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MENINGITIS

Primary Disciplinary Field(s): Medicine, Neurology, Infectious Disease

1. Core Definition

Meningitis is defined as the acute inflammation of the protective membranes covering the brain
and spinal cord, collectively known as the meninges. This crucial physiological response is typically
triggered by an infection, although non-infectious causes such as drug reactions or cancerous
spread are also possible. The meninges consist of three layers--the dura mater, arachnoid mater,
and pia mater--and the subarachnoid space, where cerebrospinal fluid (CSF) circulates.
Inflammation in this sensitive area leads to increased intracranial pressure and disruption of the
central nervous system (CNS) function, which is responsible for the constellation of severe
symptoms associated with the condition.

The inflammation itself is the body's attempt to combat the invading pathogen. However, because
the cranial cavity is enclosed and inflexible, the resulting swelling places immense pressure on the
delicate brain and spinal cord tissues. This pressure gradient restricts blood flow, potentially
causing ischemia and neurological damage. The severity of the disease largely depends on the
specific causative agent, with bacterial meningitis representing a medical emergency due to its

rapid progression and high mortality rate compared to viral forms.

A key pathological feature of meningitis is the presence of inflammatory cells--such as neutrophils
in bacterial cases, or lymphocytes in viral cases--in the cerebrospinal fluid. The integrity of the
blood-brain barrier (BBB) is compromised during the infection, allowing pathogens and
inflammatory mediators to cross into the subarachnoid space, exacerbating the inflammatory
cascade. If the condition is left untreated, the sustained inflammation can lead directly to severe
complications, including hydrocephalus, seizures, hearing loss, and permanent neurological
impairment, highlighting the necessity of immediate clinical intervention upon suspicion of the
disease.

2. Etiology and Pathogenesis

Meningitis can be caused by a wide variety of microorganisms, conventionally categorized into
three primary classes: bacterial, viral, and fungal, with bacterial etiology being the most life-
threatening. Common bacterial culprits vary by age group but frequently include Streptococcus
pneumoniae, Neisseria meningitidis, and Haemophilus influenzae type b. These bacteria often
colonize the nasopharynx and gain access to the CNS hematogenously, crossing the
compromised blood-brain barrier, or via direct extension following trauma or neurosurgical
procedures. Once in the subarachnoid space, the bacteria multiply rapidly, inducing a powerful
immune response.
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Viral meningitis, often termed aseptic meningitis, is the most common and generally the least

severe form. Enteroviruses are the most frequent cause, particularly during warmer months,
though other viruses like herpes simplex virus (HSV), mumps, measles, and West Nile virus can
also be implicated. Unlike bacterial meningitis, viral infections typically run a self-limiting course,
meaning the patient often recovers without specific antiviral treatment, though supportive care
remains essential. The pathogenesis involves the virus infecting the meningeal cells and initiating a
localized inflammatory response, which is characterized predominantly by a lymphocytic
pleocytosis in the CSF.

Fungal and parasitic forms of meningitis are less common but are particularly relevant in
immunocompromised populations, such as individuals with HIV/AIDS or those undergoing
immunosuppressive therapy. Cryptococcal meningitis, caused by Cryptococcus neoformans, is the
leading cause of fungal meningitis globally. These infections typically progress subacutely or
chronically and require prolonged courses of antifungal medications. In rare instances, meningitis
can also arise from non-infectious causes, such as systemic lupus erythematosus, certain cancers
that metastasize to the meninges, or reactions to specific medications (chemical meningitis),
further complicating the differential diagnosis.

3. Clinical Presentation and Symptoms

The onset of meningitis is often acute and dramatic, characterized by a classic clinical triad of
symptoms: fever, severe headache, and neck stiffness (nuchal rigidity). These symptoms reflect
the systemic infection, increased intracranial pressure, and irritation of the nerve roots due to
meningeal inflammation, respectively. The headache experienced is typically severe and
unrelenting, often described as the worst headache of the patient's life. The stiffness in the neck
makes passive or active flexion of the head highly painful or impossible, a crucial diagnostic sign.

In addition to the cardinal triad, patients frequently experience secondary symptoms such as
nausea and vomiting, phonophobia (sensitivity to sound), and photophobia (sensitivity to light). As
the infection progresses and intracranial pressure rises, altered mental status, confusion, and
drowsiness become prominent features. The source content accurately notes the initial challenge
in diagnosis, as many of these symptoms--high fever, generalized headache, nausea--are also
associated with the common cold or influenza, leading to potential delays in seeking or receiving
appropriate, life-saving medical care, particularly in mild viral cases or early stages of bacterial
disease.

Furthermore, specific neurological signs are sought during physical examination. These include
Kernig's sign (inability to fully extend the leg when the thigh is flexed at 90 degrees) and
Brudzinski's sign (involuntary flexion of the hips and knees when the neck is passively flexed). In
cases of meningococcal meningitis (caused by N. meningitidis), a rapidly spreading, non-blanching
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petechial or purpuric rash is a critical, ominous sign indicating septicemia and requiring immediate,
aggressive intervention. Symptoms in infants and neonates can be non-specific, often presenting
only as lethargy, irritability, poor feeding, or bulging fontanelles, making diagnosis particularly
challenging in this vulnerable population.

4. Diagnosis and Treatment

Timely diagnosis is paramount for managing meningitis, especially the bacterial form. The
definitive diagnostic procedure is the analysis of the cerebrospinal fluid (CSF), obtained via a
lumbar puncture (spinal tap). CSF analysis provides critical information regarding the causative
agent by measuring cell counts, protein and glucose levels, and performing culture and Gram stain
tests. High protein and low glucose levels, combined with a high neutrophil count, strongly indicate
bacterial meningitis, whereas viral meningitis usually shows a lower cell count, normal glucose,
and a predominance of lymphocytes.

Treatment is immediately initiated empirically, even before culture results are finalized, given the
speed at which bacterial meningitis can cause irreversible harm. Empirical treatment involves
intravenous administration of broad-spectrum antibiotics tailored to the patient's age and local
epidemiological factors. Once the specific pathogen is identified, antibiotic therapy is narrowed (de-
escalated) to target the organism specifically. Corticosteroids, typically dexamethasone, are often
administered concurrently with the first dose of antibiotics in cases of suspected bacterial
meningitis (particularly S. pneumoniae) to reduce the inflammatory response and mitigate the risk
of neurological sequelae, such as hearing loss.

Treatment for viral meningitis is primarily supportive, focusing on hydration, rest, and pain
management, as most cases resolve spontaneously. However, if the cause is identified as HSV or
VZV (Varicella-Zoster Virus), specific antiviral agents like acyclovir are necessary. Fungal
meningitis requires specialized, lengthy treatment regimes involving powerful intravenous
antifungal drugs, such as amphotericin B and flucytosine. Due to the high risk of transmission,
patients diagnosed with highly contagious forms, such as meningococcal meningitis, are often
placed in respiratory isolation, and prophylactic antibiotics may be recommended for close
contacts.

5. Prognosis and Cognitive Impact

The prognosis for meningitis varies dramatically based on the pathogen, the timing of diagnosis,
and the overall health of the patient. Viral meningitis carries an excellent prognosis, with most
patients recovering fully within one to two weeks with no lasting complications. In stark contrast,
bacterial meningitis remains a globally significant cause of mortality and morbidity, with fatality
rates ranging from 5% to 40%, even with aggressive modern medical intervention. Mortality rates
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are highest in infants, the elderly, and those with underlying medical conditions.

As highlighted in the source material, a significant concern, particularly with bacterial meningitis, is
the potential for permanent neurological and cognitive deficits. The sustained, uncontrolled
inflammation of the meninges causes damage not only by compression but also by leading to
vasculitis, which can occlude blood vessels supplying the brain. This can result in cerebral
infarction (stroke) or brain abscess formation. Common long-term sequelae include sensorineural
hearing loss (one of the most frequent complications), epilepsy, motor deficits, and visual
impairment.

Crucially, untreated or inadequately treated bacterial meningitis can result in a significant loss of
cognitive function. This cognitive impairment can manifest as attention deficits, memory loss,
reduced executive function, and learning disabilities, often necessitating extensive rehabilitation
and long-term support. Therefore, prevention through vaccination (against H. influenzae type b, S.
pneumoniae, and N. meningitidis) is considered a cornerstone of public health strategy to mitigate
the devastating long-term impacts of this disease.

6. Key Characteristics

Meningitis is characterized by several interrelated physiological and clinical features that define its
presentation and urgency. The fundamental characteristic is the localized inflammatory response
within the subarachnoid space, which is critical for understanding the pathophysiology. This
localized inflammation distinguishes it from broader neurological infections like encephalitis, which
involves the brain parenchyma itself.

Inflammation of the Meninges: The defining physical feature, leading to increased intracranial
pressure and irritation of adjacent structures.

Etiological Diversity: The cause can be bacterial, viral, fungal, or non-infectious, necessitating
differential diagnosis based on CSF analysis.

Symptomatic Triad: The classic presentation involves the rapid onset of high fever, severe
headache, and stiff neck (nuchal rigidity).

Risk of Cognitive Sequelae: If caused by bacterial infection and left untreated, the condition
carries a high risk of permanent neurological damage and loss of cognitive function.

Diagnostic Necessity: Confirmation requires analysis of the cerebrospinal fluid obtained via a
lumbar puncture to identify the pathogen and guide targeted treatment.

The urgency surrounding the management of suspected meningitis stems from the short
therapeutic window. Unlike many other infections, bacterial meningitis can progress from initial
symptoms to irreversible brain damage or death within hours, mandating immediate hospitalization
and aggressive intravenous therapy. This rapid progression defines the disease as one of the most
serious acute infectious diseases in clinical practice.
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7. Further Reading

Meningitis (Wikipedia)
Bacterial Meningitis (Centers for Disease Control and Prevention)

Meninges Anatomy (Wikipedia)
Viral Meningitis (Centers for Disease Control and Prevention)
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