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Case

60 year-old man diagnosed with HIV one month prior 

(CD4 60, VL 541K) in the setting of fevers, chills, weight 

loss and declining cognitive status. He was started on 

cART two weeks prior, and his mental status has 

deteriorated. 

PE: afebrile and well-appearing, worsened psychomotor 

slowing, no focal weakness.

Labs: viral load 2K.

MRI: Progressive symmetric bilateral white matter signal 

change.



Outline

ÅGeneral diagnostic strategies in CNS syndromes

ÅCases with syndromic differential diagnosis and treatment

ÅQuestions and discussion



HIV Neurology Diagnostic Principles

ÅContext

ïEnvironmental factors (epidemiology)

ïHost factors (immune status, viral status, ART, prophylaxis)

ÅClinical symptoms and signs

ÅSerological and other non-CNS studies

ÅCSF studies

ÅImaging

ÅResponse to treatment



Environmental Factors: Epidemiology

ÅLimited data due to lack of resources

ÅLittle confirmatory evidence

ÅMalaria, tuberculosis, and neurocysticercosis increased 

in sub-Saharan Africa 

ÅHIV prevalence impacts CNS infectious epidemiology



Environmental Factors: Epidemiology

ÅMeningitis in Johannesburg, South Africa1

ïTuberculous meningitis (TBM) 25.4%

ïBacterial meningitis (BM) 22.5%

ïViral meningitis 14.1%

ïCryptococcal meningitis (CM) 13%

ÅMeningitis in Harare, Zimbabwe2

ïCM 45%

ïMononuclear meningitis (aseptic) 27%

ïBM 16%

ïTBM 12%

ÅCryptococcal meningitis in Durban, South Africa3

ïHigher morbidity and mortality than rich countries

1Bergemann 1996; 2Hakim 2000; 3Moosa 1999.



Environmental Factors: Epidemiology

ÅToxoplasmosis in Sub-Saharan Africa

ïSeroprevalence 20-80% but poor/outdated data1

ÅFocal mass lesions in resource poor settings

ïSome evidence for similar patterns to high resource 

countries (toxo most common focal brain lesion)2

ïOther studies suggest higher burden of TB (and 

neurocysticercosis)3

1Pappas 2009; 2Bhigjee 1999; 3Smego 2006



Host Factors: Immune Status

ÅCD4 count > 500 ïñnormal hostò*

ÅCD4 200-500 ïñmild immunosuppressionò

ÅCD4 < 200 ïdifferential expands

ÅCD4 rebound ïall of the above plus IRIS



Host Factors: Immune Status

ÅCD4 count > 500 ïñnormal hostò*

ïDysimmune syndromes: Guillain-Barre, polymyositis, post-
infectious encephalitis

ïChronic low-grade meningitis

ïMild neurocognitive disorders

Å

Å

Å



Host Factors: Immune Status

Å

ÅCD4 200-500 ïñmild immunosuppressionò

ïTB, syphilis, VZV

ïDementia, neuropsychiatric syndromes

ïRarely PML

Å

Å



Host Factors: Immune Status

Å

Å

ÅCD4 < 200 ïdifferential expands

ïModerate: Toxoplasma, cryptococcus, PML

ïSevere: PCNSL, CMV

Å



Host Factors: Immune Status

Å

Å

Å

ÅCD4 rebound ïall of the above plus IRIS 

ïMost common: cryptococcus, TB, PML

ïLess common: toxoplasma, PCNSL, VZV, candida, MAC, HIV



TB, syphilis, VZV



Host Factors: Viral Status/Prophylaxis

ÅHigh viral load, even with preserved CD4 count, carries 
increased risk for neurological complications

ÅART effectiveness and timing changes differential, 
including IRIS

ÅProphylaxis with TMP-SMX lowers risk of toxoplasmosis

ÅProphylaxis with fluconazole lowers risk of cryptococcal 
meningitis (but not mortality)1

ÅCaveat that adherence to prophylaxis may be hard to 
confirm

1Parkes-Ratanshi 2009



Clinical Syndromes

Localization within nervous system

ÅMeninges

ÅDiffuse brain lesions

ÅFocal brain lesions

ÅSpinal cord

ÅNerve root and peripheral nerve

ÅMuscle



Clinical Syndromes

Localization within nervous system

ÅMeninges

ÅDiffuse brain lesions

ÅFocal brain lesions
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Clinical Syndromes

Localization within nervous system

ÅMeninges

ïHeadache, nucchal rigidity, photophobia, confusion (may 
overlap with encephalitis)

Å

Å



Clinical Syndromes

Localization within nervous system

Å

ÅDiffuse brain lesions

ïEncephalopathy, dementia, neuro-psychiatric, may also have 
meningismus

Å



Clinical Syndromes

Localization within nervous system

Å

Å

ÅFocal brain lesions

ïHemiparesis, ataxia, dysphasia, visual field deficit, seizure, 
may also have meningismus



Clinical Syndromes

Localization within nervous system

Å

Å

Å

ÅIn practice, there is often overlap of syndromes 
(meningoencephalitis)

ïSeizures, altered mental status, CSF abnormalities may be 
seen in each syndrome



Specific Etiologies of CNS Syndromes

ÅMeninges: acute meningitis

ïPyogenic

ï

ï

ï

ï

ï

ï



Specific Etiologies of CNS Syndromes

ÅMeninges: subacute meningitis

ïCryptococcal meningitis

ïTuberculous meningitis

ï

ï

ï

ï



Specific Etiologies of CNS Syndromes

ÅDiffuse brain lesions: acute encephalitis

ïHIV encephalitis

ïCMV encephalitis

ïVZV encephalitis

ïPost-infectious encephalitis/acute demyelinating

encephalomyelitis (ADEM)

ïNeurosyphilis

ÅDiffuse brain lesions: encephalopathy (global brain 

dysfunction without prominent inflammation)

ïToxic (efavirenz, illicit drugs, EtOH)

ïCerebral malaria (HIV or non-HIV)



Specific Etiologies of CNS Syndromes

ÅDiffuse brain lesions: subacute-chronic encephalitis

ïHIV-associated dementia

ï

ï

ï



Specific Etiologies of CNS Syndromes

ÅFocal brain lesions with mass effect

ïToxoplasmic encephalitis

ïPrimary CNS lymphoma

ï

ï

ï



Specific Etiologies of CNS Syndromes

ÅFocal brain lesions without mass effect

ïPML (except in IRIS, when inflammation can cause mild 

mass effect and enhancement on imaging)

ïHIV-associated stroke (usually no mass effect except at ~4 

days w/peak cytotoxic edema)

ïNeurosyphilis (including optic neuritis)



Other CNS Syndromes ïCranial Neuropathies

ÅCommon with any basal meningitis or brainstem 

process

ïMay result from increased intracranial pressure (esp CN 6)

ïMay result from extension of inflammation from CSF

ïShould prompt consideration of TBM, CM, syphilis



Other CNS Syndromes - Stroke

ÅMultiple possible mechanisms

ïPeri-arterial exudate with secondary vasculitis of cerebral 
arteries

ïDirect arterial infection

ïImmune-mediated parainfectious vasospasm or thrombosis

ïInfectious venous thrombosis

ïHypercoagulable state + endothelial dysfunction from 
systemic infection

ïEndocarditis with emboli and aneurysms 



Other CNS Syndromes - Stroke

ÅPossible causes

ïOpportunistic CNS infections

ÅVZV vasculopathy

ÅTB meningitis

ÅSyphilitic meningovasculitis

Å

Å

ïHIV vasculopathy

ïMalignancy (hypercoagulable)

ïEndocarditis

ïHIV cardiomyopathy

ïChronic systemic inflammation and coagulopathy

ïAccelerated atherosclerosis



ÅCompared to stroke in non-HIV patients

ïEpidemiology

ÅPatients are younger

ÅLack typical vascular risk factors

ïCauses

ÅEspecially in developing countries, opportunistic CNS infection, 

malignancy, endocarditis, and HIV cardiomyopathy are more 

important

ïEvaluation

ÅTypical stroke evaluation*

ÅHIV immunological and virological status

ÅDirected search for OIôs, including possible LP

Other CNS Syndromes - Stroke

*See supplementary slides
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*See supplementary slides



Other CNS Syndromes - Seizure

ÅCauses of seizures in developed countries

ïIdiopathic

ÅMore than half of patients

ïHead trauma

ïBrain tumors 

ïStroke 

ïIntracranial infection 

ïCerebral degeneration 

ïCongenital brain malformations 

ïInborn errors of metabolism



Other CNS Syndromes - Seizure

ÅCauses of seizure in lower-middle income countries

ïIdiopathic

ïHead trauma

ïBrain tumors 

ïStroke 

ïIntracranial infection

ÅNeurocysticercosis, malaria, and other parasites; bacterial 

meningitis, TB; viral encephalitis, HIV

ïCerebral degeneration 

ïCongenital brain malformations 

ïInborn errors of metabolism



Other CNS Syndromes - Seizure

ÅCauses of seizure in HIV

ïHIV-related focal brain lesion

ÅToxoplasma, lymphoma, PML, TB, stroke

ïHIV-related diffuse brain lesion

ÅHIV encephalitis, CMV

ïHIV-related meningeal lesion

ÅCryptococcal, TB

ïUnrelated focal, diffuse, or meningeal lesion

ïUnrelated epilepsy with HIV-related systemic disease



Other CNS Syndromes - Seizure

ÅHepatic Drug Metabolism of ART1

ïPIs and NNRTIs 

ÅMetabolized in the liver by the CYP-450 system, particularly by the 

CYP3A4 isoenzyme

ïNRTIs

ÅDo not undergo hepatic transformation through the CYP metabolic 

pathway

ÅMay have other routes of hepatic metabolism; significant 

pharmacodynamic interactions of NRTIs and other drugs have 

been reported

1http://aidsinfo.nih.gov/contentfiles/lvguidelines/adultandadolescentgl.pdf



Other CNS Syndromes - Seizure

ÅInteractions of ART and AED

ïEnzyme inducing anti-epileptic drugs (EI-AED)

ÅIncrease CYP-450 metabolism of other medications

ÅPhenytoin, phenobarbital, carbamazepine

ïCoadministration may result in higher rates of virologic failure

ïNeed to adjust (increase) PI and NNRTI dose for equivalent 

levels to pts not on EI-AED

ïValproic acid is a mild enzyme inhibitor

ÅSome evidence it may increase level of ZDV

ÅGenerally preferred agent in resource-limited settings



Diagnostic Studies: non-CNS

ÅCrAg 98% sens, 99% spec; may precede clinical 

symptoms by 22 days

ÅToxo IgG sensitive (unless profound 

immunosuppression) but not specific (high baseline 

seroprevalence)

ÅMalarial smear

ÅChest x-ray



Diagnostic Studies: CSF Profiles

Parameter Bacterial TB Crypto Aseptic

Opening 

Pressure 

(mmH2O)

>180 Normal to 

elevated

>200 in 70% 

(may be much 

higher)

Normal to 

slightly elevated

Glucose (mg/dL) <40 <45 Normal to 

slightly low

>45

Protein (mg/dL) 100-500 100-500 (2-6g 

w/CSF block)

Normal to 

slightly elevated

Normal to 

slightly elevated

WBC (cells/mm3) 10-10,000 100-500 <50 10-2,000

Differential PMN Lymphocytic 

(PMN early)

Mononuclear Lymphocytic

Microscopy GS+ in 70-

90%

AFB smear low 

sensitivity

India ink+ 70-

90%

Neg

Culture Up to 70% Gold standard Viral cultures

Other Latex 

agglutination+ 

~ 60-100%

PCR+ ~60%, 

serum IGRA+ 

~ 50% 

CrAg 93-100% 

sens, 93-98% 

spec

PCRôs exist 

(esp HSV, VZV)



Diagnostic Studies: CSF Clues

ÅVery low glucose:  carcinomatosis, lymphomatosis, 

gliomatosis, TB, fungal, sarcoidosis, hypoglycemia, 

chemical, SAH, LCMV

ÅHigh protein: TB with CSF block

ÅAll lymphocytes: aseptic after 24 hours, TB, LCMV

ÅElevated PMNs: bacterial, early TB, HSV

ÅHemorrhagic: HSV, other rare viruses (Hantavirus, 

Ebola, Dengue), and ameba
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Diagnostic Studies: CSF Clues
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ÅHigh protein: TB with CSF block

Å

Å

Å



Diagnostic Studies: CSF Clues

Å

Å

ÅAll lymphocytes: aseptic after 24 hours, TB, LCMV

Å

Å



Diagnostic Studies: CSF Clues

Å

Å

Å

ÅElevated PMNs: bacterial, early TB, HSV

Å



Diagnostic Studies: CSF Clues

Å

Å

Å

Å

ÅHemorrhagic: HSV, other rare viruses (Hantavirus, 

Ebola, Dengue), and ameba



Diagnostic Studies: CSF Clues

Clue Etiology

Very low 

glucose:

carcinomatosis, lymphomatosis, gliomatosis, TB, 

fungal, sarcoidosis, hypoglycemia, chemical, 

SAH, LCMV

Very high 

protein:

TB with CSF block

All 

lymphocytes:

Aseptic meningitis > 24h, TB, LCMV

PMN 

predominance:

bacterial, early TB, HSV

Hemorrhagic: HSV, other rare viruses (Hantavirus, Ebola, 

Dengue), and ameba



Diagnostic Studies: CSF PCR

JCV/PML HSV VZV CMV

Sensitivity Var (74-

92%)

H H H

Specificity Var (70-

80%)

H (94-

100%)

H H

Toxo TB EBV/PCNSL

Sensitivity L (44-81%) L (60%) H (80-98%)

Specificity H (100%) H H (88-100%)



Resource-Limited CNS Infection

ÅMortality much higher than in resource-rich countries

ÅDefinitive diagnosis elusive

ÅPresentation delayed

ÅLP often delayed

ïLimited equipment or laboratory access

ïPatient response to empiric therapy or death prior to LP

ïPatient refusal

ïConcern for herniation

ÅTreatment delayed

ïLimitations on empiric use of antimicrobials

ïOverlap of syndromes

ïDelay in presentation

ïDelay in diagnosis



Resource-Limited CNS Infection

ÅProposed algorithm for presumed CNS infection1

ïImmediate CXR and malarial smear

ïHIV +/-

ïCRAG +/-

ïIf CRAG+, treat for CM

ïIf CRAG-, then LP

ïEmpiric Rx based on CSF profile

ïConcurrent adjunct studies: toxo IgG (focal signs), VDRL, 

lymph node biopsy (lymphadenopathy), CSF AFB & 

mycobacterial culture, head CT, transfer to tertiary care

ïReassess based on response

1Trachtenberg 2007





Case

27 year-old man with advanced HIV (CD4 17, VL 63K) 

not on ART presents with vomiting, headache, neck 

pain, and mental status change worsening over weeks. 

He is reportedly taking TMP-SMX and azithromycin.

PE: T 39, poorly responsive, CN intact, moving all 4 

limbs equally (GCS 11).

Labs: Toxo IgG+; CMV Ag -, CMV Ab +

CXR clear; head CT no mass lesions, edema, or 

abnormal enhancement
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27 year-old man with advanced HIV (CD4 17, VL 63K) 
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pain, and mental status change worsening over 

weeks. He is reportedly taking TMP-SMX and 

azithromycin.

PE: T 39, poorly responsive, CN intact, moving all 4 
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Labs: Toxo IgG+; CMV Ag -, CMV Ab +
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Meningitis

ÅIn pts with CD4<200: CM, TBM, BM, and syphilis

ÅCryptococcal

ïTypically symptoms progress over 1-2 weeks

ïFever, malaise, and headache are most common sx

ïInitial worsening may occur with ART (IRIS)

ÅTB meningitis

ïLike CM, TBM is more subacute than BM

ïOften associated with cranial nerve palsies

ïPrior or concurrent pulmonary TB in >50%

ïCSF glucose low, protein may be extremely high

ïInitial worsening may occur with TB treatment and/or with 

ART (IRIS)



Meningitis

Differential Considerations:

ÅBM more often acute, higher WBC count, PMN 

predominance

ÅAssociated stroke should suggest meningovascular 

syphilis, TBM, or VZV

ÅHIV ñasepticò meningitis occurs at seroconversion 

ÅHIV viral breakthrough (rebound) occurs with ART 

failure or non-adherence

ÅNon-HIV aseptic meningitis is common at all levels of 

immune function



Meningitis

Differential considerations:

ÅHIV pts are susceptible to the same causes of 

meningitis as the normal population, especially where 

bacterial meningitis is endemic.

ÅIn advanced HIV, symptoms typical for meningitis may 

be mild due to lack of appropriate inflammatory 

response; CSF may be bland or minimally inflamed.



Meningitis

Diagnosis:

ÅBlood cultures; serum CrAg, RPR/TPPA

ÅCXR to look for pulmonary Tb

ÅLP for opening pressure (typically high in CM); glucose, 

protein, WBC with differential; bacterial and fungal 

cultures, India ink, CrAg, AFB and mycobacterial 

culture



Meningitis

Diagnosis:

ÅCT is helpful as many pts with advanced HIV have 

multiple infections

ÅPresence of mass lesions would change differential

ÅMass lesions causing downward pressure increase risk 

for herniation with LP

ÅIn practice, CT is limited in resource-limited settings



Case

LP: opening pressure > 500 mmH2O; glucose normal 

and protein mildly elevated, WBC 91 (50%N, 17%L, 

28%M); India ink stain showed encapsulated yeast; 

cryptococcal Ag+ at 1:500K


