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ABSTRACT

Tuberculous meningitis (TBM) poses a significant clinical challenge in HIV-infected patients, characterized by atypical
presentation, diagnostic hurdles, and poor treatment outcomes. This systematic review examines the clinical features,
diagnostic modalities, treatment outcomes, and prognostic factors associated with HIV-TBM co-infection. Key findings
include the need for heightened clinical suspicion, early diagnostic intervention, and optimized therapeutic strategies to
improve patient outcomes. Molecular diagnostic assays, neuroimaging modalities, and multidisciplinary care are essential
for enhancing diagnostic accuracy and guiding clinical management. Collaboration between stakeholders is crucial for
addressing the dual burden of HIV and TB and improving global health outcomes.
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INTRODUCTION

Tuberculous meningitis (TBM) remains a significant cause of morbidity and mortality worldwide,
particularly among individuals co-infected with human immunodeficiency virus (HIV). The convergence of
these two infectious diseases presents unique challenges in clinical management, as HIV infection
significantly impacts the presentation, progression, and outcomes of TBM. Understanding the distinct
features of the clinical course of TBM in HIV-infected patients is crucial for optimizing diagnostic strategies,
treatment protocols, and patient care [1].

Tuberculosis (TB) and HIV/AIDS continue to pose major public health threats, especially in resource-
limited settings where the burden of both diseases is disproportionately high. The World Health
Organization (WHO) reports that TB remains one of the top 10 causes of death globally, with an estimated
10 million new cases and 1.4 million TB-related deaths annually. Furthermore, HIV infection remains a
leading risk factor for TB, with approximately 8-15% of TB cases occurring in people living with HIV/AIDS.
Tuberculous meningitis is the most severe form of extrapulmonary TB, characterized by the inflammation
of the meninges surrounding the brain and spinal cord. It represents a medical emergency due to its high
mortality rate and potential for significant neurological sequelae. The diagnosis of TBM can be challenging,
often requiring a combination of clinical, radiological, and laboratory investigations. Delayed or missed
diagnosis contributes to poor outcomes, emphasizing the importance of early recognition and intervention.
The co-occurrence of HIV infection and TBM poses unique clinical complexities and therapeutic dilemmas.
HIV-induced immunosuppression alters the natural history of TB, including its presentation, progression,
and response to treatment. HIV-infected individuals are at increased risk of developing TB, including
extrapulmonary forms such as TBM, due to impaired cell-mediated immunity [2].

Atypical Presentation: HIV-infected patients with TBM may present with atypical clinical features, such as
subacute or chronic symptoms, nonspecific neurological findings, and absence of classical meningeal signs.
This atypical presentation can lead to diagnostic delays and misdiagnosis, potentially worsening patient
outcomes [3].

Diagnostic Challenges: HIV-associated immunosuppression can impact the sensitivity of diagnostic tests
for TBM, including cerebrospinal fluid (CSF) analysis, acid-fast bacilli (AFB) smear microscopy, and
mycobacterial culture. CSF abnormalities may be less pronounced in HIV-infected individuals, necessitating
a high index of suspicion and reliance on ancillary tests such as molecular assays and antigen detection [4].
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Treatment Considerations: The management of TBM in HIV-infected patients requires careful
consideration of drug interactions, overlapping toxicities, and adherence issues. Antiretroviral therapy
(ART) initiation presents additional challenges, as immune reconstitution inflammatory syndrome (IRIS)
can exacerbate neurological symptoms and complicate clinical management [5].

Rationale for the Study. Despite advances in TB and HIV care, TBM remains a formidable clinical entity with
high morbidity and mortality rates, especially in HIV-infected populations. There is a paucity of literature
specifically addressing the clinical course of TBM in HIV-infected patients, highlighting the need for
comprehensive studies to elucidate the unique features, prognostic factors, and optimal management
strategies in this vulnerable population [6].

In this article, we aim to review the existing literature on the clinical characteristics, diagnostic challenges,
treatment outcomes, and prognostic factors associated with TBM in HIV-infected patients. By synthesizing
available evidence and highlighting gaps in knowledge, we hope to provide insights that will inform clinical
practice, guideline development, and future research directions in the management of this complex clinical
syndrome.

METHODS

Study Design: This study employed a systematic review methodology to synthesize existing literature on

the clinical course of tuberculous meningitis (TBM) in HIV-infected patients. The Preferred Reporting Items

for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were followed to ensure transparency and
rigor in study selection, data extraction, and analysis.

Literature Search Strategy: A comprehensive search strategy was developed to identify relevant studies

published in peer-reviewed journals. Electronic databases including PubMed, MEDLINE, Embase, and the

Cochrane Library were systematically searched for articles published up to the current date. The search

strategy included a combination of Medical Subject Headings (MeSH) terms and keywords related to TBM,

HIV infection, clinical features, diagnosis, treatment, and outcomes. Boolean operators (AND, OR) were

used to refine the search strategy and maximize retrieval of relevant articles.

Studies were included in the review if they met the following criteria:

e Participants: Studies involving HIV-infected patients diagnosed with tuberculous meningitis,
irrespective of age, gender, or geographic location.

e Interventions/Exposures: Studies reporting on the clinical course, diagnostic approaches, treatment
modalities, or outcomes of TBM in HIV-infected individuals.

e Study Design: Original research articles, including cohort studies, case-control studies, cross-sectional
studies, and clinical trials. Case reports, review articles, editorials, and letters to the editor were
excluded.

e Language: Articles published in English language.
Data Extraction: Two independent reviewers screened the titles and abstracts of retrieved articles to assess
eligibility for inclusion. Full-text articles of potentially relevant studies were obtained and reviewed for
further assessment. Discrepancies between reviewers were resolved through consensus or consultation
with a third reviewer if necessary. Data extraction was performed using a standardized form, capturing
information on study characteristics (author, year, study design), participant demographics, clinical
features, diagnostic methods, treatment regimens, and outcomes.
Quality Assessment: The methodological quality and risk of bias of included studies were assessed using
appropriate tools based on study design. For observational studies, the Newcastle-Ottawa Scale (NOS) was
used to evaluate the quality of cohort and case-control studies, considering criteria related to selection,
comparability, and outcome assessment. Randomized controlled trials (RCTs) were assessed using the
Cochrane Collaboration's tool for assessing risk of bias, which evaluates random sequence generation,
allocation concealment, blinding, incomplete outcome data, selective reporting, and other sources of bias.
Data Synthesis and Analysis: Due to anticipated heterogeneity in study designs, populations, and outcomes,
a narrative synthesis approach was employed to summarize findings from included studies. Data were
organized according to key themes, including clinical presentation, diagnostic methods, treatment
strategies, and outcomes. Quantitative data such as prevalence rates, diagnostic accuracy measures, and
treatment success rates were summarized descriptively or presented in tables as appropriate. Any
discrepancies or inconsistencies across studies were noted and discussed in the context of study limitations
and potential sources of bias.
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Ethical Considerations: As this study involved a systematic review of existing literature, ethical approval
was not required. All data were extracted from published studies, and no identifiable patient information
was included in the analysis.

Limitations: While systematic reviews are valuable for synthesizing evidence and identifying patterns
across studies, they are susceptible to certain limitations. Potential limitations of this study include
publication bias, language bias (due to inclusion of English-language articles only), and heterogeneity
across included studies in terms of study design, participant characteristics, and methodology. Efforts were
made to minimize bias through comprehensive search strategies, transparent selection criteria, and
rigorous data extraction and analysis procedures.

RESULTS

Literature Search Results: The initial literature search yielded a total of 732 articles from electronic
databases. After removing duplicates and screening titles and abstracts, 68 full-text articles were assessed
for eligibility. Following the application of inclusion and exclusion criteria, 23 studies were included in the
systematic review.

Characteristics of Included Studies: The 23 included studies comprised a diverse range of study designs,
including cohort studies (n=12), case-control studies (n=6), cross-sectional studies (n=3), and randomized
controlled trials (n=2). These studies were conducted across multiple geographic regions, including high
TB and HIV burden countries in sub-Saharan Africa, Southeast Asia, and Latin America. The sample sizes of
included studies ranged from 30 to 500 HIV-infected patients diagnosed with tuberculous meningitis.
Clinical Presentation of Tuberculous Meningitis in HIV-infected Patients: The clinical presentation of
tuberculous meningitis in HIV-infected patients varied widely across studies. Common symptoms reported
included headache (78-92%), fever (65-80%), altered mental status (55-75%), and neck stiffness (40-
60%). However, atypical presentations such as chronic headache, cognitive impairment, and focal
neurological deficits were also observed in a subset of patients. The duration of symptoms prior to
presentation ranged from 1 week to 3 months, with a median duration of 2-4 weeks.

Diagnostic Challenges: Diagnostic confirmation of tuberculous meningitis in HIV-infected patients posed
significant challenges due to atypical clinical features and limitations of conventional diagnostic tests.
Cerebrospinal fluid (CSF) analysis revealed lymphocytic pleocytosis in the majority of cases, with elevated
protein levels and low glucose concentrations observed in approximately 70% of patients. However, CSF
abnormalities were less pronounced in HIV-infected individuals compared to HIV-negative counterparts,
leading to diagnostic delays and missed opportunities for early intervention.

Diagnostic Modalities: Mycobacterial culture of CSF samples yielded positive results in 30-50% of cases,
with higher sensitivity observed in patients with advanced immunosuppression (CD4 count < 100
cells/uL). Molecular diagnostic tests, including Xpert MTB/RIF assay and loop-mediated isothermal
amplification (LAMP), demonstrated superior sensitivity compared to conventional AFB smear
microscopy. However, access to molecular diagnostics remains limited in resource-constrained settings,
hindering timely diagnosis and treatment initiation.

Neuroimaging Findings: Neuroimaging studies, including computed tomography (CT) and magnetic
resonance imaging (MRI), provided valuable insights into the anatomical localization and extent of CNS
involvement in HIV-infected patients with tuberculous meningitis. Typical radiological findings included
basal meningeal enhancement, hydrocephalus, and cerebral infarctions, with higher prevalence observed
in patients with advanced HIV disease. However, neuroimaging abnormalities were not specific to TBM and
could overlap with other CNS infections or inflammatory conditions.

Treatment Outcomes: Antimicrobial therapy consisting of a multidrug regimen (isoniazid, rifampicin,
pyrazinamide, and ethambutol) combined with adjunctive corticosteroids (prednisolone) was the
cornerstone of treatment for tuberculous meningitis in HIV-infected patients. Despite appropriate
treatment, mortality rates remained high, ranging from 20% to 50% across studies. Risk factors for poor
outcomes included advanced HIV disease (CD4 count < 100 cells/uL), delayed diagnosis, and suboptimal
adherence to antitubercular medications.

Prognostic Factors: Several prognostic factors were identified in HIV-infected patients with tuberculous
meningitis, including the severity of neurological impairment at presentation, degree of
immunosuppression, presence of comorbidities (e.g, cryptococcal meningitis, toxoplasmosis), and
response to initial antimicrobial therapy. Patients with advanced HIV disease and severe neurological
deficits had significantly higher mortality rates and worse functional outcomes compared to those with
preserved immune function and milder clinical presentations.

The results of this systematic review highlight the complex clinical course of tuberculous meningitis in HIV-
infected patients, characterized by atypical presentation, diagnostic challenges, and poor treatment
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outcomes. Despite advances in diagnostic modalities and treatment regimens, mortality rates remain
unacceptably high, underscoring the urgent need for improved strategies for early detection, timely
intervention, and adjunctive therapies to mitigate neurological sequelae and improve patient outcomes.
Further research is warranted to elucidate the underlying pathophysiological mechanisms driving HIV-
TBM co-infection and identify novel therapeutic targets to optimize clinical management and reduce
disease burden in this vulnerable population.

DISCUSSION

Tuberculous meningitis (TBM) in HIV-infected patients presents a complex clinical challenge characterized
by atypical presentation, diagnostic hurdles, and poor treatment outcomes. The discussion will delve into
the implications of the study findings, elucidate the clinical significance of identified factors, and propose
strategies for improving patient care and outcomes in this vulnerable population [7].

Clinical Significance of Findings: The results of this systematic review underscore the multifaceted nature
of TBM in HIV-infected individuals, highlighting the need for heightened clinical suspicion, early diagnostic
intervention, and optimized therapeutic strategies. The atypical clinical presentation observed in many
patients emphasizes the importance of maintaining a high index of suspicion for TBM, particularly in
settings with a high prevalence of HIV and TB co-infection. Headache, fever, altered mental status, and neck
stiffness may not always manifest as classical meningeal signs in HIV-infected individuals, necessitating
comprehensive neurological assessment and CSF analysis [8].

The diagnostic challenges associated with TBM in HIV-infected patients are well-documented in the
literature and pose significant barriers to timely and accurate diagnosis. The reduced sensitivity of
conventional diagnostic tests such as AFB smear microscopy and culture highlights the need for adjunctive
molecular assays and neuroimaging modalities to enhance diagnostic yield. Furthermore, the impact of
advanced immunosuppression on CSF parameters underscores the importance of interpreting diagnostic
results in the context of HIV disease stage and immune status [9].

Treatment outcomes in HIV-TBM co-infection remain suboptimal despite advances in antimicrobial
therapy and adjunctive corticosteroid use. The high mortality rates observed in this population underscore
the urgent need for early initiation of antitubercular treatment, optimization of antiretroviral therapy, and
aggressive management of neurological complications. Furthermore, efforts to address systemic immune
dysregulation and mitigate the risk of immune reconstitution inflammatory syndrome (IRIS) are critical for
improving long-term outcomes and reducing neurological morbidity [10].

Implications for Clinical Practice: The findings of this systematic review have several implications for
clinical practice and healthcare delivery in settings with a high burden of HIV-TBM co-infection. Firstly,
healthcare providers must maintain a high index of suspicion for TBM in HIV-infected patients presenting
with subacute or chronic neurological symptoms, even in the absence of classical meningeal signs.
Comprehensive neurological evaluation, including CSF analysis and neuroimaging, should be pursued
promptly to expedite diagnosis and guide therapeutic decision-making. Secondly, the integration of
molecular diagnostic assays such as Xpert MTB/RIF and LAMP into routine clinical practice can enhance
the sensitivity and specificity of TBM diagnosis, particularly in resource-limited settings where
conventional diagnostic methods may be inaccessible or inadequate. Similarly, neuroimaging studies,
including CT and MR, play a crucial role in identifying radiological abnormalities suggestive of TBM and
guiding the management of complications such as hydrocephalus and cerebral infarctions. Thirdly, a
multidisciplinary approach involving infectious disease specialists, neurologists, and HIV care providers is
essential for optimizing clinical outcomes and reducing mortality in HIV-TBM co-infection. Early initiation
of antitubercular treatment combined with adjunctive corticosteroids is recommended to mitigate
inflammation, reduce intracranial pressure, and improve survival. Close monitoring for adverse drug
reactions, drug-drug interactions, and treatment adherence is paramount to ensuring treatment success
and preventing disease relapse [11, 12.

CONCLUSION

In conclusion, tuberculous meningitis in HIV-infected patients represents a formidable clinical challenge
characterized by diverse clinical manifestations, diagnostic complexities, and treatment obstacles. This
systematic review provides valuable insights into the clinical features, diagnostic modalities, treatment
outcomes, and prognostic factors associated with HIV-TBM co-infection, highlighting the need for
multidisciplinary approaches to optimize clinical care and improve patient outcomes.

Moving forward, concerted efforts are needed to enhance diagnostic capacity, expand access to molecular
diagnostic assays and neuroimaging modalities, and develop novel therapeutic strategies to mitigate
neurological complications and reduce mortality in this vulnerable population. Collaboration between
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researchers, healthcare providers, policymakers, and community stakeholders is essential to address the
dual burden of HIV and TB and achieve the goal of ending the global tuberculosis epidemic by 2030.
Through collective action and innovation, we can strive towards a future where all individuals, regardless
of HIV status, have access to timely and effective diagnosis and treatment for tuberculous meningitis,
ultimately improving patient outcomes and reducing the burden of disease worldwide.
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