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DESCRIPTION
Meningitis, an inflammation of the meninges surrounding the 
brain and spinal cord, is a potentially life-threatening condition 
that requires prompt diagnosis and treatment. The disease can 
be caused by bacteria, viruses, fungi, parasites, or non-infectious 
factors such as autoimmune disorders, medications, or 
malignancies. Bacterial meningitis, caused primarily by Neisseria 
meningitidis, Streptococcus pneumoniae and Haemophilus 
influenzae, is associated with high morbidity and mortality if not 
rapidly identified. Viral meningitis, often caused by 
enteroviruses, is generally self-limiting but may mimic bacterial 
forms in the early stages [1-3]. Accurate and timely diagnosis is 
important for initiating appropriate therapy, preventing 
complications and implementing public health interventions, 
including outbreak control and vaccination strategies.

Clinical diagnosis of meningitis begins with recognition of 
classical symptoms such as fever, headache, neck stiffness and 
photophobia, nausea, vomiting and altered mental status. In 
infants and immunocompromised patients, presentation may be 
atypical, including irritability, lethargy, or seizures. While clinical 
suspicion is essential, these signs are nonspecific and overlap 
with other Central Nervous System (CNS) disorders, 
underscoring the need for laboratory confirmation. Physical 
examination maneuvers, such as Kernig’s and Brudzinski’s signs, 
can support suspicion but are not definitive.

Cerebrospinal Fluid (CSF) analysis obtained through lumbar 
puncture remains the cornerstone of meningitis diagnosis. CSF 
evaluation includes cell count, glucose, protein, Gram stain, 
culture and molecular testing. Bacterial meningitis typically 
presents with elevated white blood cell counts (predominantly 
neutrophils), decreased glucose and increased protein, whereas 
viral meningitis shows lymphocytic predominance with normal 
or slightly elevated protein and normal glucose levels [4]. Gram 
stain can rapidly identify causative bacteria in many cases, 
providing immediate guidance for empiric therapy. Culture of

CSF, while slower, remains essential for pathogen confirmation, 
antibiotic susceptibility testing and epidemiologic surveillance.

Molecular diagnostic methods, including Polymerase Chain 
Reaction (PCR) and real-time PCR, have revolutionized 
meningitis detection by providing rapid, highly sensitive and 
specific identification of bacterial, viral and fungal pathogens 
directly from CSF. PCR is particularly valuable for pathogens 
that are difficult to culture, such as Listeria monocytogenes, 
Neisseria meningitidis in partially treated patients and viral 
agents. Multiplex PCR assays allow simultaneous detection of 
multiple pathogens, significantly improving diagnostic efficiency, 
especially during outbreaks or in immunocompromised 
individuals.

Serologic testing can assist in the diagnosis of certain types of 
meningitis, particularly those caused by viral infections, 
autoimmune conditions, or rare pathogens. Detection of 
pathogen-specific antibodies or antigens in serum or CSF can 
provide supportive evidence when direct pathogen identification 
is challenging. Emerging diagnostic approaches, including 
metagenomic next-generation sequencing, biosensors and rapid 
antigen tests, hold potential for identifying uncommon or novel 
pathogens and for use in resource-limited settings [5-7].

Imaging studies, such as Magnetic Resonance Imaging (MRI) or 
Computed Tomography (CT), are not primary diagnostic tools 
but can identify complications of meningitis, including abscess 
formation, hydrocephalus, or cerebral edema. Neuroimaging is 
also essential before lumbar puncture in cases with elevated 
intracranial pressure or focal neurologic deficits to reduce the 
risk of herniation [8].

Rapid and accurate meningitis diagnosis requires integration of 
clinical assessment, laboratory testing and imaging when 
indicated. Prompt identification of the causative agent enables 
targeted antimicrobial therapy, reduces the risk of long-term 
neurologic sequelae and informs public health measures such as 
contact tracing, prophylaxis and vaccination campaigns. Early 
empiric treatment should not be delayed when bacterial
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meningitis is suspected, while laboratory confirmation guides
therapy adjustments and supports epidemiologic monitoring
[9,10].

In conclusion, the diagnosis of meningitis relies on a
combination of careful clinical evaluation, cerebrospinal fluid
analysis, molecular testing and supportive imaging. Advances in
PCR and multiplex assays, along with emerging rapid diagnostic
technologies, have significantly improved the sensitivity,
specificity and speed of pathogen identification. Integration of
these approaches ensures timely treatment, improved patient
outcomes and effective public health responses. Continued
innovation in diagnostic methods is essential to reduce the
global burden of meningitis and prevent its severe
complications.
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