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Infections of the nervous system 
- among the most important problems in infectology

- early recognition, efficient decision, rapid therapy institution
- can be lifesaving

- includes:
- acute bacterial meningitis
- viral meningitis
- encephalitis
- focal infections, such as brain abscess and subdural empyema
- infectious thrombophlebitis

- early prodrome symptoms are nonspecific - could be considered as benign
- headache and fever

- later symptoms
- altered consciousness
- focal neurologic signs
- seizures

- early distinguish - identify responsible pathogen - appropriate treatment



Infections of the nervous system 
- patient with neuroinfection

- infection of subarachnoid space - meningitis
- generalized or focal brain tissue infection in hemispheres, cerebellum or brainstem

- direct injury of brain tissue by viral infection - encephalitis
- focal bacterial, fungal or parasitic infection - cerebritis or abscess (with or without 

capsule)
- nuchal rigidity (“stiff neck”) is pathognomonic sign of meningeal irritation

- neck resists passive flexion
- cervical spine disease may result in false positivity

- Kernig's sign and Brudzinski's sign are also classic signs of meningeal irritation
- Kernig's sign: patient is supine, thigh s flexed on the abdomen with knee flexed, attempt 

to passively extend the knee elicit pain 
- Brudzinski's sign: patient is supine, passive flexion of the neck results in spontaneous 

flexion of the hips and knees
- sensitivity and specificity is uncertain; may be absent in children, elderly



Infections of the nervous system 
- initial management

- empirical therapy should be initiated promptly whenever bacterial meningitis is even in 
diagnostic consideration

- all patients with: recent head trauma, immunocompromised, malignancy, or have focal 
neurologic findings, depressed level of consciousness, papilledema 

- should undergo CT or MRI of the brain prior to lumbar puncture (LP)
- empirical antibiotic therapy should not be delayed pending CT or MRI results, should be 

administered prior to neuroimaging and LP
- depressed level of consciousness (somnolence - coma), seizures, focal neurologic signs do 

not occur in viral aseptic meningitis
- should be treated empirically for bacterial and viral menigoencephalitis



Acute Bacterial Meningitis 
- acute purulent infection within the subarachnoid space

- meninges, subarachnoid space and brain parenchyma are involved - meningoencephalitis
- associated with brain inflammatory reaction that may result in decreased consciousness, 

seizures, raised intracranial pressure and stroke

- etiology and epidemiology
- epidemiology has changed with widespread of vaccination

- Haemophilus influenzae type B 
- Neisseria meningitidis

- currently most commonly (community-acquired): 
- Streptococcus pneumoniae (50%); mainly adults >20 years

- risk factor: pneumococcal pneumonia, sinusitis or otitis; diabetes, splenectomy
- mortality 20% despite antibiotic therapy 

- N. meningitidis (25%); 60% in children and young adults <20 years
- group B Streptococci (15%)
- Listeria monocytogenes (10%)
- H. influenzae < 10%, 



Acute Bacterial Meningitis 
- etiology and epidemiology

- currently most commonly (community-acquired): 
- N. meningitidis (25%); 60% in children and young adults <20 years

- petechial or purpuric lesions is pathognomonic
- in some cases fulminant course; progressing to death within hours
- nasopharyngeal colonization - asymptomatic carrier / invasive infection

- bacterial virulence vs. immune defense (esp. anti meningococcal antibodies 
and complement activation)

- complement dysfunction - highly susceptible to meningococcal invasive inf.
- group B Streptococci (S. agalactiae) (15%)

- predominantly neonates; now increasing in age >50 years
- Listeria monocytogenes (10%)

- important pathogen in neonates, pregnant, >60 years, immunocompromised
- food contaminated with Listeria (milk, coleslaw, cheese, meat)

- H. influenzae < 10%
- unvaccinated children, and adults 



Acute Bacterial Meningitis 
- etiology and epidemiology

- enteric gram-negative bacilli
- increasing cause in polymorbid (diabetes, cirrhosis, alcoholism)
- nosocomial cause; particularly neurosurgery

- Staphylococcus aureus
- following neurosurgery, particularly shunting for hydrocephalus



Acute Bacterial Meningitis 
- pathophysiology

- S. pneumoniae and N. meningitidis
- initially colonize the nasopharynx, attaching epithelial cells
- invade intravascular space; get to bloodstream
- reach intraventricular choroid plexus, acces the CSF
- bacteria multiply rapidly within CSF - absence of effective immune defenses

- few WBC in CSF, relatively small amounts of complement, immunoglobulins
- no opsonization, no phagocytosis

- inflammatory reaction induced by bacteria 
- many symptoms result from inflammation rather than from direct bacteria induced 

tissue injury
- neurologic injury can progress even after the CSF is without bacterias (live)
- lysis of bacteria leads to release of cell-wall components into subarachnoid space

- inflammatory cytokines, chemokines; IL 1, TNF
- increased CSF protein concentration and leukocytosis
- permeability of the blood-brain barrier leading to vasogenic edema

- purulent exudate in subarachnoid space
- obstructive and communicating hydrocephalus and intersticial brain edema



Acute Bacterial Meningitis 
- clinical presentation

- course
- acute fulminant form: progresses to death within hours
- subacute form: progressively worsens over several days

- classic triad:
- fever
- headache
- nuchal rigidity

- in severe cases decreased level of consciousness
- from letargy to coma
- brain edema, raised ICP, cerebral herniation

- could be present: 
- nausea, vomiting
- photophobia
- seizures, status epilepticus

- hyponatremia, cerebral anoxia, toxic effect



Acute Bacterial Meningitis 
- clinical presentation

- raised ICP
- decreased level of consciousness
- papilledema
- dilated poorly reactive pupils
- n. VI. palsies
- Cushing reflex (bradycardia, hypertension, irregular respiration)
- cerebral herniation

- rash of meningococcemia
- diffuse erythematous maculopapular rash resembling viral exanthems
- later become petechial; trunk, lower extremities, mucous membranes, conjunctiva, 

palms, soles



Acute Bacterial Meningitis 
- diagnosis

- if suspected, no delay in empirical antibiotic treatment! (except blood cultures)
- confirmed: CSF

- classic findings in bacterial meningitis
- polymorphonuclears leukocytosis (massive)
- decreased glucose concentration (<2,2 mmol/l), CSF/serum glucose ratio
- increased protein concentration
- increased opening pressure (>180mmH2O)
- CSF bacterial cultures and Gram`s stain
- broad-range PCR
- antigen detection

- prior CT or MRI before LP
- immunocompromised, unconsciousness, history of head trauma, focal neurologic signs
- no delay in antibiotic treatment!



Acute Bacterial Meningitis 
- differential diagnosis

- viral meningoencephalitis, particularly herpes simplex virus
- headache, fever, altered consciousness, focal neurologic signs, seizures
- CSG studies distinguish HSV and bacterial infection (lymphocytic pleocytosis, normal 

glucose concentration)
- subarachnoid hemorrhage
- carcinomatous meningitis



Acute Bacterial Meningitis 
- treatment

- bacterial meningitis is a medical emergency- antibiotic treatment within 60 minutes
- empirical:

- infants (<3 months): ampicillin + cefotaxime/ceftriaxone
- immunocompetent children and adults < 55 years:

cefotaxime/ceftriaxone + vankomycin
- adults > 55 years or adults with comorbidity (cirrhosis, alcoholism):

ampicillin + cefotaxime/ceftriaxone + vancomycin
- nosocomial, posttraumatic, post neurosurgery, neutropenic, impaired cell-immunity:

 ampicillin + ceftazidime/cefepime/meropenem + vancomycin
- + acyclovir, as HSV encephalitis is leading differential diagnosis 
- symptomatic treatment

- dexamethasone
- decrease meningeal inflammation and neurological sequelae

- increased ICP
- intubation, hyperventilation, mannitol
- intensive care unit



Acute Viral Meningitis 
- viruses causing meningitis and encephalitis

- meningitis
- Enteroviruses: coxsackievirus, echovirus, enterovirus
- HSV 2
- arthropod-borne viruses
- HIV
- less common: Varicella zoster virus, EBV

- encephalitis
- herpesviruses: HSV 1, Varicella zoster virus, EBV
- arthropod-borne viruses

- La Crosse virus, West Nile virus, St.Louis encephalitis
- less common: Rabies, Powassan virus, CMV, Enteroviruses, Colorado tick fever, Mumps



Acute Viral Meningitis 
- clinical manifestation

- headache, fever, signs of meningeal irritation
- usually frontal, retro orbital headache 
- often photophobia, pain on moving eyes
- nuchal rigidity; may be mild, only near limit

- non-specific symptoms: malaise, anorexia, nausea, abdominal pain, diarrhea
- decreased consciousness, seizures, focal neurologic signs is unusual; 

- suggests presence of encephalitis or another CNS infection/inflammation process

- diagnosis
- CFS profile

- lymphocytic pleocytosis
- normal / slightly elevated protein concentration
- normal glucose concentration
- normal / slightly elevated opening pressure



Acute Viral Meningitis 
- diagnosis

- PCR of viral nucleic acid
- most important diagnostic test: enteroviruses, HSV, CMV, EBV, VZV, HHV 6, WNV

- viral culture
- poor utility

- serologic studies
- mainly arboviruses
- less useful in HSV, VZV, CMV, EBV (high seroprevalence rates in population)
- synthesis of virus-specific antibodies in CSF

- increased IgG index or IgM presence in CSF
- more useful

- retrospective establishment of a specific diagnosis; not aiding acute management

- differential diagnosis
- bacterial meningitis: Listeria, Brucella, Coxiella, Leptospira, Rickettsia
- early stages of fungal or mycobacterial or Treponema pallidum meningitis
- parameningeal infection
- neoplastic meningitis



Acute Viral Meningitis 
- treatment

- primarily symptomatic
- analgesic, antipyretic, antiedemic

- suspicion of bacterial meningitis
- antibiotics

- acyclovir
- HSV 1 and HSV 2, EBV, VZV infections

- HIV
- highly active antiretroviral therapy

- patients with deficit in humoral immunity
- immunoglobulins



Viral Encephalitis 
- contrary to viral meningitis, brain parenchyma is also involved

- usually also evidence of meningitis - meningoencephalitis
- even spinal cord - encephalomyelitis, encephalomyeloradiculitis

- clinical manifestation
- acute febrile illness
- meningeal involvement (signs of meningitis)
- altered consciousness from lethargy to coma
- focal or diffuse neurologic signs and symptoms

- hallucinations, agitation, personality changes, behavioral disorders, psychotic state
- focal or generalized seizures
- every possible type of neurological disturbance

- aphasia, ataxia, involuntary movements, tremor, myoclonic jerks, cranial nerves 
involvement

- temperature dysregulation (hypothalamic involvement), diabetes insipidus, SIADH



Viral Encephalitis 
- etiology

- same as viral meningitis
- most commonly

- HSV, VZV, EBV
- arboviruses

- diagnosis
- CSF

- indistinguishable from viral meningitis
- PCR
- serology and antigen detection
-
- MRI, CT, EEG

- help identify or exclude alternative diagnoses 
- focal or diffuse encephalitis signs  (CT less sensitive than MRI)



Viral Encephalitis 
- treatment

- specific antiviral therapy
- acyclovir: HSV

- should be started empirically even if suspicion, while awaiting diagnosis
- supportive care

- fluid restriction
- anticonvulsants
- ICU



Brain Abscess 
- focal suppurative infection within the brain parenchyma, surrounded by 

vascularized capsule
- cerebritis - nonencapsulated brain abscess
- relatively uncommon

- predisposing: otitis media, mastoiditis, paranasal sinusitis, other pyogenic infection
- penetrating head trauma or neurosurgery
- dental infections

- etiology
- immunocompetent

- Streptococcus spp. anaerobic, aerobic, viridans
- Enterobacteriaceae (Proteus, E. coli, Klebsiella)
- anaerobes (Bacteroides, Fusobacterium) 
- Staphylococci

- immunocompromised (HIV, organ transplants, cancer)
- Nocardia, Toxoplasma, Aspergillus, Candida, Cryptococcus neoformans
- Taenia solium (neurocysticercosis)
- mycobacterial tuberculoma



Brain Abscess 
- etiology a pathogenesis

- direct spread from contiguous cranial infection site
- paranasal sinusitis
- otitis media and mastoiditis
- dental infection

- following head trauma or neurosurgery
- hematogenous spread from a remote site of infection
- in >25% no obvious primary source of infection identified 



Brain Abscess 
- clinical presentation

- expanding intracranial mass lesion

- extremely variable - depends on location, level of ICP

- classic specific triad: headache, fever, focal neurologic deficit <50% of cases
- constant dull headache, hemicranial or generalized, progressive, refractory to therapy
- focal or generalized seizure activity
- hemiparesis, aphasia, visual fields defects, ataxia, nystagmus

- signs of raised ICP
- nausea, vomiting, papilledema, confusion

- meningismus not present, unless abscess ruptures into ventricle or infection spread to 
subarachnoid space



Brain Abscess 
- diagnosis

- MRI and CT
- culture of abscess material obtained by stereotactic needle aspiration

- treatment
- high-dose parenteral antibiotics

- community-acquired immunocompetent
- 3rd generation cephalosporins (ceftriaxone) and metronidazole

- head trauma, neurosurgery
- ceftazidime/meropenem (Pseudomonas) and vancomycin (MRSA)

- neurosurgical drainage
- diagnostic and therapeutic

- symptomatic
- prophylactic anticonvulsant
- glucocorticoids in case of peri abscess edema, increased ICP



Subdural Empyema 
- collection of pus between the dura and arachnoid membranes
- etiology - pathogenesis

- sinusitis is the most common predisposing condition, typically frontal sinuses
- possible complication of head trauma or neurosurgery
- pathogens:

- aerobic and anaerobic Streptococci
- Staphylococci
- Enterobacteriaceae
- anaerobic bacteria
- gram-negatives after surgery or head trauma

- spread of infection
- from septic thrombophlebitis
- contiguous from osteomyelitis of the frontal or other sinuses

- evolution could be extremely rapid - large space with few mechanical barriers to spread
- associated with other CNS infections: epidural empyema, thrombophlebitis, abscess, cerebritis



Subdural Empyema 
- clinical presentation

- fever
- progressively worsening headache, localized - later generalized
- always should be considered in the presence of known sinusitis
- focal neurological deficits, seizures, nuchal rigidity, signs of increased ICP (consciousness)

- diagnosis
- MRI, CT

- also other CNS infections, venous infarctions, cerebral edema, cerebritis
- CSF - LP should be avoided

- can lead to risk of cerebral herniation
- no useful informations

- treatment
- medical emergency

- emergent neurosurgical evacuation
- antibiotic treatment

- 3rd generation cephalosporin + vancomycin + metronidazole



other and rare neuroinfections and complications 
- epidural abscess

- much less common; usually complication of open trauma or neurosurgery or spread from 
sinusitis, mastoiditis or septic thrombophlebitis of sinuses

- dura in normally tightly adherent to the skull; infection must dissect the dura to spread

- suppurative thrombophlebitis
- septic venous thrombosis of cortical veins and sinuses; possible complication of meningitis, 

SDE, epidural abscess; or infection in the skin of face, paranasal sinuses, middle ear

- subacute meningitis
- days to weeks of headache, stiff neck, low-grade fever and lethargy
- common causes: Mycobacterium tuberculosis, Cryptococcus neoformans, T. pallidum

(neuro-tuberculosis, neurosyphilis)

- nonbacterial causes of focal CNS lesions
- neurocysticercosis (parasite T. solium)
- Toxoplasmosis



The End
Thank You.


