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	Hepatitis A (enterovirus 72)
	- Picornavirus               - Small nonenv. Virus = naked nucleocapsid

- ss RNA (+) polarity

- Resistant to adverse conditions

- One major antigenic type.  

- Replication in cytoplasm
	- World-wide distribution

- Endemic in most countries.  

- Humans are the host and reservoir.              -Transmission: Fecal-Oral
Close Personal Contact Contaminated food and/or water.

Blood Exposure (rare)  
	- Replicates in the alimentary tract.  Spreads via viremia to liver ( replicates in hepatocytes.  Viral shedding detected for about 5 weeks (2 weeks prior to jaundice).  

- Virus is not cytopathic but T cell attack is = CMI
	- Incubation Period:  30 Days

- Jaundice increases with age lowest = < 6 yrs

greatest = > 14  yrs

- Case fatality rate increases with age.

- Asymptomatic infections are very common, esp kids

- No chronic form

- Fulminant Hepatitis – poor prognosis

- Cholestatic Hepatitis

- Relapsing Hepatitis
	- CANNOT be cultured.

- HAV specific IgM in pts blood.

- Increase in ALT with Jaundice  
	- Txt:  None

- Prevention:  Avoid Feces, Serum and Saliva of infected patient

- Inactivated vaccine (94-100% effective) 3 doses for children, 2 for adults

- Common in raw oysters, child care centers and poor water quality

	Hepatitis B
	Incomplete circular ds DNA, nonenv

RT:  RNA ( DNA Polymerase in capsule

Genome integrates into host DNA

Secreted Filaments and Spherical particles are both non-infectious

Hepatitis B virion = eicosahedral capsid

HBcAg – inner core protein, found in infected hepatocytes.  (C domain)

HBeAg – secreted core protein (C + Pre-C domain and signal sequence).

HBsAg – surface protein, viral attachment protein that spans membrane 4 times.  (PreS1, PreS2, and S-domain genes).
	Prevalence is world-wide

Transmission:

Parenteral

Sexual

Neonatal

Concentration highest in blood, serum, and wounds. 

Moderate in semen, vaginal fluid, and saliva.  
	Infection is parenterally transmitted.  

Virus replicates in liver and virus particles and excess viral surface proteins are shed into blood.

Viremia is prolonged and highly infectious. 

Damage from CMI fighting virus infected cells, not from virus itself.

HCC (60%) have HBV Ab against HBsAg.  HCC cells have HBV DNA sequences in genome.  

X gene presence correlates with incr. risk for HCC. 
	Incubation period: 60-90 days.

Jaundice increases with age esp after age 5 (10(50%)

Case Fatality Rate = .5 - 1%

Chronic Infection decreases with age after age 5 (90% ( 10%)

Premature mortality due to chronic liver disease: 25%

Acute Hep B:

1.  Resolution (90%)

2.  Fulminant Hepatitis (1%)

3.  Chronic Infection (9%) defined as HbsAg for > 6 months

- Resolution w/ lifelong immunity (50%)

- Asymptomatic carrier

- Chronic persistent or active hep can develop into Cirrhosis, HCC, or Ag-Ab complex = Extrahepatic disease (glomerulonephritis or polyarteritis nodosa)
	Antigen Detection.

Antibody Detection.

Councilman bodies in liver.  

Detection of HBeAg indicates a chronic carrier producing virions.
	Txt:  None

Prevention:  

Reduce Transmission, Passive immunization: pre and post exposure

Active immunization – 3 shots – 95% effective –  contains HBsAg 

	Hepatitis C
	Togavirus - Simple virus: 1 core protein, 2 protein Ags.

Enveloped, ss genome (+) polarity
	Endemic world-wide; high incidence in Japan, Italy, and Spain.

Transmission:  

Percutaneous:

Blood transfusion 

Organ donation

IV drug abuse (60%) 

Occupational 1.8% of all accidental sticks.

Permucosal: 

Sexual intercourse 

Perinatal – 6% of deliveries ( severe hepatitis rare.  
	Genome translated into a polyprotein which is then cleaved by cellular and viral proteases to form viral components.

Lots of Ag variation ( quasi species = pts infected w/ several HCV Ag variants
	Incubation period = 6-7 wks

Case Fatality Rate = low

Jaundice = mild (<20%)

Chronic Infection = 75-85%

Chronic Hepatitis = 70% 

Cirrhosis = 10-20%

Major Complications:  Mortality from CLD = 1-5%

HCC
	CANNOT grow on lifeless media.  

Serology:  HCV-specific IgG indicates exposure, not infectivity. 

PCR for viral genome
	Txt: Ribovarin and IFN-alpha

Prevention:  Screening blood products.

Decline in IV drug abuse.

Avoid multiple sexual partners (15-20%) of acute and chronic infections in US infectivity depends on viral load.

Properly clean contam. Equip = hemodialysis and endoscopy.  

Safe Injection Practices

	Hepatitis D
	Deltavirus – only member, (-) polarity

Ciruclar, ss RNA (very small) genome in nucleocapsid core. 

Genome codes for one mRNA and delta Ag.   

Surface proteins derived from HBV = HBsAg (S, M, and L forms) 
	Parasite of a Parasite = defective virus.

Transmission:  Percutaneous exposure = IV drug abuse. 

Permucosal exposure = sex.
	Requires a HBV infected cell in order to replicate.  

Mortality rate is 2-20% = 10 x greater than for HBV.
	Acute HDV infection:  

Co-infection of HBV and HDV at same time =  severe acute disease w/ increased chance of fulminant hep but a low risk of chronic hep

Superinfection of HDV in a HBV carrier = usually develop chronic HDV and have a high risk of severe chronic liver disease.

Chronic HDV infection: about 70% will develop cirrhosis. 3x HBV, HCV
	ALT elevation

HBsAg

IgM anti-HDV
	Txt: Possibly IFN –alpha

Liver Transplant

Prevention:  

Co-Infection = Pre or postexposure prophylaxis to prevent Hep B.

Superinfection = education to reduce risk behaviors among persons with chronic HBV infection

	Hepatitis E
	Calicivirus – ss RNA genome, spherical, nonenv
	Little is known – endemic in developing countries. 

Most outbreaks due to poor water quality.

Possible reservoir is swine and avian species.


	Fecal-Oral

Similar to Hep A.  

Large inoculum of virus is needed to establish infection

Virus in stools before sympt.
	Incubation period:  40 days

Case Fatality Rate: 1-3 %

Fulminant Hepatitis in pregnant women = high mortality (15-25%), congenital abnormalities

Illness Severity: incr w/ age.

No chronic infections.
	CANNOT be cultured.

Calicivirus-like particles in stool.

Serum IgM.

PCR HEV- specific seq in stool.  
	Txt: None

Prevention: No vaccine 

	HTLV-1

HTLV-2 ( Hairy cell leukemia
	Oncovirus (Retrovirus)

C type – centrally located nucleocapsid.

Virion contains RT enzyme.

Have transduced cellular genes = proto-oncogenes (growth factors, protein kinases)  

Env gene codes for rex, tax are the key to oncogenesis

Tax – acts as a mitogen for CD4 and antigen for CD4,8
	Transmission is same as HIV.

ATLL: 5% of HTLV-1 infected pts will develop ATLL after a long latency period of 20-30 years.

HAM:  women in late 40’s, 1-2% of infected pts.  Noted assoc w/ high proviral load ( HAM
	Provirus is a ds DNA intermediate involved w/ replication that randomly inserts into CD4 and DTH T cells

Proto-oncogenes become mutated during transduction ( transforming phenotype.

Proviral loads are high for many years.
	Adult T cell Leukemia/ Lymphoma (ATLL)  Flu-like symptoms w/ aggressive tumor of CD4 T cells in skin and brain..  

-Leukemic cells are CD4           -Lymphoma is monoclonal.
HTLV assoc. Myelopathy

Progressive weakness of legs, urinary incontinence, and leg parparesis.
	HTLV-1 specific Ab and/or Ags via ELISA.

PCR for viral RNA and Proviral DNA.  

Flower shaped nucleus in lymphocytes
	Txt:  AZT and IFN temp dec in virus #’s.

Prevention: Monitor proviral load for HAM.
Control:  Abs to gag capsid protein first to appear followed by Abs to env. 

Chronic stage of inf. –very strong immune response to virus, esp Tax protein.

	HIV
	Lentivirus (Retrovirus)

Capsid Protein – products of gag gene

*Matrix  – interacts w/ TM

*Capsid – assembly of NC

*Nucleocapsid (NC) – binds viral RNA

Viral Enzymes – products of pol gene encodes PR, RT

*Protease – cleaves gag-pol polyprotein

*RT – RNA ( DNA and degrade RNA 

Envelope Glycoproteins – products of env gene encode SU=gp120, TM=gp41

*gp120 – attaches to gp41, binds CD4 T cells, CCR5

*TM – fusion during virus entry

Viral Regulatory Proteins 
*Tat (-) transactiv. of genes
*Rev (-) RNA splicing reg 

*Nef (-) down regulate CD4

*Vif (+) virion infectivity

*Vpr (+) transport pre-int comp

*Vpu (-) facilitate virion release


	Worldwide epidemic

Women becoming increasingly infected.

About 95% live in developing world.

Rates of infection:  

Whites decreasing

Black & Hispanic incr.

Homosexuality is decr.

Heterosexuality is incr.

IV drug abuse same.  Transmission:  

Innoculation of blood

Sexual intercourse

Perinatal transmission


	Binding:  HIV infects CD4+ T cells and Monocyte/ Macrophages via CD4 receptor– gp120

Chemokine Receptors: CCR5 and CXCR4 on CD4 cells bind to R5 (M tropic), X4R5 (dual tropic), and X4 (T tropic) strains.  

V3 loop is important for chemokine recept binding and fusion.

Entry:  interaction of gp120 w/ coreceptor ( exposure of gp41 and insertion into the cellular membrane.  Fusion of viral and cellular membranes and release of nucleoplasmid into cytoplasm.  

Transcription:  Actions of RT, Rre, Rev, and early and late stages of transcr.  

Assembly:  see notes
	Three Phases of Infection:
Primary or Acute Stage –

Headaches, myalgia, sore throat, fever, swollen lymph nodes, CNS disorders, pneumonits, and diarrhea.

Duration:  Weeks to months for lymph nodes, malaise

Asymptomatic Period – Clinical latency w/ constant replication and T cell turnover.

AIDS – rapid or long progressor  – CD4 < 200, 

-Opportunistic Tumors = Kaposi Sarcoma, EBV Lymphomas, Non-Hodgkin lymphoma, & Cervical carcinoma (HPV)

-Increased opport infections:

Protozoal:  Toxo, Crypto, Fungal:  PCP, Candida, Histo, Coccidio, Crytococco Bacterial:  MAI, Atypical Mcyobacteria, Salmonella Viral:  CMV, HSV, VZV, EBV, JC virus (PML)

AIDS Dementia Complex

Lymphoid Interstitial Pneumonitis

HIV- Assoc. Neuropathy
	1o –  p24, virus in cns, lymphopenia, thrombo-cytopenia, dec CD4.

Asymptom- towards end see dec. in CD4 & inc. in viral load.

Overall:

Serology = Screening assay – EIA but false (+) so confirmation assay – Western Blot = gold standard need two bands for positive (gp120, p24, gp160)
	Txt: HAART – 2 RT inhibitors (AZT) and 1-2 protease inhibitors (Ritonavir).

Using a single drug therapy typically leads to mutation and resistance.    

Prevention:

Control:  Envelope glycoproteins have both linear and conformational eptiopes = targets for virus neutralizing Ab Problem is they are  constantly changing leading to immune escape. 

Since RT lacks proofreading activity during DNA synthesis it is error-prone ( high rate of mutation.  

	HSV-1
(HHV-1) 

*All HHV have identical morphology.  
	*Enveloped virus w/ icosahedral nucleocapsid

*Linear ds DNA

*No virion polymerase

*One serotype

*Cross-rxn w/ HSV-2

*No herpes specific group Ag

*Alpha group = rapid invitro grown, broad host range and neurotrophic latency.
	Transmission:  Vesicle fluid, saliva, and vaginal secretions.  Spread by oral contact or through sharing glasses, toothbrushes, etc or autoinnoculation:  mouth (> skin

*Typically HSV-1 infects face or mouth ( sensory neuron = Trigeminal but can cause genital lesions.

*90% of pop infected  early in childhood.
	*HSV usually causes 

a localized infection. 

*Bind to Hep Sulfate

*Virus enters by infection of mucosa membrane or through break in skin.

*Localized inf and replication ( spread to adjacent cells and neurons ( latent

*Virus activated by various stimuli. (sun, stress, fever, etc) Dissemiation occurs in pts w/ decr. CMI
	*Acute herpetic gingostomatitis -fever drooling and pain in mouth

*Herpes labialis = cold sores or fever blisters – pain tingling (lesion(vesicle

*Keratitis – most common cause of inf corneal blindness.

*Encephalitis – most common, temporal lobe encep.
*Eczema herpeticum- pts w/ eczema ( fatal infection

*Herpes whitlow – innocul-ation of finger ( neuralgia

*Herpes gladiatorum– super ficial abrasion in wrestlers
	*CPE in cell culture

*Tzanck stain

shows Cowdry Type A intranuclear inclusions and multi nucleated giant cells = non-specific.

*HSV-encep via PCR of CSF


	Txt: Acycolvir for all diseases but needs viral thymidine kinase to work

*Trifluorothymidine for keratitis.

*Others include:  Famciclovir, Valacyclovir, Adenine arabinoside (ara), Iododeoxyridine.
Prevention:  Avoid specific inciting agent.  

Txt has no effect on latency.

Control: No vaccine.

	HSV-2

(HHV-2)


	*Enveloped virus w/ icosahedral nucleocapsid

*Linear ds DNA

*No virion polymerase

*One serotype

*Cross-rxn w/ HSV-1 b/c 50% homology of DNA to HSV-1.

*No herpes specific group Ag

*Alpha group
	Transmission:  sexual contact, perinatal, or autoinnoculation.

*Prevalent among low socioeconomic groups.

*Typically HSV-2 infects the genitals ( sensory neuron = lumbosacral ganglion cells but can cause genital lesions.


	*Same pathogenesis as HSV-1

*Bind to Hep Sulfate

*Lesions and pain up to 4 days ad heal w/in 10, with recurrence approx 5-8 per year

*Asymptomatic shedding of virus from cervix, urethra
	*Incubation period: 2-7 day

*May infect genitalia, anorectal, or oropharynx.  

*Herpes genitalia – may be asym to severely debilitating

-inguinal lymphadenopathy, itching, flu-like symptoms 

*Aseptic meningitis – occurs in 5% of herpes gen.

*Neonatal infection –  diagnosed at 10-21 days, (CNS (50%) and Diss infection (80% mortality) 
	*Same as HSV-1
	Txt: Acyclovir for primary and recurrent infections – no effect on latency.

Prevention:  Protect from exposure to vesicular lesions.

*No vaccine

*Often seen in AIDS pts.

*HSV-1 causing NI thru infected hospital staff.

	Varicella-Zoster

Virus

VZV

(HHV-3)


	*Alpha group

*Enveloped virus w/ icosahedral nucleocapsid

*Linear ds DNA

*No virion polymerase

*One serotype.
	Transmission:  Varicella via resp droplets 

*Zoster via reactivation of latent VZV esp elderly and immunocomprom.

*Complications and mortality =rare (<1%) can lead to: Encephalitis, Primary VZV Pneumonia, Congenital VZV Inf, or Neonatal VZV.
	*Bind to Hep Sulfate

*Initial infection in resp tract ( viremia to liver then skin( acute varicella ( latent in sensory ganglion ( zoster later in life.  

*Papules (q 3-4 days) ( Vesicles ( Crusts
	Incubation period: 14-21 days

*Varicella = chicken pox – Malaise and fever ( rash starts on trunk – scalp – face – limbs – mucosa.  

*Zoster = shingles – skin rash and inflam rxn in single DRG and sensory ganglia.

*Fulminant encephalitis = Reyes syndrome due to ASA use during chickenpox
	*CPE in cell culture

*Tzanck stain

multi nucleated giant cells = non-specific.

*PCR 

*Fluorescent microscopy
	Txt:  Supportive Famciclovir to prevent dissem.

VZIG for congenital and neonatal VZV Inf.
Prevention: Live, attenuated vaccine.

*Zoster complication is postherpetic neuaralgia – pain in dermatome

	Epstein Barr Virus


EBV

(HHV-4)
	*Enveloped virus w/ icosahedral nucleocapsid

*Linear ds DNA

*No virion polymerase

*One serotype

*Gamma group = very narrow host range, growth is intermediate in vitro, latency lymphotrophic and oncogenic 
	Transmission: Saliva (kissing)

*2 Peaks of infection: 1-6 (= asymp) and 14-20 (= mono) yrs old.

*80-90% in low and 30-50% in high socioeconomic.

*Burkitt’s lymphoma – Africa.

*NC –south China, east Aftrica, Tunisia
	*Pharyngeal epith ( cervical lymph nodes ( via blood to liver and spleen.

*Binds to CR2 (complement recept) and MHC Class II ( infects and immortalizes B cell. 

*T cell response leads to majority of symptoms of mono.

*Eventually(Latent phase in some B cells  
	Infectious Mononucleosis – flu-like illness w/ pharyngitis, lymphaden, and hepatosplenomegaly

EBV in Immunocomprom: Oral Leukoplakia, CNS and Invasive Lymphomas.

Burkitt’s lymphoma - malignant tumor of face and jaw in children
Nasopharyngeal Carcinoma – tumors are of epithelial origin in adults 
	*EBNA=EBV specific nuclear Ag - IFA. 

*Monospot Test – Heterophil Antibodies
*T cell lym-phocytosis – blood smear.
	Txt: None for EBV

Oral leukoplacia – Ganciclovir & Acyclovir

Prevention: No vaccine.

Control:  Heterophil Abs are nonspecific against several different Ags.

	Cytomegaloviru


CMV

(HHV-5)


	*Enveloped virus w/ icosahedral nucleocapsid

*Linear ds DNA

*No virion polymerase

*One serotype

*Beta group=slow in vitro growth, narrow host range, and lymph/monocyte trophic latency
	Transmission:  vertical or horizontal –  in utero perinatal, or postnatal.

*Urine, venereal, blood transfusion, resp secretions, and contaminated cervix. *Worldwide prevalence

*Half of women child-bearing age are sero(+)

*CMV is most common agent of congenital infection.

*TORCH
	*Bind to Hep Sulfate

*Immunocompromised Host – reactivation of latent infection.

*Initial infection usually in oropharynx.  In fetal infections, spreads to many organs.  In adults, lymphocytes are usually involved w/ latency in leukocytes.  
	Primary Infection – usually asymp, est. latency, *Children ( hepatitis, interstitial pneumonitis, or acquired hemolytic anemia.  

Congenital and neonatal –intrauterine or early postnatal infection ( general infection, cong ( Death or Cytomegalic Inclusion Disease.

Infectious Mononucleosis less severe than IM EBV and no heterophil antibodies

Immunocompromised Host *CMV pneumonitis, retinitis, interstitial pneumonia, colitis, esophagitis, and encephalitis
	*CPE in cell culture –rapid culture in 48 hours.

*Owl’s eye nuclear inclusions

*4-fold rise in Ab titer.

*Detection of CMV Ags – IFA

*PCR
	Txt: Not usually able to detect congenital infection.

*Ganciclovir –, can cause reversible neutropenia, liver and CNS toxicity.  Txt: pneumonia and retinitis
*Foscarnet – effective against retinitis and colitis.

*Cidofovir –term. growing viral DNA chain – txt = retinitis

Prevention: No vaccine.  Screening.

Control: isolation of CID infants.

	HHV-6


	*Beta group
	Transmission occurs early in life >90% of population probably by saliva

*Appears to be reactivated freq. in multiple sclerosis  pts.  

*Roseaola is a common childhood disease
	*T cell tropic virus that infects CD4+ and CD8+ T cells, B cells, and macrophages. 

*CNS tropic virus
	*Roseola (exanthem subitum) in children – fever, gen. rash, inflam of tympanic membranes.  

*Acute mononucleosis  w/ persistent lymphadenopathy, fatigue, malaise

*Fetal Hemophagocytic syndrome, pneumonitis, and fatal hepatitis.  
	*Usually clinically.  

*Serology of IgM and IgG
	Txt:  None

	HHV-7
	*Beta group
	*Most children (>90%) are infected by age 5 probably by saliva.  
	*Bind to Hep Sulfate

*T cell tropic virus that infects CD4+
	*Roseola (exanthem subitum)
	
	

	HHV-8
	*Gamma group
	Transmission: mother – fetus and STD.  Africa – non-sexual route.

*CKS – common in E. Europe and n. America of Italian and Jewish ancestry

*AAKS – adult and children in C. Africa.

*TAKS – adults renal transplants

*AKS – gay men 
	*Bind to Hep Sulfate

*Infects endothelial cells, B cells, and macrophages.
	*Classical KS – purple blotches on extremities.

*African aggressive KS – nodular, florid, infiltrative and lymphoadenopathy –rapidly fatal.

*Transplantation assoc KS

*AIDS-KS – spindle cells and infiltrating inflam cells

*Multicentric Castlemen’s Disease – atypical lymphop-roliferative disorder w/ KS
	*Biopsy of skin lesion for viral DNA

*IFA serology
	Txt: IFN-alpha for KS.  Foscarnet and Ganciclovir: txt of KS in AIDS pts.

Complications: Viral DNA seen in Primary Effusion Lymphoma , non-hodgkin’s, and Body cavity based Lymphoma.  

	Parvo

viruses
	*Non-enveloped, icosahedral, smallest DNA virus.

*Virions are very stable w/ narrow host range.  

*AAV has four serotypes

*HPB19 – ss DNA – single stable antigenic type of B19.
	Transmission:  respiratory, possibly blood.  

*HPVB19 and AAV ubiquitous and have Ab by age 10.  

*AAV depends upon adenoviruses & HSV-1 *HPB19 - autonomous replication

*Hydrops fetalis typically due to 2nd or 3rd trimester infection.
	*Requires host-cell fxn at the late S phase of the cell division cycle

*Replication of AAV ( latent infection ( integrates into host cell DNA at chromosome 19q

*Preferentially infects RBC ( aplastic anemia temp arrest of erythropoesis, immune complexes ( arthritis and rash. 
	*Adeno-assoc virus (AAV) – no known human disease

*Human Parvovirus B19  – Erythema infectiosum – slapped cheeks = erythema and acute arthritis (2 wks).

- Aplastic crisis in hemo- lytic anemia and sickle cell –decrease in Hb, RBC precursors, and reticulocytes 

- Spontaneous abortion, hydrops fetalis=edema and CHF due to severe anemia
	*Virus detection during prodromal period

*Serology of IgM and IgG by RIA, ELISA
	Txt: no specific antiviral chemotherapy

Prevention:  No vaccine.

Control: infection is followed by lifelong immunity.  

	Papova viruses

Pa = pap-pilloma

Po = pol-yoma

Va = vac-uolating agents
	*Non-enveloped, icosahedral capsid.

*Small, circular dsDNA.

*No virion polymerase

*No Ag relatioship b/w 2 generas: papilloma and polyoma viruses
	
	
	*JC virus (see below)

*BK virus (see below)

*HPV (see below)
	
	

	HPV


Human Pappillomavirus
	*Genome persists in infected cells in an episomal form = do not integrate.

*E6 and E7 encode proteins that inhibit the activity of proteins from TSGs = p53 and RB.
	Transmission: direct contact of skin or genital lesions - STD.

*More than 60 papilloma virus each one producing a specific wart – mostly beningn, some malignant.

*LP & CA – commonly associated w/ HPV-6, 11  
	*Early proteins (E1-6, E8 –important for rep, transcr, oncogenic transformation) are synthesized prior to DNA replication and late proteins (L1,L2 - structural proteins) after.

*Induce squamous fibro-epithelial tumors in natural host
	*Laryngeal Pappilomas:  Most common benign epithelial tumor of larynx – life threatening in children.

*Condylomata acuminata – squamous eptih of ext. genitalia and perianal

*Skin warts – ages 8-15

*Benign head and neck tumors – usually solitary

*Cervical dysplasia and neoplasia – HPV 16, 18 – can ( intra-epith cervical cancer.
	*Koliocytes in lesion.  

*None grown in cell culture.

*PCR

*IFA and IP staining of viral Ags. *Lesions show hyper-keratosis and thickening of epidermis  
	Txt: Podophyllin or sialicyclic acid w/ formalin.

*Liquid nitrogen.  

*IFN –alpha for LP or CA.

Prevention:  No vaccine

Control: basal cells of epithelium is non-permissive and does not support infection.

*Avoid direct contact w/ infected tissues.

	Polyoma viruses


	*Genome persists in infected cells as an integrated from.
	*Both are common in immunocopromised pts esp. reactivation.  

*JCV-most 10 yr olds are sero(+)

*BKV – infects very early in childhood most become sero (+)


	*BK and JC enter via Resp tract ( mild resp symptoms & cystitis

*JC virus is only in white matter, little if any inflam response.


	*JC virus ( PML = progressive multifocal leukoencephalopathy – impaired speech and vision, mental deterioration, paralysis of limbs, blindness, sensory abnormalities, death w/in 3-6 months.  

*BK virus – urethral stenosis and hemorrhagic cystitis.
	*JC virus – biopsy – foci of demyelin-aiton w/ olig-odendrocytes 

*Pap smear of urinary epithel cells to detect viral inclusions.

*IFA and IP

*PCR
	Txt: No specific. 

	Adeno viruses


	*Nonenveloped w/ icosahedral nucleocapsid.

*ds linear DNA

*No virion polymerase

*34 serotypes
	Transmission:  resp droplets or Fecal-oral Iatrogenic in eye disease. 

*Peak occurrence in spring and summer due to camps and pools.  

*Conjuctivitis = shipyard eye – workmen w/ dust in eye
	*Virus infects eyes and resp tract epith. ( dissemination ( latency.
	*Acute resp infections–(4,7)

(pneumonia(fatal

*Conjucitivitis (type 8, 37) 

*Acute gastroenteritis (40,41)

*Acute hemorrhagic cystitis (11,21)

*Cervicitis & Urethritis (37)

*Pharyngoconjunctival fever (3,7)

*Acute febrile pharyngitis
	*CPE in cell culture.

*IFA, EM, ELISA.

*Serology – Ab titer rise –ELISA, RIA.
	Txt: none

Prevention:  Live oral vaccine used to prevent adenovirus 4 and 7 in military recruits.  

	Pox viruses
	*Largest, most compliated viruses.

*ONLY DNA virus that replicates in cytoplasm

*Linear ds DNA

*Oral to brick shaped structure.  

*Virus encodes for all proteins, uses no host proteins.
	Transmission: resp droplets or direct contact w/ lesions.

*Numerous different pox viruses – see handout – mainly we dealt with variola.

*Cowpox from infected teats and udders

*Orf from sheep, goats
	*Variola – Infects mucosal cells or URT (local lymph nodes (viremia to liver and spleen ( skin

*MC: Found on face, arm, back,butt.

*Orf: hand and face vesicles may develop into hyperplastic nodular masses.
	*Smallpox (Variola)  skin progresses from macule, papule, vesicle, pustule, crust

*Cowpox – localized lesions w/ fever and lympadenitis.

*Monkeypox – similar to smallpox but lower rate

*Mulloscum Contagiosum small pink wart like lesions 

*ORF – pustular dermatitis

*Milker’s Nodules = pseudocowpox – similar to orf
	*Smallpox via CPE or “pocks” on chorioallantoic membr-ane

*MC – molluscum inclusion in basal layers of eptihel.
	Txt: none

Prevention: Smallpox vaccine is live attenuated virus effective b/c

1) only one Ag type

2) no latency 

3)no animal reservoir

	Picorna viruses
	1) Enteroviruses – 4 of them

*Polioviruses

*Coxsackieviruses

*Echoviruses

*Hepatitis A = Enterovirus 72 (see above)

*Properties: stable at pH 3, replicate at 33o C
2) Rhinoviruses – labile at pH 3, replicate at 37o C – see below w/ other resp. tract infections
	Transmission: Fecal-oral, direct contact, hands or water supply, shellfish –virus shed in feces = 1 month

*Prevalent in spring, summer due to camps

*Enteroviruses enter via the oropharynx, intestinal mucosa, or resp tract and infect the underlying lymphatic tissue.  

*Rhinoviruses thru upper resp tract
	*Entero spread by viremia to cells of the receptor (ICAM) bearing target tissue.

*Viral replication responsible for causing disease pathology.

*Serum Ab prevent viremic spread.


	*Incubation period: 3-5 days
*Enteroviruses – most are asymptomatc or cause mild flu-like or URT disease.

-Symptomatic infection: undifferentiated. Febrile illness and URT symptoms.

*Diarrhea/gastroenteritis –gen. nausea and vomiting assoc. w/ many enterovirus


	*Virus isolation in feces or throat secretions – serotype w/ a panel of neutralizing Abs.

*PCR
	Txt:

Prevention: sIgA Ab can prevent the initiation of infection.

Maternal IgG is helpful in prevention.

Control:  Spread often seen in day care centers, restaurants, w/in families.

*Acquired immunity is life long and reinfection is rare – neutralizing Abs are most important



	Polio viruses


	*Picornavirus - Enterovirus
	*Debate of Salk inactivated polio vaccine (IPV) vs OPV

OPV – live virus excreted in feces, high rate of vaccine induced polio, 3 oral doses – see handout for details
	Viremia ( Target tissues of motor cortex of brain and meninges.

*Infection of ant horn cells of spinal cord
	*Paralytic poliomyelitis – muscle pain and stiffness (flaccid paralysis(fatal due to resp or cardiac arrest

*Post-polio syndrome – fatigue, muscle weakness, and atrophy, dyspnea 40 years later – Nerve Cell Attrition
	*Virus from CSF
	Txt:None

Prevention: Both the inactivated (Salk) vaccine and the attenuated (Sabin) vaccine induce humoral Ab and neutralize virus in bloodstream.  

*Now use IPV-formalin inact, 3 shots

	Coxsackieviruses


	*Picornavirus – Enterovirus

*Naked nucleocapsid, ss (+) RNA.  

*No virion polymerase

Subtypes
*Resp disease = A

*Herpangia = A

*AHC = A24

*AM = A and B

*HF&M disease = A9, A16

*Carditis, Pleurodynia = B
	Transmission:  Fecal –Oral. AHC spread from fingers to eyes.

*Aseptic meningitis – children and young adults in late summer/ early fall

*Pleurodynia –“Devil’s Grip” - peak ages of incidence in older kids and young adults – older than most other enteroviral illness
	Viremia ( Target tissues of skin, muscle, brain and meninges.
	*Resp disease –febrile colds and sore throats.

*Herpangia: severe febrile pharyngitis and vesicles or nodules on soft palate.

*Acute hemorrhagic conjunctivitis – swelling of eyelids and subconjunct hemor.
*Aseptic meningitis (below)

*Encephalitis (below)

*Hand-foot-and-mouth disease (below) 

*Carditis – myo or pericariditis

*Pleurodynia – bornholm disease – sharp stabbing pain in muscles of chest, abdomen
	*CPE in cell culture.

*Neutralization test for Ab.

*Lumbar puncture for AM – CSF 50-500 leukocytes/mm3 –mainly lymphocytes, normal glucose
	Txt: none

Prevention: No vaccine

	Echo viruses


	*Picornavirus – Enterovirus

*Rubelliform – echo 9

*Morbilliform – echo 16
	
	Viremia ( Target tissues of skin, muscle and meninges

*Rubelliform –small, discrete macules, disappear after 2-3 days.

*Morbilliform – flat macules that coalesce ( large blotches and fade after 5-6 days

*MR symptoms due to T lymphocytes
	*Resp disease (above)

*Aseptic meningitis – headache, low grade fever, stiff neck photophobia, but alert and oriented.  

*Encephalitis – less common – lethargy, confusion, and seizures

*Rubelliform – exanthem of rubella 

*Morbilliform – exanthem of measles.

*Maculopapular rash- non-vesicular macules & papules.
	*Similar CSF evaluation as above.
	

	Enterovirus 70 & 71


	*Picornavirus – Enterovirus

*AHC = 70

*Rest = 71
	*HF&M disease is unrelated to Foot and Mouth disease in cattle
	
	*AHC 

*Paralysis

*Hand-foot-and-mouth disease – vesicular lesions at all three sites
	
	

	Reo viruses
	*ds RNA and non-env icosahedral particles.

*Concentric inner and outer capsids.

*Two major surface capsid proteins (VP4 and VP7) = neutralizing antigens.

*Replication in cytoplasm.

*Reoviruses – 3 of them

1) Human Reovirus types 1-3 

2) Rotavirus  

3) Orbivirus: arboviruses – transmitted by insect vectors 10 or 12 genome segments.  Colorado tick fever virus.
	*Human Reovirus – infection is common but doesn’t lead to a disease.

* Rotavirus – gastro-enteritis in infants/ young children.

*Orbivirus: arboviruses – transmitted by insect vectors 
	
	*Colorado tick fever virus (orbivirus)
	
	

	Rotavirus
	*Member of Reovirus family.

*11 genome segments.

*Serotypes 1-4.  
	*Rotavirus (fecal-oral) - major worldwide cause of gastroenteritis in infants/young children (6 month ( 4 yr old), major causes of infant mortality in developing countries.

-temperate climate = in winter-esp USA.           -tropical climate = year round

-West (Nov) to east (Jan) temporal trend
	*Limited to the GI tract especially the small intestine – self limiting disease.

*Selective infection of the differentiated columnar epithelial cells near the apex of the villi of the SI ( decreased absorption of salt and water.    
	*Rotaviral Gastroenteritis Incubation Period = 2-4 days.  Diarrhea, fever, abdominal pain, vomiting and dehydration. 

*Can lead to life threatening dehydration.

*Signs of severe dehydration: crying w/out tears, sunken eyes, fussiness, and dry, sticky mouth.  
	ELISA for rotavirus in stool.
	Txt: supportive = IV and oral rehydration.

Prevention: Live, atten. Vaccine (rhesus monkey vaccine) was available against VP7 and VP4.  

*Rotashield – licensed live virus vaccine but withdrawn from the market b/c assoc w/ intussusception = bowel obstruction.  

Control:  mucosal IgA is most important but reinfection may occur.  

	Calici

Virus
	*Non-enveloped, icosahedral capsid symmetry. 

*”Calix” = cup

*ss (+) RNA

Calicivirus has three genera:

1)Norwalk agent

2)Hawaii agent

3)Hepatitis E (see above)
	Transmission: water, shellfish, food service.

*Year round esp in schools, resorts, hospitals, nursing homes, restaurants, and cruise ships.

*CV causes outbreaks of gastroenteritis usually in adults.
	
	*Norwalk gastroenteristis –incubation period 24-48 hr

-diarrhea, nausea, vomiting and abdominal cramps but no bloody stools.  

-resolves w/in 12-60 hours


	*EM of virions in feces

*Serotypes  by IEM.

*RIA and EIA for viral Ag.
	Txt: Supportive.

Prevention: induced immunity is poor.

	Orthomyxoviruses
	Nomenclature: 3 types based on the nucleoprotein and matrix protein (not MA or NA)

*Type A – Ag shift and drift

*Type B – Ag drift only

*Type C - Stable

*Enveloped RNA virus, ss RNA (-) polarity, multisegments

*Hemagluttin (HA) and Neruaminidase (NA) spikes


	Transmission: airborne droplets 

*20,000 deaths USA/yr

*Elderly = risk group and health care workers

*Futhur subdivisions based on host, geographic origin, strain number, year of isolation, antigenic subtypes of surface glycoproteins H and N. Ex:A/swine/Iowa/25/30/(H1N1)
	*Portal of entry and site of replication: Resp Tract.

*Neuraminidase aids spread of virus by decreasing the viscosity of the mucous layer in Resp tract.  

*Does not infect the basal epithelium. 


	Influenza A: see below

Influenza B infections = similar infection to A -.

Influenza C – rare, mild resp tract inf –no outbreaks

*Extrapulmonary manifestations of Influenza

1) Reye’s syndrome – rapid progressive encephalopathy 2)Myositis and cardiac involvement

3)CNS involvement – influenza enceph. or post-enceph syndrome (2-3 wks later)
	
	*Secondary complications include interstitial pneumonia or bacterial infections leading to pneumonia.

*Stomach flu is not a disease.

*Self-limited to resp tract b/c protease which activates NA to decr. mucous viscosity is located here.

*sIgA-primary mediator of resistance of URT

	Influenza A Virus
	*M2 –glycoprotein used for entry into the cell, forms an ion channel(release of H+ -targeted by Ramatidine.  

*NS2 – nonstructural protein

*Transcriptase complex = PB1, PB2, PA, NP

*Matrix Protein

*HA – 5 Ag sites (A-E), 15 subtypes, exists as a trimeric molecule

*NA – 2 Ag sites, 9 subtypes, exists as a tetrameric molecule target of Zanamivir  
	Transmission: Resp droplets.  

*Viral shedding from 1 day prior to 8-10 days after onset of symptoms. 

*Antigenic shift due to reassortment of RNA segments in HA (esp H1-3) & NA – all first appear in China and are assoc. w/ pandemics.
*Ag drift due to mutations in HA & NA and are assoc w/ local epidemics.  
	*HA binds to sialic acid on GI epith ( attach and enters (desquamation of mucus-secreting and ciliated cells)( nucleus w/ RNA replicated ( cytoplasm and nucleocapsid (NC) assembly( matrix protein attaches NC to cell membrane ( NA facilitates budding.

  
	*”Flu-like symp” = Acute, febrile illness w/ headaches, malaise, mylagias, nasal obstruction, discharge, sore throat, cough, cervical adenopathy, and scattered ronchi.  

*Primary viarl pneumonia – acute onset w/ tachypnea, tachycarida, cyanosis, and high fever ( rare death in 1-4 days

*Combined viral-bacterial pneumonia – 3x more likely than PVP, bacteria include S. pneumoniae, S. aureus, H. influenzae

*Influenza followed by bacterial pneumonia
	*Virus culture in cell culture, embryonated eggs.

*Detected by hemad-sorption or hemagglutination. 

*Ab titer rise is diagnostic.
	Txt: Ramatidine/Amat-idine, Zanamivir, Oseltamivir.

Prevention: Inactivated vaccine –varies yearly

Control: Ag Shifts:

H1N1 Spanish flu – lots of deaths

N2N2 Asian flu

H3N2 Hong Kong flu

H1N1 Russian flu

*3 Theories

1)Genetic reassort

2)Recycling of pre-existing strains

3)Gradual adaptation of avian (H1-15) to human (H1-3) transmission

	Rhino viruses
	Picornavirus family

*Labile at pH 3, replicate at 

37o 
*Naked nucleocapsid, ss (+) RNA, nonenveloped.  

*No virion polymerase.

*>110 serotypes
	Transmission: hand contact, self-innoculation, aerosol.

*Responsible for 30-50% of common colds

*Peak infection is in fall/summer
	Re-infection w/ same strain is common
	Incubation period: 2 days

*Common Cold – lasts 9-10 days – mild self limiting URI w/ nasal symptoms and headache, cough, and sore throat.  

*Must distinguish from a GAS infection.  
	Rarely used clinically, except for epidemiological studies.  *Ddx: rapid strep A test
	Txt: None

Prevention:  no vaccine

Control:  Acquired immunity is rel. poor, type specific and short-lived, probably mucosal IgA.



	Corona viruses
	*ss RNA, (+) polarity

*Enveloped, pleomorphic

*4 know serogroups (0C43 and 229E)
	*Responsible for 10-30% of common colds

*Peak infection is in winter/early spring.
	*Replication: budding is off of the golgi instead of the cell membrane.  
	Incubation period: 3 days

*Common Cold – lasts 6-7 days mild self limiting URI w/ nasal symptoms and headache, cough, and sore throat.  
	SAA
	SAA

	Paramyxoviruses
	Family Paramyxioviridae:

1)Morbillivirus = measles virus

2)Paramyxovirus = parainfluenzae viruses 1-4 and mumps

3)Pneumovirus = respiratory synctial virus (RSV)

General structures:  F, L, M, NP, and P proteins.  
	MORE STRUCTURE

*Enveloped, pleomorphic virions

*Very labile 

*Non-segmented ssRNA (-) polarity

*F glycoprotein

*Synctia inducing viruses.  

*RNA polymerase in virion
	*F glycoprotein causes fusing of neighboring cells to form synctial cells

*All replication occurs in the cytoplasm of cell.

*P protein is req. for RNA dep polymerase the rest for infectivity   
	
	
	

	Measles virus
	*Family Paramyxovirus, genus morbillivirus

*H glycoprotein
	Transmission: resp droplets

*Precautions for MMR:

-Do not give to immunosuppressed pts

-Allergy to eggs, neomycin, or gelatin

-women of childbearing age – 3 months before possible conception.
	*Virus infects cells o the resp tract and spreads systemically in lymphocytes to lymph nodes and then via viremia(Rash due to T cells against infected endothelial cells(can enter CNS
	Incubation period: 9 days

Signs: (CCC&P) Cough, coryza, conjunctivitis and photophobia.  Koplik’s spots (buccal mucosa next to molars), and rash.

Complications:  Malnutrition – protein deficiency –highly susceptible

Subacute panencephalitis (SSPE) 1-10 yrs later, slowly dev.degenerative disease

Post-infections encephalitis –demyelinating disease( permanent brain damage.
	*Can use serology
	Txt: None

Prevention: Vaccine is live attenuated virus = MMR= Measles Schwartz or Moraten substrains of Edmonton b strain.

Vaccine at 12-15 months, 4-5 yrs or before junior high school = 95% lifelong immunity

Control:  CMI is essential. Ab is not.

	Parainfluenzae viruses 1-4
	*Member of Paramyxovirus

*HN protein  

*ssRNA, env, pleomorphic

*5 serotypes: 1,2,3,4a,4b

*No common group antigen

*Closely related to Mumps
	
	*Infection and death of resp epithelium w/out systemic spread of virus.  

*Multinucleated giant cells caused by the viral fusion=hallmark
	*Croup – young children

*Bronchiolitis -infants

*Pneumonia

*Tracheobronchitis

*Flu-like and coryza like illnesses = common cold in adults
	
	Txt: none, severe cases should be admitted and put in Oxygen tents

Prevention: No vaccine

Control:

	Mumps
	*Member of Paramyxovirus

*HN protein  

*Only one serotype

*Man is only reservoir
	Transmission:  Resp droplets.
	Innoculation in resp tract(local replic.( viremia(systemic infection(Parotid gland OR testes, ovaries, peripheral nerves, eye, inner ear, CNS OR  pancreas
	*Acute, benign viral parotitis.

*Orchitis 25% of males w/ mumps ( sterility

*Pancreas assoc. w/ juvenile diabetes.

*Meningioencephalitis 
	*Detection of virus from mouth or urine.  
	Txt:

Prevention: MMR = Jeryl Lynn Strain

Control:  CMI is essential. Ab is not.

Immunity is lifelong

	Resp Synctial Virus (RSV)
	*Family Paramyxovirus, genus Pneumovirus

*2 subgroups based on strain variation

*G Glycoprotein

*Only a fusion protein in its spikes no HA
	*Sizeable epidemic each winter – 95,000 hospitalizations and 4500 infant deaths.

*Infants: 50-90% of brochiolitis and 5-40% of bronchopneumonia
	*At-risk infants: 

1)Congenital heart disease

2)Underlying pulmonary disease

3)Immunocompromised infants
	Infants:

*Bronchiolitis

*Bronchopneumonia

*Croup

Older children and adults: 

*OM

*Coryza-like illness

*Bronchitis
	*Detection of Ag from nasopharyngeal aspirates. 

*Virus isolation 

*Serology
	Txt: Early diagnosis crucial!!  Aerosolized Ribivarian or RSV immunoglobulins.

Prevention: no vaccine

Control: 

	Rubella
	Family: Togavirus

*RNA enveloped virus, ss RNA (+) polarity

*No polymerase in virion

*Single serotype
	Transmission: resp droplets.

*Man only reservoir

*80% of women are infected by childbearing age.

*TORCH – risk of infection decreases furthur into pregnancy as does the symptoms
	*Resp droplets( macrophage in lung (lymph nodes( primary viremia( liver and spleen( 2nd viremia (placenta or tissue and skin.  

*CRS outcomes

1/3 lead normal independent lives

1/3 live w/ parents

1/3 in an institute.
	Incubation period =1-2 wks

*Maculopapular rash

*Lymphdenopathy

*Fever

*Arthropaty

*Congenital Rubella Syndrome – 1st trimester

-Cataracts

-Heart defects

-Sensorineural deafness

-Long list of others in handout.
	*Diagnosis of acute infection: Ab titer rising = IgG or IgM via EIA

*Immune status screening = EIA, Latex agglut.  
	Txt: None

Prevention: Vaccine MMR –live attenuated vaccine – RA/27-3 strain

*CRS only way to prevent once diagnosed is abortion.

*Screening for immune status is important

	Arbo

Viruses
	Genus = 4

1)Togaviruses

2)Flaviviruses

3)Bunyaviruses

4)Orbiviruses – see above in reoviruses

*Look at slide 3-2 and 4-1 for arthopod vectors virus classification.
	Transmission: via bites of humans for blood meals – 2 cycles

-Jungle cycle=Animal (Arthropod(Man (dead end host) ex: Equine encep virus

-Urban cycle=Man( Arthropod(Man ex: Dengue, Yellow fever
	*Replicate in but do not kill the insect vector.

*Present in saliva of infected insect

*Amplifying host = mammal/bird reservoir

*Vector=blood sucking arthropods
	*Incubation period is 4-7 d

*Majority of infections are subclinical or very mild *Diseases: descriptions below
-Fever and Rash 

-Encephalitis=EEE, WEE, St Louis Enceph, JE

-Hemorrhagic fever=Yellow fever, Dengue, Crimean-Congo hemorrhagic fever
	*Serological detection of serconversion.  
	

	Toga viruses


	*Enveloped viruses, ss RNA (+) polarity.  

*Alpha viruses:  

-Eastern, Western, and Venezuelan equine encephalitis viruses.

-Sindibis Viruses

-Semliki forest virus

-Rubella virus
	Infection of Arbovirus in general:  Saliva ( vascular endothelium( RES, lymph nodes( viremia(clinical symp.

*Birds, monkeys, rodents and horse = natural hosts
	Replication in the cytoplasm
	Insert slide 6-1

*Sindbis – arboviral fever-arthralgia rash = fever, chills, aches +/- maculopapular rash
	
	

	Flavi

viruses
	*Enveloped viruses, ss RNA (+) polarity.  

*Yellow fever virus

*Dengue virus (types 1-4)

*West Nile virus

*St. Louis encephalitis virus

*Tick-borne encephalitis

*Russian spring-summer encephatlitis.

*Hepatitis C

*Japaneese Enceph (JE)
	*Birds, monkeys, and pigs = natural hosts

*St. Louis enceph= major cause of arboviral enceph in US (epidemics has both natural and urban cycle

*JE major cause of enceph in orient = 25% case fatality rate. 
	Replic:  cytoplasm 

*Immunopathogenic mechanism of HF is “immune enhancement” due to virion-Ab complexes to Fc receptors on macrophages ( cytokine release & complement activaton ( shock( death.
	Insert slide 6-2

*Dengue - arboviral fever-arthralgia rash and hemorrhagic fever (HF) = potentially fatal occurring in skin and mucous membranes + fever-arthralgia symptoms, visceral hemorrhage and cardiac damage.

*Kidney and liver damage = Yellow fever (jaundice)
	
	Txt:
Prevention: JE  virus inactivated, purified vaccine used in Asia = residents > 1 month

Dose: 0,7, 30 days

Control:  

	Bunya viruses
	*Enveloped, three molecules of RNA (-) strand

*Arthropod vectors:

-California enceph virus

-LaCrosse Virus

-Rift Valley fever virus

-Crimean-Congo hemorrhagic fever virus

*Rodent vector

-Hantaan Virus

-Muerto Canyon virus
	*Encephalitis infections highest:  elderly, infants
	*Replication takes place in cytoplasm
	*California enceph-same symptoms of meningitis: fever, headache, vomiting, and stiff neck ( lethargy, confusion, seizures, and paralysis ( coma and death OR mental retardation and paralysis
	
	Txt: for encephalitis = none.

	Dengue Virus
	Family Arbovirus

Genus Flavivirus
	Transmission: bites by Aedes mosquito via human-mosquito-human cycle

*2 million cases/year

*SE Asia, Africa, Caribbean, and S. America
	*Immunopathogenic mechanism of HF is “immune enhancement” due to virion-Ab complexes to Fc receptors on macrophages ( cytokine release & complement activation ( shock( death.
	*Arboviral fever-arthralgia rash *Hemorrhagic fever ( Dengue shock syndrome

*Lymphadenopathy

*Myalgia

*Bone and Joint pain

*Headache

*Maculopapular rash


	
	

	Yellow Fever
	
	Transmission:  Aedes mosquito transmitted in urban form.

*Jungle form is natural reservoir and cycle b/w primates, forest mosquit

*Found in W Africa, S. America


	Immune response is type-specific and lifelong for clinical and subclinical  infections
	
	PCR

*Serology on acute and convalescent sera
	Txt:

Prevention: Live attenuated vaccine= travelers

*Eradication of insect vector, avoid exposure, 
Control: Surveillance studies for both human and animal cases. Ex; Horses for EEE, Birds for WN

	Hanta

Virus

Buerto Canyon Virus
	Member of Bunya Viruses

*Buerto Canyon Virus = HPS and ARDS in SW USA
	Transmission: Aerosol-ization of rodent excreta: urine, saliva, feces?.

*Rodents = natural host

*Severe disease in US troops in Korean War.

*HPS and ARDS – SW USA – deer mouse – fatality rate = 50%
	
	Incubation period: 2-4 wks

*Korean hemorrhagic fever w/ Renal Syndrome

*Rodent borne nephropathy – Hantaan virus

*Hantavirus pulmonary syndrome (HPS) =fever, myalgia, nausea, cough

*Acute resp distress syndrome (ARDS)
	*Poor cell culturing

*Biolevel 4 contaminant

*Serology-IgM or rising IgG

*Immunohistochemistry or RT-PCR
	Txt: HPS – early ventilation and aggressive ICU.  

*IV Ribivarin

Prevention and Control:  No vaccine. Avoidance of activities w/ rodents and burrows

	Arena viruses
	*Enveloped, helical nucleocapsid. 

*Segmented ssRNA

*Cellular ribosomes packaged into virions
	Transmission: Rodent saliva, urine or feces

*Mouse, hamster=LCM

*African bush rat = Lassa ( human to human via body fluids in west Africa – 50% mortality rate
	*Immune response:  acquired is presumed to be lifelong
	Incubation period: 6-14 day

*Lymphocytic choriomeningitis virus (LCM) – meningitis

*Lassa virus – lassa fever – arboviral hemorrhagic fever symptoms and hepatitis.

*Machupo virus – Bolivian hemorrhagic fever
	*Isolate virus form blood or CSF ( CPE

*IFA

*Serology (CF)

*Biolevel 4
	Txt:

Prevention:  Key is to eliminate rodents.

	Rhabdo viruses
	2 genus:

1)Lyssavirus

-Rabies virus

-Rabies-like viruses

2)Vesiculoviruses

-Vesicular stomatitis virus (VZV)

*Replication in cytoplasm
	
	
	*VZV – trivial disease – used mostly in research
	
	

	Rabies virus
	Properties of the Rhabdoviruses:

*Bullet shaped, enveloped

*Encode 5 structural protein

*Helical nucleocapsid 

*ss RNA (-) polarity

*RNA directed RNA polymerase
	*Nonclassical typically occurs w/ bites close to the CNS.

*Incubation period depends on: conc of virus in wound site, proximity of wound to brain, severity of wound, host’s age, and host’s immune status

*Skunks> Racoons > Bats > other domestic animals

*1 million people vaccinated 

*50,000 die from rabies each year.

*Pre exposure prophylaxis for workers in high risk areas – vets, park rangers
	Viral receptor is the aCH receptor on the neuron.  Replicaiton is at the site of bite( ascension up nerve to CNS, replication in the brain(salivary glands(animals bite b/c of agitation due to encephalitis 

*Humoral immune response is most important!!! 

*Ab can block progression

*anti-G protein Abs neutralize the virus

*G protein is major Ag for CTL response
	*Classical Rabies (80%)

1)Prodromal phase: fever, headache, malaise, fatigue anorexia for 2-10 days

2)Neurological phase:  hydrophobia de to spasms of the pharynx, bizarre neuro-logical behaviors for 2-7 d.

3)Coma/Paralysis phase: mental deterioration ( cardiac or resp arrest

*Non-classical (20%) – predromal phase( paralysis 
	*Negri body in neuron cell 

*Positive IFA test
	Txt: Long incubation period ( post-exposure prophylaxis of 5 doses in deltoid region 

*Wound debridement

*Human rabies Ig around area of would

Prevention: Diploid cell vaccine given in 3 doses  w/ a booster every 1-2 years

Control:  Urban: stray dog control, vaccination of dogs and quarantine of imported animals.  

	Filiovirus
	*Filamentous virions 

*RNA virus (-) strand

*Helical nucleocapsid

Members:  

Marburg virus

Ebola virus – 3 subtypes: Zaire, Sudan, and Reston
	Extensive history of outbreaks usually characterized by 80% case mortality rates.  
	*Ebola has focal hepatic necrosis w/ little inflam response.

*Follicular necrosis of lymph nodes and spleen
	Incubation period: 4-16 day

Ebola virus – lesions found in liver, spleen and kidney

Late stages of disease: hemorrhages in GI tract, pleural, pericardial, and peritoneal spaces w/ deposition of fibrin
	
	


Interesting Tidbits and Pneumonics

*Get Herpes in the CHEVy (CMV, HSV, EBV, VCZ)

*Only Influenza and Retroviruses are the only RNA virus to have important stage of replication in the nucleus of the host cell. 

*Paramyxo vs. orthomyxovirus = difference is that para has giant cell formation, HA and NA on same spike, and non-segmented genome 

*Croup causers:  RSV, Influenza, and Parainfluenza

*IN GENERAL: the last lecture was difficult to chart all of the viruses so be sure to review the handout and insert slides where stated.  

*In order of highest lethality to lowest in human encephalitis:  (Case Fatality rate %)

EEE (30-70) >St. Louis Enceph (5-15) > WEE (3-5) > California Enceph (<1) or La Crosse virus

