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LOBs

• Recognize and describe treatment of brain infective agents causing 
bacterial meningitis/encephalitis. 

• Recognize and describe treatment of brain infective agents causing 
viral meningitis/encephalitis. 

• Recognize and describe treatment of brain infective agents causing 
fungal meningitis/encephalitis 

• Describe spirochetal infections including Borrelia burgdorferi, 
Leptospira, Treponema pallidum and their treatment.

• Outline protozoal/helminthic infections. 
• Describe prion disease including Creutzfeldt-Jakob.
• Explain botulism (Clostridium botulinum), tetanus, (Clostridium 

tetani) and their treatment.
• Describe CNS disorders associated with AIDS (eg progressive 

multifocal leukoencephalopathy).



Acute bacterial meningitis

• Acute bacterial meningitis is a medical emergency
• The cardinal findings include headache, fever, and neck 

stiffness
• Additional signs include confusion, depressed level of 

consciousness, seizures, other focal neurologic symptoms 
or signs

• Brain parenchyma involvement causes meningoencephalitis
• Kernig’s sign

– Pain upon attempted passive extension at the knee when the 
hip is flexed

• Brudzinski’s sign
– Involuntary flexion at the hip[s] when the neck is flexed



Meningitis (Signs)

Kernig’s sign

Brudzinski’s sign



Meninges





Acute bacterial meningitis- Etiology

• Organisms vary depending on age

• Vaccination against Streptococcus pneumoniae 
(“pneumococcus”), Neisseria meningitides 
(“meningococcus”), and Haemophilus influenzae has 
substantially reduced the incidence among children

• Bacteria reach the subarachnoid space through:
– Hematogenous spread from the respiratory tract

– Traumatic or mechanical invasion
• After neurosurgical procedures

• Open head injury

– Parameningeal foci, i.e. the sinuses



Acute bacterial meningitis-Diagnosis

• CSF profile in acute bacterial meningitis
– Elevated WBC count, with PMLs 

– Elevated protein

– Low glucose (less than 40 mg/dL or less than two-thirds of serum glucose 
level)

• CSF Gram stain can demonstrate the bacteria 

• CSF cultures identify specific organisms
– Tested for antibiotic sensitivity

• In cases of prolonged delay in obtaining  a CSF sample  
institution of empiric antibiotic coverage is necessary
– CSF cultures may not grow organisms and therapy is empiric

• Corticosteroids are often used in children to prevent long-
term complications, i.e. deafness



Bacterial Meningitis Treatment-1



Bacterial Meningitis Treatment-2

• Transfer to hospital urgently

• Unknown etiology approach:

• Child- Adult > 3months -50 years

– Ceftriaxone (+/- vancomycin) 10 days

• Adult more than 50 years

– Ceftriaxone+ amoxicillin (+/- vancomycin) 10 days

– Dexamethasone before/with or within 12 hours of 
1st dose



Bacterial Meningitis Treatment

• Meningococci
– Ceftriaxone or Benzylpenicillin for 7days

– Ciprofloxacin/rifampicin for contacts

• Pneumococci
– Ceftriaxone or benzyl penicillin or

– Vancomycin depending on sensitivity -14 days

• Haemophilus influenzae
– Ceftriaxone 10 days, plus 4 days rifampicin to 

patient plus contacts



Brain abscess-1 

• Present like other focal intracranial lesions

• Fever may be present

• Etiology

– Often arise from invasion of intracranial space from 
neighboring sites of infection

– Sinuses

– Direct open trauma

– Mechanical instrumentation

– Multiple brain abscesses are d/t hematogenous
dissemination
• Bacterial endocarditis

• Immunocompromised states



Brain abscess-2

– Respiratory pathogens may invade from the sinuses

– Abscesses from trauma or instrumentation are often skin flora

– Multiple abscesses caused by organisms that cause infective bacterial 
endocarditis

– Most abscesses contain multiple organisms, often a mixture of aerobic and 
anaerobic pathogens

• Diagnostic Workup

– CT or MRI with intravenous contrast agents demonstrate mass lesion 
surrounded by ‘ring enhancement’ and signs of central necrosis

– Blood cultures may identify the responsible organisms

– Neurosurgical drainage is often necessary for definitive pathogen 
identification

• Treatment

– Prolonged courses of intravenous antibiotics



Brain abscess

Parasagittal MRI showing a multilocular brain abscess. The 
MRI was performed with gadolinium adminis-tration and 
shows ring enhancement of the lesion with sur-rounding 
edema



Spinal epidural abscess-1

• Present with the combination of neck or back pain and focal 
neurologic signs consistent with spinal cord 

compression or cauda equina syndrome

• Thoracic or lumbar abscesses signs:
– Lower extremity weakness

– Sensory loss with  “level” 

– Urinary and sexual dysfunction

• Cervical abscesses involve upper extremities

as well

• Fever may be present

• Causative organisms are skin pathogens such as 
staphylococcal species



Spinal epidural abcess-2
• Etiology

– Spinal instrumentation

– Surgery

– Vertebral body osteomyelitis 

– Diskitis

• Diagnostic Workup

– CT or MRI with contrast

– Lumbar puncture is contraindicated

– Blood cultures may reveal the responsible organisms

– Radiologically guided biopsy or surgical drainage for microbiological studies 
may be necessary

• Treatment

– Prolonged courses of intravenous antibiotics 

– Neurosurgical drainage esp. in acute cord compression or cauda equina
involvement 





Viral meningitis

• Commonly caused by enteroviruses (Coxsackie) arboviruses 
(West Nile)

• Presentation may be similar to acute bacterial meningitis 
• CSF profile:

– Lymphocytic predominance of WBCs (except initially, PMLs)
– Elevated protein
– Normal glucose

• Gram stain and bacterial culture of CSF are negative 
• Blood and CSF for virus-specific serologies and PCR assays 

can identify virus
• Treatment is supportive unless herpes simplex virus 1 

(HSV1) is present



Viral meningitis treatment



Viral encephalitis

• Presents with headache, fever, altered level of consciousness, seizures, and focal 
neurologic abnormalities

• HSV1 encephalitis has distinct clinical features and warrants specific therapy
– Predilection for the base of the brain specifically including the medial temporal lobes and 

orbitofrontal regions of cortex
– Limbic dysfunction 

• Complex partial seizures of mesial temporal lobe origin
• Olfactory hallucinations
• Anterograde > retrograde amnesia 

– CSF profile:
• Elevated red blood cell count in addition to leukocytosis
• PCR test is available for HSV1

– EEG may demonstrate periodic epileptiform discharges over 
the temporal regions

– Treated with IV acyclovir

• Other cases of viral encephalitis are managed with supportive care
– Analgesics for headache 
– Anticonvulsants for seizures



Viral Encephalitis Treatment



Tuberculosis 1
• Mycobacterium tuberculosis affects the nervous system in several ways: 

– Tuberculous meningitis
• Hematogenous dissemination of mycobacteria from pulmonary 

source
• Predilection for basal meninges

– Cranial nerve palsies
• May cause hydrocephalus or brain infarcts
• Subacute or chronic, insidious presentation 

– Malaise and nonspecific constitutional symptoms precede 
neck pain or stiffness

• CSF:
– Leukocytosis with lymphocytosis (except initially, PMLs)
– Glucose often very low
– Acid-fast bacilli staining identifies mycobacterial infection
– Polymerase chain reaction (PCR) testing is faster

• Treatment
– Multiple antituberculous drugs that penetrate intrathecal space 

effectively



Tuberculosis 2

– Intracranial tuberculomas
• Mass lesions caused by M. tuberculosis 
• Present as a SOL (headache, focal neurologic symptoms and signs, and 

seizures)
• May calcify
• May cause hydrocephalus
• Treatment

– Antituberculous therapy and neurosurgical intervention

– Pott disease (spine).
• Vertebral body infection extends into the epidural space
• Subacute spinal cord or cauda equina compression
• Fever and back pain are common
• Spread through disk spaces to adjacent vertebral bodies differentiates 

from metastatic cancer
• Treatment

– Antituberculous drugs and spine stabilization procedures 



Tuberculous Meningitis Treatment



Fungal infections
• Several fungi cause nervous system infection

– Cryptococcus neoformans – most common
– Coccidioides immitis
– Histoplasma capsulatum
– Various Candida species

• Cryptococcal meningitis
– Affects immunocompromised patients (e.g. AIDS)
– May infect immunocompetent hosts
– Infection is acquired by inhalation of the fungus  present in soil and pigeon 

droppings
– Disseminated hematogenously
– Presents insidiously with headache, neck pain, confusion and sometimes fever
– CSF profile demonstrates a lymphocytic predominance of white blood cells 

(except initially), elevated protein, and low glucose
– India ink staining of CSF detects the organisms
– Rapid latex agglutination assay for cryptococcal antigen is the standard means 

of current testing 
– Treated with antifungal agents such as amphotericin



Parasitic infections-Toxoplasmosis

• Caused by Toxoplasma gondii an intracellular parasite
• Congenital infection (TORCH infections; “other,” rubella, cytomegalovirus, 

and herpes simplex)
• Intracranial infection in patients with AIDS
• Humans are exposed through cat feces or ingestion of undercooked meat
• AIDS patients present as with headache, mental status changes, and focal 

neurologic signs and symptoms
– Fever may be present
– Primary CNS lymphoma is in the radiologic differential diagnosis 
– Brain biopsy may be needed

• CT or MRI shows multiple ring-enhancing lesions in the basal ganglia or 
the gray matter – white matter junction

• Serologies and CSF PCR assays can confirm the diagnosis
• Treated with anti- toxoplasmosis drugs



Toxoplasmosis treatment

• Non pregnant

• Pyrimethamine (100mg loading dose orally followed 
by 25-50 mg/day) plus sulfadiazine (2-4 g/day 
divided 4 times daily) OR 

• Pyrimethamine (100-mg loading dose orally 
followed by 25-50 mg/day) plus clindamycin (300 
mg orally 4 times daily) 

• Folinic acid (leucovorin) (10-25 mg/day) should be 
given to all patients to prevent hematologic toxicity 
of pyrimethamine

• Trimethoprim (10 mg/kg/day) sulfamethoxazole (50 
mg/kg/day) for 4 weeks 

• Sulfadiazine or clindamycin can be substituted for 
azithromycin 500 mg daily or atovaquone 750 mg 
twice daily in immunocompetent patients or in 
patients with a history of allergy

• Pregnant

• Spiramycin 1 g orally every 8 hours 

• If the amniotic fluid test result for T gondii is 
positive: 3 weeks of pyrimethamine (50 mg/day 
orally) and sulfadiazine (3 g/day orally in 2-3 divided 
doses) alternating with a 3-week course of 
spiramycin 1 g 3 times daily for maternal treatment 
OR 

• Pyrimethamine (25 mg/day orally) and sulfadiazine 
(4 g/day orally) divided 2 or 4 times daily until 
delivery (this agent may be associated with marrow 
suppression and pancytopenia) AND 

• Leucovorin 10-25 mg/day orally to prevent bone 
marrow suppression



Protozoan-Helminthic Infections

• Protozoa are unicellular free-living organisms

• Helminths are multicellular parasites
– Infection by ingestion, through skin or insect bite

• No consensus on the taxonomy of helminths
– Flatworms (platyhelminthes)

• Cestodes (tapeworms)

• Trematodes (flukes)

– Roundworms (nematodes)

– Annelida are ectoparasites
• Leeches



Parasitic infections-Neurocysticercosis

• Caused by the pork tapeworm Taenia solium
• Most common parasitic infection of the CNS
• Common cause of new-onset focal seizures in the developing world
• Endemic in Central and South America (and immigrant populations)
• Presents with seizures, headache, and signs of increased 

intracranial pressure
• MRI/CT demonstrate multiple cystic lesions which can be ring-

enhancing or calcified with surrounding edema
• Anti-infective treatment includes albendazole, and steroids to 

control inflammation and edema
• Anticonvulsants are used to control seizures



HIV infection 1
• The retrovirus HIV causes several 

nervous system syndromes

– HIV-associated dementia
• Late, following immunosuppression

• Incidence has declined with use of highly active antiretroviral therapy 
(HAART)

• Presents as a subcortical dementia, with cognitive impairment and 
psychomotor slowing

• MRI shows patchy T2 hyperintensity in white matter and cerebral atrophy

– Vacuolar myelopathy (late)
• Occurs with severe immunosuppression

• Resembles the subacute combined degeneration syndrome
– Posterior column signs and symptoms (loss of vibration and joint position sense, with 

sensory ataxia)

– Corticospinal tract dysfunction (spasticity and hyperreflexia) bilaterally

• Urinary and sexual dysfunction may occur

• Treatment involves HAART and supportive therapy



HIV infection 2

– Opportunistic infections (toxoplasmosis, cryptococcal meningitis, 
progressive multifocal leukoencephalopathy, primary CNS lymphoma)
• Demyelinating disease caused by infection of oligodendrocytes by JC virus

• Late complication of HIV with a subacute or chronic progression of focal signs 

• Cognitive impairment becomes evident over time

• MRI of the brain shows patchy nonenhancing foci of T2 hyperintensity

• Treatment involves HAART and supportive therapy



HAART

• Tenofovir/emtricitabine and raltegravir (an integrase 
inhibitor)

• Tenofovir/emtricitabine and dolutegravir (an integrase 
inhibitor)

• Abacavir/lamivudine (two NRTIs) and dolutegravir for 
patients who have been tested negative for the HLA-
B*5701 gene allele

• Tenofovir/emtricitabine, elvitegravir (an integrase 
inhibitor) and cobicistat (inhibiting metabolism of the 
former) in patients with good kidney function (gfr > 70)

• Tenofovir/emtricitabine, ritonavir, and darunavir (both 
latter are protease inhibitors)



Spirochetal infections 1

• Distinguished from other bacterial phyla by the 
presence of a flagella which run lengthwise

• They cause a twisting motion which allows the 
spirochaete to move about. 

• Several types
– Borrelia burgdorferi

• Lyme disease
– Leptospira

• Occupy diverse environments, habitats and life cycles
• Found throughout the world except Antarctica
• High humidity and neutral (6.9–7.4) pH are necessary for survival
• Leptospirosis presents with headaches, muscle pains, and fevers
• Severe forms with bleeding from the lungs or meningitis
• Weil’s disease: Jaundice with kidney failure and bleeding 
• Diagnosis by finding antibodies against the bacterium or its DNA in the blood
• Treatment is with antibiotics such as: doxycycline, penicillin, or ceftriaxone



Spirochetal infections-Lyme disease 1
• Caused by the spirochete Borrelia burgdorferi

• Transmitted by the deer tick

• Common infection in the northern United States and central Europe

• Affects the nervous system in several ways

– Lyme-associated meningitis

– Cranial nerve palsies

– Polyradiculopathy



Spirochetal infections-Lyme disease 2
• Clinical Findings

– Typical rash of erythema chronicum migrans occurs within the first week of a bite

– Neurologic manifestations appear during the disseminated stage several weeks after the 
bite

– Headache, neck stiffness, and myalgias may develop into meningismus, cranial nerve 
palsies (facial nerve unilaterally or bilaterally)

– Months after the initial bite polyradiculopathy (often with significant pain), 
polyneuropathy, encephalopathy

• Diagnostic Workup

– CSF profile demonstrates a lymphocytic pleocytosis with high protein, normal glucose

– PCR assay of the CSF is available for spirochetal antigen

– MRI of the brain can sometimes show patchy foci of signal change in the white matter

– With peripheral nervous system involvement EMG/NCS are useful

• Treatment

– Facial palsy and negative CSF studies treated with oral antibiotics

– With disseminated infection IV antibiotics

– Doxycycline, ceftriaxone



Spirochetal infections-Treponema Pallidum

• Causes syphilis

• Acquired by close sexual contact or congenitally 

• Presentation varies depending on stage
– Primary stage presents with a single chancre (a firm, painless, non-itchy 

skin ulceration) but there may be multiple sores

– Secondary syphilis presents with diffuse rash of palms, hands and soles 
and sores in the mouth or vagina

– Latent syphilis may last for years with no symptoms

– Tertiary syphilis presents with gummas (soft non-cancerous growths), 
neurological, or heart symptoms

– Syphilis has been called "the great imitator" as it may cause symptoms 
similar to many other diseases



Neurosyphilis

• Neurosyphilis refers to an infection involving the central nervous system
• It may occur early and asymptomatic or in the form of

– Syphilitic meningitis
– Late meningovascular which presents with apathy and seizures
– General paresis presenting with dementia and tabes dorsalis

• Tabes dorsalis is associated with poor balance and lightning pains in the lower 
extremities

– Occurs 4 to 25 years after the initial infection
– Argyll Robertson pupils

• Bilateral small pupils that constrict with accommodation but not to
light

• Cardiovascular syphilis usually occurs 10–30 years after the initial infection
• The most common complication is syphilitic aortitis, which may result in 

aneurysm formation



Syphilitic meningitis (gross postmortem photo)



Primary chancre of syphilis 
at the site of infection on 
the penis

Typical presentation of 
secondary syphilis with a rash 
on the palms of the hands

Reddish papules and nodules 
over much of the body due to 
secondary syphilis

Person with
tertiary
(gummatous) 
syphilis.

Bust in Musée de 

l'Homme, Paris.



Neurosyphilis
• Diagnosis

– Nontreponemal tests 
• Venereal disease research laboratory (VDRL)

• Rapid plasma reagin (RPR)

• False positives can occur with some viral infection, lymphoma, 
tuberculosis, malaria, endocarditis, connective tissue disease, and 
pregnancy

– Treponemal tests
• Treponemal pallidum particle agglutination (TPHA)

• Fluorescent treponemal antibody absorption test (FTA-Abs)

• Become positive two to five weeks after the initial infection

– Neurosyphilis is diagnosed by high numbers of 
lymphocytes and high protein levels in CSF in the setting of 
a known syphilis infection
• Treated with 12 to 24 million units of penicillin IV for  10-14 days

• Ceftriaxone 1mg IV for 10-14 days if allergic to penicillin



Malaria pyrotherapy

A photo from 1934 showing a malarial transfusion from 
a patient (seated in the back) to a neurosyphilitic patient 
(seated most anteriorly).



Creutzfeldt–Jakob disease (CJD) 

• Degenerative incurable and fatal spongiform 
encephalopathy

• CJD is caused by infectious agents called 
prions

– Misfolded proteins that replicate by converting 
their properly folded counterparts, in their host, 
to the same misfolded structure they possess

– CJD causes the brain tissue to degenerate rapidly



CJD classification

• Types of CJD include:
– variant (vCJD)

• Caused by the consumption of food contaminated with prions

– sporadic (sCJD)
• 85% of cases of CJD

– familial (fCJD)
• Majority of the other 15% cases of CJD

– Iatrogenic:
• Blood transfusion 

• Human-derived pituitary growth hormones

• Gonadotropin hormone therapy

• Corneal and meningeal transplants



CJD-Presentation

• Rapidly progressive dementia, memory loss, personality changes, 
hallucinations

• Anxiety, depression, paranoia, obsessive-compulsive symptoms, and 
psychosis

• Speech impairment, myoclonus, ataxia, and seizures
• Sporadic CJD can be fatal within months often of pneumonia 

– About 15% of patients survive for two or more years

• Symptoms caused by progressive degeneration of neurons and build-up of 
abnormal prion proteins forming amyloids

• Variant CJD affects adolescents and presents with psychiatric or sensory 
symptoms
– Neurological signs include unsteadiness, difficulty walking and involuntary 

movements
– By the time of death, patients become completely immobile and mute
– Course is protracted lasting 12-18 months



CJD-Diagnosis
• Based on typical clinical symptoms and signs such as 

rapidly progressing dementia with startle myoclonus

• Electroencephalography— has characteristic 
generalized periodic sharp wave pattern

• Cerebrospinal fluid analysis for 14-3-3 protein

• MRI shows high signal intensity in the cortex, 
caudate nucleus and putamen bilaterally on T2-
weighted images

– Diffusion Weighted Imaging (DWI) images are the most 
sensitive

– The involvement of the thalamus is characteristic of  vCJD



Botulism, clostridium botulinum

• Results from botulinum toxin blocking ACh transmission at 
cholinergic synapses of the PNS
– Incubation period 0.5 to 6 days

• Presents with symmetric flaccid paralysis and bulbar palsies in 
an afebrile patient with a normal sensorium
– Loss of accommodation, blurred vision, diplopia, external 

ophthalmoplegia, dysarthria, dysphonia, dysphagia, and 
facial weakness

– Limb weakness in 1 to 3 days which may become completely 
paralyzed

– Deep tendon reflexes become depressed or absent
– Patients often experience a dry mouth and may develop fixed 

dilated pupils



Botulism

• Foodborne botulism comes from improperly home-canned 
vegetables and meats where spores are not eliminated

• Wound botulism occurs in people who inject drugs such as 
heroin  

• Iatrogenic botulism may follow medical or cosmetic 
administration

• Diagnosis is made by demonstrating the presence of 
botulinum toxin in serum, stool, or suspected food, or 
isolation of C botulinum from a wound site

• If vital capacity < 30% of predicted consider elective 
intubation and mechanical ventilation

• Treat with trivalent (types A, B, E) botulism antitoxin 



Zika virus infection
• Zika virus is a mosquito-borne flavivirus

– Asymptomatic in 80% of those infected
– When symptomatic, generally results in a mild febrile illness
– It is highly neurotropic

• Common clinical manifestations include
– Maculopapular rash
– Conjunctivitis
– Arthralgia
– Frontal headache
– Malaise
– Fever

• Incidence of Guillain-Barre syndrome in adults and microcephaly, cerebral 
calcifications, and ventriculomegaly in infants 

• Diagnosis
– Real-time reverse transcription-PCR 
– Detected via urine PCR up to 14 days after infection

• Treatment is supportive with no specific measures



Zika induced microcephaly
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