DISEASES of the NERVOUS SYSTEM

Chapter 22

MENINGITIS

· Inflammation of the meninges

· Protective covering of the brain and the spinal cord

· (Infection of the brain = encephalitis)

· SYMPTOMS: headache, nausea, vomiting, possibly convulsions & coma

· High mortality rate

· Caused by some bacteria, viruses, fungi & protozoa

· Viral cases are usually self-limiting & nonfatal

· BACTERIA: transmitted via respiratory route

· Streptococcus agalactiae

· Hemophilus influenzae

· Streptococcus pneumoniae

· Neisseria meningitidis

BACTERIAL MENINGITIS #1

· Streptococcus agalactiae: 
· Beta hemolytic group B Gram +ve coccus

· Most common cause of neonatal meningitis

· Acquired from the mother’s birth canal

· Hemophilus influenzae: 

· Encapsulated Gram -ve rod

· Six capsule types, Type b = most virulent

· Normal nasopharynx flora in some ( blood ( meninges

· Prior to vaccine caused 45-66% of reported meningitis cases in children 6 months to 5 years of age

· Fatal in ~ 1/3 of treated cases

· Leading cause of mental retardation

· Hib vaccine = H. influenzae type b is a subunit vaccine

· DOC: third generation cephalosporins

BACTERIAL MENINGITIS #2

· Streptococcus pneumoniae:

· Encapsulated alpha hemolytic Gram +ve diplococcus

· Causes 80% of all pneumonias (6 mo ( 6 years of age)

· Normal nasopharynx flora in some ( blood ( meninges

· Leading cause of meningitis in adults and the elderly

· Capsule vaccine prevents pneumonia – recommended for elderly ( Subunit vaccine )

· DOC: penicillin, 3rd generation cephalosporins

BACTERIAL MENINGITIS #3

· Neisseria meningitidis:

· Gram -ve diplococcus (“Meningococcal meningitis”)

· Found in nasopharynx of some ( blood ( CSF

· Symptoms: fever, weakness, headache, stiff neck, convulsions, rash on abdomen.

· Mortality ~ 85% for untreated cases

· VIRULENCE FACTORS

· ENDOTOXIN – fever & shock (death)

· FIMBRIAE - adherence

· IgA protease - degrades IgA

· Capsule (5 types) - antiphagocytic

· VACCINE = subunit, capsular 

LISTERIOSIS

· Listeria monocytogenes:

· Gram +ve rod

· Excreted in animal feces ( soil & water

· Found in foods especially dairy products, meats and vegetables

· Primarily affects immunocompromised individuals

· Cancer patients, pregnant women, transplant patients

· Lives in CNS and placenta

· Can lead to meningitis of fetus, stillbirth or abortions

· DOC: penicillin and cephalosporins

TETANUS (LOCKJAW)

· Clostridium tetani: 

· Gram +ve spore forming anaerobic rod

· Found in soil, animal and some human GI tracts

· Old, dirty, rusting objects

· Spores enter through cuts/deep puncture wounds ( germinate if no oxygen present in the wound

· Tetanus neonatorum – enters through cut stump of umbilical cord

· VIRULENCE due to presence of plasmid that codes for a neurotoxin called tetanospasmin

· Stops nerve impulses at nerve-nerve junctions

· Inhibits muscle relaxation pathway ( SPASTIC PARALYSIS

· VACCINE: DPT = Diptheria, pertussis, tetanus

· Tetanus toxoid = immunogen

BOTULISM (Food poisoning) #1

· Clostridium botulinum: 

· Gram +ve spore forming anaerobic rod

· Found in soil & canned foods, water, intestinal tracts of animals 

· Spores on vegetables ( canning = anaerobic ( germination (not on acidic foods like tomatoes)

· Vegetative cells produce a neurotoxin

· Neurotoxin acts at nerve-muscle junction 

· Inhibits release of acetylcholine ( flaccid paralysis
· SYMPTOMS: within 12 - 46 hours

· Poor vision, difficulty in swallowing, weakness, faulty speech, death is due to respiratory or cardiac failure

BOTULISM #2, ADULT FORM

· Eight serological types of exotoxin encoded by a prophage: Ingestion of preformed toxin.

· Types A, B and E cause disease in humans

· Type A is most severe and fatal

· PREVENTION:

· Boiling for 20 minutes inactivates the toxin

· Educate home canners especially with non-acid foods

· Organism can not grow in acid foods

· Strict canning industry regulations

· VACCINE: for industry workers

· TREATMENT: trivalent antitoxin to A, B & E 

· Binds free toxin, not toxin bound to axon

INFANT BOTULISM

· C. botulinum - does not compete with normal intestinal flora of adults

· Normal flora of infants not as developed therefore   C. botulinum can be established

· Spores germinate, vegetative cells produce exotoxin

· If symptoms appear slowly:

· Crying, sucks poorly, can not hold up head (neurological), floppy baby.

· If symptoms appear rapidly: 

· Death due to respiratory failure

· SIDS - sudden infant death syndrome

· May be caused by infant botulism

· PREVENT - do not give infants honey

LEPROSY (Hansen’s disease) #1

· Mycobacterium leprae:

· Gram +ve, acid-fast rod

· Aerobic, non-spore former, cannot grow in culture.

· Optimal growth = 30 °C – grows in skin & peripheral nerve endings

· TUBERCULOID: (neural)

· Organism colonizes Schwann cells that cover nerve cells

· Results in loss of feeling, peripheral nerve involvement.

· LEPROMATOUS: (anesthetic)

· Organism replicates in skin cells & macrophages

· Formation of nodules or granulomas

· Impairment of CMI system (no T cell response)

· Cutaneous nerves & tissues are destroyed ( gross deformities

LEPROSY (Hansen’s disease) #2

· INCUBATION: (9 months to 20 years)

· Not very contagious; transmission most likely due to shedding of organism by respiratory tract. 

· M/O viable for 7 days in dried secretions

· 2-5 years for tuberculoid form

· 9-12 years for lepromatus form

· TREATMENT: 

· Dapsone (a sulfa drug) + rifampin (semisynthetic antibiotic), but resistant strains have developed

· PREVENTION:

· No real vaccine , BCG = vaccine for M. tuberculosis, a live vaccine may give minimal immunity.

· AFRICA & ASIA: millions of cases/year

· USA: 200 cases/year

VIRAL DISEASES of the NERVOUS SYSTEM

· POLIOMYELITIS

· RABIES

· ARTHROPOD-BORNE ENCEPHALITIS

POLIOMYELITIS #1

· Polio virus: a member of picornaviridae

· Small, naked, icosahedral, +ve ssRNA virus

· Affinity for motor neurons of spinal cord & brain

· Resistant to drying & remains viable for long periods of time in food and water

· Humans are the only reservoir

· 3 serotypes - all are antigenic ( Vaccine

· Transmitted via oral-fecal route & pharyngeal secretions

· Acquired through the GI tract

· Virus multiplies in small intestines

· Viral particles are shed in the feces

POLIOMYELITIS #2

· Virus invades lymph nodes & blood ( CNS

· Most cases are asymptomatic ( headache, sore throat, high fever

· CNS infection occurs in a few cases & leads to flaccid paralysis which is asymmetric. less than 1%. Death due to paralysis of respiratory system.

· VACCINES (2 types)

· SALK VACCINE: inactivated polio vaccine (IPV)

· Developed in 1954; available in 1955

· Inactivated polio virus vaccine

· Injection and boosters required

· No IgA immunity but is effective

POLIOMYELITIS #3

· SABIN VACCINE: oral polio vaccine (OPV)

· Developed in 1963

· Attenuated virus vaccine

· Given orally

· IgA immunity produced

· Virus revert to wild type?
· SOLUTION: 

· 1995: recommend IPV first followed by OPV

· 2000: all 4 doses are IPV.

· In 1988 World Health Organization (WHO) planned to eliminate polio worldwide

· Remaining reservoirs: parts of Africa

RABIES #1

· Rabies virus - rhabdoviridae

· Enveloped, helical –ve ssRNA virus

· Bullet-shaped virus

· TRANSMISSION: exposure to infected animals (bites or handling)

· Dogs, foxes, raccoons, skunks, cats, bats

· Virus replicates in muscle ( peripheral nerves to CNS

· CNS infection leads to encephalitis

· INCUBATION: 

· 13 days to 2 years (usually 20-60 days)

· SYMPTOMS: agitation, spasms of the mouth, salivation, hydrophobia, convulsions, coma.

· Once symptoms appear it is too late to treat/vaccinate

RABIES #2

· DIAGNOSE: 

· Presence of viral Ags in saliva, serum or CSF

· Presence of virus in brain slices by observing NEGRI BODIES (viral inclusion bodies in brain)

· TREATMENT:

· PASSIVE TREATMENT: HRIG = human rabies immunoglobulin

· Given along with the vaccine

· VACCINE: HDCV = human diploid cell vaccine

· Inactivated viral vaccine (days 0, 3, 7, 14 & 28)

· Laboratory workers & animal handlers

· PREVENTION: Vaccinate domestic & wild animals

Arthropod-borne Viral Diseases

· Arthropod-borne encephalitis (brain infection)

· Togaviruses: enveloped, icosahedral +ve, ssRNA viruses

· Transmitted to humans via arthropod vectors

· Mosquitoes, ticks, flies, gnats

· Problem has been mostly in tropics & subtropics

· SYMPTOMS: mild chills, headache, fever, mental confusion, coma & death

· EEE = Eastern Equine Encephalitis

· WEE = Western Equine Encephalitis

· West Nile Encephalitis: mosquitoes

WEST NILE VIRUS

· Virus belongs to the Flaviviridae family, it is a +ve ss RNA virus

· Carried by birds, horses, humans, and other vertebrates

· Transmitted by the bite of a mosquito, ( recent evidence implicates breast milk and blood transfusions)

· Majority of infected people have a mild flu like disease

· Severe disease causes encephalities which occurs in immunocompromised individuals.

Diseases caused by Prions

· Prions are self replication infectious proteins, no nucleic acids.

· Diseases have a very long incubation period

· Cause degenerative, spongiform appearance of the brain.

· Creutzfeld – Jacob Syndrome: transmission from cornea, nicks of scalpels, autopsies

· Kuru: cannibalism

· Bovine Spongiform Encephalopathy : mad cow disease, infected meat might infect humans

· Symptoms include: loss of coordination, motor function, memory loss, seizures, tremors, and coma.

