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       الصيدلة السريرية/النظري/المرحلة الرابعة      

        INFECTIVE MENINGITIS                                            . مهند ياسر الرديفد

• The brain and spinal cord are surrounded by three membranes, which from the 

outside inwards are the dura mater, the arachnoid mater and the pia mater. Between 

the arachnoid mater and the pia mater, in the subarachnoid space, is found the 

cerebrospinal fluid (CSF).  

• This fluid, of which there is ∼150 mL in a normal individual, is secreted by the 

choroid plexuses and vascular structures which are in the third, fourth and lateral 

ventricles. CSF passes from the ventricles via communicating apertures to the 

subarachnoid space, after which it flows over the surface of the brain and the spinal 

cord. The amount of CSF is controlled by resorption into the bloodstream by vascular 

structures in the subarachnoid space, called the arachnoid villi.  

• Infective meningitis is an inflammation of the arachnoid and pia mater associated 

with the presence of bacteria, viruses, fungi or protozoa in the CSF. Meningitis is one 

of the most emotive of infectious diseases, and for good reason: even today, infective 

meningitis is associated with significant mortality and risk of serious sequelae in 

survivors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The meninges covering the brain and spinal cord and the flow of Cerebrospinal fluid (arrowed). 

Etiology and Epidemiology 

• Viruses are the most common cause of meningitis, and are often less serious than 

bacterial or fungal forms of the disease. 
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Bacterial meningitis 

• Although bacterial meningitis occurs in all age groups, it is predominantly a disease 

of young children, with 40–50% of all cases occurring in the first 4 years of life.  

• Two bacteria, Neisseria meningitidis and Streptococcus pneumoniae, account for 

about 75% of cases. 

• N. meningitidis is the most common cause of bacterial meningitis from infancy 

through to middle age, with peaks of incidence in the under-5-year age group and in 

adolescents. 

• S. pneumoniae is the most common cause of meningitis in adults aged over 45 

years, but almost half of all cases of pneumococcal meningitis occur in children aged 

under 5 years. 

• Haemophilus influenzae type b (Hib) was once the major cause of bacterial 

meningitis in children aged 3 months to 5 years, but introduction of routine 

immunisation in 1992 has almost eliminated Hib disease in the UK and other 

developed countries. 

• In the neonatal period, group B streptococci are the most common cause of bacterial 

meningitis. Other causes of neonatal meningitis include Escherichia coli and other 

Enterobacteriaceae, Listeria monocytogenes, Staphylococcus aureus and enterococci. 

• In most cases, infection is acquired from the maternal genital tract around the time 

of delivery, but transmission between patients can also occur in hospitals. 

• Tuberculous meningitis may occur as part of the primary infection or as a result of 

recrudescence of a previous infection. 

Viral meningitis 

• Human enteroviruses such as echoviruses and Coxsackie viruses account for about 

70% of cases of viral meningitis in the UK. Herpes simplex and varicella zoster 

viruses account for most other cases. Occasional causes of viral meningitis include 

mumps virus and human immunodeficiency viruses. 

Fungal meningitis 

• In Europe, fungal meningitis is rare in individuals without underlying disease.  

• Candida species are an occasional cause of shunt-associated meningitis. 

Cryptococcus neoformans has emerged as an important cause of meningitis in 

patients with late-stage HIV infection and other severe defects of T-cell function. 

Risk Factors 

• Risk factors for CNS infections can be classified as follows: 

•• Environmental: recent exposures (e.g., close contact with meningitis or respiratory 

tract infection, contaminated foods), active or passive exposure to cigarette smoke, 

close living conditions 
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•• Recent infection in the patient: respiratory infection, otitis media, sinusitis, 

mastoiditis 

•• Immunosuppression: anatomic or functional asplenia, sickle cell disease, 

alcoholism, cirrhosis, immunoglobulin or complement deficiency, cancer, 

HIV/AIDS, uncontrolled diabetes mellitus, debilitated state of health 

•• Surgery, trauma: neurosurgery, head trauma, CSF shunt, cochlear implant 

•• Noninfectious causes of meningitis include malignancy, medications (e.g., 

sulfonamides, NSAIDs, IV immunoglobulin), autoimmune disease (e.g., lupus), and 

trauma. 

Pathophysiology 

• The blood–brain barrier and blood–CSF barrier are made of specialized tissue 

capillaries that isolate the brain from substances circulating in the bloodstream or 

colonizing nearby tissues. 

• In general, meningitis can develop from hematogenous spread of organisms (the 

most common mechanism), by contiguous spread from a parameningeal focus (e.g., 

sinusitis or otitis media), or by direct bacterial inoculation, as occurs with head 

trauma or neurosurgery. 

 

Pathophysiology of bacterial meningitis. 
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Clinical Manifestations 

• The most common symptoms include the triad of fever, stiff neck (nuchal rigidity), 

and altered mental status. When all three of these features are present, meningitis 

should be strongly suspected.  

• Other less common signs and symptoms include headache, photophobia (unusual 

intolerance to light), and focal neurologic deficits, including cranial nerve palsies.  

• A positive Brudzinski sign (reflex flexion of the hips and knees produced on flexion 

of the neck when lying in the recumbent position) and Kernig sign (pain on extension 

of the hamstrings when lying supine with the thighs perpendicular to the trunk) 

provide physical evidence of meningeal irritation.  

• Seizures occur on initial presentation in 15% - 30% of patients and may be focal or 

generalized.  

 
Diagnosis 

• The definitive diagnosis of meningitis is established by detection of the causative 

organism and/or demonstration of biochemical changes and a cellular response in 

CSF.  

• CSF is obtained by lumbar puncture, where a needle is inserted between the 

posterior space of the third and fourth lumbar vertebrae into the subarachnoid space.  

• In health, the CSF is a clear colorless fluid which, in the lumbar region of the spinal 

cord, is at a pressure of 50–150 mmH2O. There may be up to 5 cells/µL, the protein 

concentration is up to 0.4 g/L and the glucose concentration is at least 60% of the 

blood glucose (usually 2.2–4.4 mmol/L). 
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Treatment Principles 

• Prompt institution of appropriate antimicrobial therapy is essential when treating 

meningitis. Delay in antibiotic administration is associated with increased morbidity 

and mortality.  

• When choosing antimicrobial therapy, a number of factors must be considered. 

First, the antibiotics selected must penetrate adequately into the CSF. In addition, the 

regimen chosen must have potent activity against known or suspected pathogens and 

exert a bactericidal effect. 

Pharmacokinetic considerations 

 

• The passage of antibiotics into CSF is dependent on the degree of meningeal 

inflammation and integrity of the blood–brain barrier created by capillary endothelial 

cells, as well as the following properties of the antibiotic: 
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• lipid solubility (the choroidal epithelium is highly impermeable to lipid-insoluble 

molecules) 

• ionic dissociation at blood pH 

• protein binding 

• molecular size 

• concentration of the drug in the serum. 

Empirical Antimicrobial Therapy 

• Because results from culture and sensitivity testing of CSF will not be available for 

more than 24 hours, empiric therapy must be instituted promptly.  

• Empirical therapy should be directed at the most likely pathogen(s) for a specific 

patient, taking into account age, risk factors for infection (including underlying 

disease and immune dysfunction, vaccine history, and recent exposures), CSF Gram 

stain results, CSF antibiotic penetration, history of allergy, the presence of organ 

dysfunction, and local antimicrobial resistance patterns. 

• However, empiric therapy is usually with broad-spectrum antimicrobial therapy to 

cover all likely pathogens, at least until definitive microbiological information is 

available.  

• For the purpose of selecting empiric antimicrobial therapy, patients with acute 

bacterial meningitis can be categorised into four broad groups:  

-neonates and infants aged below 3 months;  

-immunocompetent older infants, children and adults;  

-immunocompromised patients; and  

-those with ventricular shunts. 

• Table 38-2 gives recommendations for empiric antimicrobial therapy for acute 

bacterial meningitis according to UK guidelines. 

• Table 62-5 gives recommendations for empiric antimicrobial therapy for acute 

bacterial meningitis according to US guidelines. 

Dosing Considerations 

• In general, therapy of meningitis requires the use of high dosages of antimicrobials 

administered by the IV route.  

• Table 62-6 lists the recommended dosing regimens for the treatment of CNS 

infections. 



 

7 
 

 

 

 

 



 

8 
 

 

Duration of Therapy 

• The optimal duration of therapy for meningitis is difficult to ascertain because few 

trials have been designed to address this issue. Although general guidelines exist, the 

duration should be individualized based on the response to therapy, the presence of 

complicating factors (e.g., immunosuppression), and the specific causative pathogen. 
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Management algorithm for adults with suspected bacterial meningitis. a: Management algorithm is 

similar for infants and children with suspected bacterial meningitis. b: See Tables 38-2 and 62-5 for 

empirical treatment recommendations. c: See text for specific recommendations for use of 

adjunctive dexamethasone in adults with bacterial meningitis. d: See Table 62-7 for pathogen-based 

definitive treatment recommendations. 

STAT: urgent or rush. From the Latin word statum, meaning 'immediately.' 

Adjunctive Dexamethasone Therapy 

• Corticosteroids, particularly dexamethasone, can reduce cerebral edema and lower 

intracranial pressure. In addition, corticosteroids reduce the synthesis and release of 

the proinflammatory cytokines tumor necrosis factor-α and interleukin 1β from 

monocytes and astrocytes. Theoretically, then, inhibition of cytokine synthesis by 

corticosteroids in meningitis should lead to a decreased risk of hearing loss and other 

neurologic sequelae.  

• Clinical benefit in reducing neurologic deficits (primarily by reducing hearing loss) 

has been observed in infants and children with H. influenzae meningitis, as well as 

other pathogens causing meningitis, if dexamethasone is initiated prior to antibiotic 

therapy.  

• The American Academy of Pediatrics recommends dexamethasone (0.15 mg/kg IV 

every 6 hours for 2 to 4 days) for infants and children at least 6 weeks of age with 

Hib meningitis and consideration of dexamethasone in pneumococcal meningitis. 
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Dexamethasone should be initiated 10 to 20 minutes before or no later than the time 

of initiation of antibiotic therapy; it is not recommended for infants and children who 

have already received antibiotic therapy because it is unlikely to improve treatment 

outcome in these patients. 

• The Infectious Diseases Society of America recommends dexamethasone 0.15 

mg/kg IV every 6 hours for 2 to 4 days (with the first dose administered 10 to 20 

minutes before or with the first dose of antibiotics) in adults with suspected or proven 

pneumococcal meningitis. Dexamethasone is not recommended for adults who have 

already received antibiotic therapy. 

Fungal meningitis. 

• The standard treatment of cryptococcal meningitis is amphotericin B, given 

intravenously at a dose of 0.7–1.0 mg/kg/day, with or without flucytosine 100 

mg/kg/day, for 6–10 weeks. Addition of flucytosine results in quicker clearance of 

yeasts from the CSF, although it is debatable whether this results in improved clinical 

outcome. 

Viral meningitis.  

• None of the currently available antiviral agents has useful activity against human 

enteroviruses, the commonest causes of viral meningitis. Fortunately, however, the 

condition is usually self-limiting. 

• The viruses that commonly cause this condition, herpes simplex and varicella zoster 

meningoencephalitis, are treated with high-dose aciclovir, 10 mg/kg three times daily 

for at least 10 days (adults and children aged 12 years and over). 


