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Abstract

Context: The unprecedented rise in antibiotic-resistant bacterial infections is a challenging dilemma, urging the development of
novel and effective antibiotics for the treatment of such infections. Anti-virulence therapy is a promising solution in this regard. Un-
like antibiotics, these drugs could lower the selective evolutionary pressure on a bacterial population and target the virulence factor
rather than the growth pathways, thereby targeting and repressing the propagation of antibiotic resistance and virulence genes in
bacteria. The present study aimed to investigate anti-virulence therapy against bacterial infections, as well as the mechanisms of
action and challenges.

Evidence Acquisition: This literature review discusses the issues of antibiotic resistance developed in bacterial infections, the diffi-
culties in antibiotic treatment, the mechanisms involved in anti-virulence therapy, and the approved anti-virulence drug therapeu-
tics.

Results: We outlined the success in overcoming antibiotic resistance by using anti-virulence therapy as an alternate treatment
option, while also discussing the drawbacks associated with their use and safety against bacterial infections.

Conclusions: According to the results, anti-virulence therapy combined with antibiotic treatment is effective in the treatment of

several bacterial infections.
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1. Context

Antimicrobial resistance has become a prominent
public health crisis worldwide. Although antibiotics have
served as life-saving drugs since the previous century, ques-
tions remain to be addressed regarding the effectiveness
of these agents in the treatment of various infections. A
report by the Centre for Disease Control and Prevention
(CDC) estimates a minimum of 2.8 million patients with
antibiotic-resistant infections and more than 35,000 an-
nual deaths in the United States (1). Over the past decades,
antibiotic resistance has continued to spread at an un-
precedented rate, which is a multifactorial phenomenon.
Genetic components encoding antibiotic resistance are
transferred between different bacteria via horizontal gene
transfer (2). In addition, conventional approaches to com-
bating bacterial infections have relied solely on the disrup-
tion of bacterial cellular activities, which leads to bacterial
death. This approach imposes an evolutionary pressure
within the bacterial population, thereby leading to the se-
lection of resistant bacteria (3).

Compared to conventional antibiotic treatment, anti-

virulence compounds could dismantle bacterial viru-
lence factors, providing a different treatment approach
in the battle against antimicrobial resistance (3, 4). Anti-
virulence therapeutic strategies have emerged as a promis-
ingalternative targeting virulence factors. The principle of
anti-virulence therapy is interference with pathogen-host
interactions and reducing damage to the host by avoid-
ing the death of the pathogen directly (4, 5). Since anti-
virulence therapy does not kill pathogens, there is a low
selective evolutionary pressure to develop resistant mu-
tants. Recently, anti-virulence drugs have been identified
and approved for humans. For instance, 5-fluorouracil (5-
FU) has been reported to inhibit biofilm production in
Pseudomonas aeruginosa (6).

Virulence factors are bacterial products used by
pathogens to invade the host and cause disease. Some of
these factors include adhesions, toxins, and specialized
secretion systems to deliver effectors and facilitate the
gene regulation of virulence traits. Bacterial adhesion
to the host is the primary phase of infection. Therefore,
several anti-virulence strategies have been adopted to
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interfere with bacterial adhesion or biofilm formation (7).
Furthermore, various toxins are secreted by pathogens to
contribute to the development of a diseased condition
in the system of the host. Therefore, toxin neutralization
is considered an effective strategy for diminishing the
virulence of pathogens (8).

Since the proper folding and assembly of virulence fac-
tors are essential to their biological activities, they might
become potential targets for anti-virulence therapeutics
to disturb virulence in pathogens (9). Recently, bacterial
functional membrane microdomains (FMMs) have been
reported to play a pivotal role in the assembly of several
virulence factors, and targeting FMMs may be another pos-
sible therapeutic strategy in this regard (10). Another fac-
tor is quorum-sensing systems (QSs), which regulate the
production of several virulence factors. QSs are among
the most exploited targets for the development of anti-
virulence drugs (11). Overall, anti-virulence therapy offers a
promising solution for the treatment of various bacterial
infections.

The present study aimed to provide an overview of the
mechanisms of action of anti-virulence therapy and dis-
cuss promising anti-virulence therapeutic drugs, as well
as the possible challenges associated with anti-virulence
treatment.

2. Evidence Acquisition

The primary objective of this literature review was
to assess antibiotic resistance in various bacterial infec-
tions and the use of anti-virulence drugs for the effective
treatment of antibiotic-resistant bacterial infections. A lit-
erature search was conducted using terminologies such
as antibiotic resistance in bacterial infections and anti-
virulence therapy. In addition, we have discussed the
mechanisms of action associated with the anti-virulence
strategies used for the treatment of bacterial infections.

2.1. Mechanisms of Action

Traditional antibiotics cause bacterial death by inter-
fering with the essential cellular activities of bacteria. The
virulence properties of any pathogen show the capability
of the pathogen to cause disease in the host. Some im-
portant anti-virulence strategies include targeting the ad-
hesion mechanism of bacterial pathogens to host cells,
biofilm formation, toxin neutralization, and regulation of
virulence expressions. Since bacterial virulence targeting
is specific, normal microflora remains safe in contrast to
antibiotic therapy (4, 12). (Figure 1)
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Figure 1. Different anti-virulence strategies against bacterial infections

2.2. Inhibition of Adhesions and Biofilm Formation

Bacterial infections begin with the pathogen attaching
to the host cell, which leads to disease development. Ad-
hesins are the key virulence factors involved in this adhe-
sion mechanism, which aid in the attachment to further
cause the colonization of bacteria within the system of the
host.

Bacteria have developed various adaptation mecha-
nisms, such as the pili and flagella that allow their ad-
hesion to the host (13, 14). Pili subunits are assem-
bled into a multi-subunit structure known as the pilus.
UropathogenicE. coli (UPEC) is the leading cause of urinary
infection, which requires two pili (type Iand P)to adhere to
the host tissue and cause infection (15). Therefore, the anti-
virulence agents that inhibit the pili/fimbriae or adhesins
restrict the interaction of bacterial cells with the host tis-
sues, thereby contributing to the clearance of the bacte-
ria from the system of the host. This strategy provides an
edge by avoiding the release and translocation of other vir-
ulence factors, such as toxins (16).

Research has shown multiple potential inhibitors (eg,
bicyclic 2-pyridones and N-substituted amino acid deriva-
tives) for pili formation (17). Furthermore, bacterial lectins
such as FimH or PapG are located on the pili, contribut-
ing to pathogenesis through invasion, colonization, and
biofilm formation (18). Lectins also recognize a specific
type of mannose receptors on the host cell surface. There-
fore, researchers have been investigating the use of lectins
as the potential therapeutic targets of anti-virulence ther-
apy (19, 20).

According to the literature, biphenyl mannosides
could effectively inhibit bacterial lectins (19). An alternate
strategy in this regard is to inhibit the attachment of bacte-
ria by preventing the binding of bacterial surface proteins
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to the host receptors. Several pathogens use glycosphin-
golipids on the cell surface of the host as their binding re-
ceptors (21). Therefore, previous findings have shown suc-
cess in mouse cells through blocking the ceramide-specific
glycosyltransferase enzyme to reduce the colonization of
UPECE. coli (22).

Sortase enzyme is found in numerous Gram-positive
pathogens such as staphylococci, streptococci, entero-
cocci, and Listeria monocytogenes, playing a key role in
virulence mechanisms. In Staphylococcus aureus, sortase
A contributes to bacterial adhesion and the further in-
vasion of host tissues, along with biofilm formation. It
also aids in immune evasion by inhibiting opsonization
and phagocytosis. Synthetic compounds such as methyl
(2E)-2,3-bis(4-methoxyphenyl) prop-2-enoate and (Z)-3-(2,5-
dimethoxy phenyl)-2-(4-methoxyphenyl) acrylonitrile also
show sortase Ainhibitoryactivity in S. aureus infections (23,
24).

Biofilm formation is another cause of bacterial infec-
tions. Biofilm is a thin mucilage layer containing a pop-
ulation of bacteria and contributes to the adherence of
the bacteria to the host cell. This evolutionary mechanism
increases the fitness of the bacteria from antibiotics and
other defense mechanisms. Therefore, the formation of
biofilms on surfaces may cause long-term infections and
antibiotic resistance (25). Pseudomonas aeruginosa and S.
aureus are such examples of biofilm formation contribu-
tion to the higher resistance and prevalence of bacterial
infection. Additionally, biofilm formation has been shown
to increase the occurrence of processes such as horizontal
gene transfer, which also contribute to developing resis-
tance traits in bacteria (26).

The current strategies to combat biofilm formation
include interference with the formation of biofilms or
breaking down the existing biofilms. Two lectin proteins
are present in pathogenic P. aeruginosa, which are LecA
and LecB. These lectins help bacteria in biofilm forma-
tion through host-cell adhesion, playing a key role in bac-
terial virulence (20, 27, 28). Therefore, the inhibitors of
these lectins could inhibit biofilm formation in P. aerugi-
nosa. Furthermore, compounds such as C-glycosidic sul-
fonamides could inhibit LacB and restrict biofilm forma-
tion by 80% (29, 30).

Studies have shown that treatment with D-amino acids
is associated with the breakage of bacterial linkage within
the biofilm in pathogenic B. subtilis (31). At the transcrip-
tional level, the genes related to flagellar movement have
been down-regulated. Other findings in this regard have
demonstrated diminished the biofilm formation process
and fimbriae production in E. coli 0157:H7 through a com-
pound known as coumarin (32).

Damaging the component of the extracellular matrix
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is another strategy to prevent biofilm formation. For in-
stance, biofilm formation is inhibited in pathogenic B.
subtilis by a compound known as 3, 3/, 4/, 5-tetrachloro-
salicylanilide (TCS), which targets the extracellular matrix
(33). Moreover, DNAse I has the potential to degrade the
extracellular matrix of Campylobacter jejuni, thereby pre-
venting biofilm formation in these bacteria (34, 35). Mean-
while, 5-FU is a uracil analogue, which diminishes viru-
lence and biofilm formation in P. aeruginosa. This anti-
cancer uracil analogue could also repress biofilm forma-
tion by altering the QS pathways of P. aeruginosa without
affecting bacterial growth (6). In a study in this regard,
this compound was reported to inhibit biofilm formation
in EHECE. coli by affecting the virulence genes. AriRis alsoa
global regulator that controls acid resistance in E. coli, and
5-FU has been reported to act through these global regula-
tors to inhibitvirulence and biofilm formation in E. coli K-12
(36).

2.3. Toxin Neutralization

Toxins are released by the pathogens that cause con-
siderable damage to the host and could disrupt impor-
tant cellular processes of the host. Antibodies and var-
ious molecules could be used to inhibit bacterial toxins
and are important approaches to anti-virulence treatment
(37). A commonly studied example in this regard is the
Shiga toxin from E. coli, which contains two subunits (A
and B). Subunit A is the active subunit, and subunit B is
the receptor-binding subunit. The Shiga toxin is respon-
sible for a multitude of factors that contribute to disease
development; such examples are diarrhea, kidney damage,
and destruction of the red blood cells and platelets. Fur-
thermore, subunit A interferes with the protein synthesis
process and cleaves a glycosidic bond in the 60S subunit of
the ribosome, while subunit B binds to globosyl ceramide
3 (Gb3) ganglioside (38). Synsorb-Pk is the inhibitor of the
Shiga toxin, which mimics the Gb3 receptor. Therefore,
both synsorb-Pk and Gb3 receptors compete for binding to
subunit B (39). Previous studies have partially succeeded
in using molecules to mimic Gb3 (40). For instance, Silber-
stein etal. reported thatin arat model (C-9), an inhibitor of
glucosylceramide synthase could effectively decrease the
interaction of subunit B of the toxin through the Gb3 re-
ceptors, thereby reducing disease progression (41).

The administration of antibodies plays a pivotal role
in neutralizing these toxins and reducing their detrimen-
tal effects on the host system. The antibodies that target
the Shiga toxin have been isolated in rats, showing the ca-
pability of inhibiting E. coli attachment to enterocytes and
contributing to neutralizing the Shiga toxin (41). Addition-
ally, Hashish et al. administered a multiepitope fusion pro-
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tein to mice, observing immunity against enterotoxic E.
coli(42).

A murine model study showed that biaryl hydroxyke-
tone compounds such as F12 and F 19 could be used as ef-
fective antiviral agents in the cases where they could act as
ArgA inhibitors through preventing AgrA binding to pro-
moter P3, which, in turn, inhibits the formation of the tox-
ins that are responsible for disease development; as a re-
sult, antibiotic efficacy improves in-vivo. The model system
has proven effective in the treatment of staphylococcal in-
fections. Since all Gram-positive bacteria have Arg, operons
containing the homologs of ArgA F12 and F19 could be used
against various Gram-positive bacteria, including staphy-
lococci, streptococci, and bacilli, as well as drug-resistant
strains (43).

In S. aureus infections, bacterial toxin a-hemolysin
plays a key role in virulence. This pore-forming toxin
causes hemolysis during an infection. Monoclonal anti-
body MEDI4893 remains a subject of clinical trials and acts
asablocker of S. aureus c-hemolysin toxin (44). Leukotoxin
is another S. aureus toxin and a group of bi-component
Luk toxin family, consisting of Panton-Valentine leuko-
cidin (PVL) cytotoxin. It is responsible for the lysis of white
blood cells in the host. Polyclonal antibodies such as intra-
venous polyclonal immunoglobulin preparations are PVL-
specific antibodies, which act by interfering with the bind-
ing of PVL to neutrophils, thereby causing anti-PVL leuko-
toxicity (45).

Current advancements have underlined liposomes as a
therapeutic strategy to neutralize toxins. Since liposomes
are made of lipids and are mostly inactive against bacte-
ria, using therapies combined with antibiotics provides
an effective treatment strategy against bacterial infections
(46). In a study in this regard, Henry et al. reported that
in-vivo, the administration of liposomes to mice protected
the animals against pulmonary infections and septicemia,
which are caused by S. aureus and S. pneumonia, respec-
tively. The researchers also observed that combined ther-
apywith liposomes and antibiotics increased survival rates
compared to single therapy (47). Moreover, Wei et al. sug-
gested developing vaccines using nano-toxoids (8). The
authors also proposed the use of nano-sponges to reduce
bacterial infection by extracting toxins from the environ-
ment (8). This method is advantageous as it does not solely
combat infections, but also lowers the evolutionary pres-
sure for the selection of resistant strains. Further investi-
gationisrequired torecognize the mechanism and efficacy
of nano-sponges in toxin neutralization.

Scaffold proteins play a key role in regulating the as-
sembly of interacting protein components, as well as in
biological processes. In S. aureus, the scaffold protein
FloA contributes to the interaction of protein complexes,

therebyresulting in the progression of S. aureus infections.
Therefore, the scaffold activity of FloA is essential to the
interaction of other protein complexes that are related to
multidrug resistance and enhance the virulence of S. au-
reus. According to the literature, anti-FMM compounds
such as zaragozic acid, miltefosine, and 5-doxyl-stearic acid
could disrupt the correct assembly of type VIl secretion sys-
tem (T7SS). These compounds may also alter FloA oligomer-
ization, thereby affecting the scaffold protein activity and
further impairing the secretion of T7SS-associated viru-
lence factors in S. aureus infections (48, 49).

2.4. Targeting Virulence Gene Expression

Another strategy in anti-virulence therapy involves the
targeting of the regulatory pathways that express viru-
lence factors. Prior research has demonstrated success
through the mechanism of targeting specific regulatory
steps in the regulation of virulence factors (50, 51). Recent
advances have also been directed toward the inhibition of
QS cell-cell communication by the bacteria that regulate
these processes. QS is the process through which bacteria
release signaling molecules to increase their rapid prolif-
eration until reaching a specific population size (52). Once
the bacteria are ‘quorate’, QS could enhance the expression
of virulence factors in the expression of other genes. More-
over, bacteria could begin to express such factors only af-
ter reaching a specific threshold that could cause an infec-
tion. Therefore, QS pathways have become an important
research area, and the inhibition of such processes could
reduce bacterial proliferation, while also interfering with
the expression of virulence factors (11).

One large area of target regarding the inhibition of QS
pathways relies on the notion of down-regulating the ex-
pression of autoinducers (53). Autoinducers are the sig-
naling molecules used by bacteria to sense the popula-
tion density and promote bacterial proliferation to reach
a specific threshold. Gram-positive bacteria produce au-
toinducing peptides that require cleavage, while Gram-
negative bacteria produce autoinducers such as N-acyl-
homoserine lactones (AHLs) (54). Notably, both Gram-
positive and Gram-negative bacteria use the signaling
molecule autoinducer-2.

Gram-negative bacteria have been shown to produce
AHLs from s-adenosyl methionine. In a study, Kala-
iarasan et al. observed the inhibition of AHLs in P. aerugi-
nosa by s-adenosyl-homocysteine (55). Additionally, other
molecules that prevent the production of AHLs have been
identified and could be used to reduce the expression of
virulence factors such as biofilm formation. On the other
hand, Gram-positive bacteria such as S. aureus produce au-
toinducers, while they require cleavage for activation (56).
In thisregard, Wrightetal. reported thatin the early stages
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of infections, administering inhibitory autoinducing pep-
tides could inhibitS. aureus-induced abscess formation (Ta-
ble 1) (57).

2.5. Potential Anti-virulence Therapeutics as Effective Treat-
ments

Currently, the US Food and Drug Administration (FDA)
has approved anti-virulence drugs for three pathogens (B.
anthracis, C. botulinum, and C. difficile) although they do not
confer antibiotic resistance (58) (Table 2). However, these
pathogens are considered to cause a life-threatening state
in infections and contribute to a high rate of mortality and
morbidity in the patients.

Bacillus anthracis is a Gram-positive bacterium, which
causes diseases in warm-blooded livestock and could also
be transmitted to humans. Enzyme penicillinase and -
lactamase enzymes in B. anthracis are responsible for the
development of antibiotic resistance against regular an-
tibiotics. Therefore, B. anthracis is considered a hazardous
pathogen, classified as a bioweapon. Anti-virulence ther-
apies target two main virulence factors, which are the
anti-phagocytic poly-y-d-glutamic acid polypeptide cap-
sule and tripartite anthrax toxin (59). There are two an-
thrax toxins, which are known as the lethal toxin and the
edema toxin (60). These toxins interfere with cellular pro-
cesses and may persist for a long time even after toxin
neutralization. Therefore, it is crucial to address the con-
cerns raised regarding the length of interventions. An an-
thrax vaccine, known as the anthrax vaccine adsorbed (Bio-
Thrax), has been produced. However, it should be adminis-
tered at multiple doses and may not be effective in protect-
ing the immune system against fatal effects (61).

The FDA has approved two drugs under the animal ef-
ficacy rule; these agent are raxibacumab (Abthrax; Glax-
oSmithKline) and obiltoxaximab (Anthim, ETI 204; Elusys
Therapeutics), which prevent the toxic effects of the lethal
factor and edema factor of toxins (62). The protective anti-
gen (PA) of B. anthracis binds to the host cell receptors and
eases the transport of the lethal factor and the edema fac-
tor in the cytosol, thereby contributing to the pathogene-
sis of anthrax (63).

Raxibacumabisarecombinanthuman monoclonalan-
tibody, which is capable of neutralizing anthrax toxins by
inhibiting the binding of the toxin component PA to the
host cell receptors (64). Obiltoxaximab is another mono-
clonal antibody, which could also neutralize the free PA of
B. anthracis and inhibits the lethal effects of anthrax tox-
ins (65). These agents have proven effective in eliminating
the inhalational anthrax infection after one treatment in-
tervention conducted on rabbits and monkeys (66).

Clostridium botulinum is a Gram-positive bacterium and
acausative agent of botulism, which leads to weakness and
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a possible paralytic condition in the patients. Botulinum
(BoNT) neurotoxin interferes with the neurons at the neu-
romuscular junction, thereby preventing the release of
neurotransmitters at the synaptic cleft (67). C. botulinum is
similar to B. anthracis and classified as a potent bioweapon
due to the practicality of culturing this pathogen from the
environment. To date, the FDA has approved immunoglob-
ulins as potential anti-virulence therapies for the treat-
ment of botulism. Botulism immune globulin intravenous
(BIG) has been used for the treatment of infant botulism
(types A and B) (68), showing promising outcomes and
causing areduction in the length of hospital stayand other
associated factors. Equine-derived botulism antitoxin hep-
tavalent (BAT; Cangene) is the second-type drug that has
been approved under the animal efficacy rule and is used
for the treatment of types A-G in children and adults (69).

Clostridium difficile is a Gram-positive bacterium,
which causes weakness, abdominal pain, and diarrhea in
infections. The rate of C. difficile infections has increased ex-
ponentially, and recurrent infections have become a major
concern as a leading cause of mortality compared to other
pathogens.

TcdA and TcdB are two toxins that could disrupt the
cytoskeleton structure (70). They are targeted by anti-
virulence therapies to prevent C. difficile infections. Bezlo-
toxumab targets TcdA and TcdB, and its use is associated
with a lower rate of C. difficile infection recurrence in those
who are at a higher risk of infection recurrence. Since its
FDA approval in 2016, bezlotoxumab has become one of
the most efficacious anti-virulence therapies in the treat-
ment of life-threatening and prevalent bacteria (71). Cur-
rently, multiple studies are investigating potential toxin
inhibitors at the preclinical stages.

2.6. Potential, Challenges, and Future Direction

Anti-virulence therapy is known as a promising treat-
ment for various bacterial infections. First, anti-virulence
treatment lowers the selection pressure for resistance
genes by targeting virulence factors rather than the
growth pathway. Moreover, this type of therapy does not
kill the pathogen, but rather, allows it to pass through the
host without any damage. As a result, it provides an advan-
tage over regular antibiotic treatment against numerous
bacterial infections. For a more effective treatment, com-
bined therapy with antibiotics helps eliminate the infec-
tion and prevent recurrence (72). The development of ther-
apeutics to target prevalent virulence factors in numerous
bacteria could be broadly used for the treatment of multi-
ple bacterial infections.

Although anti-virulence therapies are promising alter-
natives to antibiotics, they have certain drawbacks as well
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Table 1. Targets, Inhibitors, and Mechanisms of Action of Anti-virulence Agents

Targets

Inhibitors

Mechanism of Action

Biofilm formation and adhesion Pilin
chaperones

B. subtilis

Toxin delivery Shiga toxin in E. coli

Bicyclic 2-pyridones and N-substituted amino acid
derivatives

3, 3’ y 4/, 5-tetrachlorosalicylanilide

Synsorb-Pk

Inhibition of pilus assembly

Inhibition of biofilm formation

Binding of synsorb-Pk to subunit B of Shiga toxin

Folding and assembly Staphylococcus aureus

Regulation of virulence expression Quorum

sensing (LuxR homologs) furanones)

Quorum sensing (S. aureus AgrC)

Functional membrane microdomains

Structural analogues of AHLs (eg, halogenated

Inhibitory autoinducing peptides

prevents toxin binding to host receptor
Inhibition of FloA oligomerization and scaffold
activity

Accelerate turnover of LuxR homologs; inhibited
expression of quorum sensing-regulated genes;
inhibited production of carbapenem in E. carotovora
and virulence factors in P. aeruginosa

Inhibition of Agr locus activation

Table 2. FDA-approved Anti-virulence Therapies

Compound Molecular Target

Clostridium botulinum baby BIG (botulism immune globulin Human Botulinum (BoNT) serotypes Aand B

intravenous)

BAT (botulism antitoxin heptavalent [A, B, C, D, E, F, G]) Equine BoNT serotypes A-G

Bacillus anthracis raxibacumab Human Protective antigen of anthrax toxin; inhibited binding of antigen to host
cell receptor

Obiltoxaximab Human

Clostridium difficile bezlotoxumab

Human TcdB

(Table 3). Since anti-virulence therapy targets specific fac-
tors or pathways, it may target other non-related pathways
that control important functions. Furthermore, these ther-
apies could affect the normal microflora. Among Gram-
negative bacteria, LED209 could potentially impact the
healthy microbiome in the gastrointestinal tract (73). It is
essential to maintain the balance of normal microbiota as
the disturbance of this balance could be harmful to the re-
spective host organism. Therefore, the therapy should only
target a specific factor rather than metabolic processes in
some cases.

Despite the lower evolutionary pressure for resistance,
studies have shown thatitis possible to develop resistance
over time since bacteria have evolved the mechanisms that
allow their adaptation to their environment; these mecha-
nisms mainly involve the modification or overexpression
of the target. For instance, target modification in L133P
amino acid renders its resistant to virstatin, which is a
cholera toxin inhibitor (74). Further investigations in this
regard should be focused on the prospective trials aimed at
assessing the potential side-effects of these anti-virulence
therapies. Moreover, it is paramount to properly select the
virulence factors that should be targeted as a treatment op-
tion in particular bacteria.

As anti-virulence therapies begin to rise in popularity,

there is an urgent need to develop an assessment mech-
anism to recognize the factors that are required to evalu-
ate the effectiveness of these treatments against bacterial
infections. Organism sequencing could provide the nec-
essary tools to determine the factors that should be tar-
geted and whether the process should be applied in dif-
ferent host cells as well (5). Since anti-virulence therapeu-
tics are mostly specific to bacteria, the development of
broad-spectrum anti-virulence therapeutics remains chal-
lenging.

3. Conclusions

The increasing prevalence of bacterial infections and
antibiotic resistance poses a great risk to global health.
Therefore, novel therapies must be investigated that do not
involve conventional antibiotic therapies. Anti-virulence
therapyis an emerging field that lowers the selection pres-
sure toward resistance, does not kill the pathogen, and fo-
cuses on targeting virulence factors rather than growth.
The development of anti-virulence therapeutics is mainly
focused on the pathogen and its interaction with the host
and environment. Therefore, recognizing the pathogen-
host interaction is essential. Furthermore, the develop-
ment of broad-spectrum drugs provides an edge for the
treatment of multiple bacterial infections.
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Table 3. Advantages and Disadvantages of Anti-virulence Therapy

Advantages

Disadvantages

Imposing a lower evolutionary pressure than antibiotics
Possible disarming of pathogen without killing it

Supplemented with antibiotics to eliminate residual infection or prevent
recurrent infections

Quorum sensing inhibitors may help regulate virulence gene expression and
reduce production of multiple virulence factors.

Possibly diminished therapeutic effects compared to antibiotics
Possible persistence of residual bacteria after discontinuation of therapy

May require constant combination therapy with antibiotics to prevent recurrent
infections.

May not be effective in all disease forms caused by same pathogen.

Despite the potential of three FDA-approved drugs,
anti-virulence therapy remains challenging, and the ob-
stacles in this regard should be overcome. Avoidance of
the misbalance of the normal microflora in the host sys-
tem due to the use of these drugs and their potential side-
effects on the mammalian system are prominent issues
that should be addressed as well. This is essential to ap-
prove the safety of anti-virulence therapies as an alterna-
tive treatment option against bacterial infections. In con-
clusion, vigilant and extensive research alongside clini-
cal trials are recommended regarding anti-virulence ther-
apeutics to ensure their safe and effective use.
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