MENINGITIS

Definition

· Meningitis is the term to denote inflammation of the meninges. 
· Clinically, this characteristically results in the occurrence of meningeal symptoms (e.g. headache, nuchal rigidity, and photophobia) and an increased number of white blood cells in the cerebrospinal fluid (CSF; pleocytosis). 
· Depending on the duration of symptoms, meningitis may be classified as acute or chronic. 
· Acute meningitis denotes the evolution of symptoms within hours to several days, while chronic meningitis has an onset and duration of weeks to months. 
· The duration of symptoms of chronic meningitis is characteristically at least 4 weeks.

· Numerous infectious and noninfectious causes of meningitis exist. 

· Examples of common noninfectious causes include medications (e.g. nonsteroidal anti-inflammatory drugs, antibiotics) and carcinomatosis.

· Meningitis can also be classified according to etiology. 

· Acute bacterial meningitis denotes a bacterial cause of this syndrome. 

· This is usually characterized by an acute onset of meningeal symptoms and neutrophilic pleocytosis. 

· Depending on the specific bacterial cause, the syndrome may be called, for example, Streptococcus pneumoniae meningitis, meningococcal meningitis, or Haemophilus influenzae meningitis. 

· Fungal and parasitic causes of meningitis are also termed according to their specific etiologic agent, such as cryptococcal meningitis, Histoplasma meningitis, and amebic meningoencephalitis

· Aseptic meningitis is a broad term that denotes a nonpyogenic cellular response, which may be caused by many different etiologic agents. 

· In many cases, a cause is not apparent after initial evaluation. 

· Patients characteristically have an acute onset of meningeal symptoms, fever, and cerebrospinal pleocytosis that is usually prominently lymphocytic. 

· After an extensive workup, many of these cases are found to have a viral etiology and can then be reclassified as acute viral meningitis (e.g. enterovirus meningitis, herpes simplex virus [HSV] meningitis). 

· While viruses cause most cases of aseptic meningitis, it can also be caused by bacterial, fungal, mycobacterial, and parasitic agents
Etiology
· Acute bacterial meningitis: The rate of N meningitidis has remained constant at 14-25%, and this organism accounts for many cases among 2- to 18-year-old patients. 
· S pneumoniae has become the most common cause in all age groups

· Presently, it is the most common bacterial cause of meningitis, accounting for 47% of cases

· N meningitidis: Presently, it is the leading cause of bacterial meningitis in children and young adults, accounting for 59% of cases

· Staphylococcus species (S aureus and coagulase-negative staphylococci) 
· Meningitis caused by staphylococci is associated with the following risk factors: (1) status postneurosurgery and posttrauma, (2) presence of CSF shunts, and (3) infective endocarditis and paraspinal infection

· Staphylococcus epidermidis is the most common cause of meningitis in patients with CNS (i.e. ventriculoperitoneal) shunts

· Aerobic gram-negative bacilli (e.g. E coli, Klebsiella pneumoniae, Serratia marcescens, P aeruginosa, Salmonella species)

· As a group, the gram-negative bacilli can cause meningitis in certain groups of patients. 
· E coli is a common agent of meningitis among neonates
· Aseptic meningitis syndrome: Aseptic meningitis is the most common infectious syndrome affecting the CNS. 
· Most episodes are caused by a viral pathogen, but they can also be caused by bacteria, fungi, or parasites
· Acute viral meningitis: enterovirus: Enterovirus belongs to the family Picornaviridae. 

· It is classified further to include polioviruses (3 serotypes), coxsackievirus A (23 serotypes), coxsackievirus B (6 serotypes), echovirus (31 serotypes), and the newly recognized enterovirus serotypes 68-71, 

· Herpesviridae: HSV-1 is a cause of encephalitis, while HSV-2 more commonly causes meningitis

· Chronic meningitis: Chronic meningitis is a constellation of signs and symptoms of meningeal irritation associated with CSF pleocytosis that persists for longer than 4 weeks
Epidemiology

· Bacterial meningitis remains a significant cause of morbidity and mortality throughout the world

· Previously, the 3 most common pathogens that accounted for more than 80% of cases included H influenzae type B (HIB), N meningitidis, and S pneumoniae

· The widespread use of the HIB vaccination has decreased the incidence of HIB meningitis by more than 90%

· The emergence of bacterial resistance, especially penicillin-resistant S pneumoniae, has been increasing worldwide

· The incidence of meningitis is presumed to be higher in developing countries because of less access to preventative services such as vaccination. 

· An incidence rate that is 10-fold higher than that in developed countries has been reported

· The mortality rate for viral meningitis (without encephalitis) is less than 1%

· With the advent of antimicrobial therapy, the overall mortality rate from bacterial meningitis has decreased but remains alarmingly high. It is reported to be approximately 25%. 

· Among the common causes of acute bacterial meningitis, the highest mortality rate is observed with pneumococcus. 

· The reported mortality rates for each specific organism are 19-26% for S pneumoniae meningitis, 3-6% for H influenzae meningitis, 3-13% for N meningitidis meningitis, and 15-29% for L monocytogenes meningitis

· Meningitis occurs in people of all age groups, but very young individuals (infants and young children) and elderly individuals (>60 y) are more predisposed to the infection

Pathophysiology
· Three major pathways exist by which an infectious agent (i.e. bacteria, virus, fungus, and parasite) gains access to the central nervous system (CNS) and causes disease

· Initially, the infectious agent colonizes or establishes a localized infection in the host. 

· This may be in the form of colonization or infection of the skin, nasopharynx, respiratory tract, gastrointestinal tract, or genitourinary tract. 

· Most meningeal pathogens are transmitted through the respiratory route, as exemplified by the nasopharyngeal carriage of Neisseria meningitides (meningococcus) and nasopharyngeal colonization with S pneumoniae (pneumococcus).

· From this site, the organism invades the submucosa by circumventing host defenses (e.g. physical barriers, local immunity, phagocytes/macrophages) and gains access to the CNS by 
1. Invasion of the bloodstream (i.e. bacteremia, viremia, fungemia, parasitemia) and subsequent hematogenous seeding of the CNS, which is the most common mode of spread for most agents (e.g. meningococcal, cryptococcal, syphilitic, and pneumococcal meningitis) 
2. A retrograde neuronal (i.e. olfactory and peripheral nerves) pathway (e.g. Naegleria fowleri, Gnathostoma spinigerum) 

3. Direct contiguous spread (i.e. sinusitis, otitis media, congenital malformations, trauma, direct inoculation during intracranial manipulation).

· Certain respiratory viruses are thought to enhance the entry of bacterial agents into the intravascular compartment, presumably by damaging mucosal defenses. 
· Once inside the bloodstream, the infectious agent must escape immune surveillance (e.g. antibodies, complement-mediated bacterial killing, and neutrophil phagocytosis). 

· Subsequently, hematogenous seeding into distant sites occurs, including the CNS.

· Once inside the CNS, the infectious agents likely survive because host defenses (e.g. immunoglobulins, neutrophils, complement components) appear to be limited in this body compartment. 

· The presence and replication of infectious agents remain uncontrolled and incite a cascade of meningeal inflammation.

· Key advances in the pathophysiology of meningitis include the pivotal role of cytokines (e.g. tumor necrosis factor-alpha [TNF-alpha], interleukin [IL]–1), chemokines (IL-8), and other proinflammatory molecules in the pathogenesis of pleocytosis and neuronal damage during bacterial meningitis. 

· Increased CSF concentrations of TNF-alpha, IL-1, IL-6, and IL-8 are characteristic findings in patients with bacterial meningitis

· The proposed interplay among these mediators of inflammation is as follows

· The exposure of cells (e.g. endothelium, leukocytes, microglia, astrocytes, meningeal macrophages) to bacterial products released during replication and death incites the synthesis of cytokines and proinflammatory mediators

· TNF-alpha and IL-1 are the most prominent among the cytokines that mediate this inflammatory cascade

· TNF-alpha is a glycoprotein derived from activated monocyte-macrophages, lymphocytes, astrocytes, and microglial cells. 
· IL-1, previously known as endogenous pyrogen, is also produced primarily by activated mononuclear phagocytes and is responsible for the induction of fever during bacterial infections

· Many secondary mediators, such as IL-6, IL-8, nitric oxide, prostaglandins (PGE2), and platelet activation factor (PAF), are presumed to amplify this inflammatory event, either synergistically or independently

· IL-6 induces acute-phase reactants in response to bacterial infection. 

· The chemokine IL-8 mediates neutrophil chemoattractant responses induced by TNF-alpha and IL-1. 

· Nitric oxide is a free radical molecule that can induce cytotoxicity when produced in high amounts. 

· PGE2, a product of cyclooxygenase, appears to participate in the induction of increased blood-brain barrier (BBB) permeability. 

· PAF, with its myriad of biologic activities, is believed to mediate the formation of thrombi and the activation of clotting factors within the vasculature

· Overall, the net result is vascular endothelial injury and increased BBB permeability leading to the entry of many blood components into the subarachnoid space. 

· In many patients, this contributes to vasogenic edema and elevated CSF protein levels. 

· In response to the cytokines and chemotactic molecules, neutrophils migrate from the bloodstream and penetrate the damaged BBB, producing the profound neutrophilic pleocytosis characteristic of bacterial meningitis. 

· The increased CSF viscosity resulting from the influx of plasma components into the subarachnoid space and diminished venous outflow lead to interstitial edema, and the products of bacterial degradation, neutrophils, and other cellular activation lead to cytotoxic edema

· The ensuing cerebral edema (i.e. vasogenic, cytotoxic, interstitial) significantly contributes to intracranial hypertension and a consequent decrease in cerebral blood flow. 

· Anaerobic metabolism ensues, which contributes to increased lactate concentration and hypoglycorrhachia. 

· In addition, hypoglycorrhachia results from decreased glucose transport into the spinal fluid compartment. 

· Eventually, if this uncontrolled process is not modulated by effective treatment, transient neuronal dysfunction or permanent neuronal injury results

· The level of cytokines, including IL-6, TNF-alpha, and interferon-gamma, has been found to be elevated in patients with aseptic meningitis

· Another important component or complication of meningitis is the development of increased intracranial pressure (ICP). 

· The pathophysiology of this complication is complex and may involve many proinflammatory molecules as well as mechanical elements. 

· Interstitial edema (secondary to obstruction of CSF flow, as in hydrocephalus), cytotoxic edema (swelling of cellular elements of the brain through the release of toxic factors from the bacteria and neutrophils), and vasogenic edema (increased BBB permeability) are all thought to play a role in the development of increased ICP
Clinical features

History

· The classic presentation of meningitis includes fever, headache, neck stiffness, photophobia, nausea, vomiting, and signs of cerebral dysfunction (e.g. lethargy, confusion, and coma).

· The triad of fever, nuchal rigidity, and change in mental status is found in only two thirds of patients

· Fever is the most common manifestation (95%), while stiff neck and headache are less common. 

· However, the negative predictive value of these symptoms is high (i.e. the absence of fever, neck stiffness, or altered mental status eliminates the diagnosis of meningitis in 99-100% of cases)

· The classic presentation of acute meningitis is the onset of symptoms within hours to a few days, compared to weeks for chronic meningitis

Physical examination

· Signs of cerebral dysfunction are common, including confusion, irritability, delirium, and coma. 

· These are usually accompanied by fever and photophobia

· Signs of meningeal irritation are observed in only approximately 50% of patients with bacterial meningitis, and their absence certainly does not rule out meningitis

· Kernig sign: In a supine patient, flex the hip to 90° while the knee is flexed at 90°. An attempt to further extend the knee produces pain in the hamstrings and resistance to further extension

· Brudzinski sign: Passively flex the neck while the patient is in a supine position with extremities extended. This maneuver produces flexion of the hips in patients with meningeal irritation

· Nuchal rigidity: Resistance to passive flexion of the neck is also a sign

· Exacerbation of existing headache by repeated horizontal movement of the head, at a rate of 2-3 times per second, may also suggest meningeal irritation

· Cranial nerve palsies may be observed as a result of increased ICP or the presence of exudates encasing the nerve roots

· Focal neurologic signs may develop as a result of ischemia from vascular inflammation and thrombosis

· Seizures occur in approximately 30% of patients

· Papilledema and other signs of increased ICP may be present

· Coma, increased blood pressure with bradycardia, and cranial nerve III palsy may be present

· The presence of papilledema also suggests a possible alternate diagnosis (eg, brain abscess).

· Systemic findings upon physical examination may provide clues to the etiology

· In contrast to bacterial meningitis, patients with aseptic meningitis syndrome usually appear clinically nontoxic with no vascular instability

Investigations

Laboratory Studies

· The cornerstone in the diagnosis of meningitis is examination of the CSF
· Measure the opening pressure and send the fluid for cell count (and differential count), chemistry (ie, CSF glucose and protein), and microbiology (ie, Gram stain and cultures)
	Agent 
	Opening Pressure 
	WBC count per µL 
	Glucose (mg/dL) 
	Protein (mg/dL) 
	Microbiology 

	Bacterial meningitis
	200-300
	100-5000; >80% PMNs*
	<40
	>100
	Specific pathogen demonstrated in 60% of Gram stains and 80% of cultures

	Viral meningitis
	90-200
	10-300; lymphocytes
	Normal, reduced in LCM and mumps
	Normal but may be slightly elevated
	Viral isolation, PCR† assays

	Tuberculous meningitis
	180-300
	100-500; lymphocytes
	Reduced, <40
	Elevated, >100
	Acid-fast bacillus stain, culture, PCR

	Cryptococcal meningitis
	180-300
	10-200; lymphocytes
	Reduced
	50-200
	India ink, cryptococcal antigen, culture

	Aseptic meningitis
	90-200
	10-300; lymphocytes
	Normal
	Normal but may be slightly elevated
	Negative findings on workup

	Normal values
	80-200
	0-5; lymphocytes
	50-75
	15-40
	Negative findings on workup


Treatment
· Bacterial meningitis is a neurological emergency that is associated with significant morbidity and mortality. 

· The initiation of empiric antibacterial therapy is therefore essential for better outcome

· Institute empiric antimicrobial therapy (i.e. antibacterial treatment with antivirals and antifungal therapy in selected cases) as soon as possible 

· This is usually based on the known predisposing factors and/or initial CSF Gram-stain results

· Significant delays in instituting antimicrobial treatment in individuals with bacterial meningitis could lead to significant morbidity and mortality

· The chosen antibiotic should attain adequate levels in the CSF. 

· Achieving this usually depends on the drug's lipid solubility, its molecular size, its protein-binding capability, and the state of inflammation at the meninges. 

· The penicillins, certain cephalosporins (i.e. third- and fourth-generation cephalosporins), the carbapenems, fluoroquinolones, and rifampin provide high CSF levels

· Monitor for possible drug toxicity during treatment (e.g. with blood counts and renal and liver function monitoring).

· The dose of the chosen antimicrobial agent should always be adjusted based on the renal and hepatic function of the patient. 

· At times, obtaining serum drug concentrations may be necessary to ensure adequate levels and to avoid toxicity in drugs with a narrow therapeutic index (e.g. vancomycin, aminoglycosides).

· One of the major contributors to the morbidity associated with bacterial meningitis is the severity of inflammation. 

· Therefore, pharmacologic interventions to reduce the degree of inflammation may improve outcome. 
· Strongly consider the use of steroids as adjunctive treatment of bacterial meningitis. 

· If steroids are given, they should be administered prior to or during the administration of antimicrobial therapy. 

· Recent data indicate that the use of steroids improves the overall outcome of patients with certain types of bacterial meninigitis. 

· This has been proven in cases of H influenzae, tuberculous, and pneumococcal meningitis

· Practice vigilance to monitor for the occurrence of complications from the disease (e.g. hydrocephalus, seizures, hearing defects) and its treatment (e.g. drug toxicity, hypersensitivity)
Antimicrobial therapy for bacterial meningitis 

S pneumoniae: 
· The third-generation cephalosporins (ceftriaxone 2-4 g/d or cefotaxime 8-12 g/d i.e. 2-3 g IV q4-6h) with vancomycin (2-3 g/d, adjusted to therapeutic serum levels) are first-line empiric therapy, depending on the resistance patterns in the community

· The use of corticosteroids such as dexamethasone as adjunctive treatment for pneumococcal meningitis is now supported by recent studies demonstrating significant benefit with regards to reduction in case-fatality rate and neurologic sequelae

· Vancomycin: 1 g IV q8h has poor CSF penetration. 
· The addition of dexamethasone could further decrease CSF penetration 
· When dexamethasone is used, an alternative for vancomycin is rifampin (600 mg/d). 

· Penicillin G (24 million U/d divided q4h) remains the drug of choice for penicillin-susceptible strains.

N meningitides:
· The antimicrobial therapy of choice is penicillin G (24 million U/d) or ampicillin (12 g/d divided q3-4h). 

· Ceftriaxone (2-4 g/d) is used in the presence of resistant strains (MIC of 0.1-1 mcg/mL). 
H influenzae: 
· Third-generation cephalosporins (ceftriaxone 4 g/d or cefotaxime 8-12 g/d) are first-line empiric therapy.
L monocytogenes: 
· Ampicillin (12 g/d) or penicillin G (24 million U/d) is the drug of choice. 

· The addition of gentamicin (3-5 mg/kg/d, divided tid) may add synergy. 

· The third-generation cephalosporins are inactive against L monocytogenes. 

· In patients who are allergic to penicillin, use trimethoprim-sulfamethoxazole (TMP-SMX) at 10 mg/kg/d of the TMP component.

Staphylococcus species:  

· Treat meningitis caused by S aureus with nafcillin (9-12 g/d) or oxacillin (9-12 g/d). 

· Vancomycin (2-3 g/d, adjusted to serum levels) is the alternative in patients who are allergic to penicillin and is the first-line therapy for methicillin-resistant S aureus (MRSA) strains. 

· Vancomycin is the first-line therapy for coagulase-negative staphylococci. 
· Adding rifampin (600 mg/d) may have a synergistic effect
Use of steroids

· However, in the experimental meningitis model, the use of steroids has been associated with decreased antimicrobial penetration into the CSF and decreased bactericidal activity of some antimicrobials, such as vancomycin. 
· The use of adjunctive dexamethasone (0.15 mg/kg per dose q6h for 2-4 d) decreases hearing loss and neurologic sequelae in children and infants with meningitis caused by HIB

· The timing of dexamethasone administration is crucial. If used, it should be administered before or with the first dose of antibacterial therapy. 
· This is to counteract the initial inflammatory burst consequent to antibiotic-mediated bacterial killing.
Viral meningitis
· Most viral meningitides are benign and self-limited. 
· Often, they require only supportive care and do not require specific therapy. 
· In certain instances, specific antiviral therapy may be indicated, if available. 

· In patients with immune deficiency (e.g. agammaglobulinemia), immunoglobulin replacement has been used to treat chronic enterovirus infections. 

· The antiviral management of herpes meningitis is controversial. 
· Acyclovir (10 mg/kg IV q8h) has been administered for HSV-1 and HSV-2 meningitis. 
· Some experts do not advocate antiviral therapy unless associated encephalitis is present because the condition is usually benign and self-limited. 
· This is exemplified by Mollaret syndrome, a recurrent but benign syndrome of lymphocytic pleocytosis that is now attributed to HSV. 

· Ganciclovir (induction dose of 5 mg/kg IV q12h, maintenance dose of 5 mg/kg q24h) and foscarnet (induction dose of 60 mg/kg IV q8h, maintenance dose of 90-120 mg/kg IV q24h) are used for CMV meningitis in immunocompromised hosts. 

· Instituting highly active antiretroviral therapy (HAART) may be necessary for patients with HIV meningitis that occurs during an acute seroconversion syndrome

Fungal meningitis 

· A number of different regimens have been demonstrated to be effective in the treatment of fungal meningitis. 
· The following treatment options have been shown to be effective in many cases.

· Treatment of AIDS-related cryptococcal meningitis (i.e. C neoformans) 

· Induction therapy: Administer amphotericin B (0.7-1 mg/kg/d IV) for at least 2 weeks, with or without flucytosine (100 mg/kg PO) in 4 divided doses. 
· Consolidation therapy: Administer fluconazole (400 mg/d for 8 wk). 
· Itraconazole is an alternative if fluconazole is not tolerated. 

· Maintenance therapy: Long-term antifungal therapy with fluconazole (200 mg/d) is most effective (superior to itraconazole and amphotericin B at 1 mg/kg/wk) to prevent relapse. 
· The risk of relapse is high in patients with AIDS. 

· Treatment of cryptococcal meningitis (i.e. C neoformans) in patients without AIDS 

· Induction/consolidation: Administer amphotericin B (0.7-1 mg/kg/d) plus flucytosine (100 mg/kg/d) for 2 weeks. 
· Then, administer fluconazole (400 mg/d) for a minimum of 10 weeks. 

· A lumbar puncture is recommended after 2 weeks to document sterilization of the CSF. 
· If the infection persists, longer therapy is recommended. 
· Solid organ transplant recipients require prolonged therapy.

Tuberculous meningitis 

· Depending on the resistance pattern in the community and the results of susceptibility testing (once available), always treat tuberculous meningitis with a combination of drugs. 

· Isoniazid (INH) and pyrazinamide (PZA) attain good CSF levels (approximate blood levels). 
· Rifampin (RIF) penetrates the BBB less efficiently but still attains adequate CSF levels. 

· The use of a combination of the first-line drugs (i.e. INH, RIF, PZA, ethambutol, streptomycin) is advocated. 
· The dosage is similar to what is used for pulmonary tuberculosis (i.e. INH 300 mg qd, RIF 600 mg qd, PZA 15-30 mg/kg qd, ethambutol 15-25 mg/kg qd, streptomycin 7.5 mg/kg q12h). 

· Evidence regarding the appropriate duration of treatment is conflicting. 
· A treatment duration of 12 months is the minimum, and some experts suggest a duration of at least 2 years. 

· The use of corticosteroids is indicated for individuals with stage 2 or stage 3 diseases (i.e. patients with evidence of neurologic deficits or changes in their mental function). 
· The recommended dose is 60-80 mg/d, which may be tapered gradually during a span of 6 weeks. 
· The rationale lies in the reduction of inflammatory effects associated with mycobacterial killing by the antimicrobial agents.

Complications

· Even with effective antimicrobial therapy, significant neurologic complications have been reported to occur in as many as 30% of survivors following an episode of bacterial meningitis. 
· Closely monitor for the development of these complications. 

· Cranial nerve palsies and the effects of impaired cerebral blood flow, such as cerebral infarction, are caused by increased ICP. 

· Other early complications include the development of venous sinus thrombosis, obstruction of CSF flow, or the formation of subdural empyema and brain abscess. 

· The long-term neurologic sequelae can be grouped into 3 categories as follows: 

· Hearing impairment 

· Obstructive hydrocephalus 

· Brain parenchymal damage: This is the most important feared complication of bacterial meningitis. It could lead to sensory and motor deficits, cerebral palsy, learning disabilities, mental retardation, cortical blindness, and seizures.

