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ABSTRACT

Cytokines are small, numerous immunoregulatory molecules that play an important role in immune and inflammatory
responses. Interleukin-1 (IL-1) is an important cytokine in the body's defense against foreign agents, including bacteria,
but when overproduced, it is a highly inflammatory molecule. Targeting IL-1 may be a relevant strategy in many
inflammatory diseases including those caused by microorganisms. IL-1 exists in two main forms, IL-1a and IL-1, and
both are activated after maturation of their precursors. IL-1f is produced mainly by macrophage cells and plays an
inflammatory role in many diseases, including infectious ones. IL-1p generates the inactive precursor pro-IL-1p that is
cleaved by the caspase-1 enzyme and then becomes active. IL-1p binds to the receptor and triggers a signaling cascade
involving the adaptor protein MyD88 and leads to activation of nuclear factor kappa B (NF-«kB). Targeting IL-1 in
infections reduces inflammation and improves the course of the disease.

KEYWORDS: Cytokine, IL-1, bacteria, infection, immune response

INTRODUCTION

Cytokines are small proteins that play crucial roles in cell signaling, particularly in immune responses (1). Among
these, Interleukin-1 (IL-1) stands out due to its significant involvement in inflammatory processes and immune defense
mechanisms (2). This paper explores the functions of IL-1 in the context of bacterial infections, highlighting its dual roles
in promoting and regulating inflammation, as well as its potential as a therapeutic target.

DISCUSSION

Cytokines are a broad category of signaling molecules that mediate and regulate immunity, inflammation, and
hematopoiesis (3). They include interleukins (ILs), interferons, tumor necrosis factors, chemokines, and growth factors
(4). ILs are a group of cytokines that were first seen to be expressed by leukocytes (5). IL-1 is one of the most studied
cytokines within this group and is known for its role in the inflammatory response (6).

IL-1 exists in two primary forms as IL-1a and IL-1f, and both are produced after activation of their precursors (7).
IL-1p is particularly significant in bacterial infections due to its potent inflammatory effects (8). It is primarily produced
by macrophages, monocytes, and dendritic cells in response to microbial stimuli (9).

IL-1 is synthesized as an inactive precursor (pro-IL-1p) that is cleaved by the enzyme caspase-1 to become active
(10). This cleavage occurs within a complex known as the inflammasome, which is activated by various pathogen-
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associated molecular patterns (PAMPs) found on bacteria (10). The most well-characterized inflammasome in this context
is the NLRP3 inflammasome, which responds to a variety of bacterial components and stress signals (11).

Once activated, IL-1f binds to the IL-1 receptor type 1 (IL-1R1) on target cells, initiating a signaling cascade that
involves the adaptor protein MyD88 and leads to the activation of nuclear factor-kappa B (NF-xB) and mitogen-activated
protein kinases (MAPKSs) which results in the transcription of pro-inflammatory genes and leads to the production of
other cytokines, chemokines, and adhesion molecules that recruit and activate additional immune cells (12).

The primary function of IL-1 in bacterial infections is to coordinate the inflammatory response, which is crucial for
controlling and eliminating pathogens (13). IL-1p enhances the migration of neutrophils to the site of infection, promotes
phagocytosis, and stimulates the production of antimicrobial peptides (14). Additionally, it induces fever by acting on the
hypothalamus, creating an environment less favorable for bacterial growth (15). However, the powerful inflammatory
response driven by IL-1B must be tightly regulated to prevent tissue damage (16). Excessive or prolonged IL-1B
production can lead to chronic inflammation and tissue injury, contributing to diseases such as sepsis, chronic obstructive
pulmonary disease (COPD), and inflammatory bowel disease (IBD) (17,18).

IL-1 is important for the immune defense against bacterial infections. Staphylococcus aureus is a bacterium that can
cause severe infections such as sepsis and endocarditis (19). IL-1p plays a crucial role in recruiting neutrophils to sites of
infection, which is essential for controlling S. aureus (20). However, the bacterium can evade immune responses by
producing factors that inhibit IL-1p production or signaling. In Mycobacterium tuberculosis infection, IL-1 is involved
in the formation of granulomas, which are structures that contain the infection (21). While beneficial in containing the
bacteria, excessive IL-1B can lead to tissue damage and exacerbate disease symptoms (22). IL-1p contributes to the
inflammatory response that clears the bacteria Escherichia coli, responsible for urinary tract infections (UTIs). However,
excessive IL-1P can lead to discomfort and tissue damage in the urinary tract (23).

Given the potent effects of IL-1, its activity is subject to multiple levels of regulation. The production of IL-1f is
controlled at the transcriptional level by NF-«B and other transcription factors (24). Additionally, the activation of pro-
IL-1P by caspase-1 is a tightly regulated process, requiring the assembly of the inflammasome.

Once secreted, IL-1p activity is further regulated by natural inhibitors such as IL-1 receptor antagonist (IL-1Ra),
which binds to IL-1R1 without inducing signaling, thus blocking IL-1p from exerting its effects (25). Soluble IL-1
receptors can also act as decoys, sequestering IL-1 and preventing it from binding to cell surface receptors (26).

Given the central role of IL-1f in inflammation and its contribution to tissue damage in bacterial infections, targeting
IL-1B signaling represents a promising therapeutic strategy (27,28). IL-1Ra (anakinra) is already used in the treatment of
various inflammatory diseases such as rheumatoid arthritis. In bacterial infections, modulating IL-1p activity could help
control excessive inflammation and reduce tissue damage (29). For instance, in sepsis, blocking IL-1f could mitigate the
overwhelming inflammatory response that leads to organ failure. However, such interventions must be carefully balanced
to avoid impairing the host's ability to control the infection.

CONCLUSIONS

IL-1B is a pivotal cytokine in the immune response to bacterial infections and helps to orchestrate inflammation and
control pathogen spread. Its potent effects on immune cell recruitment and activation are crucial for effective defense
against bacteria but also pose risks of excessive inflammation and tissue damage. Understanding the precise mechanisms
of IL-1B regulation and signaling provides valuable insights for developing targeted therapies to manage bacterial
infections and their associated inflammatory responses. As research progresses, the potential for therapeutic modulation
of IL-1p activity holds promise for improving outcomes in bacterial diseases.
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ABSTRACT

The minimum inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC) of an antibiotic are
two important parameters. The MIC is the lowest concentration of antibiotic that can completely inhibit bacterial growth
after 18-24 hours at 37 °C in vitro, while the MBC represents the lowest concentration of antibiotic that can reduce the
initial bacterial population by 99.99% after 24 hours of incubation. However, for bactericidal antibiotics such as beta-
lactams and fluoroquinolones, the MIC and MBC are comparable. To evaluate the sensitivity of a bacterial species to the
antibiotic, the MIC50 and MIC90 must be taken into account. The maximum plasma concentration (Cmax) of an antibiotic
in 24 hours is the concentration reached at the end of absorption of the drug, which is a function of the dose, the route of
administration, and the galenical form, while the minimum plasma concentration (Cmin) is the minimum concentration
reached at the end of the dosing interval, before the next dose of the drug. The therapeutic efficacy of an antibiotic depends
on the relationship between pharmacokinetic and pharmacodynamic (PK/PD) parameters. In choosing an antibiotic, the
dose, the therapeutic efficacy of the drug, the pharmacologically active plasma concentration, and the post-antibiotic
effect (PAE) are very important. Plasma concentration is directly proportional to the therapeutic efficacy. All these
considerations have therapeutic value and are also useful for preventing bacterial resistance.

KEYWORDS: Antibiotic, minimum inhibitory concentration, minimum bactericidal concentration, pharmacodynamic,
bacterial sensitivity

INTRODUCTION

The efficacy of an antibiotic can be evaluated through two pharmacodynamic parameters: the minimum inhibitory
concentration (MIC) and the minimum bactericidal concentration (MBC) (1). The chemosensitivity of a microorganism
to the antibiotic is estimated in vitro by determining the MIC which represents the lowest concentration of antibiotic
capable of completely inhibiting bacterial growth after 18-24 hours of incubation at 37°C (2). The distinction of antibiotics
into bactericides and bacteriostatics instead exploits the determination of the MBC which represents the lowest
concentration of antibiotic capable of reducing the initial bacterial population by 99.99% after 24 hours of incubation at
37°C (3).

A bactericidal antibiotic lowers the bacterial population by 1000 times compared to that of the initial inoculum (4).
For bactericidal antibiotics, such as beta-lactams and fluoroquinolones, the MICs and MBCs are comparable (5). The
MICs therefore provide a good approximation of the bactericidal activity of the antibiotic (6). However, in the same
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bacterial species, not all strains have the same sensitivity, so the evaluation of the sensitivity of a bacterial species towards
an antibiotic must be based on MIC50 and MIC90, which respectively represent the sensitivity of 50% and 90% of the
population of the bacterial species under examination towards that antibiotic (7). The MIC90s are considered the more
reliable benchmark of the two (8).

DISCUSSION

The clinical efficacy of an antibiotic is correlated not only to the level of chemosensitivity of the microorganism but
also to the following pharmacokinetic parameters: the patient's exposure to the drug, which is determined by its maximum
plasma concentration (Cmax), area under the curve in 24 hours (AUC24), minimum plasma concentration (Cmin), and
bioavailability and plasma elimination half-life (9,10).

The Cmax represents the peak concentration reached at the end of the absorption of the drug, and is a function of the
dose, the route of administration, and the galenical form (11). Sodium or potassium penicillin G reaches the highest serum
peaks only with intermittent and discontinuous perfusions, while third generation cephalosporins always reach high
plasma peaks because they are strongly bound to plasma proteins (12). For macrolides, serum peaks increase with
repeated intakes, reaching levels in the equilibrium phase that are even double those obtained with the first intake. From
the comparison of Tmax values (time necessary to reach Cmax) in third generation cephalosporins administered
intramuscularly and in some oral antibiotics, there is a substantial similarity, and therefore, oral administration is
preferable. AUC24 indicates the extent of systemic exposure to the drug that is indirectly proportional to clearance and
Cmin is the minimum concentration reached at the end of the dosing interval, before the next dose of the drug (13).

Bioavailability indicates the percentage share of drug that is absorbed and reaches the systemic circulation in an
unchanged form after administration by a route other than the intravenous one (14). The oral bioavailability of beta-
lactams is almost zero as they are highly water-soluble antibiotics that cannot passively diffuse through the membranes
of the gastrointestinal tract and disappear quickly in the gastric acid environment. Penicillin G is only used parenterally
(15). Among beta-lactams, however, amoxicillin and clavulanic acid are exceptions as, although they are highly
hydrophilic, they resist the gastric acid environment and are absorbed from the gastrointestinal tract via specific
transporters (16). Several authors have stated that the kinetics of amoxicillin and clavulanic acid administered orally and
parenterally are almost comparable. Fluoroquinolones and linezolid are moderately lipophilic but have an oral
bioavailability greater than 80-90%, while macrolides are strongly dipophilic and, therefore, are easily absorbed (17).

The plasma elimination half-life of a drug is equivalent to the time necessary for its plasma concentration to reach t/2
and is equal to 4/5 of the t/2 itself (18). This parameter is indirectly related to the clearance of the drug and, therefore, to
its mode of elimination (19). Hydrophilic beta-lactam antibiotics are eliminated via the kidneys by glomerular filtration
and active secretion, while lipophilic antibiotics such as fluoroquinolones and macrolides are predominantly eliminated
via the liver by oxidation-reduction or conjugation (20). Penicillin has a short plasma elimination half-life of <1.5 h, and
third-generation cephalosporins have a medium or long half-life depending on the molecular characteristics. For example,
ceftriaxone has a very long half-life of >7 h, macrolides have a variable half-life, such as erythromycin with 2-3 hours,
while azithromycin has a half-life of 15-20 hours (21).

Therapeutic efficacy: pharmacokinetics and pharmacodynamics

The therapeutic efficacy of an antibiotic is related to the relationship between pharmacokinetic parameters and
pharmacodynamic parameters (PK/PD) (22). First, antibiotics must be distinguished based on their antibacterial mode of
action into two classes: time-dependent and concentration-dependent (23). Time-dependent antibiotics, including beta-
lactams and macrolides, have a correlated action in vivo and t>MIC (the time during which concentrations remain above
the MIC of the pathogen) (24). To guarantee the therapeutic efficacy of the drug, the pharmacologically active plasma
concentration must be maintained for most of the 50/70% dosing range. Thus, increasing the dose has little effect on the
bactericidal action, provided that the concentration is already above the threshold and effectiveness. This condition is
achieved through a multi-fractionation of the daily dose which also takes into account the plasma elimination half-life of
the drug.

Another parameter that must be considered when choosing the most effective antibiotic is the post-antibiotic effect
(PAE) (25). Most time-dependent antibiotics have no PAE effect, and so, the elimination of bacterial growth after the
disappearance of the antibiotic is zero (24). The administration of these antibiotics in particular requires careful
fractionation of the dose. Some antibiotics with time-dependent action, such as azithromycin, are distinguished from
others by a prolonged PAE against many bacterial species. For these drugs, the therapeutic efficacy correlates more with
the ratio between the daily plasma exposure to the antibiotic and the MIC than t>=MIC and AUC>MIC (26).
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According to some authors, the AUC/MIC to be maintained for azithromycin, frequently used in the treatment of
atypical pneumonia and pertussis, must be 20-30 h (27). For this reason, azithromycin is used in single daily
administrations rather than in multiple administrations, unlike other time-dependent antibiotics. However, since 2007,
azithromycin has not been widely used for streptococcal infections that cause the most common bacterial pneumonia, as
it is resistant (less in Europe than in the United States) (28).

For concentration-dependent antibiotics including fluoroquinolones and aminoglycosides, the indicator of efficacy is
Cmax > MIC, the ratio between the maximum plasma concentration and the MIC (23). As the plasma concentration of
these antibiotics increases, the therapeutic efficacy also progressively increases, and the Cmax/MIC must be greater than
or equal to 10 to achieve eradication of the infection and resolution of the clinical picture in at least 80% of cases (29).
The drugs belonging to this class also have a prolonged post-antibiotic effect, and for this reason and the intrinsic
concentration-dependent action, they are administered once a day (30). It is estimated that fluoroquinolones used as
second-choice antibiotics in community-acquired pneumonia must have an AUC/MIC ratio greater than 25-35 hours in
infections caused by Gram positives and greater than 125 hours in those caused by Gram negatives to ensure safe clinical
efficacy. The parameters listed above not only have a high clinical value but also an epidemiological value, as they allow
to prevent the selection of resistant strains during antibiotic therapy.

CONCLUSIONS

MIC and MBC are important parameters to obtain effective antibiotic therapy. In antibiotics such as beta-lactams and
fluoroquinolones, these two parameters are comparable. The plasma concentration of the antibiotic is related to the
absorption of the drug, depending on the dose and route of administration. The observations on these topics reported here
are vital considerations for targeted and effective therapy.
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ABSTRACT

Bacterial meningitis is characterized by inflammation of the brain and has a mortality rate of approxiametly 50% in low-
income countries. Meningitis can be caused by bacterial or viral agents, with the bacterium Streptococcus pneumoniae
(group B) responsible for about 70% of cases. In bacterial meningitis, there is an increase in neutrophil granulocytes in
the cerebrospinal fluid (CSF), increased intracranial pressure, cerebral edema, and neuronal lesions, which all contribute
to neurological damage. Pneumolysin, produced by S. pneumoniae, forms pores in cell membranes, causing cell lysis and
inflammation, while bacterial lipooligosaccharide (LOS) induces an immune reaction which aggravates the disease.
Neuroinflammation increases the permeability of the blood-brain barrier (BBB), facilitating the entry of immune cells
that produce inflammatory mediators. These reactions induce coagulation with vasculitis and the release of inflammatory
mediators which are activated by bacterial toxins to induce apoptosis and necrosis, with the death of neurons and glial
cells. Bacteria such as Neisseria meningitidis, S. pneumoniae, and Haemophilus influenzae use different strategies to cross
the BBB.

KEYWORDS: Bacterial meningitis, neuroinflammation, neurological damage, immune, inflammation

INTRODUCTION

Bacterial meningitis is a serious disease that causes over 300,000 deaths every year across the globe with a mortality
rate that can reach up to 54% in low-income countries (1). Bacterial meningitis can have high rates of complications,
especially in children, the elderly, and immunocompromised individuals. In fact, in low-income countries, many survivors
are left with chronic neurological sequelae, including hearing loss or focal neurological deficits.

Bacterial meningitis infection is characterized by inflammation of the protective membranes covering the brain and
spinal cord, known as the meninges (2). The disease is associated with high morbidity and mortality rates if not treated
promptly (3). The most common complications are cognitive deficits, hearing loss, seizures, hydrocephalus, and motor
deficits.

Streptococcus pneumoniae causes over 70% of meningitis cases, while Neisseria meningitidis causes approximately
10% (4). The mortality rate due to S. pneumoniae is 10-30%, but this can vary depending on the type of pathogen, the
age of the patient, and the site of infection. The bacteria first colonize the nose, pharynx, and upper respiratory tract, and
then infect the bloodstream. Patients with bacterial meningitis are treated with intravenous antibiotics, often in
combination with cortisone (if the pathogen is not Listeria) which inhibits inflammation and gives better results (5).
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Meningitis can be caused by bacterial or viral agents that induce increased protein and leukocyte counts in the
cerebrospinal fluid (CSF) (6). Bacterial meningitis increases neutrophilic granulocytes in the CSF, while viral meningitis
does not (7). Pregnant women should be screened for the presence of group B streptococcus and, if positive, treated with
intravenous penicillin to avoid neonatal streptococcal meningitis.

DISCUSSION

Complications of bacterial meningitis include neurological damage resulting from increased intracranial pressure,
cerebral edema, and direct bacterial toxin effects, that results in serious neuronal injury, and systemic complications such
as septicemia, disseminated intravascular coagulation (DIC), and multi-organ failure (8). For this, it is particularly
important to control the infection rapidly (9).

Bacterial toxins include pneumolysin produced by S. pneumoniae and lipooligosaccharide (LOS), which is found in
N. meningitidis (10). Pneumolysin induces pores in cell membranes, leading to cell lysis and further inflammation (11).
LOS causes strong immune responses and contributes to the pathology (12) (Table LII).

Table 1. Immune Response.

Innate Immunity: e Recognition. Pattern recognition receptors (PRRs) on innate immune cells detect
pathogen-associated molecular patterns (PAMPs). Toll-like receptors (TLRs) and
nucleotide-binding oligomerization domain-like receptors (NOD-like receptors) are
crucial in recognizing bacterial components.

o Cytokine release.: Activation of PRRs leads to the release of pro-inflammatory cytokines
(e.g., IL-1B, TNF-a, IL-6), chemokines, and other mediators, which recruit and activate
immune cells.

Adaptive Immunity: e B cells and antibody production: Antigen-presenting cells (APCs) present bacterial
antigens to B cells, leading to the production of specific antibodies that neutralize bacteria
and facilitate phagocytosis.

o T cells: Helper T cells (CD4+) assist in the activation of B cells and cytotoxic T cells
(CD8+) which kill infected cells.

Table I1. Immune evasion and bacterial toxins.

o Capsular polysaccharides: The bacterial capsule prevents phagocytosis and inhibits complement activation.

e  Molecular mimicry: Bacteria can mimic host molecules to evade the immune system, as seen with N.
meningitidis’s sialic acid capsule.

e Pneumolysin (Toxin): Produced by S. pneumoniae, this toxin can damage host cells and induce inflammation.

o Lipooligosaccharide (LOS) (Toxin): A component of the outer membrane of N. meningitidis that triggers
strong inflammatory responses.

In bacterial meningitis, an edematous state can occur with increased permeability of the blood-brain barrier (BBB)
and inflammation that can lead to accumulation of fluid in the brain and increased intracranial pressure.

Bacteria such as N. meningitidis, S. pneumoniae, and Haemophilus influenzae can invade and survive in the
bloodstream (13). They use various strategies to cross the BBB, including transcellular traversal, paracellular passage,
and the "trojan horse" mechanism via infected leukocytes. Surface adhesins and pili help bacteria adhere to and invade
endothelial cells. For example, N. meningitidis uses outer membrane proteins like Opc and Opa to bind to host cell
receptors. Bacterial components bind to epithelial cells via adhesins and activate Toll-like receptors (TLRs) on microglia
and endothelial cells.

Immune cells are activated, including neutrophils and macrophages. These cells are recruited to the infection site,
where they phagocytose bacteria and release more inflammatory mediators (14). The inflammatory response increases
BBB permeability, facilitating the entry of immune cells and further bacteria into the CSF.

Neuroinflammation may occur due to glial cell activation, when microglia and astrocytes in the brain become activated
and produce inflammatory mediators (15). Oxidative stress is interconnected with neuroinflammation and plays a major
role in the development and progression of many neurological disorders, such as Alzheimer's, Parkinson's, multiple
sclerosis, and stroke. Inflammation-induced reactive oxygen species (ROS) can damage neurons and other cells in the
brain (16). Bacteria and bacterial toxins can activate the coagulation cascade with the release of inflammatory cytokines
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(17), which in turn, can cause micro-thrombosis and impair blood flow. These phenomena can lead to vasculitis, which
is the inflammation of the blood vessels, further contributing to brain damage (18). Damage to the meninges, neuronal
death, and apoptosis are then mediated by inflammatory mediators and bacterial toxins (19).

Pro-inflammatory cytokines increase the permeability of the BBB, allowing immune cells and more bacteria to enter
the central nervous system (CNS), which exacerbates inflammation. An overproduction of cytokines can lead to a
“cytokine storm” that can cause severe tissue damage, edema, and increased intracranial pressure (20).

Neuroinflammation is the response of the CNS and involves the activation of glial cells such as microglia and
astrocytes (21). It can be induced by infections, toxins, traumatic injuries, and neurodegeneration. Bacterial meningitis is
mediated by the release of inflammatory cytokines (e.g. IL-1, TNF, IL-6, and IL-18) and chemokines (15). Activated
microglia release more ROS and cytokines, creating a vicious cycle (22). The activation of microglia and astrocytes in
the CNS leads to the production of inflammatory mediators that contribute to neuronal damage and apoptosis (23). Matrix
metalloproteinases (MMPs) are upregulated and break down the extracellular matrix, further disrupting the BBB (24).
ROS can activate microglia and promote inflammatory signaling. However, prolonged oxidative stress supports
inflammation (25).

Treatment for bacterial meningitis typically involves the prompt administration of broad-spectrum antibiotics and
supportive care to manage symptoms and complications. In neuroinflammation, treatment for oxidative stress with
antioxidants such as N-acetylcysteine and/or vitamin E has shown moderate therapeutic effects, suggesting that more
studies should be performed investigating these (26). It is important to understand the molecular mechanisms, immune
response, and inflammatory processes involved in bacterial meningitis in order to better address the disease both
pathologically and therapeutically.

CONCLUSIONS

Bacterial meningitis involves complex interactions between bacterial virulence factors and host immune responses.
The bacteria must evade the immune system, cross the BBB, and survive in the hostile environment of the CNS. The
host's immune response, while aimed at controlling the infection, often contributes to the pathology through inflammation
and oxidative stress. Bacterial meningitis causes neurological damage due to increased intracranial pressure, cerebral
edema, and direct bacterial toxin effects, and there can be significant neuronal injury, and systemic complications such
as septicemia, DIC, and multi-organ failure.

Bacterial meningitis involves a complex interplay of pathogen invasion, immune response, and inflammatory
processes. Understanding these mechanisms is critical for developing effective treatments and interventions to reduce the
high morbidity and mortality associated with this disease.
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ABSTRACT

AIDS Dementia Complex (ADC) is a frequent pathology caused by HIV infection that can affect cognitive, motor, and
behavioral functions with a mechanism that is still unclear. HIV infection is often known before the onset of dementia,
but ADC can sometimes appear before other clinical signs. The onset is usually abrupt in the more advanced stages of
HIV infection and begins with apathy, psychomotor slowing, memory problems, and loss of interest in usual activities.
ADC is characterized by disturbances in recent memory, the slowing down of mental processes, personality changes,
headaches, aphasia, and hemiparesis. Antiretroviral therapy (ART) can reduce the incidence and severity of ADC by
controlling viral replication. HIV infection is associated with inflammation and the production of reactive oxygen species
(ROS), resulting in neuronal damage. It is likely that HIV causes damage to the central nervous system (CNS) through
indirect mechanisms, such as inducing the production of inflammatory cytokines or neuropeptides. In fact, neuronal cells
and oligodendrocytes incubated in vitro are damaged by exogenous TNF. In the brain, HIV can cause diffuse paleness of
the white matter, reduction in the number of neurons, and atrophy in the frontotemporal regions. HIV can induce the
chemokines and pro-inflammatory cytokines causing sympathetic damage and cell death.

KEYWORDS: HIV, infection, AIDS dementia complex, central nervous system

INTRODUCTION

Some pathologies affecting the central nervous system (CNS) are attributable to the primary action of the human
immunodeficiency virus (HIV) and not to opportunistic infections (1). Broad neurological and cognitive impairments can
occur in people with HIV, including a range of symptoms from mild cognitive issues to severe dementia. Acquired
immunodeficiency syndrome (AIDS) Dementia Complex (ADC), also known as HIV-associated dementia (HAD), and
sometimes referred to as subacute encephalitis, AIDS encephalopathy, or HIV encephalitis (2), is considered the most
frequent neurological complication of HIV infections (3). This severe neurological pathology results in significant
cognitive and motor dysfunction that interferes with daily life and functioning.

In most patients, HIV infection is already known before the onset of dementia, but ADC can sometimes appear before
other signs or symptoms of the infection (2). In this last case, the onset of the disease is usually insidious and one of the
first signs is psychomotor slowing which can be confused with depression (4). The onset is usually more abrupt in the
more advanced stages of HIV infection.

ADC begins with apathy, psychomotor slowing, memory problems, and loss of interest in usual activities
(2). Sometimes, however, the onset can be characterized by psychomotor agitation. This is followed by disturbances in
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recent memory, the slowing down of mental processes, and personality changes. There may be headaches, alteration
disorders, aphasia, hemiparesis, more rarely, compulsive seizures and ocular disorders such as nystagmus and gaze
paralysis (5). As the disease progresses, there is a further slowing down of mental processes which can lead to a state of
confusion, disorientation, hallucinations, stupor, and coma. Microcephaly and progressive psychomotor disorders may be
present in children (6). In the absence of therapy, the decline is rapid, and an average survival period of less than 6 months
is generally reported (7).

The therapeutic implications for ADC involve antiretroviral therapy (ART). Effective ART can reduce the incidence
and severity of ADC by controlling viral replication (8). Anti-inflammatory treatments target neuroinflammation and may
offer additional benefits (9). Neuroprotective agents that reduce oxidative stress and excitotoxicity are potential

therapeutic avenues (10) (Table I).

Table 1. Therapeutic Approaches to treating AIDS dementia complex (ADC).

Optimization of e Developing ART drugs that effectively penetrate the central nervous system
antiretroviral therapy (CNS).
(ART): e Combination therapies target both viral replication and neuroinflammation.

Anti-inflammatory and Use of anti-inflammatory drugs to reduce CNS inflammation.
neuroprotective agents: e Neuroprotective agents to prevent neuronal damage and promote repair.

Biomarkers and imaging: Identifying biomarkers for early detection and monitoring of ADC.

e Advanced neuroimaging techniques to assess brain structure and function.

Gene therapy: e Exploring gene editing technologies (e.g., CRISPR) to eliminate HIV
reservoirs in the CNS.
e Developing therapeutic strategies to modulate gene expression related to
neuroinflammation and repair.

Cognitive rehabilitation: e Implementing cognitive training and rehabilitation programs for ADC patients.
e Bechavioral therapies to improve quality of life and cognitive function.

DISCUSSION

ADC alone represents more than 15% of all neurological complications in HIV infection, and even in children, ADC
is more frequent than opportunistic infections (11). ADC can be defined as a subcortical dementia that affects cognitive,
motor, and behavioral functions and can be considered the direct result of the action of the HIV virus, although the
mechanism of action is not yet perfectly known (12). HIV has been isolated in the brain and cerebrospinal fluid (CSF) of
patients with ADC (13). In particular, the virus has been found in macrophage cells, astrocytes, and microglial cells, as
well as in multinucleated giant cells within the CNS (14). Oligodendrocytes and neurons have also been found infected,
although on rare occasions (15). The pathogenesis of ADC involves multiple complex mechanisms at the molecular level
(Table II).
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Table II. The molecular mechanisms and inflammatory responses involved in AIDS dementia complex (ADC).

HIV neuroinvasion: °

HIV can cross the blood-brain barrier (BBB) through infected
monocytes/macrophages.

These cells release viral particles and inflammatory cytokines, causing
neuronal injury.

Inflammatory response: o

Chronic activation of microglia and astrocytes leads to the release of pro-
inflammatory cytokines (e.g., TNF, IL-1p).

This inflammatory milieu contributes to neurotoxicity and synaptic
dysfunction.

Viral proteins: .

HIV proteins, such as gp120 and transactivator of transcription (Tat), are
neurotoxic.

gp120 can bind to neuronal receptors and induce apoptosis.

Tat can disrupt calcium homeostasis and mitochondrial function.

Oxidative stress: .

Increased production of reactive oxygen species (ROS) damages neuronal
cells.

HIV infection disrupts antioxidant defense mechanisms.

Synaptic dysfunction: .

HIV disrupts synaptic signaling and plasticity, leading to cognitive deficits.
Altered neurotransmitter levels and receptor function are observed in ADC.

In the early stages of infection, HIV can enter the CNS through infected monocytes and CD4 T cells by crossing the

blood-brain barrier (BBB). Within the CNS, HIV primarily infects microglia and macrophages, while astrocytes can also

be infected but generally do not produce new virions. The transactivator of transcription (Tat) protein can be secreted by

infected cells and can be taken up by neurons, causing oxidative stress and mitochondrial dysfunction (16). The viral
gp120 protein is an envelope protein that can bind to neurons and cause direct toxicity, leading to apoptosis (17).
Infected glial cells can release excess glutamate, leading to excitotoxicity through overactivation of NMDA receptors
on neurons, with an increase in intracellular calcium, which can trigger cell death pathways (18). HIV infection associated
with the inflammatory process causes an increase in the production of reactive oxygen species (ROS), leading to oxidative

damage to neurons (19,20).

HIV and its proteins can disrupt synaptic signaling and plasticity, cause chronic inflammation and neurotoxic
environments that promote neuronal apoptosis, and lead to cognitive deficits (21) (Table III). Therefore, opportunistic
infections and other co-morbidities in HIV-infected individuals can further impair CNS function (22).

Table I11. The immune response in AIDS dementia complex (ADC).

Immune activation: .

Persistent immune activation despite antiretroviral therapy (ART) contributes
to ADC.

Elevated levels of activated monocytes and macrophages are associated with
neurocognitive impairment.

Immune cells in the
central nervous system .
(CNS):

Microglia and astrocytes become chronically activated, perpetuating a state of
neuroinflammation.

This activation results in the release of neurotoxic substances and contributes to
neuronal damage.

Blood-brain barrier
(BBB):

HIV infection and chronic inflammation can compromise the integrity of the
BBB.

This allows further infiltration of infected cells and inflammatory mediators
into the CNS.

The presence of the virus in the CNS has been demonstrated with various techniques including direct isolation,
morphological identification, and in sifu hybridization. HIV probably penetrates the CNS through macrophages which

must be considered primary targets of the infection (23). However, the mechanisms through which neurological
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complications arise are still uncertain. Perhaps HIV induces damage to the CNS through indirect mechanisms, one of
which could be the release of substances, such as cytokines, which would be able to act on the functioning of nerve cells
or on neuromodulators (24). Myelin damage has been demonstrated in oligodendrocyte in vitro in cultures incubated with
TNF. Furthermore, mononuclear phagocytes infected by HIV can release toxic substances capable of destroying isolated
rat or chicken neurons in vitro (25). On the other hand, TNF can increase HIV replication. Another possible mechanism
of damage is represented by the release of gp120, which could increase the quantity of free calcium within neurons with
subsequent irreversible damage (26).

Macroscopically, cerebral atrophy is frequently noted primarily in the frontotemporal regions (27). A diffuse pallor
of the white matter may also be present; this occurs mainly in frontal and temporal areas but sometimes the results of the
clinical investigation are normal. Histologically, alterations of white matter can be observed such as demyelization,
vaporization, and astrocytosis. Inflammatory elements consisting mainly of lymphocytic and mononuclear cells are
observable in the vicinity of the cerebral vessels (28). The most characteristic picture is the presence of multinucleated
giant cells with several elongated and basophilic nuclei generally arranged at the periphery of the cells (29). The cytoplasm
of these cells appears eosinophilic, densely colored in the center, and vaporized. Giant cells are more frequent in vascular
spaces (30). Microglial nodules, which are mainly composed of mononuclear cells, are not specific to infection with HIV
as they are also observed during cytomegalovirus encephalitis or toxoplasmosis (31). Electron microscopic studies have
demonstrated the presence of retroviral particles in the cytoplasm of giant cells, which could therefore represent the major
reservoir of the virus (32). Morphometric analysis has noted a reduction in the number of neurons (particularly of cells in
the frontal and temporal regions), the loss of dendritic arborizations, and synaptic simplifications (33). HIV proteins such
as gp120, Tat, and Vpr, have neurotoxic effects (34). gp120 is an envelope protein that interacts with chemokine receptors
(e.g., CCRS, CXCR4) on neurons and glial cells, inducing apoptosis and synaptic damage (35). Tat can be secreted by
infected cells and taken up by neurons, where it disrupts cellular functions, promotes inflammation, and increases
oxidative stress (36). This viral protein induces cell cycle arrest and apoptosis in neurons.

CONCLUSIONS

The molecular mechanisms underlying ADC are crucial for developing targeted therapies to prevent and treat this
debilitating condition in HIV-infected individuals. With further research focusing on these molecular aspects, it is hoped
that the cognitive and functional decline associated with ADC can be further mitigated.
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INTRODUCTION

The inflammation that is caused by infection induced by foreign microorganisms increases the permeability of the
alveolar-capillary barrier, allowing fluid to enter the alveoli. Infection results in the activation of immune cells, such as
neutrophils, which increase in number and release proteases and reactive oxygen species (ROS) that damage tissue. The
onset of edema in the lung alveoli causes reduced oxygen flow and reduced lung compliance and activated inflammatory
cells release various cytokines that participate in inflammation and activation of endothelial cells.

Infection can cause acute respiratory distress syndrome (ARDS) that results in damage to type Il pneumocytes with
reduced surfactants, increased surface tension, and alveolar collapse. The discovery of biomarkers in ARDS has helped
to improve the diagnosis and therapy for this disease. The primary biomarkers are soluble decoy receptors for advanced
glycation end products (sSRAGE), angiopoietin-2 (Ang-2), and pulmonary immune protein surfactant protein-D (SP-D).
SRAGE is expressed by type I alveolar epithelial cells in the lungs and correlated with alveolar epithelial damage. In
ARDS, Ang-2 is produced mainly by type II pneumocytes and secreted by endothelial cells and is an important marker
mediating endothelial damage. SP-D is involved in the regulation of pulmonary surfactant homeostasis, binds pathogens,
and promotes phagocytosis.

DISCUSSION

Infection by microorganisms causes inflammation with generation of extravascular fluid, which in the case of the
lungs, can enter the alveoli, causing serious consequences. Microorganisms infect the lung and activate immune cells,
including neutrophils that colonize the tissue and release inflammatory cytokines. These reactions cause neutrophilia
with the release of proteases and ROS that damage the alveolar epithelium and capillary endothelium, leading to hypoxia.
Edema occurs in the alveoli with increased vascular permeability and leakage of protein-rich fluid. The inflammatory
state alters gas exchange and causes the onset of ARDS in the pulmonary alveoli and consequent reduction in oxygen
flow with reduced pulmonary compliance and pulmonary hypertension.

ARDS can cause rapid and difficult breathing, severe shortness of breath, and cyanosis. Symptoms that may appear
after a few hours or a few days from the infection may also include mental confusion, pulmonary fibrosis, and fatigue.
Inflammatory cells may cause a “cytokine storm”, in which they promote the recruitment of other cytokines and activate
endothelial to release inflammatory compounds (1). Oxidative stress mediated by neutrophils and macrophages leads to

the release of ROS and reactive nitrogen species (RNS). This causes damage to DNA, lipids, and proteins of alveolar
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cells with loss of VE-cadherin in the endothelium and vascular leakage. In addition, hyaline membranes consisting of
fibrin-rich deposits and necrotic epithelial cells are formed. In ARDS, there is damage to type II pneumocytes with
reduced production of surfactant, a lipoprotein complex secreted by pneumocytes, and an increase in surface tension with
alveolar collapse and decreased lung compliance (2).

Biomarkers have been found in ARDS that have helped to better understand the disease. SRAGE is a key biomarker
in ARDS, particularly linked to alveolar epithelial injury. SRAGE is a soluble decoy receptor for RANGE expressed
primarily on alveolar type I epithelial cells in the lungs (3). In inflammatory processes, SRANGE binds the proteins AGE,
HMGBI, and S100 (4). In ARDS, where alveolar type I epithelial cells are damaged, plasma levels of SRANGE are highly
and early expressed, and are an important marker for this disease (5).

Another important biomarker for ARDS is Ang-2, which mediates endothelial damage. Ang-2 is a glycoprotein that
is secreted by endothelial cells and is involved in vascular permeability, edema, and inflammation. It regulates
angiogenesis and stability of the vascular endothelium (6). In diseases such as ARDS or sepsis, Ang-2 plays an important
role in vascular damage and inflammatory processes (7).

A third biomarker in ARDS is the pulmonary immune protein SP-D, which is involved in the regulation of pulmonary
surfactant homeostasis (8). It is produced mainly by type II pneumocytes, epithelial cells of the respiratory tract, which
recognize and bind pathogens, promote macrophage phagocytosis, and modulate the inflammatory response.

CONCLUSIONS

ARDS is a condition characterized by reduced lung ventilation, edema, and alveolar collapse. Lung inflammation
must be treated immediately to avoid serious consequences. The ARDS biomarkers SRAGE, Ang-2, and SP-D, which are
elevated in individuals with ARDS, are important for improving diagnosis and therapy in this complicated disease.
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INTRODUCTION

Obesity is a disease characterized by a high volume of body fat in which there is chronic low-grade inflammation.
Inflammation is mediated by elevated levels of cytokines such as interleukin (IL)-1, IL-6, tumor necrosis factor (TNF),
and C-reactive protein (CRP). Fat accumulation occurs especially in some specific regions, including the abdomen and
visceral regions, where it creates hypoxia and death of adipocytes. Both innate and adaptive immunity are involved in
obesity, which induces the activation of anti-inflammatory M1 macrophages that are transformed into inflammatory M2
types. Microbial infections are a risk factor where the inflammatory environment induced by obesity can weaken the
body's immune response, with serious consequences for human health. Chronic inflammation not only predisposes
individuals to infections but also contributes to the development of metabolic disorders and cardiovascular disease.

DISCUSSION

Statin therapy lowers cholesterol and reduces the incidence of death from cardiovascular disease and atherosclerosis,
although some people treated with these drugs still suffer from cardiovascular diseases (1). People affected by obesity
and infection present a stronger degree of inflammation, compared to the low degree inflammatory state that is present in
obesity alone. Elevated lipid levels, mostly in the form of cholesterol and cholesteryl ester, are associated with obesity,
atherosclerosis, and cardiovascular diseases. Obesity causes narrowing of the artery, predisposition to thrombosis,
calcification, weakening of the muscles, and aneurysm dilatation.

In obesity, there is a low grade of inflammation, and in the case of infection, the production of cytokines can influence
the inflammatory state induced by obesity (2). However, lipids can be lowered by diet and/or medication in most patients.

Monocytes and macrophages are innate immune inflammatory cells that respond to the excessive uptake of
lipoproteins in obese patients by generating chemokines and cytokines. The adaptive immune response involves antigen-
specific T cells, as well as the activation of B cells, which all produce inflammatory cytokines and chemokines. In this
case, IL-12 serves as an important bridge between innate and adaptive immunity (3).

When the endothelium becomes inflamed, it expresses adhesion molecules that bind cognate ligands on leukocytes.
Selectins, integrins, and chemokines mediate and favor the action of white inflammatory blood cells such as adherent
leukocytes, diapedesis, migration and chemotactic stimulus. The Thl cytokines involved in the effector T-cell response
aggravate inflammation, whereas Th2 cytokines, such as IL-10 and IL-4, are anti-inflammatory and relieve
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inflammation. Leukocytes, as well as endothelial cells, secrete cytokines and growth factors that promote the migration
and proliferation of smooth muscle cells (4).

Cytokines of the IL-1 family, such as IL-18, have an important function in host defense, immune regulation, and
inflammation. IL-18 is an immunoregulatory cytokine which requires cleavage with caspase-1 to become active, and it
was originally discovered as a factor that enhances IFN-gamma production from Th1 cells in the presence of anti-CD3 or
anti-TcR Ab (5). IL-18 is essential to host defenses against severe infections and is a potent pro-inflammatory cytokine
able to induce IFN-gamma, GM-CSF, TNF, and IL-1 in immunocompetent cells, and to activate killing by
lymphocytes. Human pre-adipocytes of all differentiation stages spontaneously secrete IL-18, supporting the concept
that adipocytes participate in innate immunity and that IL-18 mediates a fraction of the complications of obesity such as
cardiovascular disease. It is known that IL-18 release from adipocytes of patients with obesity exceeds approximately 3-
fold that from adipocytes of non-obese subjects (6). An augmentation of IL-18 is correlated with a significantly increased
risk of developing cardiovascular diseases and type 2 diabetes. These concepts suggest that IL-18 measurement may add
prognostic information to lipid and inflammatory markers in patients with or without obesity.

Inflammation is the defense response against infectious microorganisms and the low degree of inflammation that is
already present in obesity can be exacerbated by infectious organisms. These reactions aggravate the pathological state
that has been established in obesity.

CONCLUSIONS

Obesity is characterized by chronic, low-grade inflammation. The adipose tissue, in particular the visceral fat, secretes
various pro-inflammatory cytokines such as TNF, IL-6, and CRP that promote systemic inflammation. Adipocytes and
immune cells in the adipose tissue, such as macrophages, perform crucial roles in maintaining this inflammatory state.
Chronic inflammation in obesity contributes to insulin resistance and cytokines interfere with insulin signaling pathways,
exacerbating metabolic syndrome and type 2 diabetes.

Understanding the mechanisms that regulate inflammation in infected subjects with obesity can certainly help improve
health strategies. Reducing obesity and treating the infectious state improves the inflammatory state, leading to
improvements in health.
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ABSTRACT

Enterobacteriaceae such as Escherichia coli, Klebsiella pneumoniae, and Enterobacter species are non-spore-forming,
Gram-negative bacilli found in the intestine, urinary tract, bloodstream, and lung of humans. These bacteria can cause
meningitis and be potentially lethal. In anaerobic conditions, Enterobacteriaceae produce cytochrome and obtain energy
by oxidizing pyruvic acid. Resistant Enterobacteriaceae are an unsolved problem, due to their ability to evade standard
antibiotic treatments. Their resistance is mediated by the production of beta-lactamases, efflux pumps, loss of porins,
modification of target sites, and metabolic bypass. Bacteria can alter the sites of action of antibiotics, rendering them
ineffective, and bacterial resistance at the genetic level can involve plasmids that can carry multiple antibiotic resistance
genes. New antibiotics are now being used against Enterobacteriaceae, but with still unsatisfactory results. Carbapenem-
resistant Enterobacteriaceae are a clinical and public health problem due to their high transmission capacity.

KEYWORDS: Enterobacteriaceae, antibiotic resistance, meningitis, infection, Enterobacter species, Escherichia coli,
Klebsiella pneumoniae

INTRODUCTION

The Enterobacteriaceae are a large family of Gram-negative, non-spore-forming bacilli, which usually inhabit the
intestines of humans and other mammals (1). This family includes many pathogens such as Escherichia coli, Klebsiella
pneumoniae, and Enterobacter species that are common causes of urinary tract infections (UTIs), bloodstream infections,
and pneumonia (2,3).

The Enterobacteriaceae family presents antigenic and biochemical characteristics typical of the entire group (4). Their
classification is important on a clinical level, but difficult, as their characteristics can appear to varying degrees (5). They
are bacteria equipped with filamentous protein appendages called "pili" and can be mobile or immobile.
Enterobacteriaceae are facultative aerobic-anaerobic bacteria that can be grown in normal culture media (6). If they are
grown aerobically, they are producers of cytochrome and obtain energy through the Krebs cycle by oxidizing pyruvic
acid, an effect that is inhibited by small concentrations of potassium cyanide (7).

Treatment for infections resistant to Enterobacteriaceae can cause meningitis and are life-threatening (3). Therefore,
the clinical symptoms of the infection, the risk factors, and the therapy are increasingly of interest to the scientific
community even if the cases of infection are limited (8). Rigorous infection control practices, including hand hygiene,
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use of personal protective equipment, and isolation of infected patients, are essential to prevent the spread of resistant
Enterobacteriaceae (9). In addition, the prudent use of antibiotics, guided by susceptibility testing and clinical guidelines,
is critical to reduce the selection pressure that drives the emergence of resistance (10).

DISCUSSION

Resistant Enterobacteriaceae infections are a significant concern in both clinical and public health contexts due to
their ability to evade standard antibiotic treatments (11). Understanding the biology and molecular aspects of these
infections is crucial for developing effective strategies to combat them.

The resistance in Enterobacteriaceae is mediated through several mechanisms including beta-lactamase production,
efflux pumps, porin loss, modification of target sites, and metabolic bypass (12). For example, certain enzymes, such as
extended-spectrum beta-lactamases and carbapenemases, can hydrolyze beta-lactamase production. In addition, bacterial
efflux pumps can expel a wide range of antibiotics from the cell, reducing the intracellular concentration of the drug to
sub-lethal levels. These pumps can be specific to one antibiotic class or can handle multiple classes. Changes or loss of
porin channels in the bacterial outer membrane can also decrease antibiotic uptake (13). This is particularly relevant for
carbapenem resistance where the combination of porin loss and beta-lactamase production can lead to high-level
resistance (14).

Bacteria can alter the target sites of antibiotics through mutations or enzymatic modifications, rendering the antibiotic
ineffective (15). For instance, modifications in penicillin-binding proteins can lead to resistance to beta-lactam antibiotics.
Some bacteria can also bypass the metabolic pathways inhibited by antibiotics (16). For example, resistance to
trimethoprim-sulfamethoxazole can occur through the acquisition of a resistant dihydrofolate reductase enzyme.

Bacterial resistance at the genetic level may involve plasmids, which are extrachromosomal DNA elements that can
carry multiple antibiotic resistance genes (17). They can be transferred between bacteria through conjugation, leading to
resistance. Transposons and integrons are mobile genetic elements that can capture and spread resistance genes.
Furthermore, spontaneous mutations in chromosomal genes can confer resistance. Genetic resistance can be rapidly
detected using polymerase chain reaction (PCR) and quantitative PCR (qPCR) (18). Whole genome sequencing can also
provide complete data on the genetic composition of resistant strains. Molecular typing techniques, such as multilocus
sequential typing and pulsed-field gel electrophoresis, can also help monitor the spread of resistant strains (19).

Today, new antibiotics are available that can better contain the infectious state of Enterobacteriaceae, but they are
still unsatisfactory. In addition, meningitis caused by the Enterobacteriaceae family can cause obstructive hydrocephalus
and brain abscesses, which are difficult to treat and can cause death. These infections can occur after neurosurgery and
have poor prognosis, leading to disability and possible mortality. Therefore, to reduce the infection rate it is necessary to
use strong disinfectant treatment and rigorous aseptic operations. Therapy is difficult because most antibiotics cannot
cross the blood-brain barrier (BBB) and reach the central nervous system (CNS). With resistance, the cytostatic effect of
antibiotics does not prevent the bacterium from causing serious and often lethal infections.

The diagnosis of species within the Enterobacteriaceae family is of considerable practical importance since the
isolation and identification of these germs from pathological materials and the environment are indispensable premises
both for the correct therapy of pathological processes and for the prophylaxis of infectious diseases. However, the
diagnostic procedures that bring results of almost absolute certainty are based on very numerous biochemical tests, and
sometimes, on the use of specific immune sera, and these methods can be too complex. To meet these needs, some
laboratories have developed equipment that allows the simultaneous detection of different bacterial biochemical activities
in a relatively short time, which allows to reach diagnoses of species that are found to be in unsatisfactory agreement with
those obtained with the use of the most extensive classical methods. On the other hand, it should be kept in mind that
differences have been highlighted in the detection of individual biochemical characters depending on the method used,
and there are variable percentages of false results with the use of some of the said equipment (20).

The spread of Enterobacteriaceae strains that are resistant to carbapenems represents an important clinical problem,
as they present multiple resistance to different classes of antibiotics. Enterobacteriaceae are also a public health problem,
due to their high capacity for diffusion and transmission in the population which occurs through genetic elements (21).

The most common Enterobacter carbapenemase are classes A and B, which spread via plasmids (22). Less frequently,
carbapenem resistance is due to excessive production of extended-spectrum B-Lactamase or AmpC enzymes or by the
presence of class D carbapenems (23).
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CONCLUSIONS

Ongoing research is needed to develop new antibiotics and alternative therapies, such as bacteriophage therapy and
antimicrobial peptides, to treat infections caused by resistant Enterobacteriaceae. Combating resistant
Enterobacteriaceae infections requires a multifaceted approach involving molecular biology to understand the
mechanisms of resistance, advanced diagnostics for rapid detection, and coordinated public health efforts to control the
spread of these pathogens.
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