2,

%,
>

2
8
&

Vijay, Clin Neuropsycho 2025, 8:1

Clinical Neuropsychology: Open Access

Neuro-HIV and Bacterial Infections: Understanding the Link and

Implications

Vijay Tripathi*
Department of Microbiology, Birla Institute of Technology & Science, India

Introduction

Human immunodeficiency virus (HIV) infection remains a
significant global health challenge, affecting millions of individuals.
While effective antiretroviral therapy (ART) has transformed HIV
from a fatal disease into a manageable chronic condition, people living
with HIV (PLWH) continue to face numerous health complications.
Among these, neurological disorders associated with HIV—termed
Neuro-HIV—present a critical concern. At the same time, bacterial
infections remain prevalent among PLWH, often exacerbating
neurological complications and leading to poor clinical outcomes.
Understanding the interplay between Neuro-HIV and bacterial
infections is crucial for improving patient management and developing
targeted therapies. HIV (Human Immunodeficiency Virus) remains
a significant global health burden, affecting millions of individuals.
While antiretroviral therapy (ART) has significantly improved the life
expectancy of people living with HIV (PLWH), the virus continues to
pose serious health challenges, particularly concerning the nervous
system. Neuro-HIV refers to the range of neurological complications
that arise from HIV infection, including cognitive impairment, motor
dysfunction, and neuroinflammation. Even in individuals receiving
ART, HIV persists in the central nervous system (CNS), contributing to
long-term neurological damage. At the same time, bacterial infections
are common among PLWH due to immune system suppression.
Opportunistic infections such as tuberculosis (TB), neurosyphilis,
bacterial meningitis, and pneumonia frequently affect this population,
often leading to severe complications when they invade the CNS.
These infections can exacerbate Neuro-HIV conditions by triggering
chronic inflammation, disrupting the blood-brain barrier (BBB),
and accelerating neuronal damage. The interaction between Neuro-
HIV and bacterial infections creates a complex and multifaceted
health challenge [1,2]. HIV weakens the immune system, increasing
susceptibility to bacterial infections, while bacterial infections, in
turn, intensify neuroinflammation and cognitive decline in PLWH.
Understanding this interplay is crucial for improving patient outcomes
and developing effective treatment strategies [3,4].

The Neurological Impact of HIV

HIV is not just an immunological disorder; it is also a neurotropic
virus, meaning it directly affects the central nervous system (CNS).
Even in individuals on ART, HIV can persist in the brain, leading to
chronic inflammation and neuronal damage. This condition, broadly
termed HIV-associated neurocognitive disorders (HAND), includes
a spectrum of neurological impairments ranging from asymptomatic
cognitive deficits to severe dementia [5].

HIV enters the CNS early in infection, primarily via infected
monocytes and macrophages that cross the blood-brain barrier. Once
inside, HIV can infect microglia and astrocytes, leading to a cascade of
inflammatory responses. The presence of pro-inflammatory cytokines,
excitotoxicity, and oxidative stress further contributes to neuronal
damage, synaptic dysfunction, and cognitive decline [6].

Bacterial Infections in PLWH

PLWH are at an increased risk of bacterial infections due to their
compromised immune systems. Common bacterial infections in this
population include tuberculosis (TB), syphilis, bacterial meningitis,
and pneumonia. Many of these infections have neuroinvasive
potential, meaning they can infect the CNS and exacerbate Neuro-HIV
conditions [7,8].

Tuberculosis (TB): Mycobacterium tuberculosis is a major
opportunistic infection in PLWH, especially in regions with high TB
prevalence. When TB spreads to the brain, it can cause tuberculous
meningitis (TBM), leading to severe neuroinflammation, increased
intracranial pressure, and long-term neurological damage.

Neurosyphilis: Caused by the bacterium Treponema pallidum,
neurosyphilis can lead to cognitive impairment, ataxia, and psychiatric
symptoms. PLWH are more susceptible to aggressive forms of syphilis,
which may worsen HAND [9].

Other Opportunistic Bacterial Infections: Chronic bacterial
infections, including pneumonia and bloodstream infections, can
trigger systemic inflammation that exacerbates neuroinflammation
and contributes to the worsening of HAND.

Mechanisms of Interaction Between Neuro-HIV and Bacterial
Infections

The interaction between Neuro-HIV and bacterial infections is
complex and multifaceted. Some key mechanisms include:

Chronic Immune Activation: HIV and bacterial infections both
contribute to persistent immune activation. The chronic inflammatory
state leads to increased cytokine production (e.g., TNF-a, IL-6,
and IL-1P), which can disrupt neuronal function and accelerate
neurodegeneration.

Blood-Brain Barrier (BBB) Disruption: HIV and bacterial infections
can weaken the BBB, allowing further infiltration of pathogens and
immune cells into the CNS. This increased permeability exacerbates
neuroinflammation and neuronal damage.

Direct Neurotoxicity: Bacterial toxins, in combination with HIV
proteins (such as gp120 and Tat), can induce direct neuronal toxicity,
leading to synaptic damage and apoptosis.
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Microbiome Dysbiosis: Emerging research suggests that gut
microbiome imbalances in PLWH may influence neuroinflammation.
Bacterial infections can alter microbiota composition, further
exacerbating HAND [10].

Reduced ART Effectiveness: Some bacterial infections, particularly
TB, can alter ART metabolism, leading to suboptimal drug levels
and increased viral replication, which may accelerate neurocognitive
decline.

Clinical Implications and Management Strategies

Given the significant impact of bacterial infections on Neuro-HIV,
a multifaceted approach is essential for effective management. Key
strategies include:

Early Diagnosis and Treatment: Routine screening for bacterial
infections in PLWH, especially for TB and syphilis, can enable early
detection and timely treatment, reducing the risk of neurological
complications.

Enhanced ART Adherence: Maintaining strict adherence to ART
can help suppress HIV replication and reduce neuroinflammation,
thereby mitigating the impact of coexisting bacterial infections.

Anti-Inflammatory and Neuroprotective Therapies: Research into
adjunct therapies, such as anti-inflammatory drugs, antioxidants,
and neuroprotective agents, may help mitigate the effects of chronic
inflammation on the CNS.

Vaccination Programs: Preventative measures, including
vaccinations against pneumococcus, meningococcus, and TB, should
be prioritized for PLWH to reduce infection risk.

Integrated HIV and Neurology Care: Multidisciplinary
collaboration between infectious disease specialists, neurologists,
and HIV clinicians is crucial to providing comprehensive care for
individuals with Neuro-HIV and bacterial co-infections.

Future Directions

Despite significant advancements in HIV treatment, the
intersection between Neuro-HIV and bacterial infections remains an
area of ongoing research. Future studies should focus on:

Understanding the molecular pathways that link bacterial
infections to HAND progression.

Developing biomarkers to detect early neuroinflammation in
PLWH.

Investigating novel therapeutics that can target both HIV-associated

neuroinflammation and bacterial infection-induced damage.

Examining the role of the gut-brain axis in Neuro-HIV
pathophysiology.

Conclusion

The relationship between Neuro-HIV and bacterial infections is
a critical yet underexplored area of HIV research. Bacterial infections
not only worsen HIV-related neurological complications but also pose
challenges to effective treatment and patient management. A holistic
approach that includes early diagnosis, optimal ART adherence,
neuroprotective strategies, and preventative measures is essential
to improving outcomes for PLWH. As research progresses, a deeper
understanding of these interactions will pave the way for better
therapeutic interventions and improved quality of life for individuals
living with HIV.
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