 samples from 

a variety of clinical sources (including wounds) where a high 
level of AMR was found, Bashir et al225 suggested that the 
input from healthcare professionals with the appropriate 
expertise (such as pharmacists) can play an important role 
in promoting the optimal use of antimicrobial agents, and 
in educating/training other healthcare professionals. For 
example, where ASPs have been implemented there is 
an improvement in prescribing practices of antibiotics for 
surgical prophylaxis; an improvement achieved by initiating 
educational interventions.234 It should be noted, however, 
that poor implementation of established AMS guidelines 
(related to areas such as prevention practices and protocols) 
can result in a lack of improvement in AMS-linked benefits 
such as reductions in antimicrobial prescribing.229 In a study 
evaluating the attitudes of infectious disease and critical care 
physicians towards AMS in ICUs, Vazquez Guillamet et al222 
found that clinicians placed great value on multidisciplinary 
ICU collaborations.

Alongside updating AMS practices, improvements in the 
implementation of AMS and ASPs offer benefits to reduce 
the emergence of resistant microorganisms to current 
antimicrobial agents. The improvement of AMS processes 
through better training and more effective education, as well 
as ensuring the effective delivery of AMS guidelines created 
to address AMR, aims to optimise all opportunities to help 
prevent the development of AMR, as well as providing 
effective treatment for AMR when it arises. 

Benefits of AMS
The overall goal of AMS is better patient care, a reduction 
in the use of antimicrobial agents (particularly antibiotics), 
and the provision of cost-effective health care.238 ASPs are 
designed to provide guidance for the safe and cost-effective 
use of antimicrobial agents and to slow the emergence of 
resistant (including multi-drug resistant) microorganisms.239

Nineteen articles122,234,240-256 reported the benefits of AMS 
implementation. The reported reduction in antimicrobial 
use was identified as the most frequent benefit of the 
introduction of AMS (Figure 9). For example, in a quasi-
experimental study in patients with spinal cord injury/
disease, the implementation of AMS practices reduced the 
use of peri-procedure antimicrobial prophylaxis in patients 

Figure 9. Benefits of AMS implementation
Figure 8. Major areas related to updates to AMS 
implementation
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# Discussion questions Comments

1 Is antimicrobial resistance 
still an issue?

Resistance to antimicrobial agents in microorganisms remains an issue

Resistance covers a wide range of antimicrobials

Resistance is an increasing problem

Options for effective antimicrobial are becoming more limited

Emerging resistance to non-antibiotic agents such as silver in an increasing problem

2 Are new antibiotics/
treatment regimens being 
developed to challenge 
the development of AMR?

Development of new antibiotics to address the increasing problem of AMR are lacking

Combination therapies with current antimicrobial agents being developed based on AMS

3 Are new antimicrobial 
agents (non-antibiotic) 
or other antimicrobial 
therapies being 
developed to challenge 
the development of AMR?

The use of non-antibiotic-dependent antimicrobial therapies (such as phytodynamic 
therapy, phage therapy) in the fight against AMR is a promising area with enormous 
potential

These therapies offer treatments with broad action potential across multiple resistant 
microorganisms

Therapies that minimise the likelihood of emergence of resistance offer the best potential 
(for example DACC)

4 What are the updates to 
AMS processes?

Updating AMS practices with procedures such as improved screening of 
microorganisms and changing antimicrobial use (such as reducing usage) are all aimed 
at minimising the opportunity for the emergence of AMR

Improved screening for bacterial also allows for timely identification of resistant 
microorganisms including those with MDR

5 What are the updates to 
AMS implementation?

It offers benefits to reduce the emergence of resistant microorganisms to current 
antimicrobial agents

The improvement of AMS processes through better training and more effective 
education, as well as ensuring the effective delivery of AMS guidelines created to 
address AMR, aim to optimise all opportunities to help prevent the development of AMR 
as well as providing effective treatment for AMR when it arises

6 What benefits have been 
identified post-AMS 
implementation?

A reduction in antimicrobial agent use

Additional benefits include reduced healthcare costs and additional improved health 
outcomes

Table 1. Overview of review findings

undergoing urological procedures.240 Additionally, a pre- 
and post-intervention study in patients undergoing surgical 
procedures, Abubakar et al249 showed that the implementation 
of AMS procedures (including audit and feedback processes) 
reduced the prescription of several antibiotics without 
affecting the rate of SSIs. In this study, AMS implementation 
also improved appropriate antimicrobial use compliance, a 
finding reported in several other studies.253,255

The implementation of AMS procedures corresponded with a 
decrease in levels of antimicrobial resistant microorganisms. 
For example, Kawamura et al246 reported a reduction in 
transmission of MRSA SSI as seen by a decrease in 
orthopaedic MRSA SSIs after the introduction of active 
MRSA surveillance, preoperative decolonisation, and 
contact precautions. As well as reducing levels of resistant 
microorganisms, this review revealed additional benefits 
of the introduction of AMS procedures. As well as a 

reduction in costs (surgical antibiotic prophylaxis costs),249 
pharmacist-led interventions in individual patients treated 
with vancomycin for MRSA resulted in a decrease in levels 
of acute kidney injury and reduced 30-day mortality rates.247 
Interestingly, interventions via ‘facility systems’ (infection 
control or AMS teams) alone did not show these benefits.247 

The benefits of the introduction of AMS procedures appears 
to be reflected in a corresponding reduction in antimicrobial 
agent use in healthcare facilities leading to additional 
benefits, such as reduced healthcare costs and additional 
improved health outcomes. 

Summary
The key points from this review are summarised in Table 1.

Conclusions
Despite AMS being instigated for over 20 years (with 
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good effect in many cases and the additional benefits of 
development of strategies and protocols) this review indicates 
that AMR organisms are still emerging throughout healthcare 
in general and in wound care in particular. Furthermore, 
of particular interest to wound care practitioners is that 
microbial resistance to silver (a mainstay of wound infection 
treatment) is also emerging as a challenge to the treatment 
of wound infections.

Although some new antibiotics/combinations are being 
developed it is apparent that a new approach to treating wound 
infections is an imperative. As such, this review highlights 
several treatment options that might offer opportunities 
for treatment of antimicrobial resistant microorganisms. 
However, these treatments must meet certain criteria to be 
viable, including that they must have a wide spectrum of 
antimicrobial activity, not induce resistance, not have any 
cytotoxic properties that may interfere with wound healing, 
and not cause any adverse events that might cause greater 
patient suffering. These treatments must also be cost 
effective.

The adoption of AMS as a process within clinical centres, 
including in wound care, will be challenging. With this in mind, 
a ‘grass roots’ road map to support nurses and clinicians in 
developing AMS strategies would be a useful aid.

Conflict of interest
The authors declare no conflicts of interest.

Ethics statement
An ethics statement is not applicable.

Funding
This study was supported and funded by Essity Group, 
Sweden.

Author contribution
MGR, AAR and KO conceived the study design. MGR and 
AAR developed the review protocol and developed the 
search strategy and inclusion/exclusion criteria, conducted 
the review and synthesis of the literature. All authors 
provided critical revisions and feedback on the manuscript.

References
1.	 Puca V, Marulli RZ, Grande R et al. Microbial species isolated from 

infected wounds and antimicrobial resistance analysis: data 
emerging from a three-years retrospective study. Antibiotics 
(Basel). 2021;10(10):1162. doi: 10.3390/antibiotics10101162

2.	 Bowler P, Murphy C, Wolcott R. Biofilm exacerbates antibiotic 
resistance: Is this a current oversight in antimicrobial 
stewardship? Antimicrob Resist Infect Control. 2020; 9(1):162. 
doi: 10.1186/s13756-020-00830-6

3.	 WHO. Antimicrobial resistance. 2023. Available from: https://
www.who.int/news-room/fact-sheets/detail/antimicrobial-
resistance (accessed Oct 2024).

4.	 Huseby DL, Cao S, Zamaratski E et al. Antibiotic class with 
potent in vivo activity targeting lipopolysaccharide synthesis 
in gram-negative bacteria. Proc Natl Acad Sci USA. 2024; 
121(15):e2317274121. doi: 10.1073/pnas.2317274121

5.	 Zampaloni C, Mattei P, Bleicher K et al. A novel antibiotic class 
targeting the lipopolysaccharide transporter. Nature. 2024; 
625(7995):566–571. doi: 10.1038/s41586-023-06873-0

6.	 Dadgostar P. Antimicrobial resistance: implications and costs. 
Infect Drug Resist. 2019;12:3903–3910. doi: 10.2147/IDR.
S234610

7.	 Public Health England. Health Matters: Antimicrobial Resistance. 
2015. https://tinyurl.com/yk5vdf6a (accessed 18 Sept 2024)

8.	 ReAct. Few Antibiotics Under Development. https://tinyurl.
com/4cbrrpm3 (accessed 18 Sept 2024).

9.	 Abushaheen MA, Muzaheed, Fatani AJ, et al. Antimicrobial 
resistance, mechanisms and its clinical significance. Dis Mon. 
2020; 66(6):100971. doi: 10.1016/j.disamonth.2020.100971

10.	Falcone M, De Angelis B, Pea F, et al. Challenges in the 
management of chronic wound infections. J Glob Antimicrob 
Resist. 2021; 26:140–147. doi: 10.1016/j.jgar.2021.05.010

11.	Yousefian F, Hesari R, Jensen T et al. Antimicrobial wound 
dressings: a concise review for clinicians. Antibiotics (Basel). 
2023;12(9):1434. doi: 10.3390/antibiotics12091434

12.	Frei A, Verderosa AD, Elliott AG, et al. Metals to combat 
antimicrobial resistance. Nat Rev Chem. 2023;7(3):202–224. 
doi: 10.1038/s41570-023-00463-4

13.	Turner RJ. The good, the bad, and the ugly of metals as 
antimicrobials. Biometals. 2024;37(3):545–559. doi: 10.1007/
s10534-023-00565-y

14.	Hosny AEM, Rasmy SA, Aboul-Magd DS, et al. The increasing 
threat of silver-resistance in clinical isolates from wounds and 
burns. Infect Drug Resist, 2019;12:1985–2001. doi: 10.2147/
IDR.S209881

15.	McNeilly O, Mann R, Hamidian M, Gunawan C. Emerging 
concern for silver nanoparticle resistance in Acinetobacter 
baumannii and other bacteria. Front Microbiol. 2021;12:652863. 
doi: 10.3389/fmicb.2021.652863

16.	Valentin E, Bottomley AL, Chilambi GS et al. Heritable nanosilver 
resistance in priority pathogen: a unique genetic adaptation 
and comparison with ionic silver and antibiotics. Nanoscale. 
2020;12(4):2384–2392. doi: 10.1039/c9nr08424j

17.	Luo Y, Li L, Zhao P et al. Effectiveness of silver dressings in the 
treatment of diabetic foot ulcers: a systematic review and meta-
analysis. J Wound Care. 2022;31(11):979–986. doi: 10.12968/
jowc.2022.31.11.979.

18.	Zhao M, Zhang D, Tan L, Huang H. Silver dressings for the 
healing of venous leg ulcer: A meta-analysis and systematic 
review. Medicine (Baltimore). 2020;99(37):e22164. doi: 10.1097/
MD.0000000000022164

19.	Khansa I, Schoenbrunner AR, Kraft CT, Janis JE. Silver in 
wound care – friend or foe?: a comprehensive review. Plast 
Reconstr Surg Glob Open. 2019;7(8):e2390. doi: 10.1097/
GOX.0000000000002390

20.	Sim W, Barnard RT, Blaskovich MAT, Ziora ZM. Antimicrobial 
silver in medicinal and consumer applications: a patent review 
of the past decade (2007–2017). Antibiotics (Basel). 2018; 
7(4):93. doi: 10.3390/antibiotics7040093

21.	Totty JP, Bua N, Smith GE et al. Dialkylcarbamoyl chloride 
(DACC)-coated dressings in the management and prevention 
of wound infection: a systematic review. J Wound Care. 
2017;26(3):107–114. doi: 10.12968/jowc.2017.26.3.107

22.	Shu W, Wang Y, Zhang X et al. Functional hydrogel dressings 
for treatment of burn wounds. Front Bioeng Biotechnol. 
2021;9:788461. doi: 10.3389/fbioe.2021.788461

23.	Rippon M, Rogers AA, Ousey K, Chadwick P. Experimental 
and clinical evidence for DACC-coated dressings: an update. 
J Wound Care. 2023;32(Sup8a):S13–S22. doi: 10.12968/
jowc.2023.32.Sup8a.S13

Rippon, Rogers, Ousey	 AMR and AMS: an update



Volume 33 Number 2 – June 202589

24.	Majumder MAA, Rahman S, Cohall D et al. Antimicrobial 
stewardship: fighting antimicrobial resistance and protecting 
global public health. Infect Drug Resist. 2020;13:4713–4738. 
doi: 10.2147/IDR.S290835

25.	McGowan JE Jr, Gerding DN. Does antibiotic restriction prevent 
resistance? New Horiz. 1996;4(3):370–376.

26.	Shlaes DM, Gerding DN, John JF et al. Society for Healthcare 
Epidemiology of America and Infectious Diseases Society of 
America Joint Committee on the Prevention of Antimicrobial 
Resistance: guidelines for the prevention of antimicrobial 
resistance in hospitals. Infect Control Hosp Epidemiol. 
1997;18(4):275–291. doi: 10.1086/647610

27.	WHO. Global Action Plan On Antimicrobial Resistance. 2015. 
https://tinyurl.com/mryv96aa (accessed September 2024).

28.	WHO. Antimicrobial Stewardship Interventions: A Practical Guide. 
2021. https://tinyurl.com/4dcbzcuy (accessed Oct 2024).

29.	WHO. The Who Aware (Access, Watch, Reserve) Antibiotic Book. 
2022. https://tinyurl.com/43832arb (accessed Sept 2024).

30.	ECDC. Antimicrobial resistance targets: how can we reach them 
by 2030. 2023. https://tinyurl.com/yvpbh32p (accessed Oct 
2024).

31.	WHO. WHO Bacterial Priority Pathogens List, 2024. https://
tinyurl.com/msedk2mv (accessed Sept 2024).

32.	Aloke C, Achilonu I. Coping with the ESKAPE pathogens: 
evolving strategies, challenges and future prospects. Microb 
Pathog. 2023;175:105963. doi: 10.1016/j.micpath.2022.105963

33.	Samreen, Ahmad I, Malak HA, Abulreesh HH. Environmental 
antimicrobial resistance and its drivers: a potential threat to 
public health. J Glob Antimicrob Resist. 2021;27:101–111. 
doi: 10.1016/j.jgar.2021.08.001

34.	Allel K, Day L, Hamilton A, et al. Global antimicrobial-resistance 
drivers: an ecological country-level study at the human-
animal interface. Lancet Planet Health. 2023;7(4):e291–e303. 
doi: 10.1016/S2542-5196(23)00026-8

35.	Mendelsohn E, Ross N, Zambrana-Torrelio C et al. Global 
patterns and correlates in the emergence of antimicrobial 
resistance in humans. Proc Biol Sci. 2023; 290(2007):20231085. 
doi: 10.1098/rspb.2023.1085

36.	May A, Kopecki Z, Carney B, Cowin A. Antimicrobial silver 
dressings: a review of emerging issues for modern wound care. 
ANZ J Surg. 2022; 92(3):379–384. doi: 10.1111/ans.17382

37.	Dissemond J, Aare K, Ozer K et al. Aquacel Ag Advantage/Ag+ 
Extra and Cutimed Sorbact in the management of hard-to-heal 
wounds: a cohort study. J Wound Care. 2023;32(10):624–633. 
doi: 10.12968/jowc.2023.32.10.624

38.	Silver S. Bacterial silver resistance: molecular biology and 
uses and misuses of silver compounds. FEMS Microbiol Rev. 
2003;27(2/3):341–353. doi: 10.1016/S0168-6445(03)00047-0

39.	Percival SL, Bowler PG, Russell D. Bacterial resistance to silver 
in wound care. J Hosp Infect. 2005;60(1):1–7. doi: 10.1016/j.
jhin.2004.11.014

40.	Rice LB. Federal funding for the study of antimicrobial 
resistance in nosocomial pathogens: no ESKAPE. J Infect Dis. 
2008;197(8):1079–1081. doi: 10.1086/533452

41.	Sütterlin S, Dahlö M, Tellgren-Roth C, et al. High frequency of 
silver resistance genes in invasive isolates of Enterobacter 
and Klebsiella species. J Hosp Infect. 2017;96(3):256-261. 
doi: 10.1016/j.jhin.2017.04.017

42.	Weiner-Lastinger LM, Abner S, Benin AL, et al. Antimicrobial-
resistant pathogens associated with pediatric healthcare-
associated infections: Summary of data reported to the National 
Healthcare Safety Network, 2015-2017. Infect Control Hosp 
Epidemiol. 2020;41(1):19–30. doi: 10.1017/ice.2019.297

43.	Worku S, Abebe T, Alemu A, et al. Bacterial profile of surgical 
site infection and antimicrobial resistance patterns in Ethiopia: 
a multicentre prospective cross-sectional study. Ann Clin 
Microbiol Antimicrob. 2023;22(1):96. doi: 10.1186/s12941-023-
00643-6

44.	Ford MB, Mende K, Kaiser SJ, et al. Clinical characteristics 
and resistance patterns of Pseudomonas aeruginosa isolated 
from combat casualties. Mil Med. 2022;187(3/4):426–434. doi: 
10.1093/milmed/usab259

45.	Raouf M, Ghazal T, Kassem M et al. Surveillance of surgical-
site infections and antimicrobial resistance patterns in a 
tertiary hospital in Alexandria, Egypt. J Infect Dev Ctries. 
2020;14(3):277–283. doi: 10.3855/jidc.12124

46.	Stein C, Zechel M, Spott R, et al. Multidrug-resistant isolates 
from Ukrainian patients in a German health facility: a genomic 
surveillance study focusing on antimicrobial resistance and 
bacterial relatedness. Infection. 2023; 51(6):1731–1738. 
doi: 10.1007/s15010-023-02061-4

47.	Della Rocca MT, Foglia F, Crudele V, et al. Antimicrobial 
resistance changing trends of Klebsiella pneumoniae isolated 
over the last 5 years. New Microbiol. 2022;45(4):338–343.

48.	Budzyńska A, Skowron K, Kaczmarek A, et al. Virulence 
factor genes and antimicrobial susceptibility of Staphylococcus 
aureus strains isolated from blood and chronic wounds. Toxins 
(Basel). 2021; 13(7):491. doi: 10.3390/toxins13070491

49.	Lutfor AB, Afroz S, Mahmud AM, et al. Nocardia infection 
causing non-healing surgical wounds: A case series from 
Bangladesh. Int J Infect Dis. 2021;110:272-278. doi: 10.1016/j.
ijid.2021.07.028

50.	Horn DL, Roberts EA, Shen J, et al. Outcomes of β-hemolytic 
Streptococcal necrotizing skin and soft-tissue infections 
and the impact of clindamycin resistance. Clin Infect Dis. 
2021;73(11):e4592–e4598. doi: 10.1093/cid/ciaa976

51.	Zhao Q, Guo L, Wang LF, et al. Prevalence and characteristics of 
surgical site hypervirulent Klebsiella pneumoniae isolates. J Clin 
Lab Anal. 2020; 34(9):e23364. doi: 10.1002/jcla.23364

52.	Tchakal-Mesbahi A, Metref M, Singh VK, et al. Characterization 
of antibiotic resistance profiles in Pseudomonas aeruginosa 
isolates from burn patients. Burns. 2021; 47(8):1833-1843. doi: 
10.1016/j.burns.2021.03.005

53.	Kisaka S, Makumbi FE, Majalija S et al. The potential for the 
double risk of rabies and antimicrobial resistance in a high 
rabies endemic setting: detection of antibiotic resistance in 
bacterial isolates from infected dog bite wounds in Uganda. 
Antimicrob Resist Infect Control. 2022;11(1):142. doi: 10.1186/
s13756-022-01181-0

54.	Aedh A. Rising threats of hospital-borne multidrug resistant 
Stenotrophomonas maltophilia in the adolescent at Najran, 
Saudi Arabia. J Infect Dev Ctries. 2023;17(11):1613–1620. 
doi: 10.3855/jidc.18038

55.	Du Y, Han S, Zhou Y, et al. Severe wound infection by MRCNS 
following bilateral inguinal herniorrhaphy. BMC Infect Dis. 
2023;23(1):85. doi: 10.1186/s12879-023-08039-9

56.	Shahbazzadeh M, Moazamian E, Rafati A, Fardin M. Antimicrobial 
resistance pattern, genetic distribution of ESBL genes, biofilm-
forming potential, and virulence potential of Pseudomonas 
aeruginosa isolated from the burn patients in Tehran 
Hospitals, Iran. Pan Afr Med J. 2020;36:233. doi:  10.11604/
pamj.2020.36.233.21815

57.	Asamenew T, Worku S, Motbainor H, et al. Antimicrobial 
resistance profile of Pseudomonas aeruginosa from 
different clinical samples in Debre Tabor Comprehensive 
Specialized Hospital, Northwest Ethiopia. Ethiop J Health Sci. 
2023;33(3):423–432. doi: 10.4314/ejhs.v33i3.5

Rippon, Rogers, Ousey	 AMR and AMS: an update



Wound Practice and Research 90

58.	Khandia R, Puranik N, Bhargava D, et al. Wound infection 
with multi-drug resistant Clostridium perfringens: a case 
study. Arch Razi Inst. 2021;76(5):1565–1573. doi: 10.22092/
ari.2021.355985.1757

59.	Forouzani F, Khasti T, Manzouri L, et al. Resistance pattern of 
isolated microorganisms from 783 clinical specimen cultures 
in patients admitted to Yasuj Educational Hospitals, Iran. BMC 
Microbiol. 2023;23(1):205. doi: 10.1186/s12866-023-02952-4

60.	Hoque MN, Jahan MI, Hossain MA, Sultana M. Genomic 
diversity and molecular epidemiology of a multidrug-resistant 
Pseudomonas aeruginosa DMC30b isolated from a hospitalized 
burn patient in Bangladesh. J Glob Antimicrob Resist. 
2022;31:110–118. doi: 10.1016/j.jgar.2022.08.023

61.	Saleem S, Bokhari H. Resistance profile of genetically distinct 
clinical Pseudomonas aeruginosa isolates from public hospitals 
in central Pakistan. J Infect Public Health. 2020;13(4):598–605. 
doi: 10.1016/j.jiph.2019.08.019

62.	Sana F, Hussain A, Hussain W, et al. Frequency and clinical 
spectrum of multidrug resistant Acinetobacter baumannii as a 
significant nosocomial pathogen in intensive care unit patients. 
J Ayub Med Coll Abbottabad. 2021;33(Suppl 1)(4):S752–S756.

63.	Sun L, Chen Y, Wang D, et al. Surgical site infections caused 
by highly virulent methicillin-resistant Staphylococcus aureus 
Sequence Type 398, China. Emerg Infect Dis. 2019;25(1):157–
160. doi: 10.3201/eid2501.171862

64.	Liatsos GD, Tsiriga A, Dourakis SP. Fatal Streptococcus 
pseudoporcinus disseminated infection in decompensated liver 
cirrhosis: a case report. J Med Case Rep. 2021;15(1):240. doi: 
10.1186/s13256-021-02832-3

65.	Mondol SM, Islam I, Islam MR, et al. Genomic landscape 
of NDM-1 producing multidrug-resistant Providencia stuartii 
causing burn wound infections in Bangladesh. Sci Rep. 
2024;14(1):2246. doi: 10.1038/s41598-024-51819-9

66.	Wang M, Wang H, Chen S, et al. Extra-abdominal infections caused 
by Comamonas kerstersii: Case report. Medicine (Baltimore). 
2024;103(5):e37161. doi: 10.1097/MD.0000000000037161

67.	Patterson SB, Mende K, Li P, et al. Stenotrophomonas maltophilia 
infections: Clinical characteristics in a military trauma population. 
Diagn Microbiol Infect Dis. 2020;96(2):114953. doi:  10.1016/j.
diagmicrobio.2019.114953

68.	Liu DY, Phillips L, Wilson DM, et al. Collateral sensitivity 
profiling in drug-resistant Escherichia coli identifies natural 
products suppressing cephalosporin resistance. Nat Commun. 
2023;14(1):1976. doi: 10.1038/s41467-023-37624-4

69.	M’Aiber S, Maamari K, Williams A, et al. The challenge of 
antibiotic resistance in post-war Mosul, Iraq: an analysis of 20 
months of microbiological samples from a tertiary orthopaedic 
care centre. J Glob Antimicrob Resist. 2022;30:311–318. 
doi: 10.1016/j.jgar.2022.06.022

70.	Loftus RW, Dexter F, Brown JR. Transmission of Staphylococcus 
aureus in the anaesthesia work area has greater risk of 
association with development of surgical site infection when 
resistant to the prophylactic antibiotic administered for 
surgery. J Hosp Infect 2023;134:121-128. doi: 10.1016/j.
jhin.2023.01.007

71.	Miotto O, Sekihara M, Tachibana SI, et al. Emergence of 
artemisinin-resistant Plasmodium falciparum with kelch13 
C580Y mutations on the island of New Guinea. PLoS Pathog. 
2020;16(12):e1009133. doi: 10.1371/journal.ppat.1009133

72.	Douraghi M, Kenyon JJ, Aris P, et al. Accumulation of antibiotic 
resistance genes in carbapenem-resistant Acinetobacter 
baumannii isolates belonging to Lineage 2, Global Clone 1, from 
outbreaks in 2012–2013 at a Tehran Burns Hospital. mSphere. 
2020;5(2):e00164-20. doi: 10.1128/mSphere.00164-20

73.	Kotb S, Lyman M, Ismail G, et al. Epidemiology of carbapenem-
resistant Enterobacteriaceae in Egyptian intensive care units 
using National Healthcare-associated Infections Surveillance 
Data, 2011–2017. Antimicrob Resist Infect Control. 2020;9(1):2. 
doi: 10.1186/s13756-019-0639-7

74.	Yehouenou CL, Kpangon AA, Affolabi D, et al. Antimicrobial 
resistance in hospitalized surgical patients: a silently emerging 
public health concern in Benin. Ann Clin Microbiol Antimicrob. 
2020;19(1):54. doi: 10.1186/s12941-020-00398-4

75.	Haider MH, Ain NU, Abrar S, Riaz S. blaOXA, blaSHV-, and 
blaTEM- extended-spectrum β-lactamases in gram-negative 
strains from burn patients in Lahore, Pakistan. J Infect Dev 
Ctries. 2020;14(12):1410–1417. doi: 10.3855/jidc.12828

76.	Li JG, Gao LL, Wang CC, et al. Colonization of multidrug-resistant 
Gram-negative bacteria increases risk of surgical site infection 
after hemorrhoidectomy: a cross-sectional study of two centers 
in southern. China Int J Colorectal Dis. 2023;38(1):243. doi: 
10.1007/s00384-023-04535-1

77.	Tarvainen T, Bonsdorff A, Kolho E, et al. Association of 
cephalosporin resistance in intraoperative biliary cultures 
with surgical site infections in patients undergoing 
pancreaticoduodenectomy. A retrospective cohort study. HPB 
(Oxford). 2024;26(2):259–269. doi: 10.1016/j.hpb.2023.10.011

78.	Doğan E, Sydow K, Heiden SE, et al. Klebsiella pneumoniae 
exhibiting a phenotypic hyper-splitting phenomenon including 
the formation of small colony variants. Front Cell Infect 
Microbiol. 2024;14:1372704. doi: 10.3389/fcimb.2024.1372704

79.	Prakash R, Garg A, Arya R, Kumawat RK. Chronicity of high and 
low level mupirocin resistance in Staphylococcus aureus from 
30 Indian hospitals. Sci Rep. 2023;13(1):10171. doi: 10.1038/
s41598-023-37399-0

80.	Bediako-Bowan AAA, Kurtzhals JAL, Mølbak K, et al. High rates 
of multi-drug resistant gram-negative organisms associated 
with surgical site infections in a teaching hospital in Ghana. 
BMC Infect Dis. 2020;20(1):890. doi: 10.1186/s12879-020-
05631-1

81.	Al-Sarar D, Moussa IM, Alhetheel A. Antibiotic susceptibility of 
methicillin-resistant Staphylococcus aureus (MRSA) strains 
isolated at tertiary care hospital in Riyadh, Saudi Arabia. 
Medicine (Baltimore). 2024;103(16):e37860. doi: 10.1097/
MD.0000000000037860

82.	Worku S, Abebe T, Seyoum B, et al. Molecular characterization 
of carbapenemase and extended spectrum beta-lactamase 
producing Acinetobacter baumannii isolates causing surgical 
site infections in Ethiopia. BMC Infect Dis. 2024;24(1):459. doi: 
10.1186/s12879-024-09362-5

83.	Tchuinte PLS, Rabenandrasana MAN, Ramparany L, et al. 
Genome-based insights into the resistomes and mobilomes of 
two Providencia rettgeri strains isolated from wound infections 
in Madagascar. J Glob Antimicrob Resist. 2020;20:178-182. 
doi: 10.1016/j.jgar.2019.07.013

84.	Parrott AM, Shi J, Aaron J, et al. Detection of multiple 
hypervirulent Klebsiella pneumoniae strains in a New York City 
hospital through screening of virulence genes. Clin Microbiol 
Infect. 2021;27(4):583–589. doi: 10.1016/j.cmi.2020.05.012

85.	Qiu J, Wei D, Ma J, et al. Covert dissemination of pLVPK-
like virulence plasmid in ST29-K54 Klebsiella pneumoniae: 
emergence of low virulence phenotype strains. Front Cell Infect 
Microbiol. 2023;13:1194133. doi: 10.3389/fcimb.2023.1194133

86.	Almangour TA, Aljabri A, Al Musawa M, et al. Ceftolozane-
tazobactam vs. colistin for the treatment of infections due to 
multidrug-resistant Pseudomonas aeruginosa: a multicentre 
cohort study. J Glob Antimicrob Resist. 2022;28:288-294. 
doi: 10.1016/j.jgar.2022.01.023

Rippon, Rogers, Ousey	 AMR and AMS: an update



Volume 33 Number 2 – June 202591

87.	Ljubović AD, Granov Ð, Husić E, et al. Prevalence of extended-
spectrum β-lactamase and carbapenem-resistant Klebsiella 
pneumoniae in clinical samples. Saudi Med J 2023;44(8):801-
807. doi: 10.15537/smj.2023.44.8.20230237

88.	Reyes J, Komarow L, Chen L, et al. Global epidemiology 
and clinical outcomes of carbapenem-resistant Pseudomonas 
aeruginosa and associated carbapenemases (POP): a 
prospective cohort study. Lancet Microbe. 2023;4(3):e159–
e170. doi: 10.1016/S2666-5247(22)00329-9

89.	Fadlallah M, Salem Sokhn E. Epidemiology and resistance 
profiles of Enterobacterales in a tertiary care hospital in 
Lebanon: a 4-year retrospective study. J Infect Dev Ctries. 
2023;17(7):986–993. doi: 10.3855/jidc.17313

90.	Saunte DML, Hare RK, Jørgensen KM, et al. Emerging terbinafine 
resistance in Trichophyton: clinical characteristics, squalene 
epoxidase gene mutations, and a reliable EUCAST method for 
detection. Antimicrob Agents Chemother. 2019;63(10):e01126–
19. doi: 10.1128/AAC.01126-19

91.	Coward A, Kenna DTD, Woodford N, et al. Structured 
surveillance of Achromobacter, Pandoraea and Ralstonia 
species from patients in England with cystic fibrosis. J Cyst 
Fibros. 2020;19(3):388–393. doi: 10.1016/j.jcf.2019.11.005

92.	Benamrouche N, Lafer O, Benmahdi L, et al. Phenotypic and 
genotypic characterization of multidrug-resistant Acinetobacter 
baumannii isolated in Algerian hospitals. J Infect Dev Ctries. 
2020;14(12):1395–1401. doi: 10.3855/jidc.12348

93.	Al-Sheboul SA, Al-Madi GS, Brown B, Hayajneh WA. Prevalence 
of extended-spectrum β-lactamases in multidrug-resistant 
Klebsiella pneumoniae isolates in Jordanian hospitals. J 
Epidemiol Glob Health. 2023;13(2):180–190. doi: 10.1007/
s44197-023-00096-2

94.	Farzana R, Jones LS, Rahman MA, et al. Emergence of mcr-1 
mediated colistin resistant Escherichia coli from a hospitalized 
patient in Bangladesh. J Infect Dev Ctries. 2019;13(8):773–776. 
doi: 10.3855/jidc.11541

95.	Jamal Gondal A, Saleem S, Choudhry N, et al. Emergence 
of multidrug-resistant ST11 blaKPC-2 producing Klebsiella 
pneumoniae coharboring blaCTX-M and blaSHV in Pakistan. J 
Infect Dev Ctries. 2023;17(2):210–217. doi: 10.3855/jidc.17041

96.	Chitwood MH, Colijn C, Yang C, et al. The recent rapid expansion 
of multidrug resistant Ural lineage Mycobacterium tuberculosis 
in Moldova. Nat Commun. 2024;15(1):2962. doi:  10.1038/
s41467-024-47282-9

97.	Abrar S, Ain NU, Liaqat H, et al. Distribution of bla(CTX - M) , 
bla(TEM) , bla(SHV) and bla(OXA) genes in extended-spectrum-
β-lactamase-producing clinical isolates: a three-year multi-
center study from Lahore, Pakistan. Antimicrob Resist Infect 
Control. 2019;8:80. doi: 10.1186/s13756-019-0536-0

98.	Yang C, Sobkowiak B, Naidu V, et al. Phylogeography and 
transmission of M. tuberculosis in Moldova: A prospective 
genomic analysis. PLoS Med. 2022;19(2):e1003933. 
doi: 10.1371/journal.pmed.1003933

99.	Pires BMFB, de Oliveira BGRB, de Oliveira FP, et al. Ciprofloxacin-
resistant Kerstersia gyiorum isolated from a chronic wound in 
Brazil: a Case report. Wound Manag Prev. 2020;66(10):42–45.

100.	Akinduti PA, Obafemi YD, Ugboko H, et al. Emerging 
vancomycin-non susceptible coagulase negative Staphylococci 
associated with skin and soft tissue infections. Ann Clin 
Microbiol Antimicrob. 2022;21(1):31. doi: 10.1186/s12941-022-
00516-4

101.	Pitton M, Oberhaensli S, Appiah F, et al. Mutation to ispA 
produces stable small-colony variants of Pseudomonas 
aeruginosa that have enhanced aminoglycoside resistance. 
Antimicrob Agents Chemother. 2022;66(7):e0062122. doi: 
10.1128/aac.00621-22

102.	Jaju K, Pichare A, Davane M, Nagoba B. Profile and antibiotic 
susceptibility of bacterial pathogens associated with diabetic 
foot ulcers from a rural area. Wounds. 2019;31(6):158–162.

103.	Amin DHM, Guler E, Baddal B. Prevalence of Panton-Valentine 
leukocidin in methicillin-resistant Staphylococcus aureus 
clinical isolates at a university hospital in Northern Cyprus: 
a pilot study. BMC Res Notes. 2020;13(1):490. doi: 10.1186/
s13104-020-05339-0

104.	Merradi M, Kassah-Laouar A, Ayachi A, et al. Occurrence 
of VIM-4 metallo-β-lactamase-producing Pseudomonas 
aeruginosa in an Algerian hospital. J Infect Dev Ctries. 
2019;13(4):284–290. doi: 10.3855/jidc.10679

105.	Mizrahi A, Marvaud JC, Pilmis B, et al. Emergence of ceftriaxone 
resistance during a case of pneumococcal meningitis with fatal 
evolution. Antimicrob Agents Chemother. 2020;64(3):e01958-
19. doi: 10.1128/AAC.01958-19

106.	Sampah J, Owusu-Frimpong I, Aboagye FT, Owusu-Ofori 
A. Prevalence of carbapenem-resistant and extended-
spectrum beta-lactamase-producing Enterobacteriaceae in a 
teaching hospital in Ghana. PLoS One. 2023;18(10):e0274156. 
doi: 10.1371/journal.pone.0274156

107.	Kalita D, Rajbangshi MC, Deka S, et al. Drug resistance 
profile in postbiliary and gastrointestinal surgical-site infection 
cases from a tertiary care hospital. Indian J Pharmacol. 
2023;55(6):399–404. doi: 10.4103/ijp.ijp_783_21

108.	Guo Y, Liu F, Zhang Y, et al. Virulence, antimicrobial resistance, 
and molecular characteristics of carbapenem-resistant 
Klebsiella pneumoniae in a hospital in Shijiazhuang City from 
China. Int Microbiol. 2023;26(4):1073–1085. doi: 10.1007/
s10123-023-00357-x

109.	Fan X, Zhao B, Zhang W, et al. Coevolution of furA-regulated 
hyper-inflammation and mycobacterial resistance to oxidative 
killing through adaptation to hydrogen peroxide. Microbiol 
Spectr. 2023;11(4):e0536722. doi: 10.1128/spectrum.05367-2

110.	Mondol SM, Islam I, Islam MR, et al. Genomic landscape 
of NDM-1 producing multidrug-resistant Providencia stuartii 
causing burn wound infections in Bangladesh. Sci Rep. 
2024;14(1):2246. doi: 10.1038/s41598-024-51819-9

111.	WHO. 2021 Antibacterial agents in clinical and preclinical 
development: an overview and analysis. 2022. Available from: 
https://tinyurl.com/mtsafu64 (accessed 20 Jan 2025).

112.	Bandy A, Wani FA, Mohammed AH, et al. Bacteriological profile 
of wound infections and antimicrobial resistance in selected 
gram-negative bacteria. Afr Health Sci. 2022;22(4):576–586. 
doi: 10.4314/ahs.v22i4.63

113.	Stavropoulou E, Atkinson A, Eisenring MC, et al. Association 
of antimicrobial perioperative prophylaxis with cefuroxime 
plus metronidazole or amoxicillin/clavulanic acid and surgical 
site infections in colorectal surgery. Antimicrob Resist Infect 
Control. 2023;12(1):105. doi: 10.1186/s13756-023-01307-y

114.	Vicentini C, Politano G, Corcione S, et al. Surgical antimicrobial 
prophylaxis prescribing practices and impact on infection 
risk: results from a multicenter surveillance study in Italy 
(2012-2017). Am J Infect Control. 2019;47(12):1426–1430. 
doi: 10.1016/j.ajic.2019.07.013

115.	Nagata K, Yamada K, Shinozaki T, et al. Effect of antimicrobial 
prophylaxis duration on health care-associated infections 
after clean orthopedic surgery: a cluster randomized 
trial. JAMA Netw Open. 2022;5(4):e226095. doi: 10.1001/
jamanetworkopen.2022.6095

116.	Maruo A, Oda T, Miya H, et al. Intra-medullary 
antibiotics perfusion (iMAP) for the control of fracture-
related infection early after osteosynthesis. J Orthop 
Surg (Hong Kong). 2021;29(3):23094990211051492. 
doi: 10.1177/23094990211051492

Rippon, Rogers, Ousey	 AMR and AMS: an update



Wound Practice and Research 92

117.	Tram QA, Minh NTN, Anh DN, et al. A rare case of fungal burn 
wound infection caused by Fusarium solani in Vietnam. J Investig 
Med High Impact Case Rep. 2020;8:2324709620912122. doi: 
10.1177/2324709620912122

118.	Okado C, Teramae T. Antibiotic practice change to curtail 
Linezolid use in pediatric hospitalized patients in Hawai’i with 
uncomplicated skin and soft tissue infections. Hawaii J Health 
Soc Welf. 2020;79(5 Suppl 1):87–90.

119.	Hellebrekers P, Verhofstad MHJ, Leenen LPH, et al. The effect 
of early broad-spectrum versus delayed narrow-spectrum 
antibiotic therapy on the primary cure rate of acute infection after 
osteosynthesis. Eur J Trauma Emerg Surg. 2020;46(6):1341–
1350. doi: 10.1007/s00068-019-01182-6

120.	Siebenbürger G, Grabein B, Schenck T, et al. Eradication 
of Acinetobacter baumannii/Enterobacter cloacae complex 
in an open proximal tibial fracture and closed drop foot 
correction with a multidisciplinary approach using the Taylor 
Spatial Frame(®): a case report. Eur J Med Res. 2019;24(1):2. 
doi: 10.1186/s40001-019-0360-2

121.	Mpoh MM, Deli V, Daniel TT, Salvo F. Safety of antituberculosis 
agents used for multidrug-resistant tuberculosis among 
patients attending the Jamot Hospital of Yaounde, Cameroon. 
Int J Mycobacteriol. 2023;12(2):168–174. doi: 10.4103/ijmy.
ijmy_88_23

122.	Miller LG, Singh R, Eells SJ, et al. Chlorhexidine and Mupirocin 
for clearance of methicillin-resistant Staphylococcus aureus 
colonization after hospital discharge: a secondary analysis of 
the changing lives by eradicating antibiotic resistance. Trial Clin 
Infect Dis. 2023;76(3):e1208–e1216. doi: 10.1093/cid/ciac402

123.	Petraitis V, Petraitiene R, Naing E, et al. Ceftolozane-
Tazobactam in the treatment of experimental Pseudomonas 
aeruginosa pneumonia in persistently neutropenic rabbits: 
impact on strains with genetically defined mechanisms of 
resistance. Antimicrob Agents Chemother. 2019;63(9):e00344-
19. doi: 10.1128/AAC.00344-19

124.	Armstrong BH, Limnios A, Lewis DA, et al. Is gentamicin 
a viable therapeutic option for treating resistant Neisseria 
gonorrhoeae in New South Wales? Commun Dis Intell. (2018) 
2021;45. doi: 10.33321/cdi.2021.45.12

125.	Gan L, Fu H, Tian Z, et al. Bacteriophage effectively 
rescues pneumonia caused by prevalent multidrug-resistant 
Klebsiella pneumoniae in the early stage. Microbiol Spectr. 
2022;10(5):e0235822. doi: 10.1128/spectrum.02358-22

126.	Remschmidt B, Schwaiger M, Gaessler J, et al. Surgical 
site infections in orthognathic surgery: prolonged versus 
single-dose antibiotic prophylaxis. Int J Oral Maxillofac Surg. 
2023;52(2):219–226. doi: 10.1016/j.ijom.2022.06.002

127.	Lam SW, Athans V. Clinical and microbiological outcomes 
in obese patients receiving colistin for carbapenem-resistant 
gram-negative bloodstream infection. Antimicrob Agents 
Chemother. 2019;63(9):e00531-19. doi: 10.1128/AAC.00531-19

128.	Gasparetto J, Tuon FF, Dos Santos Oliveira D, et al. Intravenous-
to-oral antibiotic switch therapy: a cross-sectional study in 
critical care units. BMC Infect Dis. 2019;19(1):650. doi: 10.1186/
s12879-019-4280-0

129.	Almangour TA, Alruwaili A, Almutairi R, et al. Aerosolized 
plus intravenous colistin vs intravenous colistin alone for the 
treatment of nosocomial pneumonia due to multidrug-resistant 
Gram-negative bacteria: A retrospective cohort study. Int J 
Infect Dis. 2021;108:406–412. doi: 10.1016/j.ijid.2021.06.007

130.	Li J, Liu Y, Wu G, et al. Intravenous plus intraventricular 
tigecycline-amikacin therapy for the treatment of carbapenem-
resistant Klebsiella pneumoniae ventriculitis: A case report. 
Medicine (Baltimore). 2022;101(30):e29635. doi: 10.1097/
MD.0000000000029635

131.	Fadeyi MO, Decroo T, Ortuño-Gutiérrez N, et al. A four-drug 
standardized short regimen for highly resistant TB in South-
West Nigeria. Int Health. 2024;16(1):123–125. doi: 10.1093/
inthealth/ihad023

132.	Mogyoródi B, Csékó AB, Hermann C, et al. Ceftolozane/
tazobactam versus colistin in the treatment of ventilator-
associated pneumonia due to extensively drug-resistant 
Pseudomonas aeruginosa. Sci Rep. 2022;12(1):4455. 
doi: 10.1038/s41598-022-08307-9

133.	Nkengkana OA, Founou RC, Founou LL, et al. Phenotypic and 
genotypic characterization of multidrug resistant and extended-
spectrum β-lactamase-producing Enterobacterales isolated 
from clinical samples in the western region in Cameroon. BMC 
Infect Dis. 2023;23(1):819. doi: 10.1186/s12879-023-08742-7

134.	Zhou R, Huang K, Guo Q, et al. Comparative study of linezolid 
and vancomycin regimens in one-stage surgery for treating 
limb traumatic osteomyelitis caused by methicillin-resistant 
Staphylococcus aureus. Pol J Microbiol. 2023;72(3):239–246. 
doi: 10.33073/pjm-2023-024

135.	Almangour TA, Ghonem L, Alassiri D, et al. Ceftolozane-
Tazobactam versus Ceftazidime-Avibactam for the treatment 
of infections caused by multidrug-resistant Pseudomonas 
aeruginosa: a multicenter cohort study. Antimicrob Agents 
Chemother. 2023;67(8):e0040523. doi: 10.1128/aac.00405-23

136.	Esquivel MD, Monogue ML, Smith GS, et al. Ceftaroline versus 
vancomycin for treatment of acute pulmonary exacerbations of 
cystic fibrosis in adults. J Glob Antimicrob Resist. 2022;28:67–
70. doi: 10.1016/j.jgar.2021.12.008

137.	Dilworth TJ, Casapao AM, Ibrahim OM, et al. Adjuvant β-lactam 
therapy combined with vancomycin for methicillin-resistant 
Staphylococcus aureus bacteremia: does β-lactam class 
matter? Antimicrob Agents Chemother. 2019;63(3):e02211-18. 
doi: 10.1128/AAC.02211-18

138.	Forsyth JH, Barron NL, Scott L, et al. Decolonizing drug-
resistant E. coli with phage and probiotics: breaking the 
frequency-dependent dominance of residents. Microbiology 
(Reading). 2023;169(7):001352. doi: 10.1099/mic.0.001352

139.	Liu B, Trout REL, Chu GH, et al. Discovery of Taniborbactam 
(VNRX-5133): a broad-spectrum serine- and metallo-β-
lactamase inhibitor for carbapenem-resistant bacterial 
infections. J Med Chem. 2020;63(6):2789–2801. doi: 10.1021/
acs.jmedchem.9b01518

140.	Wang Q, Liao G, Xia Q, et al. Safety and effectiveness of 
tigecycline combination therapy in renal transplant patients with 
infection due to carbapenem-resistant gram-negative bacteria. 
Front Cell Infect Microbiol. 2023;13:1215288. doi: 10.3389/
fcimb.2023.1215288

141.	Gao JT, Du J, Wu GH, et al. Bedaquiline-containing regimens 
in patients with pulmonary multidrug-resistant tuberculosis in 
China: focus on the safety. Infect Dis Poverty. 2021;10(1):32. 
doi: 10.1186/s40249-021-00819-2

142.	Zheng Z, Shao Z, Lu L, et al. Ceftazidime/avibactam combined 
with colistin: a novel attempt to treat carbapenem-resistant 
Gram-negative bacilli infection. BMC Infect Dis. 2023;23(1):709. 
doi: 10.1186/s12879-023-08715-w

143.	Bao XL, Tao T, Tang N, et al. Efficacy and safety of adjunctive 
nebulized colistin sulfate for multidrug-resistant gram-negative 
bacteria pneumonia: a retrospective comparative cohort study. 
Ann Palliat Med. 2022;11(9):2939–2951. doi: 10.21037/apm-
22-984

144.	Assimakopoulos SF, Karamouzos V, Lefkaditi A, et al. Triple 
combination therapy with high-dose ampicillin/sulbactam, high-
dose tigecycline and colistin in the treatment of ventilator-
associated pneumonia caused by pan-drug resistant 

Rippon, Rogers, Ousey	 AMR and AMS: an update



Volume 33 Number 2 – June 202593

Acinetobacter baumannii: a case series study. Infez Med. 
2019;27(1):11–16.

145.	Guevarra RB, Magez S, Peeters E, et al. Comprehensive 
genomic analysis reveals virulence factors and antibiotic 
resistance genes in Pantoea agglomerans KM1, a potential 
opportunistic pathogen. PLoS One. 2021;16(1):e0239792. doi: 
10.1371/journal.pone.0239792

146.	Papaetis GS, Doukanaris PT, Stylianou ES, Neofytou MS. 
Successful outpatient treatment of severe diabetic-foot 
myositis and osteomyelitis caused by extensively drug-resistant 
Enterococcus faecalis with Teicoplanin plus Rifampicin: a case 
report. Am J Case Rep. 2023;24:e941337. doi: 10.12659/
AJCR.941337

147.	Haley CA, Schechter MC, Ashkin D, et al. Implementation of 
Bedaquiline, Pretomanid, and Linezolid in the United States: 
experience using a novel all-oral treatment regimen for treatment 
of rifampin-resistant or rifampin-intolerant tuberculosis disease. 
Clin Infect Dis. 2023;77(7):1053–1062. doi: 10.1093/cid/ciad312

148.	Lin DM, Koskella B, Lin HC. Phage therapy: an alternative 
to antibiotics in the age of multi-drug resistance. World J 
Gastrointest Pharmacol Ther. 2017;8(3):162–173. doi: 10.4292/
wjgpt.v8.i3.162

149.	Anyaegbunam NJ, Anekpo CC, Anyaegbunam ZKG, et al. The 
resurgence of phage-based therapy in the era of increasing 
antibiotic resistance: from research progress to challenges and 
prospects. Microbiol Res. 2022;264:127155. doi: 10.1016/j.
micres.2022.127155

150.	Liu Y, Qin R, Zaat SAJ, et al. Antibacterial photodynamic 
therapy: overview of a promising approach to fight antibiotic-
resistant bacterial infections. J Clin Transl Res. 2015;1(3):140–
167.

151.	Gilaberte Y, Rezusta A, Juarranz A, Hamblin MR. Antimicrobial 
photodynamic therapy: a new paradigm in the fight against 
infections. Front Med (Lausanne). 2021;8:788888. doi: 10.3389/
fmed.2021.788888

152.	AlSheikh HMA, Sultan I, Kumar V, et al. Plant-based 
phytochemicals as possible alternative to antibiotics in 
combating bacterial drug resistance. Antibiotics (Basel). 
2020;9(8):480. doi: 10.3390/antibiotics9080480

153.	Angelini P. Plant-derived antimicrobials and their crucial role 
in combating antimicrobial resistance. Antibiotics (Basel). 
2024;13(8):746. doi: 10.3390/antibiotics13080746

154.	Euler CW, Raz A, Hernandez A, et al. PlyKp104, a novel phage 
lysin for the treatment of Klebsiella pneumoniae, Pseudomonas 
aeruginosa, and other gram-negative ESKAPE pathogens. 
Antimicrob Agents Chemother. 2023;67(5):e0151922. 
doi: 10.1128/aac.01519-22

155.	Shariati A, Moradabadi A, Azimi T, Ghaznavi-Rad E. Wound 
healing properties and antimicrobial activity of platelet-derived 
biomaterials. Sci Rep. 2020;10(1):1032. doi: 10.1038/s41598-
020-57559-w

156.	Piksa M, Fortuna W, Lian C, et al. Treatment of antibiotic-
resistant bacteria colonizing diabetic foot ulcers by OLED 
induced antimicrobial photodynamic therapy. Sci Rep. 
2023;13(1):14087. doi: 10.1038/s41598-023-39363-4

157.	Guimarães I, Costa R, Madureira S, et al. Tannic acid tailored-
made microsystems for wound infection. Int J Mol Sci. 
2023;24(5):4826. doi: 10.3390/ijms24054826

158.	Wang S, Liu X, Lei M, et al. Continuous and controllable 
electro-fabrication of antimicrobial copper-alginate dressing 
for infected wounds treatment. J Mater Sci Mater Med. 
2021;32(12):143. doi: 10.1007/s10856-021-06619-2

159.	Urie R, McBride M, Ghosh D, et al. Antimicrobial laser-activated 
sealants for combating surgical site infections. Biomater Sci. 
2021;9(10):3791–3803. doi: 10.1039/d0bm01438a

160.	Green SI, Clark JR, Santos HH et al. A retrospective, 
observational study of 12 cases of expanded-access 
customized phage therapy: production, characteristics, and 
clinical outcomes. Clin Infect Dis. 2023;77(8):1079–1091. doi: 
10.1093/cid/ciad335

161.	Mohamed WF, Askora AA, Mahdy MMH, et al. Isolation 
and characterization of bacteriophages active against 
Pseudomonas aeruginosa strains isolated from diabetic foot 
infections. Arch Razi Inst. 2022;77(6):2187–2200. doi: 10.22092/
ARI.2022.359032.2357

162.	Chen J, Hao D, Mei K, et al. In vitro and in vivo studies on the 
antibacterial activity and safety of a new antimicrobial peptide 
dermaseptin-AC. Microbiol Spectr. 2021;9(3):e0131821. doi: 
10.1128/Spectrum.01318-21

163.	Pascale R, Maccaro A, Mikus E et al. A retrospective multicentre 
study on dalbavancin effectiveness and cost-evaluation in 
sternotomic wound infection treatment: DALBA SWIT Study. 
J Glob Antimicrob Resist. 2022;30:390–394. doi: 10.1016/j.
jgar.2022.07.018

164.	Whiteley LE, Whiteley M. Characterization of a new Pseudomonas 
aeruginosa Queuovirinae bacteriophage. Microbiol Spectr. 
2024;12(3):e0371923. doi: 10.1128/spectrum.03719-23

165.	Campo-Beleño C, Villamizar-Gallardo RA, López-Jácome 
LE, et al. Biologically synthesized silver nanoparticles as 
potent antibacterial effective against multidrug-resistant 
Pseudomonas aeruginosa. Lett Appl Microbiol. 2022;75(3):680-
688. doi: 10.1111/lam.13759

166.	Moskven E, Banaszek D, Sayre EC, et al. Effectiveness 
of prophylactic intranasal photodynamic disinfection therapy 
and chlorhexidine gluconate body wipes for surgical site 
infection prophylaxis in adult spine surgery. Can J Surg. 
2023;66(6):E550–E560. doi: 10.1503/cjs.016922

167.	Gudzuhn M, Alio I, Moll R, et al. Molecular insight into gene 
response of diorcinol- and rubrolide-treated biofilms of the 
emerging pathogen Stenotrophomonas maltophilia. Microbiol 
Spectr. 2022;10(3):e0258221. doi: 10.1128/spectrum.02582-21

168.	Li JJ, Hu Y, Hu B, et al. Lactose azocalixarene drug delivery 
system for the treatment of multidrug-resistant pseudomonas 
aeruginosa infected diabetic ulcer. Nat Commun. 
2022;13(1):6279. doi: 10.1038/s41467-022-33920-7

169.	Rasha E, Monerah A, Manal A, et al. Biosynthesis of zinc oxide 
nanoparticles from Acacia nilotica (L.) Extract to overcome 
carbapenem-resistant Klebsiella pneumoniae. Molecules. 
2021;26(7):1919. doi: 10.3390/molecules26071919

170.	Loupa CV, Lykoudi E, Meimeti E,et al. Successful treatment 
of diabetic foot osteomyelitis with Dalbavancin. Med Arch. 
2020;74(3):243–245. doi: 10.5455/medarh.2020.74.243-245

171.	Su Y, McCarthy A, Wong SL, et al. Simultaneous delivery 
of multiple antimicrobial agents by biphasic scaffolds for 
effective treatment of wound biofilms. Adv Healthc Mater. 
2021;10(12):e2100135. doi: 10.1002/adhm.202100135

172.	Gomes A, Bessa LJ, Fernandes I ,et al. Boosting cosmeceutical 
peptides: coupling imidazolium-based ionic liquids to 
pentapeptide-4 originates new leads with antimicrobial 
and collagenesis-inducing activities. Microbiol Spectr. 
2022;10(4):e0229121. doi: 10.1128/spectrum.02291-21

173.	Yan JH, Zheng DW, Gu HY, et al. In situ sprayed biotherapeutic 
gel containing stable microbial communities for efficient anti-
infection treatment. Adv Sci (Weinh). 2023;10(4):e2205480. doi: 
10.1002/advs.202205480

174.	Liu X, Fang R, Feng R, et al. Cage-modified hypocrellin against 
multidrug-resistant Candida spp. with unprecedented activity 
in light-triggered combinational photodynamic therapy. Drug 
Resist Updat. 2022;65:100887. doi: 10.1016/j.drup.2022.100887

Rippon, Rogers, Ousey	 AMR and AMS: an update



Wound Practice and Research 94

175.	Alexander C, Hill D. A retrospective case-control study of 
Eravacycline for the treatment of carbapenem-resistant 
Acinetobacter infections in patients with burn injuries. J Burn 
Care Res. 2024;45(2):487-492. doi: 10.1093/jbcr/irad183

176.	Schultz F, Anywar G, Tang H, et al. Targeting ESKAPE 
pathogens with anti-infective medicinal plants from the Greater 
Mpigi region in Uganda. Sci Rep. 2020;10(1):11935. doi: 
10.1038/s41598-020-67572-8

177.	Dettweiler M, Lyles JT, Nelson K, et al. American Civil War plant 
medicines inhibit growth, biofilm formation, and quorum sensing 
by multidrug-resistant bacteria. Sci Rep. 2019;9(1):7692. doi: 
10.1038/s41598-019-44242-y

178.	Baiomy AA, Shaker GH, Abbas HA. Sensitizing multi drug 
resistant Staphylococcus aureus isolated from surgical site 
infections to antimicrobials by efflux pump inhibitors. Afr Health 
Sci. 2020;20(4):1632–1645. doi: 10.4314/ahs.v20i4.16

179.	Nath K, Talukdar AD, Bhattacharya MK, et al. Cyathea 
gigantea (Cyatheaceae) as an antimicrobial agent against 
multidrug resistant organisms. BMC Complement Altern Med. 
2019;19(1):279. doi: 10.1186/s12906-019-2696-0

180.	Earle W, Bonegio RGB, Smith DB, Branch-Elliman W. Plazomicin 
for the treatment of multidrug-resistant Klebsiella bacteraemia 
in a patient with underlying chronic kidney disease and acute 
renal failure requiring renal replacement therapy. BMJ Case 
Rep. 2021;14(8):e243609. doi: 10.1136/bcr-2021-243609

181.	Qin S, Liu Y, Chen Y, et al. Engineered bacteriophages 
containing anti-CRISPR suppress infection of antibiotic-
resistant P. aeruginosa. Microbiol Spectr. 2022;10(5):e0160222. 
doi: 10.1128/spectrum.01602-22

182.	Paul K, Merabishvili M, Hazan R, et al. Bacteriophage 
rescue therapy of a vancomycin-resistant Enterococcus 
faecium infection in a one-year-old child following a third 
liver transplantation. Viruses. 2021;13(9):1785. doi: 10.3390/
v13091785

183.	Kyei-Baffour K, Mohammad H, Seleem MN, Dai M. Second-
generation aryl isonitrile compounds targeting multidrug-
resistant Staphylococcus aureus. Bioorg Med Chem. 
2019;27(9):1845–1854. doi: 10.1016/j.bmc.2019.03.034

184.	Huang L, Huang S, Jiang L, et al. Characterisation and 
sequencing of the novel phage Abp95, which is effective 
against multi-genotypes of carbapenem-resistant Acinetobacter 
baumannii. Sci Rep. 2023;13(1):188. doi: 10.1038/s41598-022-
26696-9

185.	Ye P, Wei S, Luo C, et al. Long-term effect against methicillin-
resistant Staphylococcus aureus of emodin released 
from coaxial electrospinning nanofiber membranes with a 
biphasic profile. Biomolecules. 2020;10(3):362. doi: 10.3390/
biom10030362

186.	Huerga H, Khan U, Bastard M, et al. Safety and effectiveness 
outcomes from a 14-country cohort of patients with multi-drug 
resistant tuberculosis treated concomitantly with Bedaquiline, 
Delamanid, and other second-line drugs. Clin Infect Dis. 
2022;75(8):1307–1314. doi: 10.1093/cid/ciac176

187.	Plumet L, Morsli M, Ahmad-Mansour N, et al. Isolation and 
characterization of new bacteriophages against Staphylococcal 
clinical isolates from diabetic foot ulcers. Viruses. 
2023;15(12):2287. doi: 10.3390/v15122287

188.	Ruegsegger L, Xiao J, Naziripour A, et al. Multidrug-resistant 
Gram-negative bacteria in burn patients. Antimicrob Agents 
Chemother. 2022;66(9):e0068822. doi: 10.1128/aac.00688-22

189.	Liu Y, Liu Y, Du Z et al. Skin microbiota analysis-inspired 
development of novel anti-infectives. Microbiome. 2020;8(1):85. 
doi: 10.1186/s40168-020-00866-1

190.	Sohrabi M, Pirbonyeh N, Alizade Naini M, et al. A challenging 
case of carbapenem resistant Klebsiella pneumoniae-
related pyogenic liver abscess with capsular polysaccharide 
hyperproduction: a case report. BMC Infect Dis. 2024;24(1):433. 
doi: 10.1186/s12879-024-09314-z

191.	Rodrigues D, Baldissera GS, Mathos D, et al. Amikacin for 
the treatment of carbapenem-resistant Klebsiella pneumoniae 
infections: clinical efficacy and toxicity. Braz J Microbiol. 
2021;52(4):1913–1919. doi: 10.1007/s42770-021-00551-x

192.	Al-Wrafy F, Brzozowska E, Górska S, et al. Identification and 
characterization of phage protein and its activity against two 
strains of multidrug-resistant Pseudomonas aeruginosa. Sci 
Rep. 2019;9(1):13487. doi: 10.1038/s41598-019-50030-5

193.	Aiesh BM, Nazzal MA, Abdelhaq AI et al. Impact of an 
antibiotic stewardship program on antibiotic utilization, 
bacterial susceptibilities, and cost of antibiotics. Sci Rep. 
2023;13(1):5040. doi: 10.1038/s41598-023-32329-6

194.	Hecker MT, Aron DC, Patel NP et al. Unnecessary use of 
antimicrobials in hospitalized patients: current patterns of 
misuse with an emphasis on the antianaerobic spectrum of 
activity. Arch Intern Med. 2003;163(8):972–978. doi: 10.1001/
archinte.163.8.972

195.	Branch-Elliman W, O’Brien W, Strymish J, et al. Association of 
duration and type of surgical prophylaxis with antimicrobial-
associated adverse events. JAMA Surg 2019;154(7):590-598. 
doi: 10.1001/jamasurg.2019.0569

196.	Orubu ESF, Al-Dheeb N, Ching C, et al. Assessing antimicrobial 
resistance, utilization, and stewardship in Yemen: an exploratory 
mixed-methods study. Am J Trop Med Hyg. 2021;105(5):1404–
1412. doi: 10.4269/ajtmh.21-0101

197.	Sutherland T, Mpirimbanyi C, Nziyomaze E, et al. Widespread 
antimicrobial resistance among bacterial infections in a 
Rwandan referral hospital. PLoS One 2019;14(8):e0221121. 
doi: 10.1371/journal.pone.0221121

198.	Mukherjee P, Paul S, Dutta T, et al. Nasal MRSA carriage 
is a risk factor for development of antibiotic resistance in 
diabetic foot ulcers and is significantly higher than diabetic and 
non-diabetic individuals without foot ulcer. BMC Infect Dis. 
2023;23(1):729. doi: 10.1186/s12879-023-08673-3

199.	Yaacoub S, Truppa C, Pedersen TI, et al. Antibiotic resistance 
among bacteria isolated from war-wounded patients at the 
Weapon Traumatology Training Center of the International 
Committee of the Red Cross from 2016 to 2019: a secondary 
analysis of WHONET surveillance data. BMC Infect Dis. 
2022;22(1):257. doi: 10.1186/s12879-022-07253-1

200.	Bouza E, Onori R, Semiglia-Chong MA, et al. Fast track 
SSTI management program based on a rapid molecular test 
(GeneXpert® MRSA/SA SSTI) and antimicrobial stewardship. J 
Microbiol Immunol Infect. 2020;53(2):328–335. doi: 10.1016/j.
jmii.2018.07.008

201.	Broom J, Williams Veazey L, Broom A, et al. To swab or not to 
swab? A qualitative study of pathology testing, interpretation, 
and value in diabetes-related foot ulceration. Infect Dis Health. 
2024;29(1):39–50. doi: 10.1016/j.idh.2023.10.002

202.	Weiner-Lastinger LM, Abner S, Benin AL, et al. Antimicrobial-
resistant pathogens associated with pediatric healthcare-
associated infections: Summary of data reported to the National 
Healthcare Safety Network, 2015-2017. Infect Control Hosp 
Epidemiol. 2020;41(1):19–30. doi: 10.1017/ice.2019.297

203.	Rothberg MB, Haessler S, Deshpande A, et al. Derivation 
and validation of a risk assessment model for drug-resistant 
pathogens in hospitalized patients with community-acquired 
pneumonia. Infect Control Hosp Epidemiol. 2023;44(7):1143–
1150. doi: 10.1017/ice.2022.229

Rippon, Rogers, Ousey	 AMR and AMS: an update



Volume 33 Number 2 – June 202595

204.	Chen Y, Chau J, Yoon J, Hladky J. Rapid, label-free pathogen 
identification system for multidrug-resistant bacterial wound 
infection detection on military members in the battlefield. PLoS 
One. 2022;17(5):e0267945. doi: 10.1371/journal.pone.0267945

205.	Anand S, Raman D, Shetty D, et al. Antibiotic prescription 
practices for surgical prophylaxis in India: an observational 
study. Am J Trop Med Hyg. 2019;101(4):919–922. doi: 10.4269/
ajtmh.19-0267

206.	Mmari EE, Pallangyo ES, Ali A, et al. Perceptions of surgeons on 
surgical antibiotic prophylaxis use at an urban tertiary hospital 
in Tanzania. PLoS One. 2021;16(8):e0256134. doi: 10.1371/
journal.pone.0256134

207.	Pereira LB, Feliciano CS, Siqueira DS, et al. Surgical antibiotic 
prophylaxis: is the clinical practice based on evidence? 
Einstein (Sao Paulo). 2020;18:eAO5427. doi: 10.31744/einstein_
journal/2020AO5427

208.	MacVane SH, Bhalodi AA, Dare RK, et al. Improving outcomes 
and antibiotic stewardship (IOAS) for patients with Gram-
positive bloodstream infections through use of rapid testing: 
a quasi-experimental multicentre study of the Accelerate 
PhenoTest™ BC Kit. J Antimicrob Chemother. 2021;76(9):2453–
2463. doi: 10.1093/jac/dkab165

209.	Stracy M, Snitser O, Yelin I, et al. Minimizing treatment-induced 
emergence of antibiotic resistance in bacterial infections. 
Science. 2022;375(6583):889–894. doi: 10.1126/science.
abg9868

210.	Serena TE, Harrell K, Serena L, Yaakov RA. Real-time 
bacterial fluorescence imaging accurately identifies wounds 
with moderate-to-heavy bacterial burden. J Wound Care. 
2019;28(6):346–357. doi: 10.12968/jowc.2019.28.6.346

211.	Gill CM, Nicolau DP;ERACE-PA Global Study Group. Phenotypic 
and genotypic profile of ceftolozane/tazobactam-non-
susceptible, carbapenem-resistant Pseudomonas aeruginosa. 
J Antimicrob Chemother. 2022;78(1):252–256. doi: 10.1093/
jac/dkac385

212.	Konda KC, Singh H, Madireddy A, Poodari MMR. Quality 
improvement initiative approach to decrease the unindicated 
usage of antibiotics in a neonatal intensive care unit of a tertiary 
care teaching hospital in Hyderabad, India. BMJ Open Qual. 
2021;10(Suppl 1):e001474. doi: 10.1136/bmjoq-2021-001474

213.	Landa G, Miranda-Calderon LG, Sebastian V, et al. Selective 
point-of-care detection of pathogenic bacteria using sialic acid 
functionalized gold nanoparticles. Talanta. 2021;234:122644. 
doi: 10.1016/j.talanta.2021.122644

214.	Seidelman JL, Baker AW, Lewis SS, et al. Surgical site infection 
trends in community hospitals from 2013 to 2018. Infect 
Control Hosp Epidemiol. 2023;44(4):610–615. doi: 10.1017/
ice.2022.135

215.	Lima A, Widen R, Vestal G, Uy D, Silbert S. A TaqMan probe-
based real-Time PCR assay for the rapid identification of 
the emerging multidrug-resistant pathogen Candida auris on 
the BD Max System. J Clin Microbiol 2019;57(7):e01604-18. 
doi: 10.1128/JCM.01604-18

216.	Lin CC, Chen YC, Goh ZNL, et al. Wound infections of 
snakebites from the venomous Protobothrops mucrosquamatus 
and Viridovipera stejnegeri in Taiwan: bacteriology, antibiotic 
susceptibility, and predicting the need for antibiotics — a 
BITE study. Toxins (Basel). 2020;12(9):575. doi: 10.3390/
toxins12090575

217.	Whelan L, Leal J, Barkema HW, et al. Baseline prevalence of 
antimicrobial resistance in patients who develop a surgical 
site infection in hip and knee replacements: A brief report. 
Am J Infect Control. 2023;51(12):1449–1451. doi: 10.1016/j.
ajic.2023.06.012

218.	Suttels V, Van Singer M, Clack LC, et al. Factors influencing 
the implementation of antimicrobial stewardship in primary 
care: a narrative review. Antibiotics (Basel). 2022;12(1):30. 
doi: 10.3390/antibiotics12010030

219.	Hersh AL, King LM, Shapiro DJ et al. Unnecessary antibiotic 
prescribing in US ambulatory care settings, 2010-2015. Clin 
Infect Dis 2021;72(1):133–137. doi: 10.1093/cid/ciaa667

220.	Skelton F, Suda K, Evans C, Trautner B. Effective antibiotic 
stewardship in spinal cord injury: Challenges and a way 
forward. J Spinal Cord Med. 2019;42(2):251–254. doi: 
10.1080/10790268.2017.1396183

221.	Skelton F, May S, Grigoryan L et al. Spinal cord injury provider 
knowledge and attitudes toward bacteriuria management 
and antibiotic stewardship. PM R. 2020;12(12):1187–1194. 
doi: 10.1002/pmrj.12384

222.	Vazquez Guillamet MC, Burnham JP, Pérez M, et al. 
Antimicrobial stewardship for sepsis in the intensive care unit: 
Survey of critical care and infectious diseases physicians. Infect 
Control Hosp Epidemiol. 2022;43(10):1368–1374. doi: 10.1017/
ice.2021.389

223.	Sartelli M, Labricciosa FM, Coccolini F, et al. It is time to define 
an organizational model for the prevention and management 
of infections along the surgical pathway: a worldwide 
cross-sectional survey. World J Emerg Surg. 2022;17(1):17. 
doi: 10.1186/s13017-022-00420-4

224.	Yang X, Guo R, Zhang B, et al. Retrospective analysis 
of drug resistance characteristics and infection related risk 
factors of multidrug-resistant organisms (MDROs) isolated from 
the orthopedics department of a tertiary hospital. Sci Rep. 
2023;13(1):2199. doi: 10.1038/s41598-023-28270-3

225.	Bashir N, Dablool AS, Khan MI, et al. Antibiotics resistance as a 
major public health concern: A pharmaco-epidemiological study 
to evaluate prevalence and antibiotics susceptibility-resistance 
pattern of bacterial isolates from multiple teaching hospitals. 
J Infect Public Health. 2023;16(S1):61–68. doi:  10.1016/j.
jiph.2023.09.019

226.	Sindato C, Mboera LEG, Katale BZ, et al. Knowledge, attitudes 
and practices regarding antimicrobial use and resistance 
among communities of Ilala, Kilosa and Kibaha districts of 
Tanzania. Antimicrob Resist Infect Control. 2020;9(1):194. 
doi: 10.1186/s13756-020-00862-y

227.	Ferdinand AS, McEwan C, Lin C, et al. Development of a 
cross-sectoral antimicrobial resistance capability assessment 
framework. BMJ Glob Health. 2024;9(1):e013280. doi: 10.1136/
bmjgh-2023-013280.

228.	Gentilotti E, De Nardo P, Nguhuni B, et al. Implementing a 
combined infection prevention and control with antimicrobial 
stewardship joint program to prevent caesarean section 
surgical site infections and antimicrobial resistance: a Tanzanian 
tertiary hospital experience. Antimicrob Resist Infect Control. 
2020;9(1):69. doi: 10.1186/s13756-020-00740-7

229.	Nayan A, Sarang B, Khajanchi M, et al. Exploring the 
perioperative infection control practices & incidence of surgical 
site infections in rural India. Antimicrob Resist Infect Control. 
2023;12(1):65. doi: 10.1186/s13756-023-01258-4

230.	Chea N, Sapiano MRP, Zhou L, et al. Rates and causative 
pathogens of surgical site infections attributed to liver transplant 
procedures and other hepatic, biliary, or pancreatic procedures, 
2015-2018. Transpl Infect Dis. 2021;23(4):e13589. doi: 10.1111/
tid.13589

231.	Fay LN, Wolf LM, Brandt KL, et al. Pharmacist-led antimicrobial 
stewardship program in an urgent care setting. Am J Health 
Syst Pharm. 2019;76(3):175–181. doi: 10.1093/ajhp/zxy023

Rippon, Rogers, Ousey	 AMR and AMS: an update



Wound Practice and Research 96

232.	Tandan M, O’Connor R, Burns K, et al. A comparative analysis 
of prophylactic antimicrobial use in long-term care facilities in 
Ireland, 2013 and 2016. Euro Surveill. 2019;24(11):1800102. 
doi: 10.2807/1560-7917.ES.2019.24.11.1800102

233.	Sarang B, Tiwary A, Gadgil A, Roy N. Implementing antimicrobial 
stewardship to reduce surgical site infections: Experience and 
challenges from two tertiary-care hospitals in Mumbai, India. 
J Glob Antimicrob Resist. 2020;20:105–109. doi: 10.1016/j.
jgar.2019.08.001

234.	Alshehhi HS, Ali AA, Jawhar DS, et al. Assessment of 
implementation of antibiotic stewardship program in surgical 
prophylaxis at a secondary care hospital in Ras Al Khaimah, 
United Arab Emirates. Sci Rep. 2021;11(1):1042. doi: 10.1038/
s41598-020-80219-y

235.	Ziegler MJ, Babcock HH, Welbel SF, et al. Stopping Hospital 
Infections with Environmental Services (SHINE): a cluster-
randomized trial of intensive monitoring methods for terminal 
room cleaning on rates of multidrug-resistant organisms in 
the intensive care unit. Clin Infect Dis. 2022;75(7):1217–1223. 
doi: 10.1093/cid/ciac070

236.	Ofosu-Appiah F, Acquah EE, Mohammed J, et al. Klebsiella 
pneumoniae ST147 harboring bla(NDM-1), multidrug 
resistance and hypervirulence plasmids. Microbiol Spectr. 
2024;12(3):e0301723. doi: 10.1128/spectrum.03017-23

237.	Pandolfo AM, Horne R, Jani Y, et al. Understanding decisions 
about antibiotic prescribing in ICU: an application of the 
Necessity Concerns Framework. BMJ Qual Saf. 2022;31(3):199–
210. doi: 10.1136/bmjqs-2020-012479

238.	Shrestha J, Zahra F, Cannady, Jr P. Antimicrobial Stewardship. 
[Updated 2023 Jun 20]. In: StatPearls [Internet]. Treasure Island 
(FL): StatPearls Publishing; 2024 Jan. Available from: https://
www.ncbi.nlm.nih.gov/books/NBK572068/

239.	Baroudi R, Flaugher M, Grace E, Zakria D. The importance of an 
antimicrobial stewardship program. Fed Pract. 2015;32(9):20–
24.

240.	Alnajjar LI, Alrashidi NS, Almutairi N, et al. Effect of an 
antimicrobial stewardship program in the prevention of 
antibiotic misuse in patients with spinal cord injury undergoing 
minor urologic procedures: a single-group, quasi-experiment 
study. BMC Infect Dis. 2023;23(1):368. doi: 10.1186/s12879-
023-08351-4

241.	Evans CT, Fitzpatrick M, Ramanathan S, et al. Healthcare 
facility-onset, healthcare facility-associated Clostridioides 
difficile infection in Veterans with spinal cord injury and 
disorder. J Spinal Cord Med. 2020;43(5):642–652. 
doi: 10.1080/10790268.2019.1672953

242.	Peñalva G, Högberg LD, Weist K, et al. Decreasing and 
stabilising trends of antimicrobial consumption and resistance 
in Escherichia coli and Klebsiella pneumoniae in segmented 
regression analysis, European Union/European Economic 
Area, 2001 to 2018. Euro Surveill. 2019;24(46):1900656. 
doi: 10.2807/1560-7917.ES.2019.24.46.1900656

243.	Gupta V, Ye G, Olesky M, et al. Trends in resistant 
Enterobacteriaceae and Acinetobacter species in hospitalized 
patients in the United States: 2013-2017. BMC Infect Dis. 
2019;19(1):742. doi: 10.1186/s12879-019-4387-3

244.	Warnock M, Ogonda L, Yew P, McIlvenny G. Antibiotic 
prophylaxis protocols and surgical site infection rates in trauma 
surgery: a prospective regional study of 26,849 procedures. 
Ulster Med J. 2019;88(2):111–114.

245.	Fily F, Ronat JB, Malou N, et al. Post-traumatic osteomyelitis 
in Middle East war-wounded civilians: resistance to first-line 
antibiotics in selected bacteria over the decade 2006-2016. 
BMC Infect Dis. 2019;19(1):103. doi: 10.1186/s12879-019-
3741-9

246.	Kawamura H, Imuta N, Ooka T, et al. Impact of control measures 
including decolonization and hand hygiene for orthopaedic 
surgical site infection caused by MRSA at a Japanese tertiary-
care hospital. J Hosp Infect. 2024;146:151–159. doi: 10.1016/j.
jhin.2023.07.011

247.	Goto R, Muraki Y, Inose R, et al. Influence of pharmacists and 
infection control teams or antimicrobial stewardship teams on 
the safety and efficacy of vancomycin: A Japanese administrative 
claims database study. PLoS One. 2022;17(9):e0274324. 
doi: 10.1371/journal.pone.0274324

248.	Latour K, Huang TD, Jans B, et al. Prevalence of multidrug-
resistant organisms in nursing homes in Belgium in 2015. PLoS 
One. 2019;14(3):e0214327. doi: 10.1371/journal.pone.0214327

249.	Abubakar U, Syed Sulaiman SA, Adesiyun AG. Impact of 
pharmacist-led antibiotic stewardship interventions 
on compliance with surgical antibiotic prophylaxis in 
obstetric and gynecologic surgeries in Nigeria. PLoS One. 
2019;14(3):e0213395. doi: 10.1371/journal.pone.0213395

250.	Alshammari LT, Alkatheer SA, AlShoaibi MB, et al. Surgical 
site infections in a tertiary hospital over 10 years. The effect of 
hospital accreditation strategy implementation. Saudi Med J. 
2020;41(9):971–976. doi: 10.15537/smj.2020.9.25347

251.	Surat G, Bernsen D, Schimmer C. Antimicrobial stewardship 
measures in cardiac surgery and its impact on surgical site 
infections. J Cardiothorac Surg. 2021;16(1):309. doi: 10.1186/
s13019-021-01693-7

252.	Chen JZ, Hoang HL, Yaskina M, et al. Efficacy and safety of 
antimicrobial stewardship prospective audit and feedback in 
patients hospitalised with COVID-19 (COVASP): a pragmatic, 
cluster-randomised, non-inferiority trial. Lancet Infect Dis. 
2023;23(6):673–682. doi: 10.1016/S1473-3099(22)00832-5

253.	Segala FV, Murri R, Taddei E, et al. Antibiotic appropriateness 
and adherence to local guidelines in perioperative prophylaxis: 
results from an antimicrobial stewardship intervention. 
Antimicrob Resist Infect Control. 2020;9(1):164. doi: 10.1186/
s13756-020-00814-6

254.	Batlle M, Badia JM, Hernández S, et al. Reducing the duration 
of antibiotic therapy in surgical patients through a specific 
nationwide antimicrobial stewardship program. A prospective, 
interventional cohort study. Int J Antimicrob Agents. 
2023;62(5):106943. doi: 10.1016/j.ijantimicag.2023.106943

255.	Karaali C, Emiroglu M, Atalay S, et al. A new antibiotic 
stewardship program approach is effective on inappropriate 
surgical prophylaxis and discharge prescription. J Infect Dev 
Ctries. 2019;13(11):961–967. doi: 10.3855/jidc.11734

256.	Eder M, Sommerstein R, Szelecsenyi A, et al. Association 
between the introduction of a national targeted intervention 
program and the incidence of surgical site infections in 
Swiss acute care hospitals. Antimicrob Resist Infect Control. 
2023;12(1):134. doi: 10.1186/s13756-023-01336-7

Rippon, Rogers, Ousey	 AMR and AMS: an update


