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Over the past two decades, several technologies have become available to rapidly develop therapeutic monoclonal
antibodies (MADbs) against any target of interest. Consequently, antibodies have emerged as key biologics for the
treatment of various forms of cancer, autoimmune diseases, and infectious diseases. Antimicrobial resistance (AMR)
is a condition, wherein the microbes evolve and stop responding to the available treatment options. The development
of AMR makes it harder to treat infections resulting in increased severity of disease, deaths, and risk of infection
spread. Driven by the misuse of antibiotics, globally, there has been a consistent spread of multi- and pan-resistant
bacteria that are untreatable with the existing antibiotics. Unfortunately, the emergence of AMR bacteria outpaces
the rate at which new antibiotics are being discovered. Therefore, due to the ever-increasing burden of AMR, there is
an unmet need for next-generation strategies to combat infections. With the approval of several MAbs for treatment
of various conditions and three MAbs for the treatment of bacterial infections, they are currently being explored
as a therapeutic alternative for the treatment of AMR bacteria. It is envisaged that antibody-based drugs can be
administered as a standalone therapy or as an adjunct therapy in combination with antibiotics for improved efficacy
and hold promise to address the problem of AMR. This review describes the strategies employed for the development
of antibody-based drugs and discusses the MAbs that are already approved as therapeutics or are at various stages of
the drug development pipeline for the treatment of bacterial infections.

1. INTRODUCTION

The discovery of antibiotics has been one of the most significant
milestones in the history of scientific discoveries ensuring the longevity
of humankind. Bacterial infections constitute a significant fraction of the
total infections caused in nosocomial settings worldwide and antibiotics
are the drugs used to prevent and treat them [1]. However, the emergence
and spread of bacteria with new antibiotic resistance mechanisms has
posed a significant challenge to our ability to treat infections [2]. Even
though antimicrobial resistance (AMR) develops naturally over time, a
very high burden of infection combined with the overuse and/or misuse
of antibiotics, poor health infrastructure, and lack of general awareness
has led to a situation where the bacteria have shown resistance against
many of the most effective antibiotics such as carbapenems [2-4]. At
present, resistance has been observed even against the antibiotics listed
under the “reserve” category by the World Health Organization (WHO)
(such as colistin) necessitating the search for newer treatment options [5].

In 2017, the WHO released a priority list of pathogens that should
be the targets for research and development of new therapeutic
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interventions [6]. Globally, seven pathogenic bacteria, referred to as
the ESKAPEE group denoting Enterococcus faecium, Staphylococcus
aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa, Enterobacter spp., and Escherichia coli are the major cause
of concern due to the increase in drug resistance. In the ESKAPEE
category, notorious pathogens, namely, 4. baumannii (carbapenem-
resistant), P, aeruginosa, (carbapenem-resistant), and Enterobacteriaceae
(carbapenem-resistant and ESBL-producing) are listed as pathogens of
top-most priority by the WHO (Priority 1: Critical) [6]. Murray ef al.
reported that in 2019, the global burden linked with drug-resistant
infections analyzed across 88 pathogen—drug combinations accounted
for 4.95 million deaths, among which about 1.27 million deaths were
directly linked to drug resistance. Further, their analysis showed that
the death rates were highest in low- and middle-income countries (such
as sub-Saharan Africa), indicating that AMR bacteria are a cause
of serious concern for poor countries in the world [7]. In the Indian
context, as per the AMR Surveillance data for the year 2020 published
by National Centre for Disease Control, Ministry of Health and Family
Welfare, E. coli is the predominant strain (31%) followed by Klebsiella
spp. (21%), S. aureus (17%), Pseudomonas spp. and Enterococcus
spp. (both 11%), and Acinetobacter spp. (9%).

Between July 2017 and June 2021, globally, 12 antibiotics received
approvals for clinical use, but only one molecule belonged to a new
class of drugs (boronic acid-based f-lactamase inhibitors) [8]. Until
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November 2021, <20 traditional molecules were in Phases 1 and 2
and <10 molecules reached Phase 3 of the clinical development pipeline
for the treatment of the WHO-priority pathogens [8]. It is noteworthy
that these numbers are far lower than the number of molecules being
developed for cancer treatment [9]. Further, after factoring in the
failure rates of the clinical trials, and the lack of sufficient novelty
in the antibiotics currently in the clinical development pipeline, at
present, enough traditional small molecule-based interventions are
not available to keep up with the ever-increasing burden of drug-
resistant bacterial strains [10]. Therefore, there is an immense need
to develop alternative intervention strategies to combat infections
caused by emerging drug-resistant bacterial strains. Non-traditional
strategies may include the development of monoclonal antibodies
(MAbs), antibiotic potentiators, immune system modulators, phage-
based therapies, lysins, antimicrobial or anti-biofilm peptides, and
probiotics-based therapies [8,9]. This review discusses the strategies
available for the discovery of MAbs and discusses antibodies that
are already approved or are at various stages of development for the
treatment of bacterial infections.

2. MABs AS THERAPEUTICS

Antibodies are protein molecules that specifically recognize and
bind to their target and aid in its elimination from the system. Ever
since the discovery of antibodies as a key component of the humoral
immune response mediated by B-cells, they are widely recognized as
an important class of molecules for both diagnostic and therapeutic
applications. A typical antibody molecule contains 4 polypeptide chains
linked to each other through disulfide bonds [Figure 1]. Polyclonal
antibodies are derived from the blood of immunized animals or
humans recovered from a disease condition and have been used for the

treatment of numerous disease conditions such as tetanus, diphtheriae,
snakebite, and COVID-19 [11,12]. However, the production of
polyclonal antibodies relies on the availability of immunized animals
or human donors and is subjected to batch-to-batch variations [13].
These issues can be addressed by the development of MADbs, which
are derived from single B-cell clones and are homogenous. In 1975,
George Kohler and Cesar Milstein described Hybridoma technology
to produce MADs, wherein B-cells obtained from immunized mice
are fused with immortal myeloma cells to obtain immortal hybridoma
cells that serve as a continuous source of the antibody encoded by the
parent B-cell [14]. This technology revolutionized the production of
MAbs and made them a popular choice for diagnostic and therapeutic
applications. OKT-3 MADb was the first murine antibody approved for
clinical use as an immunosuppressant to prevent organ rejection after
transplant in 1986 [15]. However, it was withdrawn later due to the
severe side effects caused by its murine origin [16,17]. Antibodies
of murine origin have been known to cause human anti-murine
antibody response and, consequently, are unsuitable for therapeutic
applications. Such MAbs require further engineering before they can
be considered suitable for administration in humans. This engineering
largely involves the development of humanized antibodies, wherein the
complementarity-determining regions (CDRs) of murine antibodies
that contribute to the target binding are implanted into the human
antibody framework [18]. This reduces the immunogenicity profile of
the antibodies while retaining their specificity.

MADs of human origin alleviate most of the issues posed by murine
antibodies. Human MAbs have been successfully used as therapeutics
for the treatment of various diseases including cancer, autoimmune
disorders, organ transplantation, and most recently COVID-19 [18,19].
Over time, MAbs have emerged as an important class of protein-based
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Figure 1: Strategies available for the development of human monoclonal antibodies.
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biologics with estimated sales of USD 300 billion by 2025 [18].
After the approval of OKT-3, it took almost 29 years to approve the
50" therapeutic MAbs in 2015, whereas the 100" MAb was approved
in 6 years in April 2021 emphasizing the advancement in the field and
wide recognition of MAbs as therapeutic molecules [20]. Therapeutic
MADs act through multiple modes of action including neutralization
of the target, antibody-dependent cell-mediated cytotoxicity,
complement-dependent cytotoxicity, and targeted drug delivery using
antibody-drug conjugates [Figure 1] [21]. Further, once a specific
antibody is obtained, it can be engineered to produce versions with
improved properties including better PK-PD profiles, improved
effector functions by Fc engineering, etc. [22].

3. STRATEGIES FOR HUMAN MAB DISCOVERY

Over the past few decades, technological advances have enabled the
production of fully human MADbs. Techniques such as the use of phage-
displayed human antibody libraries, transgenic animals, single B-cell
cloning, computational antibody engineering, and next-generation
sequencing are now available for discovering human MAbs against
any target in principle [Figure 1] [18,23-26].

Phage display technology is one of the most versatile and popular
strategies for the isolation of human MAbs. This technology involves
amplification of the genes encoding antibodies followed by cloning
in different formats (scFv or Fab) and display of antibody fragments
in fusion to one of the coat proteins on the phage particles [27].
The phage-displayed antibody library is then used to select specific
antibodies against the desired target. Depending on the source of the
antibody gene repertoire, human antibody libraries can be either natural
or synthetic. Natural libraries can further be divided into immunized
or naive libraries. The immunized antibody libraries comprise the
antibody gene repertoire of immunized/convalescent patients, which
are majorly primed against particular antigens and the same have been
employed for the isolation of target-specific MAbs [27-29]. However,
these libraries are primed against a particular target and cannot be
used to isolate binders against other targets. On the other hand, naive
libraries contain antibody gene repertoire encoded by individuals who
do not have a recent history of any illness and hence are not biased
against any particular antigen [30]. Naive human antibody libraries
provide an excellent opportunity to explore the natural human antibody
repertoire, which is highly competent to generate immune response
against almost every antigen [29]. Hence, such libraries tend to be
universal and in principle encode binders to every possible antigen.
Synthetic or semi-synthetic repertoires comprise antibody genes
whose CDRs are either fully (synthetic) or partially (semi-synthetic)
reconstructed in vitro [31]. These libraries are very distinctive and
can be tailored to impart improved expression, stability, and binding
characteristics [32-34]. Synthetic libraries hold the potential to yield
high-affinity antibodies against a diverse range of targets and have
been exploited for the isolation of important antibody leads against
clinically relevant diseases, for example, HIN1, and for the study of
biomarkers using antibody-based proteomics [35-37]. The first fully
human MADb, Adalimumab (Humira), was isolated using Phage display
and was approved for the treatment of rheumatoid arthritis in 2002 [18].
Following its success, multiple therapeutic antibodies isolated using
phage display have received approvals for use in humans [18].

Another technology involves the use of transgenic animals, which
encode human antibody immunoglobulin locus and, hence, are
capable of producing human antibodies [25]. This technology allows
the exploitation of natural mechanisms of the immune system for

the generation of specific and high-affinity antibodies against the
desired target. The transgenic animals are immunized with the desired
target and B-cells are harvested from immunized animals for cloning
antibody genes. Panitumumab was the first MAD that originated from
the XenoMouse transgenic system and was approved for the treatment
of colorectal cancer [38]. Ever since multiple transgenic antibody
platforms have become available; they have been successfully
employed to produce human MADs against clinically relevant
targets. The most recent example is the development of neutralizing
antibodies against the spike protein of SARS-CoV-2 for the treatment
of COVID-19 [18,39,40].

Single B-cell cloning technology involves the separation of the
B-cell repertoire into individual cells followed by the amplification
and linkage of variable light and heavy genes to maintain the original
pairing of the B-cell [41]. Depending on the distinct markers present on
the surface of the B-cells, they are sorted as single cells and analyzed
for specificity against the target antigen [23]. B-cells can be isolated
from transgenic animals (encoding human antibodies) or convalescent
humans to isolate target-specific antibodies. Single B-cell technology
has seen tremendous advancement in the past decade and is beneficial
in many important applications including screening repertoires for
neutralizing antibodies that can be employed treatment of infectious
diseases [42], studying immune response after vaccination [43],
etc. Antibody discovery is also aided by computational strategies,
which allow the analysis of the immunogenicity profile, biophysical
properties, and developability profile of lead antibody molecules for
better chances of success during clinical trials [26].

4. MABs AS NON-TRADITIONAL ANTIBIOTICS FOR THE
TREATMENT OF AMR BACTERIA

Due to their diverse modes of action and proven effectiveness and
safety in the treatment of several diseases such as cancer, MAbs can
be considered a relatively low-risk alternative to traditional antibiotics.
Key mechanisms that lead to the generation of AMR include alteration
of the target site of antibiotics, production of enzymes that degrade
antibiotics, efflux of antibiotics through efflux pumps on the bacterial
cell surface, and changes in the membrane permeability to reduce the
absorption of antibiotics [44,45]. With their potent effector functions,
antibody-based antibiotics can be used to mediate the direct killing
of bacteria, neutralization of toxins to control the infection, as well
as target the molecules such as efflux pumps or antibiotic degrading
enzymes that contribute to AMR [46]. Overall, MAbs can disrupt
bacterial growth by mechanisms such as inhibition of biofilm formation,
preventing iron acquisition, attachment or adhesion, neutralizing toxins,
opsonophagocytosis, and complement activation [47]. Further, they can
be administered either as a stand-alone therapy or in combination with
traditional antibiotics [47]. As compared to antibiotics, the better half-
life of antibodies can provide extended protection against infections.
Moreover, due to their high specificity, they are expected not to harm
the gut microbiome, thereby mitigating the adverse effects caused by
antibiotics. Key pros and cons of using MADbs as therapeutic alternatives
to antibiotics for countering AMR are listed in Table 1.

5. MABs APPROVED FOR THE TREATMENT OF
BACTERIAL INFECTIONS

Three MAbs have been approved for the treatment of diseases caused
by bacteria [Table 2]. Bezlotoxumab is a human MAb (IgG1), which
was discovered using transgenic mice technology and developed by
Merck (Trade name Zinplava), and was approved by FDA in 2016
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to reduce infection risk caused by Clostridium difficile [18, 76]. This
MAD specifically recognizes the Toxin B of C. difficile and neutralizes
its effect. C. difficile is a nosocomial Gram-positive bacterium that
causes diarrhea in hospitalized patients. On infection, it secretes
exotoxins such as Toxin A and B in the gut, which interact with the
surface receptors on the mucosa leading to the degradation of actin
filaments. This, further, results in necrosis in the lumen of the colon
and an inflammatory response in the gut [48]. Bezlotoxumab has
been reported to reduce the recurrence of C. difficile infection when
administered along with antibiotic therapy [49].

Raxibacumab is a human MAb discovered using phage display
technology and developed by GlaxoSmithKline/Human Genome
Sciences, Inc. (Trade name Abthrax), and was approved by FDA in
2012 for the treatment of inhalational anthrax caused by Bacillus
anthracis [50,51]. This MADb specifically recognizes the protective
antigen (PA) of B. anthracis and neutralizes its toxic effect. The
bacteria produce PA, edema factor (EF) and lethal factor (LF), and PA
facilitates entry of EF and LF in mammalian cells [51]. Raxibacumab
specifically recognizes PA and neutralizes its effect.

Similarly, Obiltoxaximab is a chimeric MAb (IgGl) discovered
using traditional hybridoma technology and developed by Elusys
Therapeutics Inc. (Trade name Anthim) and was approved by FDA in
2016 for the treatment of inhalational anthrax caused by B. anthracis.
Like Raxibacumab, Obiltoxaximab also recognizes the PA of
B. anthracis and neutralizes its toxic effect [52].

6. ANTI-BACTERIAL MABs AT VARIOUS STAGES OF THE
DRUG DEVELOPMENT PIPELINE

As per the WHO data, in 2021, about five MADb leads targeted against
S. aureus, Campylobacter jejuni, and against the biofilms formed by
several Gram-negative and Gram-positive bacteria are under clinical
trials as non-traditional antibiotics [53]. The molecules are listed in
Table 3.

Table 1: Pros and cons of using monoclonal antibodies as potential
therapeutic alternatives to antibiotics for countering AMR.

Pros Cons

Higher half-lives (~21 days for IgG)
provide extended protection against the
infection

High cost: but improvement
in production technology is
expected to bring down the
overall cost

Higher target specificity protects gut
microbiome and mitigates adverse
effects

A combination of MAbs may
be required to target different
components of a pathogen

Safe and time-tested molecules for
treating diseases

Should be of human origin to
prevent immunogenicity and
suitable animal models should
be available for testing

Can be less susceptible to development
of resistance due to controlled use in
only life-threatening conditions

The clinical trials may be
expensive

Table 2: Monoclonal antibodies approved for the treatment of bacterial diseases.

Name Target/Action
Bezlotoxumab Neutralizes enterotoxin B of Clostridium difficile
Obiltoxaximab Neutralizes protective antigen of Bacillus anthracis

Raxibacumab Neutralizes protective antigen of Bacillus anthracis

AR-301 (tosatoxumab) is a fully human MAb (IgGl) being
developed by Aridis Pharmaceuticals, which targets the alpha-toxin of
S. aureus [54). This MAb was isolated by screening B-cells from a
patient suffering from pneumonia caused by S. aureus. The alpha-toxin
has hemolytic and cytotoxic effects and binds to immune cells to
modulate their activity. AR-301 MAD neutralizes the alpha toxin and
is effective as an adjunctive treatment strategy for hospital-acquired
bacterial pneumonia caused by S. aureus [54]. It is currently in Phase-3
of clinical trials [55].

AR-320 (suvratoxumab) is a fully human MAb (IgG1) licensed
by Aridis Pharmaceuticals from AstraZeneca, which targets the
alpha-toxin of S. aureus [56]. This MAb also neutralizes the effects of
alpha-toxin and is being developed for reducing the risk of pneumonia
in patients on mechanical ventilation. It is currently in Phase-3 of
clinical trials [57].

LMN-101 is a variable antibody heavy chain-derived protein-based
product (VHH) being developed by Lumen Biosciences that bind and
inhibit a flagellin filament protein FlaA of C. jejuni [58]. It is currently
in Phase-2 of clinical trials [58].

TRL1068 is a fully human MAb (IgG1) that binds to homologues of
the DNABII family (integration host factor and histone-like proteins)
made by Gram-negative and Gram-positive bacteria and disrupts the
formation of biofilms [59]. It is being developed by Trellis Bioscience
LLC and was isolated by B cell screening [60]. It is currently in Phase-1
of clinical trials for the treatment of prosthetic joint infections [61].

IMW 1411 is a human MADb being developed by Mabwell (Shanghai)
Bioscience Co., Ltd. that targets alpha-toxin of S. aureus for the
treatment of acute bacterial skin and skin structure infections. It is
currently in Phase-2 of clinical trials [62].

Further, several antibody-based molecules are currently under the
preclinical stage of development [47,53]. AR401 is a fully human MAb
being developed by Aridis Pharmaceuticals [63]. It was isolated from
B-cells of patients infected with A. baumannii and targets novel putative
targets of this bacterial species. VXD-003 also targets A. baumannii
[47]. Cd-ISTAD is a cocktail of two antibodies engineered for the
treatment of C. difficile and targets Toxin A [64]. Two antibodies,
namely, ASN-4 and ASN-5 have been developed against E. coli ST131
and K. pneumoniae, respectively. Both antibodies were developed
by Arsanis, Inc. and have been now licensed to Bravos biosciences
(known as BB100 and BB200) [47].

Several antibody-based molecules against different bacterial targets
are also in the preliminary discovery stage of development. Aguilar
et al. have shown that passive administration of MADbs against
Staphylococcal enterotoxin K can protect mice from lethal shock and
sepsis induced by a community-acquired MRSA USA300 strain [65].
Further, since antibodies are highly specific to their target, efforts
are also underway to discover molecules against bacterial targets
that can have broad-spectrum effects. For example, polysaccharide
poly-B-1,6-N-acetylglucosamine (PNAG) has been identified on the

Technology used for discovery Year of Approval Reference
Transgenic mice 2016 [76]
Hybridoma 2016 [77]
Phage display 2012 [50]
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Table 3: Antibody-based products in the clinical development pipeline for
the treatment of bacterial diseases [53].

Name Target/Action Phase of
development
AR-301 AR-301 is an anti-S. aureus 1gG1 Phase-3
(tosatoxumab) ~ monoclonal antibody that targets
virulence factor o-toxin
AR-320 AR-302 is an anti-S. aureus 1gG Phase-3
(suvratoxumab) monoclonal antibody that targets the
surface-localized clumping factor A and
virulence factor o-toxin
LMN-101 LMN-101 is a variable heavy Phase-2
chain-derived protein that binds and
inhibits a flagellin filament protein FlaA
of C. jejuni
IMW 1411 IMW 1411 is a MAD that recognizes Phase-2
the a-toxin monomer of S. aureus and
reduces its toxicity
TRL1068 TRL1068 is a MAD that binds to Phase-1

homologues of DNABII made by
Gram-negative and Gram- positive
bacteria and disrupts the formation of
biofilms

surface of many AMR pathogenic bacteria and has been reported to be
upregulated during drug resistance [66,67]. A fully human MAb, F598
IgG, has been found to be specific to PNAG and exhibit protective
action against several bacterial species [68]. Similarly, Szijarto ef al.
developed a high affinity humanized mouse MAb — A1102 against
the LPS O-antigen, D-galactan-11I of K. pneumoniae carbapenemase
producing K. pneumonia isolates associated with ST258 clades, and
MAD A1102 showed protection against the ST258 whole bacteria
in mice and rabbits [69]. The same group also developed another
humanized MAD against LPS O-antigen, O25b of multi-drug resistant
H30 subclone of extraintestinal pathogenic E. coli ST131, which is
responsible for 10-25% of extraintestinal E. coli infection [70]. Since
025b is a conserved antigen, the MAD is expected to be effective
against 10-25% of extraintestinal pathogenic E. coli and more than
50% of the MDR isolates. Diago-Navaro et al. reported two broadly
reactive MAbs 17H12 and 8F12, which specifically recognize
epitopes of the capsular polysaccharide of clade 2 ST258 carbapenem-
resistant K. pneumoniae. These MAbs caused agglutination of all
clade-2 strains and promoted bacterial killing by biofilm inhibition,
complement deposition, opsonophagocytosis, and deployment of
neutrophil extracellular traps [71]. Similarly, efforts should be made
to identify conserved targets for developing broad-spectrum antibody-
based therapy against other pathogenic bacteria. Furthermore, in some
cases, it may be necessary to neutralize more than one antigen/toxin
secreted by pathogenic bacteria. For example, multiple toxins drive the
pathogenesis of S. aureus, which are a major pathogenic bacterium.
Rouha et al. developed two neutralizing human MAbs ASN-1 and
ASN-2, which were found to simultaneously neutralize alpha-
hemolysin and 5 leukocidins of S. aureus [72]. The molecules entered
clinical trials, but the trials were eventually terminated [73].

7. KEY CONSIDERATIONS AND CHALLENGES
ASSOCIATED WITH MABS AS NON-TRADITIONAL
ANTIBIOTICS

After the recent success of broadly neutralizing MAbs as effective
antivirals against SARS-CoV-2 and its emerging variants, they have

emerged as a viable option for the treatment of AMR bacteria [74].
The identification of bacterial antigens that should be initially targeted
for developing narrow or broad-spectrum antibody-based therapy
is important. The target bacteria should be the pathogens from the
WHO priority list, which have been identified as the leading cause
of antibiotic-resistant infections caused globally in hospitals [6]. The
target antigens could be lipopolysaccharides, capsular polysaccharides,
conserved exopolysaccharides, pilus formation proteins, extracellular
vesicle components, efflux pumps, antibiotic degrading enzymes,
etc. [75]. It is also important to develop sensitive and rapid diagnostic
tools for the identification of disease-causing bacteria to determine
the proper course of the therapy [9]. Further, the knowledge about
the effector functions of the MAbs with different isotypes/subclasses
should be exploited to obtain desired binding and effector functions
for effective bacterial killing. It is also imperative that proper animal
models should be available for evaluating the antibody molecules
during the preclinical stages of development. At the same time,
knowledge about disease etiology and progression is very essential
to determine the time window most suitable for the administration
of MAD therapy [75]. The cost of MAbs can be a challenge for their
viability as a therapeutic alternative to antibiotics. However, with
continuous technological advancements in the field, it is expected
that MAb-based treatments will become increasingly affordable in the
future. Addressing such issues can make antibody-based antibacterial
therapy successful and can revolutionize the course of treatment of
bacterial infections.

8. CONCLUSION

MADbs are an important class of protein-based biologics that are used to
treat multiple disease conditions [18]. AMR is emerging as a significant
threat globally, and as per the WHO, lack of action against AMR can
make it aleading cause of fatalities. Due to the paucity of small molecule-
based antibiotics in the development pipeline against the drug-resistant
pathogens of the ESKAPEE category, other molecules are continuously
being explored as non-traditional antibiotics. Due to their specificity and
proven safety in human subjects, MAbs have a high potential to serve
as non-traditional antibiotics for AMR bacteria. Several technologies
exist for the development of human MADbs and the recent success with
antibodies as antivirals for the treatment of COVID-19 gives hope that
the same strategies can be explored for rapidly developing antibody-
based antibiotics. Such molecules can be used as standalone or adjunct
therapies with existing antibiotics to mitigate AMR. MAbs can be used
as a mixture to address various aspects of curing bacterial infections
including neutralization of toxins, killing, and clearance of bacterial
cells. In the future, careful selection of bacterial targets (toxins, surface
proteins, etc.), the discovery of broadly neutralizing antibodies, and the
optimization of antibody production costs will allow the availability
of MAb-based treatments for treating AMR bacteria. Overall, with
three antibody molecules already approved and many more in various
stages of the drug development pipeline, it is envisaged that antibodies
will emerge as key players on the clinical landscape of therapeutic
interventions for AMR bacteria.
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