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Screening of the novel
antimicrobial drug, XF-73,
against 2,527 Staphylococcus
species clinical isolates

William Rhys-Williams*, Helen Marie Galvin
and William Guy Love

Destiny Pharma Plc, Brighton, United Kingdom

XF-73 (exeporfinium chloride) is a synthetic, di-cationic porphyrin derivative with
rapid, potent bactericidal properties and a low propensity for engendering
bacterial resistance. It is being developed clinically for the decolonization of
Staphylococcus aureus in the nasal cavity to prevent post-operative
staphylococcal infections. This study reports the minimum inhibitory
concentration (MIC) of XF-73 in comparison to 22 antibiotics against a panel
of >2,500 clinical isolates composed of 16 different Coagulase-positive
and -negative Staphylococcus species from 33 countries. XF-73 was found to
be effective against all isolates tested, with MICs ranging between <0.12 — 4 ug/
ml (MICsq and MICgg values of 0.5 and 1 ug/ml respectively). XF-73 was found to
be equally effective against antibiotic resistant isolates as antibiotic sensitive
isolates, with no impact of pre-existing antibiotic resistance mechanisms to cell
wall synthesis inhibitors (B-lactams, carbapenems, glycopeptides and
cephalosporins), protein synthesis inhibitors (oxazolidinones, macrolides and
tetracyclines), DNA synthesis inhibitors (fluoroquinolones) and a folate
synthesis inhibitor. The panel selected also included examples of multidrug-
resistant S. aureus isolates and, in all cases, the XF-73 MIC ranges were found to
be similar against each of these groups. This dataset expands the knowledge of
the breadth of activity of this novel antibacterial against a wide range of global S.
aureus isolates and supports the potential utility of XF-73 for the treatment of
patients who are S. aureus nasal carriers. Similar results were also obtained for
multidrug-resistant isolates of other Staphylococcus species included in the
study and collectively support the continued clinical development of XF-73 as an
effective anti-staphylococcal drug.
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Introduction

Post-surgical site infections place a significant burden on health
provision worldwide, and one of the major causative pathogens of such
infections is Staphylococcus aureus. It is estimated that there are
approximately 150,000 post-surgical infections in the US alone per
year, representing a health burden and cost of $10 billion per year
(Zabaglo and Sharman, 2022; Seidelman et al., 2023). S. aureus is the
pathogen responsible for most surgical site infections (SSIs) with
approximately 80% of S. aureus post-surgical infections auto infected
from S. aureus carried within the patient’s nose (von Eiff et al., 2001;
Wertheim et al., 2004). As a result, many current guidelines
recommend the nasal decolonization of patients prior to surgery
(Sway et al,, 2018; Bratzler et al., 2013; Engelman et al.,, 2019; Ling
et al,, 2019; National Institute for Health and Care Excellence, 2019). A
number of key surgical guidelines in the US, Europe, and other
countries recommend preventative treatment of all S. aureus in
patients undergoing high risk surgeries (Bratzler et al., 2013; Sway
et al,, 2018; Engelman et al., 2019; Ling et al., 2019; National Institute
for Health and Care Excellence, 2019). It is recognized that, although
screening for S. aureus, including methicillin-resistant S. aureus
(MRSA) carriage is effective in identifying the majority of carriers,
screening has a number of drawbacks, including cost, time, isolation
while awaiting screening result and an inability to identify all carriers
due to assay sensitivity and the impact of false positives. A study
comparing the impact of universal decolonization (UD) versus targeted
decolonization or active surveillance in a high risk patient population
(ICU patients) demonstrated that UD decolonization was superior to
the other arms, resulting in a 37% reduction in MRSA clinical isolates
and a 44% reduction in all-cause bloodstream infections (Huang et al.,
2013). As a result, the 2022 SHEA/IDSA/APIC Practice
Recommendation update (Popovich et al, 2023) recommends the
use of UD for all patients in adult ICUs and that UD should also be
considered to be used in neonatal ICUs, burns units and
hemodialysis patients.

At present, the most widely used intranasal decolonization agent
is mupirocin, a bacteriostatic antibiotic that, due to its high potential
to generate resistance, is not recommended for multiple
administration (GlaxoSmithKline, 1987). The global prevalence of
mupirocin resistance in S. aureus strains has risen to 7.6% and when
looking at mupirocin resistant MRSA, the rate increases to 13.8%.
(Dadashi et al., 2020) Although universal decolonization using
mupirocin has in some studies been shown to be superior to
targeted decolonization (Huang et al., 2013) there is an underlying
concern that this approach may drive the more rapid development of
mupirocin resistant staphylococcal strains to evolve and undermine
the ability to deliver safe and effective infection prophylaxis and
mupirocin resistance remains an unresolved issue in the 2022 SHEA/
IDSA/APIC Practice Recommendation update (Popovich et al,
2023). There is an urgent need to identify and adopt the use of
new antimicrobial agents, which can address resistance, thus allowing
long-term and widespread effective decolonization.

XF-73 is a novel, synthetic di-cationic porphyrin derivative with
rapid, potent Gram positive bactericidal properties which is being
developed clinically as a gel for the nasal decolonization of S. aureus
to prevent post-operative staphylococcal infections. XF-73 has been
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awarded Qualifying Infectious Disease Product status (Link) and
Fast Track designation (Link) by the US Food and Drug
Administration, identifying it as a product that is seeking to
address a priority infectious disease. A recent Phase 2 study has
been completed (Mangino et al,, 2023) investigating the safety and
microbiological efficacy of XF-73 in reducing S. aureus nasal
carriage prior to open chest cardiac surgery, which demonstrated
that patients administered intranasal XF-73 gel within 24 hours of
cardiac surgery had significantly reduced nasal burden of S. aureus
one hour before surgery compared to a placebo control.

The antimicrobial properties of XF-73 have been investigated and
found to have broad spectrum activity against all Gram positive
bacteria tested to date, including methicillin-sensitive S. aureus
(MSSA) and antibiotic resistant strains such as MRSA and
mupirocin-resistant S. aureus isolates (Farrell et al., 2010). XF-73 has
also been demonstrated to be active against cultures of S. aureus in
stationary phase, non-growing cultures expressing the stringent
response and in cold cultures, demonstrating that antimicrobial
activity is not dependent on metabolic or growth activity (Ooi et al,
2010). XF-73 was found to have a low propensity to generate resistance,
with no mutational resistance observed after 55 serial passages at sub-
inhibitory concentrations (Farrell et al., 2011; MacLean, 2020) whilst
mupirocin, which was also included in the same study, rapidly
generated mutational resistance in all four MRSA isolates tested, with
MICs up to 512 pg/ml generated. Importantly, there was no evidence of
cross-resistance with XF-73 in these mupirocin resistant isolates
generated (Farrell et al, 2011). Furthermore, the antimicrobial
activity of XF-73 has been demonstrated to be independent of all
known existing antimicrobial resistance mechanisms (Farrell et al,
2010). The presence of existing cell wall, DNA and protein synthesis
resistance mechanisms were not found to affect the susceptibility of
antibiotic-resistant bacteria to XF-73 compared to antibiotic-sensitive
isolates, suggesting that the mechanism of action (MOA) of XF-73 is
novel. Investigations into the MOA of XF-73 has demonstrated that
XF-73 exerts a rapid bacterial membrane-perturbing activity resulting
in substantial loss of potassium and adenosine triphosphate from the
cells, complete inhibition of DNA, RNA and protein synthesis but
without inducing bacterial lysis (Ooi et al., 2009).

Here, we report the antimicrobial susceptibility of over 2,500
Coagulase-positive and -negative Staphylococcus species clinical
isolates to XF-73. The majority of isolates tested were S. aureus but
the panel also included examples of 15 other Staphylococcus species,
including ones that have been previously reported to be isolated from
the nose and examples of pathogens responsible for infections
including endocarditis and bacteremia. The Staphylococcus species
panel was constructed to included antibiotic resistant and sensitive
isolates to further investigate the effect of existing antibiotic resistance
mechanisms on the activity of XF-73.

Materials and methods
Microorganisms

2,527 clinical staphylococcal isolates, made up of 16 different
Staphylococcus species, collected between 2010 and 2012 and
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provided by Oppilotech Ltd. (London, United Kingdom) were
tested for their susceptibility to XF-73. The species selected
included S. epidermidis, S. saprophyticus, S. haemolyticus, S.
capitis, S. hominis, and S. lugdunensis which are believed to be
associated with a high clinical significance (Michels et al., 2021).
The screening panel were obtained from patients aged between 0
and 97 years old and located in 33 countries across Europe, North
America, South America, Asia, Africa and Oceania (Figure S1). The
isolates were obtained from a range of clinical indications including
skin and soft tissue infections, respiratory tract infections, hospital-
acquired pneumonia and complicated skin and soft tissue
infections. Further information is provided in the Supplementary
Material. Isolates were carefully selected to include antibiotic
sensitive and resistant clinical isolates, including MRSA; MSSA;
antibiotic-susceptible and resistant Staphylococcus epidermidis and
examples of staphylococcal clinical isolates resistant to cell wall
synthesis inhibitors (B-lactams, carbapenems, glycopeptides and
cephalosporins), protein synthesis inhibitors (oxazolidinones,
macrolides and tetracyclines), DNA synthesis inhibitors
(fluoroquinolones) and folate synthesis inhibitors (antifolate) in
the panel. Staphylococcus species previously reported to be present
in the nose were also included in the panel, including S. capitis, S.
haemolyticus, S. hominis and S. lugdunensis (Lina et al., 2003;
McMurray et al, 2016). S. aureus and S. intermedius were
Coagulase-positive Staphylococcus species whist the remainder
were Coagulase-negative. Historic comparator MIC data against
21 antibiotics was provided by Oppilotech Ltd (London, United
Kingdom) and contemporaneous MIC determination of a control
antibiotic (dalbavancin) was included in this study and compared to
historic data to confirm similar results.

Antimicrobial drugs

XF drugs

XF-73 (exeporfinium chloride; C44Hs0Cl,NgO,) was provided
by Destiny Pharma plc and resuspended in distilled water to
generate stock concentrations of 10 pg/ml which was used to
undertake serial dilutions in growth media to the required
concentration ranges.

Antibiotics
Dalbavancin was prepared as stock solutions by
standard methodologies.

Susceptibility of bacteria to XF-73 using
broth microdilution

The MIC of XF-73 was determined against test bacteria using a
broth microdilution method. (Clinical and Laboratory Standards
Institute (CLSI) - Methods for Dilution Antimicrobial
Susceptibility Tests for Bacteria That Grow Aerobically: Approved
Standard - Tenth Edition). Briefly, 100 pl of XF-73 at a range of
concentrations (0 - 16 pg/ml) in Mueller Hinton Broth (MHB) was
added to the wells of a 96-well microtiter plate. Overnight bacterial
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cultures in MHB were adjusted to a 0.5 McFarland standard and
diluted 10-fold. Five ml of these cultures were added to each drug
concentration to generate an inoculum ca. 5x10° colony forming
units (CFU)/ml, per well. All plates were subsequently incubated
aerobically at 37°C for 16-20 h and visually analyzed for bacterial
growth. The MIC was defined as the lowest concentration that
completely inhibited visible growth as detected by unaided eye.

Data analysis

Unpaired t test followed by Mann-Whitney test was performed
on the differences in the XF-73 MIC distribution between MRSA and
MSSA using GraphPad Prism version 10.0.1 for Windows, GraphPad
Software, Boston, Massachusetts USA, www.graphpad.com.

Results
XF-73 antimicrobial activity

The distribution of the MICs for all of the Staphylococcus
species tested are shown in Figure 1 and the XF-73 MIC ranges
for the 2,527 clinical isolates consisting of 16 Staphylococcus species
tested is presented in Table 1. Within the bacterial panel 1,919
clinical isolates of S. aureus were tested and the MIC range for XF-
73 was found to be 0.25 - 4 pg/ml (MICs, and MICy, values were 0.5
and lug/ml respectively). Within this S. aureus panel, there were
1,079 MSSA and 840 MRSA isolates and both MSSA and MRSA
had the same MIC range of 0.25 - 4 ug/ml and the same MICs, and
MICy, values of 0.5 and 1 ug/ml respectively. There was no
difference in the XF-73 MIC distribution between the MRSA and
MSSA isolates (Mann-Whitney test; p= 0.21 and median values
both 0.5 pg/ml). The panel also contained 322 S. epidermidis isolates
and the MICs, and MICy, values were 0.5 and 0.5ug/ml
respectively. The distribution of the MICs determined for the
Staphylococcus species where >30 different isolates were screened
is provided in Figure 2.

The MIC:s of the Staphylococcus species which have previously
been isolated from the nose are identified within Table 1. The
geographical location (Table S3), the infection type/location from
which the Staphylococcus species were isolated from (Tables S5, S6),
or the age of the patient (Table 54) did not impact the effectiveness
of XF-73 (Supplementary data).

Of all the staphylococcal isolates tested, a small number (n=27;
1.1% of the total screened) had an MIC for XF-73 of <0.12 pg/ml.
No S. aureus isolates were part of this group. This group was
comprised of S. epidermidis, S. capitis and S. lugdunensis species, all
of which are Coagulase-negative and have previously been isolated
from the nose (Lina et al., 2003; McMurray et al., 2016) and are
associated with biofilm production (Yong et al, 2019). Of the
isolates that were most susceptible to XF-73, 91% were resistant
to B-lactam (penicillin) a cell wall synthesis inhibitor, 83% were
resistant to the fluoroquinolone levofloxacin, a DNA synthase
inhibitor, 78% were resistant to the macrolide clarithromycin, a
protein synthesis inhibitor and 56% were resistant to the antifolate
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FIGURE 1
XF-73 MIC distribution for all 2,527 Staphylococcus isolates tested.

TABLE 1 XF-73 MIC ranges for the Staphylococcus species tested.

Staphylococcus species = Number of isolates XF-73 MIC range (ug/ml) MICsq/90 (ug/ml) Dalbavancin MIC range

(ug/ml)
All Staphylococcus species 2,527 <0.12-4 0.5/1 <0.06->0.5
Staphylococcus aureus*™ 1,919 0.25-4 0.5/1 <0.12->0.5
MRSA® 840 0.25-4 0.5/1 <0.12->0.5
MSSA™ 1,079 0.25-4 0.5/1 <0.12->0.5
Staphylococcus capitis® 38 <0.12-1 0.5/1 <0.06->0.5
Staphylococcus caprae 7 0.25-2 ND* <0.06->0.25
Staphylococcus cohnii® 1 0.25 ND* 0.12
Staphylococcus condimenti 1 0.25 ND* 0.12
Staphylococcus epidermidis® 322 <0.12-2 0.5/0.5 <0.12-0.5
Staphylococcus haemolyticus® 93 0.25-4 0.5/1 <0.06->0.5
Staphylococcus hominis® 70 0.25-2 0.5/0.5 <0.06->0.5
Staphylococcus intermedius” 1 0.25 ND* <0.06
Staphylococcus lugdunensis® 39 <0.12-1 0.5/1 <0.06->0.25
Staphylococcus pasteuri® 3 0.5-1 ND* <0.06
Staphylococcus pettenkoferi® 11 0.25-0.5 ND* <0.06-0.12
Staphylococcus saprophyticus® 4 0.25-0.5 ND* <0.06-0.12
Staphylococcus sciuri 1 0.25 ND* 0.25
Staphylococcus simulans® 6 0.25-0.5 ND* <0.06-0.12
Staphylococcus warneri® 11 0.25-2 ND* <0.06-0.25

ND*, Not determined as number of isolates too low to obtain a MICsg, value; ‘Staphylucoccus species associated with the nose (Lina et al., 2003; McMurray et al., 2016); *Coagulase-positive - all
others are Coagulase-negative.
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FIGURE 2

XF-73 MIC distribution for Staphylococcus species where >30 isolates per species tested.

trimethoprim/sulfmethoxazole, a folate synthesis inhibitor. Of all
the staphylococcal isolates tested, a very small number (n=8; 0.3%)
had an MIC of 4pg/ml. This is within 3 dilution concentrations of
the MICy, and therefore is within acceptable MIC QC ranges
associated with the CLSI broth microdilution MIC assay
procedure (CLSI, 2020).

Impact of the presence of multidrug-
resistance mechanisms on the activity
of XF-73

The panel of Staphylococcus species tested included isolates that
were sensitive and resistant to 22 different antibiotics
(Supplementary Table SI). Of these, the antibiotic resistance
profile for 10 antibiotics were common to those previously
reported for the Staphylococcus species tested by Farrell et al.
(2010). The presence of all pre-existing resistance mechanisms
was found to not impact the antimicrobial activity of XF-73
(Supplementary Table S2).

MRSA is defined as MDR following a joint initiative by the
European Centre for Disease Prevention and Control (ECDC) and
the Centers for Disease Control and Prevention (CDC), to create a
standardized international terminology with which to describe
acquired resistance profiles in S. aureus (Magiorakos et al., 2012)
and in the panel tested, both MRSA and MSSA had the same MIC
range of 0.25 - 4 pg/ml, the same MICs, and MICy, values of 0.5 and
1 pg/ml respectively. The presence of additional antibiotic
resistance within the MRSA isolates also had no impact on the
XF-73 MIC range (Supplementary Table S2). The Global Antibiotic
Research & Development Partnership (GARD-P) define MDR as a
lack of susceptibility to at least one agent in three or more chemical
classes of antibiotic (e.g. a B-lactam, cephalosporin and a macrolide)
(Link). Applying this definition to the other Staphylococcus species
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tested, 6% of the MSSA isolates tested were MDR (65/1079 isolates)
and the XF-73 MIC range was 0.25 - 2ug/ml, the MICs, and MICy,
values were 0.5 and 1 pg/ml for MDR isolates and 0.25 - 4 pug/ml, 0.5
and 1 pg/ml respectively for non-MDR isolates. For S. epidermidis,
43% of the isolates tested were MDR (140/322 isolates) and the XF-
73 MIC range was <0.12 - 2 pg/ml, the MIC5, and MICy, values
were 0.25 and 0.5 pg/ml for MDR isolates and <0.12 - 2 pg/ml, 0.5
and 0.5 pg/ml respectively for non-MDR isolates. For .
haemolyticus, 54% of the isolates tested were MDR (50/93
isolates) and the XF-73 MIC range was 0.25 — 2 pg/ml, the MICs,
and MICy, values were 0.5 and 1 pig/ml for MDR isolates and 0.25 —
4 ug/ml, 0.5 and 1 pg/ml respectively for non-MDR isolates.
Although 24% of the S. hominis isolates tested were MDR (17/70)
there were insufficient numbers of isolates to determine MICs, and
MICy, values for XF-73, but the MIC ranges for MDR and non-
MDR isolates were similar (0.25 - 2 ug/ml and 0.25 - 1pg/ml
respectively) (Supplementary Table S2).

Discussion

SSIs are among the most common healthcare-associated
infections and are associated with longer post-operative hospital
stays, additional surgical procedures, treatment in intensive care
units and higher mortality. Staphylococcus species are responsible
for a substantial percentage of SSIs and therefore are a major focus
in the prevention of SSIs. A recent European Centre for Disease
Prevention and Control Report from 2023 identified that S. aureus
and Coagulase-negative staphylococci were reported in 29.2% of all
SSIs in a survey of 7,816 SSIs from 11 countries (ECDC, 2023).

The results reported in this study demonstrate that XF-73 has
similar antimicrobial activity against all of the staphylococcal
species tested, irrespective of the existing antibiotic resistance
profile. A screen of 3,929 clinical isolates of MRSA and MSSA
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from 12 different countries against linezolid, tigecycline and
vancomycin reported MICs, and MICy, values (Karlowsky et al,
2017) that were either identical, or within one MIC dilution factor,
to those reported in this study. Similarly, another screen against 756
MRSA and MSSA clinical isolates obtained from across Europe and
Russia against the same three antibiotics (Riccobono et al., 2022)
also reported similar MIC5, and MICy ranges. The manuscript by
Riccobono et al. (2022) also report MICso and MICy, values for the
same three antibiotics against 218 Coagulase negative
Staphylococcus species isolates, which are also either identical, or
within one MIC dilution factor, to those reported in this study. The
comparator antibiotic MICsq and MICy, results in this study are
therefore similar to other results reported in the literature.

The data presented here expands significantly on the
antimicrobial activity of XF-73 against staphylococcal isolates
previously reported (Farrell et al, 2010). In total, over 2,500
staphylococcal clinical isolates were tested within this study
consisting of 16 different Staphylococcus species from 33 different
countries and isolated from 5 different clinical presentations. The
MIC range for XF-73 against all of the Staphylococcus species was
within a narrow range (<0.12 - 4 pg/ml) with an MICs, and MICq,
(where determined) of 0.5 and 1 ug/ml respectively, demonstrating
that XF-73 has potent antimicrobial activities against all 16
Staphylococcus species tested.

The Staphylococcus species isolates were carefully selected to
include antibiotic sensitive and resistant isolates, including MRSA;
MSSA; antibiotic-susceptible and resistant Staphylococcus epidermidis
and examples of Staphylococcus species clinical isolates resistant to
cell wall synthesis inhibitors (-lactams, carbapenems, glycopeptides
and cephalosporins), protein synthesis inhibitors (oxazolidinones,
macrolides and tetracyclines) and DNA synthesis inhibitors
(fluoroquinolones) and folate synthesis inhibitors (antifolate). The
results demonstrate that all pre-existing antibiotic resistance
mechanisms were not found to impact the antimicrobial activity of
XF-73. The inclusion of MDR S. aureus isolates in the test panel
confirmed that XF-73 has equivalent activity even against these
highly antibiotic resistant isolates, which demonstrates that nasal
decolonization using XF-73 is likely to be equally effective even when
such S. aureus isolates are present in the nares. Such an attribute
could disrupt the spread of such resistant isolates, as well as reducing
the incidence of nasal decolonization treatment failures.

The broad anti-staphylococcal activity of XF-73, which includes
12 Staphylococcus species that have been reported to be isolated
from the nose suggests that in addition to the ability of XF-73 to
significantly reducing the nasal burden of S. aureus which has been
demonstrated in clinical studies, including those in patients
(Mangino et al, 2023), the application of XF-73 to the anterior
nares is also likely to significantly reduce the nasal burden of all
Staphylococcus species that may be present, providing additional
protection against surgical infections caused by other
Staphylococcus species. The mutational resistance profile for XF-
73 has been previously demonstrated to be superior to that of
mupirocin in in vitro multi-passage studies (Farrell et al., 2011), and
arecent study has demonstrated that XF-73 has equal in vitro and in
vivo antimicrobial activity against S. aureus isolates that are
mupirocin-sensitive, low-level (MIC 16 ug/ml) and high-level
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(4,096 pg/ml) mupirocin resistant (Zhang et al., 2023), therefore
XF-73 is a potential new candidate for nasal decolonization and the
clinical trials undertaken to date have demonstrated an appropriate
safety profile and rapid reduction in S. aureus nasal load (Yendewa
et al., 2020; Mangino et al., 2023).

The attributes of XF-73 also suggest that it could have utility for
the treatment of a range of S. aureus infections, and XF-73 is also
currently being developed for the treatment of superficial skin
infections and for the prevention and treatment of serious
infections associated with burns and open wounds such as
diabetic foot ulcers.

These findings support the continued clinical development of
XF-73 as an effective anti-staphylococcal drug.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Author contributions

WR: Conceptualization, Project administration, Supervision,
Writing — original draft, Writing — review & editing. HG: Formal
Analysis, Writing - review & editing. WL: Conceptualization,
Funding acquisition, Writing - review & editing.

Conflict of interest

Authors WR, HG & WL were employed by the company
Destiny Pharma plc. WL is a shareholder of Destiny Pharma plc.

The authors declare that this study received funding from
Destiny Pharma plc (Brighton, United Kingdom) and undertaken
by Oppilotech Ltd. (London, United Kingdom). The funder had the
following involvement in the study: study design, analysis,
interpretation of data, the writing of this article and the decision
to submit it for publication.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fcimb.2023.1264456/

full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcimb.2023.1264456/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2023.1264456/full#supplementary-material
https://doi.org/10.3389/fcimb.2023.1264456
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Rhys-Williams et al.

References

Bratzler, D. W., Dellinger, E. P., Olsen, K. M., Perl, T. M., Auwaerter, P. G., Bolon, M.
K., et al. (2013). Clinical practice guidelines for antimicrobial prophylaxis in surgery.
Am. ]. Health-System Pharmacy 70 (3), 195-283. doi: 10.2146/ajhp120568

CLSI (2020). Performance Standards for Antimicrobial Susceptibility Testing, M100.
30th Edition (Wayne, PA: Clinical and Laboratory Standards Institute).

Dadashi, M., Hajikhani, B., Darban-Sarokhalil, D., van Velcum, A., and Goudarzi, M.
(2020). Mupirocin resistance in Staphylococcus aureus: A systematic review and meta-
analysis. J. Global Antimicrobial. Resistance 20, 238-247. doi: 10.1016/
j.jgar.2019.07.032

Engelman, D. T,, Ben Ali, W., Williams, J. B., Perrault, L. P., Reddy, V. S., Arora, R.
C., etal. (2019). Guidelines for perioperative care in cardiac surgery: enhanced recovery
after surgery society recommendations. JAMA Surgery 154 (8), 755-766. doi: 10.1001/
jamasurg.2019.1153

European Centre for Disease Prevention and Control (2023). “Healthcare-associated
infections: surgical site infections,” in ECDC. Annual epidemiological report for 2018-
2020 (Stockholm: ECDC).

Farrell, D. J., Robbins, M., Rhys-Williams, W., and Love, W. G. (2010). In vitro
activity of XF-73, a novel antibacterial agent, against antibiotic-sensitive and -resistant
Gram-positive and Gram-negative bacterial species. Int. J. Antimicrobial. Agents 35 (6),
531-536. doi: 10.1016/j.ijjantimicag.2010.02.008

Farrell, D. J., Robbins, M., Rhys-Williams, W, and Love, W. G. (2011). Investigation
of the potential for mutational resistance to XF-73, retapamulin, mupirocin, fusidic
acid, daptomycin, and vancomycin in methicillin-resistant Staphylococcus aureus
isolates during a 55-passage study. Antimicrobial. Agents Chemother. 55 (3), 1177-
1181. doi: 10.1128/AAC.01285-10

GlaxoSmithKline (1987) BACTROBAN (mupirocin) ointment. US Food and Drug
Administration. Available at: https://www.accessdata.fda.gov/drugsatfda_docs/label/
2017/050591s0341bl.pdf.

Huang, S. S, Septimus, E., Kleinman, K., Moody, J., Hickok, J., TR, A., et al. (2013).
Targeted versus universal decolonization to prevent ICU infection. New Engl. J. Med.
368 (24), 2255-2265. doi: 10.1056/NEJMoal207290. Erratum: (2013) The New
England Journal of Medicine. 369(6):587.

Karlowsky, J. A., Hackel, M. A., Bouchillon, S. K., Alder, J., and Sahm, D. F. (2017). In
Vitro activities of Tedizolid and comparator antimicrobial agents against clinical
isolates of Staphylococcus aureus collected in 12 countries from 2014 to 2016. Diagn.
Microbiol. Infect. Dis. 89 (2), 151-157. doi: 10.1016/j.diagmicrobio.2017.07.001

Lina, G., Boutite, F., Tristan, A., Bes, M., Etienne, J., and Vandenesch, F. (2003).
Bacterial competition for human nasal cavity colonization: role of staphylococcal agr
alleles. Appl. Environ. Microbiol. 69 (1), 18-23. doi: 10.1128/AEM.69.1.18-23.2003

Ling, M. L., Apisarnthanarak, A., Abbas, A., Morikane, K., Lee, K. Y., Warrier, A.,
et al. (2019). APSIC guidelines for the prevention of surgical site infections.
Antimicrobial. Resistance Infect. Control. 8, 174. doi: 10.1186/s13756-019-0638-8

MacLean, R. C. (2020). Assessing the potential for staphylococcus aureus to evolve
resistance to XF-73. Trends Microbiol. 28 (6), 432-435. doi: 10.1016/j.tim.2020.03.011

Magiorakos, A. P., Srinivasan, A., Carey, R. B., Carmeli, Y., Falagas, M. E., Giske, C.
G,, et al. (2012). Multidrug-resistant, extensively drug-resistant and pandrug-resistant
bacteria: an international expert proposal for interim standard definitions for acquired
resistance. Clin. Microbiol. Infect. 18, 268-281. doi: 10.1111/j.1469-0691.2011.03570.x

Mangino, J. E., Firstenberg, M. S., Milewski, R. K. C., Rhys-Williams, W., Lees, J. P.,
Dane, A, et al. (2023). Exeporfinium chloride (XF-73) nasal gel dosed over 24 hours
prior to surgery significantly reduced Staphylococcus aureus nasal carriage in cardiac
surgery patients: Safety and efficacy results from a randomized placebo-controlled
phase 2 study. Infect Control Hosp Epidemiol 44 (7), 1-3. doi: 10.1017/ice.2023.17

McMurray, C. L., Hardy, K. J., Calus, S. T., Loman, N. J., and Hawkey, P. M. (2016).
Staphylococcal species heterogeneity in the nasal microbiome following antibiotic

Frontiers in Cellular and Infection Microbiology

07

10.3389/fcimb.2023.1264456

prophylaxis revealed by tuf gene deep sequencing. Microbiome 4 (1), 63. doi: 10.1186/
540168-016-0210-1

Michels, R., Last, K., Becker, S. L., and Papan, C. (2021). Update on coagulase-
negative staphylococci-what the clinician should know. Microorganisms 9, 830.
doi: 10.3390/microorganisms9040830

National Institute for Health and Care Excellence (2019) Surgical site infections:
prevention and treatment. Available at: https://www.nice.org.uk/guidance/ngl25/
resources/surgical-site-infections-prevention-and-treatment-pdf-66141660564421.

Ooi, N., Miller, K., Hobbs, J., Rhys-Williams, W., Love, W., and Chopra, L. (2009).
XF-73, a novel antistaphylococcal membrane-active agent with rapid bactericidal
activity. J. Antimicrobial. Chemother. 64 (4), 735-740. doi: 10.1093/jac/dkp299

Ooi, N., Miller, K., Randall, C., Rhys-Williams, W., Love, W., and Chopra, I. (2010).
XF-70 and XF-73, novel antibacterial agents active against slow-growing and non-
dividing cultures of Staphylococcus aureus including biofilms. J. Antimicrobial.
Chemother. 65 (1), 72-78. doi: 10.1093/jac/dkp409

Popovich, K. J., Aureden, K., Ham, D. C,, Harris, A. D., Hessels, A. J., Huang, S. S,,
et al. (2023). SHEA/IDSA/APIC Practice Recommendation: Strategies to prevent
methicillin-resistant Staphylococcus aureus transmission and infection in acute-care
hospitals: 2022 Update. Infect. Control Hosp. Epidemiol. 44 (7), 1-29. doi: 10.1017/
ice.2023.102

Riccobono, E., Giani, T., Baldi, G., Arcangeli, S., Antonelli, A., Tellone, V., et al.
(2022). Update on activity of dalbavancin and comparators against clinical isolates of
Gram-positive pathogens from Europe and Russia, (2017-2018), and on clonal
distribution of MRSA. Int. J. Antimicrob. Agents 59 (2), 106503. doi: 10.1016/
j.ijantimicag.2021.106503

Seidelman, J. L., Mantyh, C. R., and Anderson, D. J. (2023). Surgical site infection
prevention: A review. JAMA 329 (3), 244-252. doi: 10.1001/jama.2022.24075

Sway, A., Solomkin, J. S., Pittet, D., and Kilpatrick, C. (2018). Methodology and
background for the world health organization global guidelines on the prevention of
surgical site infection. Surg. Infect. (Larchmt). 19 (1), 33-39. doi: 10.1089/sur.2017.076

von Eiff, C., Becker, K., Machka, K., Stammer, H., and Peters, G. (2001). Nasal
carriage as a source of Staphylococcus aureus bacteremia. Study Group. New Engl. J.
Med. 344 (1), 11-16. doi: 10.1056/NEJM200101043440102

Wertheim, H. F., Vos, M. C,, Ott, A., van Belkum, A., Voss, A., Kluytmans, J. A, et al.
(2004). Risk and outcome of nosocomial Staphylococcus aureus bacteremia in nasal
carriers versus non-carriers. Lancet 364 (9435), 703-705. doi: 10.1016/S0140-6736(04)
16897-9

Yendewa, G. A, Griffiss, J. M., Jacobs, M. R, Fulton, S. A., O'Riordan, M. A., Gray,
W. A, et al. (2020). A two-part phase 1 study to establish and compare the safety and
local tolerability of two nasal formulations of XF-73 for decolonization of
Staphylococcus aureus: A previously investigated 0.5mg/g viscosified gel formulation
versus a modified formulation. J. Global Antimicrobial. Resistance 21, 171-180.
doi: 10.1016/j.jgar.2019.09.017

Yong, Y. Y., Dykes, G. A., and Choo, W. S. (2019). Biofilm formation by
staphylococci in health-related environments and recent reports on their control
using natural compounds. Crit. Rev. Microbiol. 45 (2), 201-222. doi: 10.1080/
1040841X.2019.1573802

Zabaglo, M., and Sharman, T. (2022). “Postoperative wound infection,” in StatPearls
[Internet] (Treasure Island (FL: StatPearls Publishing). Available at: https://www.ncbi.
nlm.nih.gov/books/NBK560533/.

Zhang, C, 1i, J,, Lu, R,, Wang, S., Fu, Z,, and Yao, Z. (2023). Efficacy of a novel
antibacterial agent exeporfinium chloride, (XF-73), against antibiotic-resistant bacteria
in mouse superficial skin infection models. Infect. Drug Resist. 16, 4867-4879.
doi: 10.2147/IDR.S417231

frontiersin.org


https://doi.org/10.2146/ajhp120568
https://doi.org/10.1016/j.jgar.2019.07.032
https://doi.org/10.1016/j.jgar.2019.07.032
https://doi.org/10.1001/jamasurg.2019.1153
https://doi.org/10.1001/jamasurg.2019.1153
https://doi.org/10.1016/j.ijantimicag.2010.02.008
https://doi.org/10.1128/AAC.01285-10
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/050591s034lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/050591s034lbl.pdf
https://doi.org/10.1056/NEJMoa1207290
https://doi.org/10.1016/j.diagmicrobio.2017.07.001
https://doi.org/10.1128/AEM.69.1.18-23.2003
https://doi.org/10.1186/s13756-019-0638-8
https://doi.org/10.1016/j.tim.2020.03.011
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.1017/ice.2023.17
https://doi.org/10.1186/s40168-016-0210-1
https://doi.org/10.1186/s40168-016-0210-1
https://doi.org/10.3390/microorganisms9040830
https://www.nice.org.uk/guidance/ng125/resources/surgical-site-infections-prevention-and-treatment-pdf-66141660564421
https://www.nice.org.uk/guidance/ng125/resources/surgical-site-infections-prevention-and-treatment-pdf-66141660564421
https://doi.org/10.1093/jac/dkp299
https://doi.org/10.1093/jac/dkp409
https://doi.org/10.1017/ice.2023.102
https://doi.org/10.1017/ice.2023.102
https://doi.org/10.1016/j.ijantimicag.2021.106503
https://doi.org/10.1016/j.ijantimicag.2021.106503
https://doi.org/10.1001/jama.2022.24075
https://doi.org/10.1089/sur.2017.076
https://doi.org/10.1056/NEJM200101043440102
https://doi.org/10.1016/S0140-6736(04)16897-9
https://doi.org/10.1016/S0140-6736(04)16897-9
https://doi.org/10.1016/j.jgar.2019.09.017
https://doi.org/10.1080/1040841X.2019.1573802
https://doi.org/10.1080/1040841X.2019.1573802
https://www.ncbi.nlm.nih.gov/books/NBK560533/
https://www.ncbi.nlm.nih.gov/books/NBK560533/
https://doi.org/10.2147/IDR.S417231
https://doi.org/10.3389/fcimb.2023.1264456
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Screening of the novel antimicrobial drug, XF-73, against 2,527 Staphylococcus species clinical isolates
	Introduction
	Materials and methods
	Microorganisms
	Antimicrobial drugs
	XF drugs
	Antibiotics

	Susceptibility of bacteria to XF-73 using broth microdilution
	Data analysis

	Results
	XF-73 antimicrobial activity
	Impact of the presence of multidrug-resistance mechanisms on the activity of XF-73

	Discussion
	Data availability statement
	Author contributions
	Supplementary material
	References


