NEUROTROPIC VIRUSES

E Thomas, MD, PhD, FRCP(C)
CNS – A rigid box

· Inflammation and oedema may be life threatening in the closed box containing lepto-meninges, brain and spinal cord

CNS as a Target Organ

· Highly complex tissue

· Refined intracellular communication

· Unique cellular morphology

· Anatomically well protected

CNS cell types

· Neuronal

· Glial

Neurons

· Non dividing

· Minimal DNA synthesis

· Extends processes

· Sophisticated functions

· Synaptic connections

CNS Glial Cells
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Oligodendrocytes

· Astrocytes

· Microglia

[diagram: Neuronal Synapse]

CNS – Main entry routes

· Blood vessels

· Nerves

· Local invasion (e.g. sinuses; congenital defects)

Blood-borne invasion

· Across BBB to give encephalitis

· Across blood-CSF barrier to give meningitis

What is the Blood-brain barrier?

“Tightly joined endothelial cells surrounded by glial processes”
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[Diagram: Blood-Brain Barrier]

What is the brain-CSF barrier?

“At the choroid plexus, this consists of endothelium, with fenestrations, and tightly joined choroid plexus epithelial cells”
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[Diagram: Blood-CSF barrier]

How do microbes go across?

· Growing across, infecting cells that comprise barrier

· Passive transport in intracellular vacuoles

· Carried across by infected white blood cells

CNS response to viral invasion

· Increase in lymphocytes and monocytes in the CFS

· Slight increase in proteins but CFS remains clear (= aseptic meningitis)
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Septic Meningitis
 [Diagram: CSF changes – CNS infection]

Viral meningitis

· Enterovirus

· Mumps

· Herpes simplex (usually HSV2)

· Japanese encephalitis

· E and W equine encephalitis

· Lymphocytic choriomeningitis

Poliovirus infection

· Oral ingestion

· Replicates in gut and lymphatics

· Via blood to liver and spleen

· Grows in viscera

· Viremia

· Localizes in vascular endothelial cells and cross the BBB

[image: image4.png]endothelium
(no fenestrations)

basement
membrane (thick)

astrocyte footplates




Sporadic viral encephalitis

· Herpes simplex

· Varicella-zoster, mumps

· CMV

· Rabies

· HTLV1 –tropical spastic paraparesis

· HIV

[Picture: Neurotropic viruses- Herpes Simplex- Varicella zoster]

Peripheral nerve invasion (VZV/HSV)

· Virus replicates in peripheral epithelial cells

· Retrograde transport up axons (200 mm/day)

· Reach dorsal or trigeminal ganglia
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Establish latent infection

[Diagram/Pictures: HSV/Varicella pathogenesis]

HSV latent infection

1. Expression of  > 75 HSV genes is repressed
2. Transcription restricted to a single region of the viral genome coding for the Latency Associated Transcripts (LAT) = 6% of the viral genome

3. Viral mutants that cannot transcribe LATs can initiate and maintain latency, but some are deficient in reactivation

4. Viral genome resides in an episomal form

Why is it not worth using Acyclovir for latent infection?

Latent to productive infection – Why?

· Empirically: UV-light, stress etc.

· Theories:

1. Altered expression of nerve cell factors in sensory neurons induce HSV1 gene expression

2. DNA methylation may suppress gene-expression

3. Viral load or copy # per cell may be important
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[Diagram: HSV – productive infection]

Genital HSV epidemiology

· For heterosexual women living with one partner, the probability of acquisition of HVS2 is 10%

Genital HSV epidemiology (US)

· 500,000 new genital HSV cases annually

· 40 – 50 million have latent HSV2

· HSV1 genital infections tend to be less severe clinically and less prone to recur

· 10% 15 – 19 year olds are HSV2 Ab+

· 35%  > 60 year olds are HSV Ab+

HSV acquisition probability (women)

· # of lifetime partners 2 – 10:
40% risk

· # of lifetime partners 11 – 50:
62% risk

· # of lifetime partners  > 50:
> 80% risk

HSV2 acquisition – heterosexual men

· One partner:

0% risk

· 2 – 10 partners:
20% risk

· 11 – 50 partners:
35% risk

· > 50 partners:

70% risk

HSV2 acquisition risk for gay men

· 11 – 50 partners:
> 60% risk

· > 50 partners:

90% risk

Pregnancy and HSV infection

· Primary maternal infection major risk factor

· Serological discordance (i.e. HSV neg mom and HSV + partner is 15 – 20%)

· The risk of transmission from the father is 10 – 15%

HSV viral shedding

· Among women evaluated prospectively after their first episode of genital herpes, asymptomatic shedding is detected in 12% (primary HSV1); 15% (primary HSV2) and 23% (non-primary HSV2)

Neonatal HSV infection

· 1 out of 2,000 – 5,000 deliveries/year

· if primary maternal infection: 30 – 50% risk

· if recurrent: 3% risk

· Maternal antibody status influences both severity of infection and transmission risk

· Prolonged ruptured membranes (>6 hrs) increases risk (ascending infection)

· Scalp monitors are risk factors

Fetal infection

· In utero

· Intrapartum (75 – 80%)

· Postnatal (rare)

· 40% neonatal infection    skin/eye/mouth

· 25% disseminated

· Of those 60 – 75% have encephalitis

· > 20% have no skin lesions
Varicella Zoster Pathogenesis

· Reactivation of latent genome

· Transport to the peripheral via nerve

· Infectious particles formed in epithelial cells

· Immunocompetent: Dermatomal distribution

· Immunosuppressed: May disseminate

Emergency visit – November 10

· 69 year old Mexican citizen

· Became ill during a visit in California

· Pain in left jaw, chest and shoulder

· Anxiety, insomnia, nausea, vomiting

· Unable to eat or drink

· Spider bite left jaw

Transferred to Community hospital same day

· Treated for chest pain.   Cardiac disease r/o

· Patient rejected oral fluids

· Continued to complain of spider bite

· No marks seen

· Referred to the mental health crisis unit

Mental Health Crisis Unit

· Diagnosis:  Unspecified anxiety disorder

· Received i.m. Lorazepam

· Discharged

Returned next day to 2nd hospital

· Acute distress

· Fever, elevated BP, hypersalivation, uncontrollable spitting

· Staggering gait

· Increasingly agitated

· Admitted to ICU

ICU

· Two nurses recognized case a human rabies

· They were trained in the Philippines (endemic dog rabies)

· History of dog bite elicited (5 months earlier)

Maimonides 1198 A. D.

· “Everything in the literature against the bite is useful, if at all, only when applied before rabies sets in.  When such is the case, I have as yet seen nobody who escaped with his life.”

Diagnosis

· Nuchal skin biopsy rabies positive by IFA

· Saliva culture rabies positive

· Strain associated with dog rabies endemic in Mexico

· Patient died from respiratory failure 10 days later

Peripheral nerve invasion – Rabies

· Virus introduced in muscle by bite

· Binds to nicotinic acetyl choline receptor

· Infects muscle fibres and spindles

· Enters peripheral nerves

· Travels to CNS

· Reaches cells and neurones where it multiplies

Rabies promotes its own transmission and survival – How?

· Enables virus to spread from host animal CNS down peripheral nerves to salivary glands from where transmission takes place

· Invasion of limbic system makes animal aggressive and more likely to bite

Viral encephalitis

· Polio and other enteroviruses (rare)

· E & W equine encephalitis (toga)  (mosquito-borne)
· St. Lous encephalitis (toga) (mosquito-borne)
· Japanese encephalitis virus (toga) (mosquito-borne)
· California encephalitis virus (bunya) (mosquito-borne)
Viral vectors

· Insects (arthropod – borne illnesses)

· Rodents (i.e. LCM, Hanta virus)

· Larger mammals (e.g. rabies)

Arthropod vectors

· Ticks

· Mosquitoes



· Sandflies

Arboviruses

· Biologic concept, not taxonomic

· Arboviruses are maintained in nature through biological transmission between susceptible vertebrate hosts by blood feeding arthropods (i.e. ticks, mosquitoes, sandflies)

Arboviruses – etiology

· > 500 arboviruses known

· belong to different taxonomic groups

· e.g. bunyaviridae, togaviridae, and flaviviridae

· > 30 arboviruses in the Western hemisphere are known to cause disease

Arboviruses – pathogenesis

· Virus enters via skin capillaries

· Multiplies in vascular epithelium

· Viremia within 2 – 4 days

· Virus to CNS

· Virus to liver

· Antiviral antibodies > 1 month after onset, may persist for > 8 years

Arboviruses – syndromes

· Encephalitis

· Liver disease

· Fevers

· Rashes

· Hemorrhagic rashes

Slow viruses

· Rubella (SSPE like disease)

· Measles (Subacute sclerosing encephalitis = SSPE

· PML (JC virus) – immunocompromised

Atypical agents – prions

· BSE – bovine spongiform encephalopathy

· CJD – Creutzfeldt-Jakob disease

· vCJD – variant CJD

· GSSD – Gerstmann-Straussler-Scheinker disease

· TSE – transmissible spongiform encephalopathy

Post-vaccinial or post-infectious encephalitis

· Rare complication 2 – 3 weeks after exposure to certain viruses (e.g. measles) or vaccines; strong autoimmune component
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Events in CNS after invasion

· Polio and Rabies invades neurones

· JC virus invades oligodendrocytes

· HSV and VSV invades neurons

[Diagram:  Svea Rike]

