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ABSTRACT

Introduction: The global spread of multidrug-
resistant organisms (MDROs), particularly the
World Health Organization (WHO) priority
pathogens, poses a major challenge to infection
treatment, necessitating alternative therapeutic
strategies. Monoclonal antibodies (mAbs) have
emerged as a potential approach. This review

Marco Piscaglia and Giovanni Scaglione share first
authorship.

Marta Colaneri and Emanuele Palomba share last
authorship.

Prior Presentation: A preliminary abstract of this
scoping review’s results was presented by Dr. E. Palomba
at ESCMID 2025 (Vienna, 10-15th of April 2025) in the
paper poster presentations session on Sunday, 13th of
April.

Supplementary Information The online version
contains supplementary material available at
https://doi.org/10.1007/s40121-025-01195-2.

M. Piscaglia - G. Scaglione - C. Genovese -

F. Borgonovo - F. Brivio - A. Gori - M. Colaneri (P<) -
E. Palomba

Department of Infectious Diseases, Luigi Ospedale
Luigi Sacco, University of Milan, Milan, Italy
e-mail: marta.colaneri@gmail.com

F. Rampichini
Library of Medicine and Surgery, University
of Milan, Milan, Italy

evaluates the clinical efficacy, safety, and limita-
tions of mAbs targeting critical bacterial patho-
gens, analyzing factors influencing therapeutic
outcomes, and proposing strategies to optimize
their clinical application.

Methods: A comprehensive analysis of clini-
cal trials investigating antibacterial mAbs was
conducted. The review assessed key factors influ-
encing therapeutic outcomes, including trial
design, patient heterogeneity, and pharmacoki-
netics (PK). Comparative analysis was performed
to examine differences in efficacy, safety, and
limitations across studies. A structured risk of
bias assessment was performed using Cochrane
Methods’ tools.
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Results: Owing to the low number of studies
against MDROs, all trials about mAbs targeting
Staphylococcus aureus (SA) and Pseudomonas aer-
uginosa (PA) were included, disregarding resist-
ance profiles. Generally, clinical trials evaluat-
ing antibacterial mAbs have shown preliminary
evidence. For PA, panobacumab exhibited a
tavorable safety profile but lacked clear clinical
benefits, showing a good survival rate but in a
small uncontrolled trial. Rivabazumab reduced
bacterial colonization, but did not significantly
lower pneumonia incidence. Gremubamab was
well tolerated but failed to meet efficacy end-
points. For SA, tosatoxumab and suvratoxumab
failed to show statistical significance but may
have potential benefits for pneumonia, although
phase III trials are needed.

Conclusions: Inconsistent efficacy may stem
from complex host-pathogen interactions,
biofilm formation, and variations in patient
immune status. Future trials should investigate
early mAb administration, stratified patient
selection, and standardized antibiotic coad-
ministration, poorly addressed thus far. Opti-
mized dosing and mAb combination regimens
are promising yet unexplored paths, while high
production costs and regulatory issues remain a
significant barrier.

Keywords: Monoclonal antibodies; Multidrug-
resistant; Antimicrobial resistance; Novel
treatments

The increasing global threat of multidrug-
resistant organisms (MDROs), mostly sus-
tained by pathogens included in the World
Health Organization (WHO) bacterial priority
pathogens list, poses serious treatment chal-
lenges and an economic burden, driving the
exploration of alternative therapeutic strate-
gies, such as monoclonal antibodies (mAbs),
to address an unmet clinical need.

The study mapped the existing clinical trials
on the efficacy and safety of mAbs targeting
key WHO priority pathogens, specifically
Staphylococcus aurens (SA) and Pseudomonas aerngi-
nosa (PA), exploring reported outcomes, phar-
macokinetics (PKs), and safety profiles.

In this scoping review, 18 eligible papers were
included, 11 via a predefined search strategy
and 7 manually added via backward snow-
balling, highlighting consistent safety but
mixed results regarding the effectiveness of
mADbs in clinical trials.

Inconsistent efficacy may be a result of multi-
ple factors, including trial limitations, patient
heterogeneity, and pathogen diversity

mAbs could be a promising novel therapeutic
approach against critical bacteria. Yet, many
challenges have to be overcome in future
studies in order to enhance the informativity
and reproducibility of clinical trials on these
agents.

INTRODUCTION

Antimicrobial resistance (AMR) is significantly
increasing worldwide [1]. This growing trend
is largely sustained by bacterial pathogens
included in the critical and high-priority groups
of the World Health Organization (WHO) bac-
terial priority pathogens list of 2024 [2]. While
key drivers of AMR include overuse of antibiot-
ics in healthcare and agriculture and inadequate
infection control, effective measures to mitigate
its growing trend also involve the development
of novel treatments [3]. Since novel antibiotic
classes and combinations modifying existing
chemical structures have not been sufficient to
keep up with the evolving resistance, there is a
current urgent need for innovative therapeutic
strategies [4]. Several different promising non-
antibiotic antibacterial approaches have been
tested over the last years. They include bacte-
riophage therapy, which employs viruses to
specifically target and lyse bacterial pathogens,
and antimicrobial peptides that disrupt bacte-
rial membranes. Moreover, nanoparticles offer
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targeted delivery of antimicrobial agents,
enhancing efficacy and reducing resistance.
Antivirulence agents work by inhibiting bacte-
rial pathogenic mechanisms without killing the
bacteria, thereby reducing selective pressure for
resistance. In addition, CRISPR-Cas9 technology
has been explored to selectively target and dis-
rupt bacterial genomes [5]. Among these strate-
gies, monoclonal antibodies (mAbs) have also
been developed as potential therapies against
bacterial pathogens, including high-mortality
pathogens and multidrug-resistant organisms
(MDROs), offering several advantages. These
agents act through diverse mechanisms, includ-
ing the neutralization of bacterial virulence fac-
tors (e.g., toxins and secretion system proteins)
and the targeting of structural components such
as surface adhesins or polysaccharides. This
specificity of action reduces off-target effects,
minimizes toxicity compared with traditional
antibiotics, and helps preserve host microbiota,
potentially preventing the spread of difficult-
to-treat organisms [6]. In addition, in immu-
nocompromised patients, mAbs might provide
passive protection, overcoming deficiencies in
immune responses [7]. Finally, mAbs generally
have longer half-lives, requiring fewer doses,
and possibly improving patient compliance [8].

Along with these potential advantages, mAbs
application against critical bacteria, such as
Enterococcus faecium, Staphylococcus aureus, Kleb-
siella pneumoniae, Acinetobacter baumannii, Pseu-
domonas aeruginosa, and Enterobacter species
(ESKAPE) pathogens, faced some challenges, and
preclinical models often failed to predict clini-
cal outcomes [9]. Furthermore, high production
costs restrict accessibility, particularly in low-
resource settings [10] and immune responses
such as antidrug antibodies (ADA) may reduce
efficacy and increase adverse effects [11].

As no comprehensive summary of this topic is
currently available, we wanted to explore the use
of mAbs against critical bacteria, focusing specif-
ically on clinical studies in humans rather than
in vitro research. By mapping existing human
studies, we aimed to provide a clearer overview
of the preventive and therapeutic usage, safety
and pharmacokinetic (PK) parameters, and
potential limitations of mAbs directed against
WHO priority bacteria in clinical settings.

METHODS

This scoping review partially follows the guide-
lines of the Preferred Reporting Items for System-
atic Reviews and Meta-Analysis (PRISMA) state-
ment for the search strategy [12]. The PRISMA
checklist for this scoping review is provided in
the Supplementary Materials (Supplementary
Table S1). The protocol was registered on OSF
(https://doi.org/10.17605/OSEIO/4N5Y2).

Information Sources

Data were collected screening the major scien-
tific databases (Medline, Embase, Web of Sci-
ence, Scopus, Cochrane), up to March 2024.
Research strategy included terms such as “mono-

noous

clonal”, “antibodies”, “immunotherapy”, “bac-
teria”, “resistance”. The full list of terms and the
complete research strategy is presented in the

Supplementary Materials.
Eligibility Criteria and Study Selection

With this scoping review, we wanted to explore
the administration of mAbs active against
MDROs in clinical and research settings. How-
ever, despite the initial eligibility criteria being
focused on trials specifically targeting MDROs,
we decided to revise the search strategy owing
to the paucity of results and the characteristics
of the studies that underwent full-text screen-
ing. In particular, our definitive search strategy
finally included articles that met the criteria of
use of mAbs against gram-negative and gram-
positive bacteria according to the bacterial prior-
ity pathogen list by the World Health Organiza-
tion (WHO) in humans [2], disregarding their
resistance profile. This list includes pathogens
such as drug-resistant Enterobacterales, Entero-
cocci, Streptococci, Staphylococcus aureus (SA), P.
aeruginosa (PA), A. baumannii, Salmonella spp.,
Shigella spp., Haemophilus influenzae, and Neis-
seria spp.

Eligible studies included prospective inter-
ventional studies, both comparative and non-
comparative. Interventions consisted of mAbs
administered for either prophylactic or thera-
peutic purposes. Additional inclusion criteria
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required articles to be written in English and
published in peer-reviewed journals. Since we
wanted to explore the clinical use of mAbs in
humans against first MDROs and then critical/
priority pathogens, disregarding resistance pro-
files, we proceeded to exclude all studies non-
informative on this topic. Exclusion criteria at
the title and abstract screening stage were: (1)
in vitro studies (2) animal model research, (3)
noninterventional studies (observational stud-
ies, letters, editorials), (4) studies on nonbacte-
rial pathogens (e.g., viruses, fungi, parasites, and
mycobacteria); (5) studies on mAbs against bac-
terial pathogens without in vivo administration
of the compound to treat or prevent a bacterial
infection; (6) studies not regarding mAbs; and
(7) grey literature (such as conference posters
or abstracts). Furthermore, all duplicate studies
were removed.

In the full-text screening stage, we proceeded
to exclude all studies with literature review
designs, studies not actually describing mAb
administration in human subjects, or not focus-
ing on MDROs, particularly extended-spectrum
beta-lactamases producing Emnterobacterales,
carbapenemase-producing Enterobacterales, PA,
A. baumannii, vancomycin-resistant Enterococci,
and methicillin-resistant SA. However, five stud-
ies with limited sample sizes reported on resist-
ance profiles. Therefore, we revised the search
strategy, leaving the title/abstract screening cri-
teria unmodified, and abandoned the MDRO
selection criteria at the full-text screening stage
in favor of the WHO critical pathogens list crite-
ria, which meant excluding studies focusing, for
example, on mAb administration for Clostridi-
oides difficile, Helicobacter pylori, Francisella tular-
ensis, or Bacillus anthracis, while studies focusing
on any WHO critical pathogen, according to its
2024 version, were included, disregarding their
resistance profile.

In addition to database searches, we applied a
systematic backward snowballing strategy, which
means that: (1) two reviewers (M.P. and G.S.)
independently screened the reference lists of all
included studies, (2) we extracted and screened
titles and abstracts of potentially relevant cita-
tions using the same eligibility criteria applied
to database searches, and (3) we applied a snow-
balling process in an iterative way. Specifically,

reference lists of newly included studies from
snowballing were screened until no additional
eligible studies were identified, and the number
of additional studies identified through snow-
balling were tracked separately from database
results. Finally, any disagreements during snow-
balling screening were resolved through discus-
sion or consultation with a third reviewer (E.P.).

The study selection process was conducted
using the Rayyan software (http://rayyan.qcri.
org/). Five reviewers (M.P.,, G.S., EB., EBo., and
C.G.) independently screened the titles and
abstracts of all records to determine eligibility
for full-text review. Any disagreements were
resolved through consultation with two addi-
tional reviewers (E.P. and M.C.). The included
articles were thoroughly reviewed in full by a
reviewer different from the one who performed
the initial screening.

Data Extraction

After the screening phase, data were indepen-
dently extracted by five reviewers (M.P., G.S.,
EB., EBo., and C.G.), and all results were thor-
oughly cross-checked for accuracy. The extracted
data included descriptive information such as
study design, setting, population, study aims,
primary and secondary outcomes. The data-
extraction matrix was created in Microsoft
Excel to capture key study characteristics (e.g.,
author, year, pathogen targeted, mAb agent,
trial phase, population, intervention details,
outcome measures, and safety/adverse events).
Prior to full extraction, two reviewers (G.S. and
F.Bo.) independently piloted the template on a
random sample of five included studies (=20% of
the initial corpus). The template was then shared
with the other coauthors, and when discrepan-
cies were found, a third reviewer (C.G.) settled
them.

Three review authors (M.P.,, G.S., and E.B.)
independently assessed risk of bias using the
Cochrane “risk of bias in randomized trials”
tool (ROB2) for all safety and clinical efficacy
outcomes separately (when data were provided)
[13]. Differences between ROB2 assessments
were discussed between G.S., EB., and M.P,, until
consensus was reached, and discrepancies were
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resolved. Only one phase I study did not have a
comparator and was evaluated for clinical safety
and efficacy separately with the risk of bias in
nonrandomized studies - of interventions, ver-
sion 2 (ROBINS-I V2) tool’s seven items accord-
ing to Cochrane Methods’ guidelines [14, 135].
We assessed risk of bias in controlled trials using
the following Cochrane ROB2 criteria: (1) bias
arising from the randomization process; (2) bias
owing to deviations from intended interven-
tions; (3) bias owing to missing outcome data;
(4) bias in measurement of the outcome; (5) bias
in selection of the reported result. Figures and
tables were obtained via the robvis visualization
tool [16].

Ethical Approval

The protocol was registered on OSF (https://
doi.org/10.17605/0OSF.10/4N5Y2). This article
is based on previously conducted studies and
does not contain any new studies with human
participants or animals performed by any of the
authors.

RESULTS

We identified a total of 5016 records. Figure 1
presents the PRISMA flowchart, which illustrates
the study selection process for this review. Of the
5016 studies, 1500 were excluded as duplicates.
Screening was conducted on 3516 papers, lead-
ing to the exclusion of 3350. The full text of
166 articles was assessed, resulting in 11 studies
meeting the inclusion criteria. An additional 7
studies were identified and manually added via
reference list screening, bringing the total num-
ber of eligible papers to 18.

The included clinical trials focused exclu-
sively on mAbs targeting PA and Staphylococ-
cus spp. No trials focusing on Enterobacte-
rales, Enterococci, or other gram-positive and
gram-negative microorganisms included in
the WHO priority pathogen list of 2024 were
retrieved.

Of the included studies, only 5 out of 18
(27.8%) provided data on resistance mecha-
nisms or documented resistance to one or

more antimicrobial agents. In all five studies,
antimicrobial resistance was only described in
the baseline population characteristics, and no
subgroup analyses on safety, efficacy, and PK
outcomes were performed according to antimi-
crobial resistance profiles. Furthermore, none
of these studies discussed the potential impact
of the resistance profile on any considered out-
come. Of the remaining 13 studies, 4 were phase
I studies conducted on healthy volunteers, one
study was only focusing on PA serotype but not
on antimicrobial resistance, and the remaining
8 did not mention resistance profiles, mecha-
nisms, or any other data potentially informing
on the susceptibility to antimicrobial agents.

Given the paucity of studies, and the hetero-
geneity of their designs and outcomes, we pre-
sent a narrative synthesis of articles that met
the criteria of use of mAbs against gram-nega-
tive and gram-positive bacteria included in the
WHO bacterial priority pathogen list, disregard-
ing their resistance profile.

Monoclonal Antibodies (mAbs) Against
Pseudomonas aeruginosa (Table 1)

Panobacumab (KBPA-101)

Panobacumab is a fully human immunoglobu-
lin (Ig) M(k) mAD targeting the O-polysaccha-
ride of PA serotype O11 lipopolysaccharide,
which accounts for approximately 20% of
all PA isolates. It is designed to kill the bacte-
rium by mediating complement-dependent
opsonophagocytosis.

The clinical efficacy of panobacumab was
evaluated in a phase II study in 18 critically
ill patients with hospital-acquired PA (sero-
type O11) pneumonia (HAP), 15 of whom were
affected by ventilator-associated pneumonia
(VAP). In the intention-to-treat analysis of 17
patients, 14 out of 17 patients (82.4%) survived
to day 30, and 11 out of 17 (64.7%) achieved
clinical resolution, suggesting a potentially
favorable efficacy profile despite the absence
of a comparator arm. Relapses occurred in two
patients, with an overall high cure rate. Antibi-
otic regimens were uncontrolled across patients
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Identification of studies via databases and registers

5016 records identified from
Embase (n=2091)
Ovid MEDLINE (n=1081)
Web of science (n=257)
Scopus (n=1553)
Cochrane Central (n=34)

Records screened by title and
abstract
(n=3516)

T

[ Screening ] [Identiﬂcation]

Duplicates
(n=1500)

(Records not meeting the inclusion criteria (n = 3350): \

N\

- Animal studies (n = 616)
- in vitro studies (n = 824)

- mAD for non-infective conditions (n = 764)
- Observational studies on mAbs (n = 404)
- Abstract not in English (n = 3)

- Not reporting data on mAbs (n = 739)

/

"\
Fan) Full-text articles assessed for
= eligibility
2 (n=166)
m \
—
g}
]
g}
=
g Studies included in review
- (n=18)

\
Full-text articles excluded, with reasons (n = 155):
- NomAb administration in humans (n = 45)
- Not focusing on WHO critical pathogens (n = 31)
- Literature reviews (n = 79)
J

Studies included by manual search from included
studies’ references
(n=7)

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flowchart. WHO World Health

Organization, m.A4b/m.Abs monoclonal antibody/antibodies

and treatment was discontinued in three cases
due to serious adverse events (SAEs), including
one death. Overall, panobacumab was well tol-
erated, with no immunogenicity or significant
systemic AEs reported [17].

Similar findings on drug safety were
observed in a previous phase I study involving
32 healthy volunteers, with mild-to-moderate
adverse events (AEs) in 25% of participants,
no SAEs, and no anti-drug antibody (ADA)
formation.

The same study assessed PK at escalating
doses, with panobacumab exhibiting linear PK
with a half-life of 70-95 h [17, 18].

Rivabazumab (KB001)

Rivabazumab is a recombinant, polyethylene
glycol (PEG)ylated, engineered human Fab’
fragment that targets the PcrV protein of PA, a
key component of the type III secretion system
(TTSS), which is involved in the virulence of
PA. The TTSS enables the injection of exotox-
ins into eukaryotic cells, contributing to mac-
rophage and neutrophil cytotoxicity. Owing to
the lack of the Fc effector portion, rivabazumab
acts as a TTSS inhibitory drug. The efficacy of
rivabazumab was assessed in a randomized,
double-blind, placebo-controlled phase IIA trial
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enrolling mechanically ventilated patients colo-
nized with PA. The incidence of PA pneumonia
was lower in the rivabazumab-treated groups
(33% for 3 mg/kg, 31% for 10 mg/kg) compared
with the placebo group (60%) within 28 days
postinfusion. This corresponds to a relative risk
reduction of approximately 47%, though the
study was not powered for formal statistical test-
ing [19]. However, in the randomized controlled
trial (RCT) study by Jain et al., comprising 182
patients with cystic fibrosis (CF), evaluating time
to antibiotic need for worsening respiratory
symptoms, no significant difference between
the groups was observed (HR: 1.0; 95% CI 0.7,
1.4, p=0.995). However, a statistically signifi-
cant increase in FEV1 (+3.2%, 95% CI 1.1-5.3;
p=0.003) was observed in the treatment group
at week 16, indicating improved lung function.
Notably, modest improvements in lung func-
tion and reductions in sputum inflammatory
markers were observed by week 16, and a trend
toward a dose-dependent reduction in sputum
inflammatory markers was observed by day
28. No significant treatment-related AEs were
reported, except for one SAE of elevated hepatic
enzymes of unclear origin [20]. Rivabazumab,
both at doses of 3 mg/kg and 10 mg/kg, was well
tolerated, with no significant immunogenicity,
SAEs, or AEs in two other studies [20, 21]. PK
analyses in another RCT by Milla et al. showed
a mean serum half-life of 11.9 days, and good
lung penetration, with rivabazumab detectable
in endotracheal aspirates [19, 20].

Gremubamab (MEDI3902)

Gremubamab, a bispecific IgG1 mAb targeting
both the PcrV protein and the Psl exopolysac-
charide of PA, was developed to prevent noso-
comial PA pneumonia in high-risk patients
[22]. A 2022 phase II randomized controlled
trial by Chastre et al. evaluated its efficacy in
mechanically ventilated intensive care unit
(ICU) patients colonized with PA. Among the
835 patients receiving 1500 mg of gremubamab,
the incidence of nosocomial PA pneumonia by
day 21 was 22.4%, compared with 18.1% in the
placebo group (80% CI-83.8%, 16.8%; p=0.49),
indicating no significant reduction in pneumo-
nia incidence [23]. Regarding safety, the study

expiratory volume in the first second, GI gastrointestinal, JCU intensive care unit, [Ls interleukins, /7T intention to treat, HAP/VAP hospital-acquired pneumonia/
ventilation-acquired pneumonia, AR hazard ratio, HV healthy volunteers, RCT randomized clinical trial, MPO myeloperoxidase, NR not reported, P4 Pseudomonas

ADA anti-drug antibodies, AE/sAE adverse events/severe adverse events, A7B antibiotic, CF cystic fibrosis, CI confidence interval, CT clinical trial, FEV, forced
aeruginosa, PD pharmacodynamic, PK pharmacokinetic, Z4Es treatment-emergent adverse events

“Number of patients treated with mAb among the total number of patients included in the study

Table 1 continued
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ADA anti-drug antibodies, AE/sAE adverse events/severe adverse events, A7B antibiotic, BSI bloodstream infection, C/fA4 clumping factor A, CI confidence interval,

Table 2 continued

CPS capsular polysaccharide, CT clinical trial, ELF epithelial lining fluid, ESRD end stage renal disease, GERD gastro-esophageal reflux disease, HV healthy volunteers,

ICU intensive care unit, LDH lactate dehydrogenase, LTA lipoteichoic acid, NR not reported, PD pharmacodynamic, PK pharmacokinetic, PVL Panton—Valentine

leukocidin, RCT randomized clinical trial, RR relative risk, SA4 Staphylococcus aureus, SdrG Ser-Asp dipeptide repeat G, SS steady state, VAP ventilation-acquired

pneumonia, VLBW very low-birth-weight

“Number of patients treated with mAb among the total number of patients included in the study

found that gremubamab was well-tolerated, with
no SAEs or safety concerns. Moreover, ADA for-
mation was assessed in this study, showing their
baseline presence in a percentage of subjects
across all groups, highest (2/16 patients, 12.5%)
in the 500 mg group. Finally, the rate of persis-
tent ADAs was similar between the 1500 mg and
placebo groups, and their presence did not affect
the PK of MEDI3902. Similarly, a phase I dose-
escalation study by Ali et al. in 56 healthy adults
showed good tolerability, with infusion-related
reactions as the most common AEs and no SAEs.
PK analysis from the phase I trial showed lin-
ear PK at lower doses, while nonlinearity was
observed at 3000 mg. One participant in the
highest-dose group developed ADA by day 61,
which correlated with reduced serum concen-
trations of gremubamab between days 43 and
61 compared with ADA-negative subjects [22].

Monoclonal Antibodies Against Staphylococcus
aureus (Table 2)

Tosatoxumab (AR-301)

Tosatoxumab is a fully human IgG1(A) mAb
that neutralizes SA alpha-toxin (Hla), which has
hemolytic, cytotoxic, and dermonecrotic effects
[24]. This mADb acts by binding to an N-terminal
epitope of alpha-toxin and thereby preventing
functional toxin pore oligomerization. By virtue
of this mechanism of action, it has the potential
for passive immunotherapy for S. aureus pneu-
monia and as an adjunctive therapy to stand-
ard antibiotic agents. A randomized phase I/I1
trial evaluated tosatoxumab safety, PK, and pre-
liminary efficacy as an adjunct to antibiotics for
severe SA pneumonia in ICU patients. Among
48 patients receiving AR-301 or placebo within
36 h of pneumonia onset, AR-301 was well toler-
ated, with only 2.3% (8/343) of AEs attributed
to the drug and nonsevere, and only one patient
developed ADAs, with no reported AEs. While
underpowered for efficacy, post hoc analysis of
ventilation-acquired pneumonia (VAP)s showed
a numerical trend towards shorter ventilation
duration and faster microbiological eradica-
tion with tosatoxumab. The trial confirmed
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tosatoxumab’s safety and indicated potential
clinical benefits [25]. Results of a subsequent
phase III RCT are pending [26].

DSTA4637S

DSTA4637S is an investigational antibody-anti-
biotic conjugate designed to target and elimi-
nate intracellular SA, which standard antibiot-
ics fail to address effectively. It combines an
engineered human IgG1 mAb that binds to wall
teichoic acid at the surface of S. aureus with a
rifamycin-class antibiotic (dmDNA31) linked
via a protease-cleavable linker, enabling tar-
geted antibiotic delivery to infected cells. The
only available study is a phase I single-ascend-
ing-dose trial in 30 healthy volunteers, which
found DSTA4637S to be safe and well tolerated,
with no SAE reported and no ADA formation
described. PK was dose-proportional, with min-
imal systemic exposure to the unconjugated
antibiotic, supporting a favorable safety profile
[27]. A phase IB multiple-ascending-dose trial
in patients with SA bacteremia receiving stand-
ard-of-care antibiotics has been registered, but
results are not yet available. [28].

Suvratoxumab (AR-320, MEDI4893)

Suvratoxumab is a mAbD targeting SA Hla, a key
virulence factor, blocking its receptor binding
and lytic activity. This antibody has been engi-
neered to increase its half-life. The efficacy of
suvratoxumab was evaluated in the SAATELLITE
phase II trial, which enrolled 213 ICU patients
with confirmed lower respiratory tract coloni-
zation. SA pneumonia incidence was lower in
the 5000 mg group (18%) than in the placebo
group (26%), with relative risk reduction of
31.9% (90% CI -7.5 to 56.8; p=0.17). While this
did not reach statistical significance, the effect
size suggests a potential protective trend in colo-
nized ICU patients. Suvratoxumab was well tol-
erated, with adverse event rates comparable to
placebo [29].

Lastly, a phase I study by Yu et al. demon-
strated linear PK, with a terminal half-life of
80-112 days, significantly longer than typi-
cal human IgG antibodies. Serum drug levels

correlated with alpha-toxin neutralization activ-
ity [30].

Further clinical trials, notably phase III tri-
als, were suspended owing to a financial con-
flict between AstraZeneca and its partner Aridis
Pharmaceuticals [31-33].

Tefibazumab (Aurexis)

Tefibazumab is a humanized 1gG1(k) mAb with
high affinity for CIfA, a surface protein expressed
by SA, on a microbial surface components recog-
nizing adhesive matrix molecules (MSCRAMM)
protein that mediates the adhesion of S. aureus
to fibrinogen. This antibody protects against
CIfA-mediated destruction of host cells, preserv-
ing the human immune cells. It has undergone
multiple clinical trials.

A phase II randomized, double-blind, multi-
center study compared tefibazumab (20 mg/kg
single infusion) with placebo in 60 patients with
SA bacteraemia, alongside standard antibiotics.
Although the primary focus was safety, none of
the tefibazumab-treated patients experienced
sepsis progression, compared with four in the
placebo group; this numerical improvement
of outcomes may suggest a potential benefit,
despite no statistical significance being reached
(34].

Tefibazumab was well tolerated, with a safety
profile comparable to other mAbs. PK analysis
from two phase I dose-ascending studies showed
linear kinetics, including in subjects with end-
stage renal disease, with a mean elimination
half-life of 22 days [35, 36].

Another trial of tefibazumab in patients with
CF colonized with SA was registered, but results
are not available [37].

Pagibaximab (BSYX-A110)

Pagibaximab is a chimeric IgG1 mAb target-
ing anti-lipoteichoic acid (LTA) of SA and S.
epidermidis. LTA plays an important role in the
initiation and progression of bacterial infec-
tion, inflammation, and septic shock. In a
phase Il randomized, placebo-controlled trial
involving 88 very low-birth-weight (VLBW)
neonates, three weekly infusions of pagibaxi-
mab (60 or 90 mg/kg) were tested. No cases of
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staphylococcal sepsis occurred in the 90 mg/kg
group, suggesting a potential dose-dependent
protective effect. Safety assessments confirmed
that pagibaximab was well tolerated, with no
significant differences in adverse events between
treatment and placebo groups [38].

PK analysis from a phase I and a phase I/II
trial indicated a favorable profile in VLBW neo-
nates and healthy adults [39, 40].

ASN100

ASN-100 is a mAb combination comprising two
tully human IgG1(k) antibodies, ASN-1 and ASN-
2, which neutralize six SA cytotoxins, including
Hla and Panton-Valentine leukocidin (PVL).
ASN-1 neutralizes Hla and four bicomponent
leukocidins: LukSF-PV (Panton-Valentine leu-
kocidin), LukED, and two gamma-hemolysins,
HIgAB and HIgCB. ASN-2 neutralizes the fifth
leukocidin, LukGH (also known as LukAB).

A randomized, double-blind, placebo-con-
trolled, phase I, single-ascending-dose trial
evaluated ASN-100's safety, tolerability, and PK
in 52 healthy volunteers. Participants received
ASN-1, ASN-2, the combination (ASN-100), or
placebo. ASN-100 was well tolerated, with mild,
transient adverse events and no dose-limiting
toxicities. PK was linear, with a 3-week half-
life, and ASN-100 demonstrated penetration
into lung epithelial lining fluid (ELF). No ADA
responses were observed, and toxin-neutralizing
activity in serum was sustained up to 58 days
postdosing [41].

The development of the combination ASN100
was stopped due to futility in 2018 [33].

Summary of PA and SA Antimicrobial
Resistance Profiles

In the study by Chastre et al., no pan-drug-
resistant isolate was found, and extensively-
drug-resistant isolates were balanced among
groups (range 16.9-25.6%). The study arm
receiving the highest dosage of the study drug
(1500 mg MEDI3902) presented the highest
percentage of nonMDR PA isolates, as well as

the highest frequency of the combined out-
come all-cause pneumonia or death (30/85
versus 22/83 in the placebo group) [23]. In the
study by Lu et al., antibiograms were collected
at baseline from 16 patients; seven P. aerugi-
nosa isolates were resistant to carbapenems,
six to ciprofloxacin, two to aminoglycosides,
three to ceftazidime, and one to piperacillin/
tazobactam, and in 5 out of 11 cases, PA was
resistant to ticarcillin and clavulanic acid. No
safety, PK, or potential efficacy conclusion
was drawn according to antimicrobial resist-
ance because of limited sample size and single-
arm study design [17]. In the study by Weems
et al., 30% (9/30) of patients receiving the
study drug (tefibazumab) versus 50% (15/30)
of patients receiving placebo had methicillin-
resistant Staphylococcus aureus (MRSA) bactere-
mia, while adverse events were similar among
groups; patients receiving placebo experienced
a higher number of deaths and sepsis progres-
sion (4 versus 1, and 4 versus O; respectively)
[34]. In contrast, a higher number of patients
in the study drug arm received cephalospor-
ins, which the author ascribed to lower MRSA
prevalence. In the 2018 study by Francois
et al., overall MRSA prevalence was below 15%
(12.5%, 6/48), resulting in two patients with
MRSA per study arm; no safety or PK consid-
erations were made according to resistance
profiles. Half of the patients with MRSA (3/6)
received incorrect antimicrobial therapy for
the first 72 h since enrollment, potentially
influencing outcomes [25]. Lastly, in the 2021
study by Francois et al., the authors concluded
that since only 12 (6%) of 196 patients in the
study were colonized by MRSA, no inferences
regarding the effects of suvratoxumab in these
patients were to be made [29].

Risk of Bias Assessment

We performed risk of bias assessment using the
ROB2 tool for safety and clinical efficacy out-
comes. While the evaluation of the former was
standardized across various studies, metrics of
clinical efficacy were various, and rarely more
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than two studies evaluated mAb efficacy using
the same metrics.

Risk of Bias Assessment for Safety Outcomes

All included studies presented safety outcomes
and were either assessed with the ROB2 tool
(17/18) or with the ROBINS-I V2 (1/18), as
appropriate. Most RCTs were judged at low risk
of bias across most of the different domains
using the ROB2 tool, indicating a robust study
design. Nonetheless, the overall risk of bias for
safety outcomes according to the ROB2 algo-
rithm was deemed to be "some concern of bias"
because 70% (70.6%, 12/17 studies) of analyzed
studies were classified at "some concern of bias"
in the "selection of the reported results" domain.
Otherwise, the randomization process, blind-
ing, outcome measurement, and reporting were
generally well addressed. In contrast, a limited
number of trials (e.g., [40]) showed high risk
of bias, mainly owing to insufficient randomi-
zation procedures and selective reporting. In
addition, the only single-arm nonrandomized
study evaluated with the ROBINS-I V2 tool was
judged at “serious” risk of bias, revealing sub-
stantial methodological limitations, including
serious bias owing to confounding and misclas-
sification of interventions. Detailed results of the
risk-of-bias assessment for the safety outcomes
of included studies are shown in Supplementary
Figs. 1 and 3.

Risk of Bias Assessment for Efficacy Outcomes

A total of nine studies presented efficacy out-
comes and were either assessed with the ROB2
tool (8/9) or with the ROBINS-I V2 (1/9), as
appropriate. All eight efficacy studies evaluated
with the ROB2 tool raised “some concerns of
bias,” again, the "selection of the reported results"
domain being the most frequently flagged as a
potential source of bias, particularly because of
the lack of a prespecified efficacy analysis plan.
Furthermore, in the evaluation of efficacy end
points, three studies [23, 25, 34] displayed an
increased risk of bias originating from the ran-
domization process, compared with the safety
end points ROB2 evaluation, mostly because the
isolates’ resistance profile, or the clinical severity

at baseline, were different among arms. Further-
more, the 2021 study by Francois et al. displayed
a more significant bias because of missing out-
come data, since its primary analysis assump-
tion (death equals to no pneumonia) could
bias results in favor of the intervention group.
Lastly, the only study evaluated with ROBINS-I
V2 [17] confirmed the already observed overall
serious risk of bias score, but further bias was
considered to characterize the “deviations from
standard interventions” domain because four
patients with adverse events who died during
treatment were excluded from the efficacy analy-
ses. Detailed results of the risk-of-bias assessment
for the safety outcomes of included studies are
shown in Supplementary Figs. 1 and 3.

Summary of clinical findings

Across the 18 included trials, mAbs were consist-
ently well tolerated, with minimal drug-related
serious adverse events. PK data were favorable,
showing prolonged half-lives and consistent sys-
temic exposure. A total of six studies (33.3%),
three in both SA and PA, investigated ADA for-
mation at baseline or after exposure to the study
drugs, generally reporting no significant ADA
formation, with sporadic low-titer ADAs that
were not associated with clinical consequences.
Several studies reported numerical trends sug-
gestive of efficacy. Prophylaxis studies suggested
potential benefits: suvratoxumab and rivaba-
zumab demonstrated numerical reductions in
pneumonia incidence—with relative risk reduc-
tions of 31.9% and 47%, respectively—while gre-
mubamab failed to show significant differences.
Notably, pagibaximab showed complete protec-
tion from staphylococcal sepsis in neonates
at the highest dose. Treatment studies yielded
more heterogeneous results: panobacumab dem-
onstrated favorable safety and resolution rates
in PA pneumonia, although in an uncontrolled
setting. Rivabazumab improved FEV1 in patients
with CF with chronic PA infection, but did not
delay time to antibiotic requirement. Tosatox-
umab showed trends towards faster microbio-
logical eradication and reduced ventilation dura-
tion in S. aureus pneumonia. Tefibazumab was
associated with a lower rate of sepsis progression
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in patients with S. aureus bacteremia, although
not reaching statistical significance. While these
findings are not conclusive, they highlight the
therapeutic potential of mAbs and warrant fur-
ther clinical investigation.

DISCUSSION

We systematically reported the efficacy and
safety of antibodies against the main critical
pathogens that, according to the WHO, may
develop resistance and pose a global threat.

This scoping review was not able to properly
map safety and efficacy outcomes for MDROs,
as the resistance mechanisms were scarcely
described in the included studies. In the five
studies that mentioned susceptibility to any
antimicrobial agent or described resistance
mechanisms, the proportion of patients with
an MDRO infection never underwent further
subgroup analysis, making specific considera-
tions on the basis of resistance mechanisms not
viable. Owing to the paucity of clinical trials
specifically addressed to MDRO, we included all
clinical trials involving mAbs against Staphylo-
coccus spp. and PA to provide a comprehensive
overview of available evidence. No clinical trials
involving other WHO-priority gram-positive or
gram-negative bacteria were identified through
our search.

Overall, mAbs against PA and Staphylococ-
cus spp. showed promising satety and PK pro-
files. Prophylaxis studies with suvratoxumab,
rivabazumab, gremubamab, and pagibaximab
suggested trends toward reduced pneumonia
or sepsis incidence, although without consist-
ent statistical significance. Treatment studies,
including panobacumab, rivabazumab (in CF),
tosatoxumab, and tefibazumab, showed variable
clinical outcomes, with some signals of benefit
in selected populations. However, these findings
remain inconclusive, and no mAbs are currently
used in clinical practice.

With the global spread of virulent and per-
sistent bacteria and their resistance genes, alter-
native strategies for infection treatment have
become increasingly necessary. The first clini-
cally approved mAbs were developed against

bacterial toxins, key virulence factors in patho-
gens such as Clostridioides difficile and Bacillus
anthracis [42, 43]. Building on this approach,
research has continued by developing antibod-
ies targeting specific virulence or pathogenicity
factors in bacteria.

Our study found evidence on mAbs mainly
against PA and SA, showing a highly specific
mechanism of action and extended half-life,
yet variable efficacy. In fact, panobacumab,
targeting PA, exhibited a favorable safety and
PK profile in an uncontrolled study, but failed
to demonstrate clear clinical benefits owing to
heterogeneity in infection types and inconsist-
ent antibiotic coadministration. Similarly, riva-
bazumab and gremubamab showed a potential
effect on bacterial colonization in ventilated
patients, but no statistically significant reduc-
tion in pneumonia.

Similarly, for Staphylococcus spp., results were
heterogeneous. MAbs such as tosatoxumab and
suvratoxumab showed preliminary benefits
without statistically significant results. In terms
of safety and tolerability, most mAbs demon-
strated a favorable profile, with minimal AEs.
Their prolonged half-life allowed for sustained
therapeutic concentrations, reducing the need
for frequent administration.

However, some studies reported immunogenic
reactions, including the formation of ADAs,
which could cause toxicity while reducing long-
term efficacy [44].

An important limitation of our analysis,
which warrants deeper consideration, is the
lack of comprehensive data on ADAs across
the included trials. Immunogenicity remains a
critical factor in the clinical use of mAbs, as the
development of ADAs can reduce drug exposure
through increased clearance, alter pharmacoki-
netics, and potentially neutralize therapeutic
effects [45]. In some cases, ADAs have been asso-
ciated with loss of efficacy or increased adverse
events, especially hypersensitivity reactions [46].

Despite these well-documented risks, only
one in three trials in our review reported ADA
data in detail. The absence of immunogenic-
ity reporting in the remaining trials limits our
ability to fully assess the clinical reliability and
generalizability of the findings. This under-
reporting may stem from inconsistencies in
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ADA testing methodologies, lack of standard-
ized thresholds for clinical relevance, or the
relatively short duration of follow-up in some
studies. However, regardless of the cause, this
represents a significant gap, as even low inci-
dence rates of neutralizing ADAs can have pro-
found effects in individual patients.

Given the potential of ADAs to compromise
therapeutic efficacy, particularly in chronic or
repeated administration settings, we empha-
size the need for future clinical trials to rigor-
ously monitor and report ADA formation using
standardized assays. In addition, longer-term
studies are needed to elucidate the immuno-
genic risk profile of these agents and their clini-
cal consequences over time.

The discrepancies between in vitro efficacy
and in vivo clinical outcomes may be attrib-
uted to multiple factors. First, while in vitro
studies highlight the antibacterial potential
of mAbs, in vivo efficacy is influenced by the
complexity of host-pathogen interactions,
including immune response modulation, bio-
film formation, and tissue penetration [47].
Timing of administration could be another
important aspect: theoretically, mAbs may be
most effective in the early infection stages [8].
Despite this, many trials enrolled critically ill
patients with established infections, where
bacterial burden and immune dysregulation
may potentially limit their efficacy. In addi-
tion, interindividual differences in PK may
influence therapeutic response, indicating the
potential need for dose personalization in spe-
cific patient populations. Furthermore, mAbs
were often studied in combination with uncon-
trolled antibiotics, making it difficult to isolate
their specific contribution to clinical outcomes.
Study heterogeneity further complicates inter-
pretation, with clinical trials including indi-
viduals with varying degrees of illness severity,
comorbidities, and immune status, making it
challenging to demonstrate a uniform thera-
peutic effect. In addition, pathogen diversity,
including genetic variations and resistance
mechanisms, may influence mAb performance,
with strains differing in their susceptibility to
antibody-mediated neutralization [48]. Lastly,
the lack of consistent reporting on ADAs,
makes it difficult to determine whether scarce

efficacy might have stemmed from develop-
ment of specific antidrug antibodies.

Future clinical trials should prioritize rigorous
patient selection, ensuring that participants are
enrolled on the basis of well-defined infection
stages and confirmed pathogen identification.
Stratification by immune status and comorbidi-
ties may help identify subgroups most likely to
benefit from mAb therapy. Standardized diag-
nostic protocols, including the use of rapid,
high-sensitivity tests and predictive biomarkers,
have the potential to optimize patient selection
and treatment monitoring. Trial designs should
minimize confounding factors by incorporating
standardized antibiotic regimens and adopting
adaptive methodologies to identify effective dos-
ing strategies early. Given the complexity of bac-
terial infections, combination strategies, such as
mAb-antibiotic coadministration, multi-specific
mAbs, or mAbs cocktails, could potentially be
beneficial, yet warrant further research. Address-
ing immunogenicity concerns through human-
ized antibody designs and immune modulation
strategies may be considered, with the goal of
preventing ADA formation and preserving long-
term effectiveness. In addition, population PK
modeling could be explored to tailor dosing
regimens to individual patient needs, aiming
for improved safety and efficacy. Finally, the
high production costs of mAbs remain a major
barrier to widespread implementation, necessi-
tating research into scalable and cost-effective
manufacturing processes. However, advanced
technologies such as artificial intelligence may
represent promising tools to support the devel-
opment and application of mAbs, although no
direct evidence currently supports their use in
this specific field.

A major strength of this review is its system-
atic approach, which comprehensively analyzes
the available clinical trial data on mAbs against
challenging bacteria. By including a broad range
of studies, the review provides valuable insights
into the safety, efficacy, and PK of these mAbs,
highlighting both promising findings and key
challenges. However, some limitations must
be acknowledged. The first and most relevant
limitation of all, the research strategy was ini-
tially modified owing to paucity of results; this
surely diluted the relevance of our findings for
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drug-resistant organisms, as originally planned,
and hampered the methodological strength of
this study. Hence, we were unable to conduct
separate analyses or meta-analyses stratified by
study phase; a narrative approach was chosen,
inevitably hampering study rigor, objectivity,
and the ability to draw quantitative conclu-
sions. Furthermore, the lack of studies focusing
on WHO priority pathogens other than SA and
PA hampers the validity of our findings for other
critical bacteria, for which, to our best knowl-
edge, there are there no clinical trials in humans
currently available. Secondly, both safety and
efficacy outcomes were considered at some risk
of bias. While safety outcomes generally showed
low-to-moderate risk of bias, greater caution is
needed when interpreting efficacy estimates
owing to more widespread bias concerns, paz-
ticularly regarding selective reporting, baseline
imbalances, missing data, and exclusion of
patients with adverse events. Thirdly, the lack
of standardized end points across studies makes
it difficult to assess the impact of mAbs on a
specific clinical outcome. Finally, most trials
assessed mADbs in combination with antibiotics,
making it challenging to isolate their individual
therapeutic contribution.

CONCLUSIONS

Despite the initial review focus, scarce and
inconsistent data focusing specifically on safety,
PK, or efficacy of mAbs administered against
MDROs we retrieved.

Nonetheless, mAbs show promise as a novel
therapeutic approach against critical bacteria,
characterized by high specificity, long half-life,
and potential to be used in passive immuno-
therapy, especially in immunocompromised
patients. But there are several challenges that
need to be addressed to improve clinical appli-
cation. While these treatments generally have
a favorable safety profile, their efficacy remains
inconsistent. This is likely due to factors such as
pathogen diversity, patient heterogeneity, and
trial design limitations. To improve the impact
of future trials, more rigorous trial designs
and patients’ selection are needed, along with

enhanced diagnostic tools for quicker and more
accurate pathogen identification.

Medical Writing/Editorial Assistance. The
authors did not receive any medical writing or
editorial assistance in the preparation of this
manuscript.

Author Contributions. Conceptualization:
Emanuele Palomba, Marta Colaneri. Data Cura-
tion: Fabio Borgonovo, Camilla Genovese, Fabio
Brivio, and Giovanni Scaglione. Writing—Origi-
nal Draft: Marco Piscaglia, Giovanni Scaglione.
Methodology: Renata Grifantini, Flavia Rampi-
chini, and Marta Colaneri. Writing—Review &
Editing: Renata Grifantini, Emanuele Palomba,
and Marco Piscaglia. Data Acquisition: Flavia
Rampichini, Fabio Borgonovo, and Fabio Brivio.
Project administration: Alessandra Bandera,
Andrea Gori, and Camilla Genovese. Super-
vision: Marta Colaneri, Alessandra Bandera,
Renata Grifantini, and Andrea Gori.

Funding. The authors declare financial
support was received for the research and rapid
service fees of the article. This research was sup-
ported by the EU funding within the Next Gen-
eration EU-MUR PNRR Extended Partnership ini-
tiative on Emerging Infectious Diseases (Project
no. PEO0O000007, INF-ACT).

Data Availability. The datasets generated
and/or analyzed during the current study are
available from the corresponding author on rea-
sonable request.

Declarations

Conflict of Interest. Being the correspond-
ing author, I assure the Editorial Board of Infec-
tious Diseases and Therapy that Marco Piscaglia,
Giovanni Scaglione, Camilla Genovese, Fabio
Borgonovo, Fabio Brivio, Flavia Rampichini,
Renata Grifantini, Alessandra Bandera, Andrea
Gori, Marta Colaneri, and Emanuele Palomba
have nothing to disclose.

Ethical Approval. The protocol was regis-
tered on OSF (https://doi.org/10.17605/0OSE.10/

A\ Adis


https://doi.org/10.17605/OSF.IO/4N5Y2

Infect Dis Ther (2025) 14:1619-1647

1645

4NS5Y2). This article is based on previously con-
ducted studies and does not contain any new
studies with human participants or animals per-
formed by any of the authors.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommercial
4.0 International License, which permits any
non-commercial use, sharing, adaptation, distri-
bution and reproduction in any medium or for-
mat, as long as you give appropriate credit to the
original author(s) and the source, provide a link
to the Creative Commons licence, and indicate
if changes were made. The images or other third
party material in this article are included in the
article’s Creative Commons licence, unless indi-
cated otherwise in a credit line to the material.
If material is not included in the article’s Crea-
tive Commons licence and your intended use is
not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain per-
mission directly from the copyright holder. To
view a copy of this licence, visit http://creativeco
mmons.org/licenses/by-nc/4.0/.

REFERENCES

1. Naghavi M, Vollset SE, Ikuta KS, et al. Global bur-
den of bacterial antimicrobial resistance 1990-
2021: a systematic analysis with forecasts to 2050.
Lancet. 2024;404(10459):1199-226. https://doi.
0rg/10.1016/S0140-6736(24)01867-1.

2. WHO. WHO bacterial priority pathogens list,
2024: bacterial pathogens of public health impor-
tance to guide research, development and strate-
gies to prevent and control antimicrobial resist-
ance. Published online 2024:72. https://www.who.
int/publications/i/item/9789240093461. Accessed
14 Mar 2025.

3. Vitiello A, Rezza G, Silenzi A, et al. Therapeutic
strategies to combat increasing rates of multidrug
resistant pathogens. Pharm Res. 2024;41(8):1557-
71. https://doi.org/10.1007/5S11095-024-03756-5.

4. Hibbert T, Krpetic Z, Latimer J, et al. Antimicrobi-
als: an update on new strategies to diversify treat-
ment for bacterial infections. Adv Microb Physiol.
2024;84:135-241. https://doi.org/10.1016/BS.
AMPBS.2023.12.002.

5. MacNair CR, Rutherford ST, Tan MW. Alternative
therapeutic strategies to treat antibiotic-resistant

10.

11.

12.

13.

14.

15.

16.

pathogens. Nat Rev Microbiol. 2024;22(5):262-75.
https://doi.org/10.1038/S41579-023-00993-0.

Jones-Nelson O, Tovchigrechko A, Glover MS,
et al. Antibacterial monoclonal antibodies do not
disrupt the intestinal microbiome or its function.
Antimicrob Agents Chemother. 2020. https://doi.
org/10.1128/AAC.02347-19.

Chen HC, Pan YL, Chen Y, et al. Monoclonal anti-
bodies as a therapeutic strategy against multidrug-
resistant bacterial infections in a post-COVID-19
era. Life (Basel). 2024. https://doi.org/10.3390/
LIFE14020246.

Seixas AMM, Sousa SA, Leitdo JH. Antibody-based
immunotherapies as a tool for tackling multidrug-
resistant bacterial infections. Vaccines (Basel).
2022;10(11):1789. https://doi.org/10.3390/VACCI
NES10111789.

Santajit S, Indrawattana N. Mechanisms of antimi-
crobial resistance in ESKAPE pathogens. Biomed
Res Int. 2016. https://doi.org/10.1155/2016/24750
67.

Sewell F, Chapman K, Couch J, et al. Challenges
and opportunities for the future of monoclo-
nal antibody development: improving safety
assessment and reducing animal use. MAbs.
2017;9(5):742-55. https://doi.org/10.1080/19420
862.2017.1324376.

Pintea I, Petricau C, Dumitrascu D, et al. Hypersen-
sitivity reactions to monoclonal antibodies: clas-
sification and treatment approach (review). Exp
Ther Med. 2021. https://doi.org/10.3892/ETM.
2021.10381.

Moher D, Liberati A, Tetzlaff J, et al. Preferred
reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Med.
2009;6(7): €1000097. https://doi.org/10.1371/
JOURNAL.PMED.1000097.

Sterne JAC, Savovic J, Page M], et al. RoB 2: a
revised tool for assessing risk of bias in randomised
trials. BMJ. 2019. https://doi.org/10.1136/BM].
L4898.

Risk of bias tools—ROBINS-I V2 tool. https://sites.
google.com/site/riskofbiastool/welcome/robins-i-
v2. Accessed 15 June 2025.

Sterne JA, Hernan MA, Reeves BC, et al. ROBINS-I:
a tool for assessing risk of bias in non-randomised
studies of interventions. BMJ. 2016. https://doi.
org/10.1136/BM]J.14919.

Risk of bias tools—robvis (visualization tool).
https://www.riskofbias.info/welcome/robvis-visua
lization-tool. Accessed 15 June 2025.

A\ Adis


https://doi.org/10.17605/OSF.IO/4N5Y2
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1016/S0140-6736(24)01867-1
https://doi.org/10.1016/S0140-6736(24)01867-1
https://www.who.int/publications/i/item/9789240093461
https://www.who.int/publications/i/item/9789240093461
https://doi.org/10.1007/S11095-024-03756-5
https://doi.org/10.1016/BS.AMPBS.2023.12.002
https://doi.org/10.1016/BS.AMPBS.2023.12.002
https://doi.org/10.1038/S41579-023-00993-0
https://doi.org/10.1128/AAC.02347-19
https://doi.org/10.1128/AAC.02347-19
https://doi.org/10.3390/LIFE14020246
https://doi.org/10.3390/LIFE14020246
https://doi.org/10.3390/VACCINES10111789
https://doi.org/10.3390/VACCINES10111789
https://doi.org/10.1155/2016/2475067
https://doi.org/10.1155/2016/2475067
https://doi.org/10.1080/19420862.2017.1324376
https://doi.org/10.1080/19420862.2017.1324376
https://doi.org/10.3892/ETM.2021.10381
https://doi.org/10.3892/ETM.2021.10381
https://doi.org/10.1371/JOURNAL.PMED.1000097
https://doi.org/10.1371/JOURNAL.PMED.1000097
https://doi.org/10.1136/BMJ.L4898
https://doi.org/10.1136/BMJ.L4898
https://sites.google.com/site/riskofbiastool/welcome/robins-i-v2
https://sites.google.com/site/riskofbiastool/welcome/robins-i-v2
https://sites.google.com/site/riskofbiastool/welcome/robins-i-v2
https://doi.org/10.1136/BMJ.I4919
https://doi.org/10.1136/BMJ.I4919
https://www.riskofbias.info/welcome/robvis-visualization-tool
https://www.riskofbias.info/welcome/robvis-visualization-tool

1646

Infect Dis Ther (2025) 14:1619-1647

17.

18.

19.

20.

21.

22.

23.

24.

25.

Lu Q, Rouby JJ, Laterre PE, et al. Pharmacokinet-
ics and safety of panobacumab: specific adjunctive
immunotherapy in critical patients with nosoco-
mial Pseudomonas aeruginosa O11 pneumonia.
J Antimicrob Chemother. 2011;66(5):1110-6.
https://doi.org/10.1093/JAC/DKR0O46.

Lazar H, Horn MP, Zuercher AW, et al. Pharma-
cokinetics and safety profile of the human anti-
Pseudomonas aeruginosa serotype Ol1l immuno-
globulin M monoclonal antibody KBPA-101 in
healthy volunteers. Antimicrob Agents Chem-
other. 2009;53(8):3442-6. https://doi.org/10.1128/
AAC.01699-08.

Francois B, Luyt CE, Dugard A, et al. Safety and
pharmacokinetics of an anti-PcrV PEGylated
monoclonal antibody fragment in mechanically
ventilated patients colonized with Pseudomonas
aeruginosa: a randomized,double-blind, placebo-
controlled trial. Crit Care Med. 2012;40(8):2320-6.
https://doi.org/10.1097/CCM.0B013E31825334F6.

Jain R, Beckett VV, Konstan MW, et al. KBOO1-A,
a novel anti-inflammatory, found to be safe and
well-tolerated in cystic fibrosis patients infected
with Pseudomonas aeruginosa. J Cyst Fibros.
2018;17(4):484-91. https://doi.org/10.1016/].JCF.
2017.12.006.

Milla CE, Chmiel JF, Accurso FJ, et al. Anti-PcrV
antibody in cystic fibrosis: a novel approach tar-
geting Pseudomonas aeruginosa airway infection.
Pediatr Pulmonol. 2014;49(7):650-8. https://doi.
0rg/10.1002/PPUL.22890.

Ali SO, Yu XQ, Robbie GJ, et al. Phase 1 study of
MEDI3902, an investigational anti-Pseudomonas
aeruginosa PcrV and Psl bispecific human mono-
clonal antibody, in healthy adults. Clin Microbiol
Infect. 2019;25(5):629.e1-629.e6. https://doi.org/
10.1016/J.CMI1.2018.08.004.

Chastre J, Francois B, Bourgeois M, et al. Safety,
efficacy, and pharmacokinetics of gremubamab
(MEDI3902), an anti-Pseudomonas aeruginosa
bispecific human monoclonal antibody, in P. aer-
uginosa-colonised, mechanically ventilated inten-
sive care unit patients: a randomised controlled
trial. Crit Care. 2022. https://doi.org/10.1186/
$13054-022-04204-9.

Bhakdi S, Tranum-Jensen ]J. Alpha-toxin of Staphy-
lococcus aureus. Microbiol Rev. 1991;55(4):733-51.
https://doi.org/10.1128/MR.55.4.733-751.1991.

Francois B, Mercier E, Gonzalez C, et al. Safety and
tolerability of a single administration of AR-301,
a human monoclonal antibody, in ICU patients
with severe pneumonia caused by Staphylococcus
aureus: first-in-human trial. Intensive Care Med.

26.

27.

28.

29.

30.

31.

32.

33.

34.

2018;44(11):1787-96. https://doi.org/10.1007/
S00134-018-5229-2.

Study Details | Adjunctive therapy to antibiotics
in the treatment of S. aureus ventilator-associated
pneumonia with AR-301 | ClinicalTrials.gov.
https://clinicaltrials.gov/study/NCT03816956.
Accessed 3 Dec 2024.

Peck M, Rothenberg ME, Deng R, et al. A phase 1,
randomized, single-ascending-dose study to inves-
tigate the safety, tolerability, and pharmacokinet-
ics of DSTA4637S, an anti- staphylococcus aureus
thiomab antibody-antibiotic conjugate, in healthy
volunteers. Antimicrob Agents Chemother. 2019.
https://doi.org/10.1128/AAC.02588-18.

Study Details | Study to investigate the safety, tol-
erability, and pharmacokinetics of DSTA4637S in
participants with Staphylococcus aureus bactere-
mia receiving standard-of-care (SOC) antibiotics |
ClinicalTrials.gov. https://clinicaltrials.gov/study/
NCT03162250?term=DSTA46375%20&rank=2.
Accessed 3 Dec 2024

Francois B, Jafri HS, Chastre J, et al. Efficacy and
safety of suvratoxumab for prevention of Staphy-
lococcus aureus ventilator-associated pneumonia
(SAATELLITE): a multicentre, randomised, double-
blind, placebo-controlled, parallel-group, phase 2
pilot trial. Lancet Infect Dis. 2021;21(9):1313-23.
https://doi.org/10.1016/S1473-3099(20)30995-6.

Yu XQ, Robbie GJ, Wu Y, et al. Safety, tolerability,
and pharmacokinetics of medi4893, an investi-
gational, extended-half-life, anti-staphylococcus
aureus alpha-toxin human monoclonal antibody,
in healthy adults. Antimicrob Agents Chemother.
2016. https://doi.org/10.1128/AAC.01020-16.

Study Details | A human monoclonal antibody
against Staphylococcus aureus alpha toxin in
mechanically ventilated adult subjects—2 | Clini-
calTrials.gov. https://clinicaltrials.gov/study/
NCT05331885?term=MEDI4893%20&rank=3.
Accessed 5 Dec 2024

Record History | NCT05331885 | ClinicalTrials.gov.
https://clinicaltrials.gov/study/NCT05331885?
tab=history. Accessed 23 Feb 2025.

Sauvat L, Verhoeven PO, Gagnaire ], et al. Vaccines
and monoclonal antibodies to prevent healthcare-
associated bacterial infections. Clin Microbiol Rev.
2024. https://doi.org/10.1128/CMR.00160-22.

Weems J], Steinberg JP, Filler S, et al. Phase II, ran-
domized, double-blind, multicenter study com-
paring the safety and pharmacokinetics of tefiba-
zumab to placebo for treatment of Staphylococcus
aureus bacteremia. Antimicrob Agents Chemother.

A\ Adis


https://doi.org/10.1093/JAC/DKR046
https://doi.org/10.1128/AAC.01699-08
https://doi.org/10.1128/AAC.01699-08
https://doi.org/10.1097/CCM.0B013E31825334F6
https://doi.org/10.1016/J.JCF.2017.12.006
https://doi.org/10.1016/J.JCF.2017.12.006
https://doi.org/10.1002/PPUL.22890
https://doi.org/10.1002/PPUL.22890
https://doi.org/10.1016/J.CMI.2018.08.004
https://doi.org/10.1016/J.CMI.2018.08.004
https://doi.org/10.1186/S13054-022-04204-9
https://doi.org/10.1186/S13054-022-04204-9
https://doi.org/10.1128/MR.55.4.733-751.1991
https://doi.org/10.1007/S00134-018-5229-2
https://doi.org/10.1007/S00134-018-5229-2
https://clinicaltrials.gov/study/NCT03816956
https://doi.org/10.1128/AAC.02588-18
https://clinicaltrials.gov/study/NCT03162250?term=DSTA4637S%20&rank=2
https://clinicaltrials.gov/study/NCT03162250?term=DSTA4637S%20&rank=2
https://doi.org/10.1016/S1473-3099(20)30995-6
https://doi.org/10.1128/AAC.01020-16
https://clinicaltrials.gov/study/NCT05331885?term=MEDI4893%20&rank=3
https://clinicaltrials.gov/study/NCT05331885?term=MEDI4893%20&rank=3
https://clinicaltrials.gov/study/NCT05331885?tab=history
https://clinicaltrials.gov/study/NCT05331885?tab=history
https://doi.org/10.1128/CMR.00160-22

Infect Dis Ther (2025) 14:1619-1647

1647

33.

36.

37.

38.

39.

40.

41.

2006;50(8):2751-5. https://doi.org/10.1128/AAC.
00096-06.

Reilley S, Wenzel E, Reynolds L, Bennett B, Patti
JM, Hetherington S. Open-label, dose escalation
study of the safety and pharmacokinetic profile
of tefibazumab in healthy volunteers. Antimicrob
Agents Chemother. 2005;49(3):959-62. https://
doi.org/10.1128/AAC.49.3.959-962.2005.

Hetherington S, Texter M, Wenzel E, et al. Phase
I dose escalation study to evaluate the safety
and pharmacokinetic profile of tefibazumab in
subjects with end-stage renal disease requiring
hemodialysis. Antimicrob Agents Chemother.
2006;50(10):3499-500. https://doi.org/10.1128/
AAC.00407-06.

Study Details | Aurexis® in cystic fibrosis subjects
chronically colonized with Staphylococcus aureus
in their lungs | ClinicalTrials.gov. https://www.
clinicaltrials.gov/study/NCT00198289?term=Tefib
azumab%20(Aurexis)&rank=1. Accessed 23 Feb
2025

Weisman LE, Thackray HM, Steinhorn RH, et al.
A randomized study of a monoclonal antibody
(pagibaximab) to prevent Staphylococcal sepsis.
Pediatrics. 2011;128(2):271-9. https://doi.org/10.
1542/peds.2010-3081.

Weisman LE, Thackray HM, Garcia-Prats JA, et al.
Phase 1/2 double-blind, placebo-controlled, dose
escalation, safety, and pharmacokinetic study of
pagibaximab (BSYX-A110), an antistaphylococ-
cal monoclonal antibody for the prevention of
staphylococcal bloodstream infections, in very-
low-birth-weight neonates. Antimicrob Agents
Chemother. 2009;53(7):2879-86. https://doi.org/
10.1128/AAC.01565-08.

Weisman LE, Fischer GW, Thackray HM, et al.
Safety and pharmacokinetics of a chimerized anti-
lipoteichoic acid monoclonal antibody in healthy
adults. Int Immunopharmacol. 2009;9(5):639-44.
https://doi.org/10.1016/J.INTIMP.2009.02.008.

Magyarics Z, Leslie F, Bartko J, et al. Randomized,
double-blind, placebo-controlled, single-ascend-
ing-dose study of the penetration of a monoclonal
antibody combination (ASN100) targeting staphy-
lococcus aureus cytotoxins in the lung epithelial
lining fluid of healthy volunteers. Antimicrob

42.

43.

44.

45.

46.

47.

48.

Agents Chemother. 2019. https://doi.org/10.1128/
AAC.00350-19.

Mh W, Dn G, Ir P, et al. Bezlotoxumab for preven-
tion of recurrent clostridium difficile infection. N
EnglJ Med. 2017;376(4):422-3. https://doi.org/10.
1056/NEJMOA1602615.

Skoura N, Wang-Jairaj J, Della Pasqua O, et al.
Effect of raxibacumab on immunogenicity of
Anthrax Vaccine Adsorbed: a phase 4, open-label,
parallel-group, randomised non-inferiority study.
Lancet Infect Dis. 2020;20(8):983-91. https://doi.
0rg/10.1016/51473-3099(20)30069-4.

van Brummelen EMJ, Ros W, Wolbink G, Beijnen
JH, Schellens JHM. Antidrug antibody formation
in oncology: clinical relevance and challenges.
Oncologist. 2016;21(10):1260-8. https://doi.org/
10.1634/THEONCOLOGIST.2016-0061.

Vaisman-Mentesh A, Gutierrez-Gonzalez M, DeKo-
sky BJ, Wine Y. The molecular mechanisms that
underlie the immune biology of anti-drug anti-
body formation following treatment with mono-
clonal antibodies. Front Immunol. 2020. https://
doi.org/10.3389/FIMMU.2020.01951.

Howard EL, Goens MM, Susta L, Patel A, Wootton
SK. Anti-drug antibody response to therapeutic
antibodies and potential mitigation strategies. Bio-
medicines. 2025. https://doi.org/10.3390/BIOME
DICINES13020299.

Motley MP, Banerjee K, Fries BC. Monoclonal anti-
body-based therapies for bacterial infections. Curr
Opin Infect Dis. 2019;32(3):210. https://doi.org/
10.1097/QC0O.0000000000000539.

Wang-Lin SX, Balthasar JP. Pharmacokinetic and
pharmacodynamic considerations for the use of
monoclonal antibodies in the treatment of bacte-
rial infections. Antibodies (Basel). 2018. https://
doi.org/10.3390/ANTIB7010005.

Publisher’s Note Springer Nature remains neutral with
regard to jurisdictional claims in published maps and
institutional affiliations.

A\ Adis


https://doi.org/10.1128/AAC.00096-06
https://doi.org/10.1128/AAC.00096-06
https://doi.org/10.1128/AAC.49.3.959-962.2005
https://doi.org/10.1128/AAC.49.3.959-962.2005
https://doi.org/10.1128/AAC.00407-06
https://doi.org/10.1128/AAC.00407-06
https://www.clinicaltrials.gov/study/NCT00198289?term=Tefibazumab%20(Aurexis)&rank=1
https://www.clinicaltrials.gov/study/NCT00198289?term=Tefibazumab%20(Aurexis)&rank=1
https://www.clinicaltrials.gov/study/NCT00198289?term=Tefibazumab%20(Aurexis)&rank=1
https://doi.org/10.1542/peds.2010-3081
https://doi.org/10.1542/peds.2010-3081
https://doi.org/10.1128/AAC.01565-08
https://doi.org/10.1128/AAC.01565-08
https://doi.org/10.1016/J.INTIMP.2009.02.008
https://doi.org/10.1128/AAC.00350-19
https://doi.org/10.1128/AAC.00350-19
https://doi.org/10.1056/NEJMOA1602615
https://doi.org/10.1056/NEJMOA1602615
https://doi.org/10.1016/S1473-3099(20)30069-4
https://doi.org/10.1016/S1473-3099(20)30069-4
https://doi.org/10.1634/THEONCOLOGIST.2016-0061
https://doi.org/10.1634/THEONCOLOGIST.2016-0061
https://doi.org/10.3389/FIMMU.2020.01951
https://doi.org/10.3389/FIMMU.2020.01951
https://doi.org/10.3390/BIOMEDICINES13020299
https://doi.org/10.3390/BIOMEDICINES13020299
https://doi.org/10.1097/QCO.0000000000000539
https://doi.org/10.1097/QCO.0000000000000539
https://doi.org/10.3390/ANTIB7010005
https://doi.org/10.3390/ANTIB7010005

	Exploring Human Use of Monoclonal Antibodies Against Critical Bacteria: A Scoping Review of Clinical Trials
	Abstract
	Introduction: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Information Sources
	Eligibility Criteria and Study Selection
	Data Extraction
	Ethical Approval

	Results
	Monoclonal Antibodies (mAbs) Against Pseudomonas aeruginosa (Table 1)
	Panobacumab (KBPA-101)
	Rivabazumab (KB001)
	Gremubamab (MEDI3902)

	Monoclonal Antibodies Against Staphylococcus aureus (Table 2)
	Tosatoxumab (AR-301)
	DSTA4637S
	Suvratoxumab (AR-320, MEDI4893)
	Tefibazumab (Aurexis)
	Pagibaximab (BSYX-A110)
	ASN100

	Summary of PA and SA Antimicrobial Resistance Profiles
	Risk of Bias Assessment
	Risk of Bias Assessment for Safety Outcomes
	Risk of Bias Assessment for Efficacy Outcomes

	Summary of clinical findings

	Discussion
	Conclusions
	References




