	Classes of Microbes
	· Disinfection vs. Sterilization
· Resistance to Killing

	Sources of Human Infection
	Primary vs. Opportunistic Pathogen

	· Sterilization

· Killing of all viable microorganisms including resistant forms such as spores

· Autoclaving

· Exposure to ethylene oxide gas

· Disinfection

· Destruction of most of the potential infectivity of material (spores often survive).

· Chlorine, hydrogen peroxide, formaldehyde, dioxide, alcohol, iodine.

· Length of exposure important – 1st order rxn

· Resistance to killing

· Spores>mycobacteria>nonenveloped viruses>fungi>bacteria>enveloped viruses
	· Bacteria (Prokaryotes – RNA and DNA)
· Aerobic and anaerobic

· Spirochetes

· Rickettsiae

· Chlamydiae

· Mycoplasma

· Mycobacteria

· Viruses (obligate intracellular parasites RNA or DNA)
· Fungi (Eukaryotes – RNA and DNA)
· Parasites (Eukaryotes)

	· Primary pathogen

· Causes disease in normal healthy people

· Breaches host cell barriers

· Opportunistic pathogen

· Causes disease in immunocompromised individuals
	· Normal microbial flora

· On skin, mucous membranes, within gut

· Often protect against pathogenic microorgs.

· Exogenous microbial population

· Soil, water, dust, food

· Many are saprophytes and do not cause disease

· Zoonoses

· In lower animals that may cause human disease

· Modes of transmission

· Respiratory/salivary spread
· Fecal-oral spread

· Venereal spread

· Vector (biting arthropod)

· Vertebrate reservoirs

· Vector-vertebrate reservoirs

	Natural Defense Mechanisms
	· Attack Rate
· Incubation period vs. generation time

· Disease Severity

	Classification of Organisms
	Classification of Viruses

	· Attack Rate
Cases/Population= (susceptibles/population)(infections/susceptible)(cases/infection)
· Incubation time

· Interval between acquisition of infection and onset of illness
· Generation time

· Interval between acquisition and transmission to another person

· Disease Severity= (virulence of microbe)(# of microbes)
host defense mechanisms

	· Skin

· Mucous membranes

· Lysozyme – lyses gram +ve bacteria
· Epithelial cells→defensins – antibacterial

· Iron-binding proteins sequester iron necessary for growth of microorgs.

· Respiratory tract

· GI

· GU tract

· Systemic

· Complement

· Phagocytes, PMNs and monocytes
· Receptors for LPS(CD 14, TLR-4) (gram -ve), mannans (mannose-binding protein)(fungi), peptidoglycan and lipoteichoic acid (toll-like R, TLR-2) (gram +ve), unmethylated CpG motifs (TLR9)

· Interferon (IFN) – early response to viral infection

· Acute phase response – release of cytokines→production of defensive molecules (complement, mannose binding protein etc) by hepatocytes (non-specific, innate defense)

	· Major divisions:

· Nucleic acid content (RNA vs. DNA)

· Presence or absence of lipid envelope

· Minor divisions:

· Single-stranded/double-stranded
· Linear or circular

· Nonsegmented or segmented

· Polarity of genome relative to mRNA (ss only)

· Plus – protein-coding sequence

· Minus – complement

· Families based on replication strategies and sequence analysis
	· Morphology

· Staining properties

· Growth properties

· Metabolic properties

· Composition

· Genetics



	· Virion structure

· Nucleic Acid structure


	Steps in virus replication

	Salk vs. Sabin vaccines
	Strategies used by viruses:

· To be maintained in populations

· To survive outside cell

	· Attachment

· Virus R/attachment protein – carbohydrates (sialic acid/glycosaminoglycans), proteins, lipids)

· Rs for >1 virus and some viruses use >1 R
· Many viruses require coreceptor molecules for cell entry
· Penetration

· Uncoating

· Transcription of early mRNA

· Translation of early proteins

· Replication of viral DNA

· Transcription of late mRNA

· Translation of late proteins

· Assembly of virions

· Release

· Non-enveloped – released late and incompletely when cell lyses

· Enveloped – occurs concurrently with maturation by budding, generally from PM
	· Virion:

· Nucleocapsid

· Core: viral nucleic acid

· Capsid: shell surrounding and protecting nucleic acid

· Icosahedron or helix

· Composed of identical copies of one to a few proteins→minimizing genetic info

· Lipoprotein envelope: all helical viruses some icosahedral viruses

· Derived from cell membrane (nuclear, PM, golgi, ER)

· Proteins in envelope encoded by virus

· Nucleic acid:

· Genetic diversity: mutation, recombination, reassortment

· RNA viruses→highest mutation rates (RNA pol has no editing functions)
· To fit info into small genome:
· Overlapping reading frames, coding off both strands, splicing, frame shifts, RNA editing

	Maintained in populations:

· Cause persistent infection (HIV, Hep B and C) – transmitted inefficiently, disease slowly progressive, avoid elimination by immune response

· Cause latent infection with periods of reactivation in which infectious virus is produced (herpes, polyomavirus)

· Cause acute infection that is transmitted efficiently to susceptible non-immune individuals (measles, polio, rubella)

Survive outside cell, but instable enough to uncoat in cell

· Possibly by controlled induction of conformational changes in virion proteins upon exposure to Rs, proteases, endosomal pH, formation of ion channels


	Salk (recommended)

· Inactivated, concentrated wildtype viruses

· Prevented polio, but not enteric infection and spread

Sabin
· Live, attenuated (nt change in IRES)

· Induces mucosal immunity

· Prevents infection

· Risk of reversion of vaccine to neurovirulence (cause of most US polio cases)

	Pathogenesis of Virus Infection

· Effects of virus on cell
	· Potential routes of entry

· Viral Spread

	Immune response to viral infection
	Neutralizing Ab vs. Cellular immunity

	· Routes of entry

· Respiratory tract

· GI tract

· Skin

· Mucosal surfaces

· Viral spread

· Infect lymphoid tissue→viremia

· Viremia

· Cell-free infectious virus in blood

· Virus carried by leukocytes

· Then infects distal tissues by infection of endothelial cells or other cells in contact with blood

· Spread to brain by blood or retrograde axonal transport by neurons of viruses from periphery to nervous system (herpes simplex, varicella, rabies)

· Local disease at initial infection→short incubation periods

· Distal disease→long incubation
	· Death of cells (induction of apoptosis)
· Transform cells
· Replicate in cell
· Cause cellular dysfunction
· Without causing cellular dysfunction
· Ds RNA, common to genomes/replication cycles of may viruses→local synthesis of IFN→antiviral response in surrounding cells

	· Neutralizing Ab

· Terminate viremia/prevent cell-to-cell spread of virus
· Control infection in cells not killed by virus/no susceptible to T-cell clearance
· Prevent reinfection by neutralizing new input viruses
· Cellular immunity

· Immune response at infection site
· Clearance of virus from tissue (CTL)
· Recruitment of other effector cells (B cells, monocytes) to infection site
· Activate macrophages
· Help for B cells→mature/long-lasting ab response
· Features of cellular immunity

· Cross-reactive specificity for viral ag: nonstructural proteins and proteins inside virion (often conserved) and surface ags
· Cytotoxic T lymphocytes recognize Ag on
· MHC I – virus replication in cell (CD8)
· MHC II – virus endocytosed and degraded

	Nonspecific/innate:

· Type I – induced directly by viral infection→activates JAK/STAT pathway→induce tx antiviral proteins

· Leukocytes→IFNα

· Fibroblasts/epithelial cells→IFNβ

· Type II – produced in response to many Ags

· T cells/NK cells→IFNγ
Specific/acquired

· Antibody to most viral proteins formed

· Measured by

· Neutralizing Ab, enzyme immunoassay, inhibition of hemagglutination, complement fixation, western blot

· Neutralizing Ab

· ↓ viral titer by blocking viral attachment or preventing uncoating/release of virion
· Cellular immunity

· Expansion of T cells specifically reactive to viral ags

· Measured

· Lymphoproliferation, lymphokine production, T lymphocyte cytotoxicity for virus-infected cells

	Influenza gene reassortment
	Hemaglutinin

	Influenza virus entry into host cell
	Neuraminidase

	· 14 different antigenic types
· Flu A, H1-14

· Trimer – globular head on stalk

· Multifunctional

· Binds R sialic acid→agglutinates rbcs

· Mediates fusion of viral envelope with cell membrane

· Target of neutralizing Abs

· Minor mutations→antigenic drift

· Replacement with gene from alternate hosts results in antigenic shift
	· 2 different genes infect the same cell

· Replication of all genome segments within cell

· Virus assembly with mixing of segments

· Reassortment causes antigenic shift

· New virus can replicate in human cells

· Humans lack immunity
· Nomenclature

· Type/# of isolate/year of 1st isolation/HA and NA subtypes



	· Tetramer

· Cleaves sialic acid residues on cell surface during virus exit
	· Virus binding
· Virus particle endocytosed

· ↓pH→conformation HA change in endosome→exposure of hydrophobic aas in HA

· Fusion of viral envelope with endosome membrane

· Release of genomes into cytoplasm

· No syncitium formation

	Influenza virus M2 protein
	Influenza virus replication

	Influenza immunity
	Influenza complications

	· Occurs in nucleus

· Virus lacks mRNA capping and methylating enzymes→steals caps from host mRNA to prime viral mRNA

· Viral mRNAs translated on smooth and rough ER

· HA/NA transported through Golgi to PM

· M1 shuttles new nucleocapsids into cytoplasm

· HA/NA/M2 migrate to apical surface

· Restricts virus to respiratory tract

· M1 binds NCs to HA→budding

· Virus replicates in ciliated columnar epithelial cells in respiratory tract→tracheobronchitis

· Virions shed into respiratory tract→transmission

· Virus-induced apoptosis of infected cells

· Protected mucous layer disrupted

· Respiratory epithelium denuded

· Transudates and exudates→inflammatory cells and dead epithelial cells
	· Tetramer
· Spans viral envelope

· ↓pH activates M2 channel→protons pumped into virion

· ↓pH in virion loosens protein-protein contacts

· HA/M1 contacts altered and HA conformation change triggered

· Fusion peptide translocated→facilitates virus uncoating/fusion

· Target for amantidine

	· Primary viral pneumonia – interstitial pneumonitis

· Chest x-ray: bilateral infiltrates

· N1 flora

· High mortality

· Secondary bacterial pneumonia – facilitated by damage to innate immune system

· Improvement→worsening

· Chest x-ray: consolidation

· S.pneumo, H.flu, S.aureus

· Low mortality
	Innate Resistance

· Mucus barrier
· Clearance by cilia
· Alveolar macrophages
Adaptive Immunity

· Protection
· IgA (mucosal), IgG (serum)
· Clearance
· IgG + complement
· CTL
At Risk

· Elderly, smokers, chronic pulmonary disease, immunocompromised pts, pregnancy

	Influenza Vaccine
	Paramyxovirus surface glycoproteins

	Paramyxovirus replication cycle
	Parainfluenza diseases

	· Carbohydrates attached in ER and Golgi

· Cell attachment protein

· Binds cellular R

· Elicits neutralizing Ab

· H, HN, G

· Fusion protein

· F→F1 and F2 (activation required for virion infectivity
	· Killed (inactivated) vaccine (primarily NA/HA)

· Reformulated annually

· Recommended for health care workers and populations at high risk of morbidity and mortality

· Provides partial protection

· ↓incidence 30-70%

· ↓morbidity and mortality 60-90%

· Live attenuated intranasal vaccine (FluMist)

· Reformulated annually

· Approved for 5-49yo

· Cold adapted: replication at intranasal temp

· Temp sensitive: restricted replication at 37oC

	· Parainfluenza 1-3

· Common cause of URI

· Most common cause of laryngotracheo-bronchitis (croup)

· Most children infected <5yo (reinfection less severe)

· Diagnosis: Cx
· No vaccine available
	· Entry

· Virions fuse at PM

· Intracellular replication

· All RNAs synthesized in cytoplasm

· H/F transported through ER/Golgi to PM

· Exit

· NCs assemble below H/F – virion assembly mediated by matrix protein

· Virion budding or fusion with adjacent cell (→giant cell formation)

	Respiratory Syncitial Virus
	Human Metapneumovirus

	Measles
	Mumps

	· Paramyxovirus

· Winter outbreaks

· Mostly childhood infections <5yo

· Severe in children and elderly

· Repeated infections (less severe URI)

· Symptoms

· Mild respiratory symptoms→severe cough, bronchiolitis, pneumonia

· 7-40% ped. RIs
· Dx: RT-PCR (Abs not available)

· Parallels to RSV
	· Paramyxovirus

· Winter outbreaks of respiratory disease

· Transmission: direct contact with respiratory secretions

· Causes

· Otitis media, bronchitis, bronchiolitis, croup, pneumonia 
· Severe in young infants

· Partial immunity after primary infection

· 1o RSV URI progress in severity

· Cough, wheezing, dyspnea, ↑RR, hypoxemia

· 1% infants hospitalized→1% mortality

· Dx: Direct staining of NPAs with fluorescent monoclonal Abs or cx

· Vaccine: under development

	· Paramyxovirus

· Infection of glandular epithelial cells

· Parotitis, orchitis

· Pancreatitis, ovarian infection are infrequently recognized

· Meningitis – 10% cases

· Dx: Cx (saliva, urine, CSF), serology

· Live attenuated vaccine
	· Paramyxovirus

· Respiratory, aerosol transmission
· Replication

· 1st site: respiratory epithelium

· 2nd site: local lymph nodes

· Dissemination by infected monocytes departing from resp. LN (1o viremia)

· Epithelial/endothelial cells infected throughout body release virus into blood (2o viremia)

· Sx (arise during viremia):

· Prodrome: fever, cough, coryza, conjunctivitis, Koplik spots

· Rash arises with immune response

· Immune response

· CD4 help, CD8 clearance, IgM, neutralizing IgG
· Measles-induced immune deficiency
· Early – lymphopenia, middle - ↓DTH response, lymphoproliferation, late – effects on thymus?
· Dx: clinical pic., direct stain resp. secretions w/Ab, cx, serology
· Live attenuated vaccine (given 12-15mo)

	Rabies
	Causes of gastroenteritis

	Pathogenesis of rotavirus
	Rotaviruses

	· Viruses that infect villi (mature enterocytes)

· Adenovirus – SI

· Calcivirus – SI

· Astrovirus – SI, Peyer's patches

· Rotavirus – SI

· Villi and crypt

· Coronavirus – SI (mature), LI(surface/crypt cells)
· Torovirus – SI (mature), Peyer's patches, LI(surface/crypt)

· Crypt

· Parvovirus - SI
	· Rhabdovirus

· Pathogenesis

· Transmitted from saliva bite of infected animal→limited replication in mm. and subepithelial tissue→uptake by sensory/motor neurons→retrograde tx to cell body→replication→avoidance of immune response through synaptic transmission

· Prodrome: fever, malaise, paresthesis at bite site→anxiety, aggressive behavior, seizures, hypertonia, paralysis
· Dx: clinical exposure/ hx, biopsy, immunochemical staining, PCR
· Inactivated vaccine
· Long incubation period→post-exposure use
· Pre-exposure immunization for ↑risk exposure

	· Reoviridae
· Structure

· Double-shelled capsid

· 11 segments dsRNA (+,-)
· surface proteins: VP4, VP7

· Very stable in environment

· Replication

· VP4 possesses conserved trypsin cleavages site
· Cleavage of VP4 in intestine→activates virus infectivity by facilitating virus tx across PM

· Outer shell lost→single shelled particle→cytoplasm→transcriptionally active

· RNA dept RNA pol inside particle, NTPs imported, viral mRNAs synthesized→released to cytoplasm for translation

· Mature virus particles assembled→released by lysis of infected cell
	· Infects mature enterocytes in mid and upper SI villus→cell death, villus atrophy
· Diarrhea within 12 hours of infection

· Secretory fluid and electrolyte loss mechanisms

· Enterotoxin nsP4 production

· Nonstructural protein anchored in ER membrane→↑intracellular Ca++ 
· Peptide cleaved form nsP4→released from infected cell→binds secretory cells in crypt→Cl- secretion

· Stimulation of nerve endings→Cl- secretion

· Later effects of infection

· Malabsorption

· Disruption of paracellular fluid movement

· Sx: vomiting, diarrhea, dehydration

· By 3yo, 90% infected with rotavirus

· Primarily infects infants

· Primarily winter

· US spread West→East

	Pathogenesis of Norwalk virus


	Hepatitis syndrome

	Causes of Hepatitis
· Non-infectious

· Infectious
	

	· Inflammation of liver
· 
	· Incubation period <48hrs

· Broadening and blunting of jejunal villi w/infiltration of inflammatory cells

· Transient malabsorption of fat

· Sx: Delay in gastric emptying→(may lead to vomiting/nausea)

· No seasonality

· Epidemiology

· Epidemics of gastroenteritis in school-children and adults (primarily)
· Occur in camps, recreational areas, elementary schools, cruise ships, nursing homes, colleges

· Ingestion of raw shellfish

	
	· Non-infectious

· Alcohol use

· Acetomeniphen

· Halothane

· Isoniazid

· Other medications

· Shock/acute obstruction

· Infectious

· Non-viral
· Pneumococcal pneumonia, leptospirosis, sepsis, tuberculosis, histoplasmosis, ricketsial infection, syphilis

· Viral

· CMV, EBV, HIV, adenovirus

· Hepatitis viruses



	Parvovirus Replication
	B19

	Papovirus Replication
	E7 protein of HPV

	· Autonomous parvovirus
· Respiratory, blood transmission, incubation 5-6 days – children and adults
· Sx: 2 phases

· Viremic phase: fever, malaise, myalgias, erythematous rash (face)
· Lacy, evanescent maculopapular rash→extremities, RA in adults
· Fifth disease (childhood rash disease erythema infectiosum), acute and recurrent arthritis, aplastic crisis in chronic hemolytic anemia, persistent infection and chronic anemia in immunocompromised, hydrops fetalis (1,2 trimester)
· Cellular R: globoside (blood group P antigen) found primarily on erythroid cells, replicates erythroid precursors

Cytopathic
· Giant pronormoblasts, nuclear inclusion, cytoplasmic vacuolization, seen in infected BM, erythroid destruction→absence of reticulocytes for several days→anemia
Toxicity 

· Permissive cells: productive→cell lysis

· B19 nonstructural protein (NSP)→apoptosis
· Megakaryocytes non-productively infected: defect in transcription of mRNAs→structural proteins→functionally compromised→killed by NSP overproduction
	· 2 overlapping reading frames
· 3 structural coat proteins

· 1 or 2 nonstructural proteins→transcription and DNA replication

· Replication occurs in nucleus

· Cellular DNA pol→synthesizes dsDNA

· Cellular RNA pol II transcribes mRNA

· Autonomous virus requires cell to go through S phase in order to replicate

· Cannot stimulate host DNA synthesis in resting cells

· Steps

· Binding to R→entry→translocation of DNA to nucleus→transcription of nonstructural RNA→transcription of capsid RNA→protein translation→capsid self-assemble/nonstructural protein action on vDNA/DNA rep/insertion of DNA into capsids/virus release and cell lysis

	· Nuclear zinc-binding protein→DNA synthesis in resting cells

· Binds retinoblastoma tumor suppressor pRB→release E2F-1, transcriptional activator of cellular genes in DNA synthesis (in complex with pRB cannot activate transcription)→progression to S phase
	· In nucleus of squamous epithelial cells

· Overlapping reading frames

· Early genes (E1-E8) – regulatory proteins

· Replication, transcription, transformation

· Also expressed in nonproductively infected cells

· E2, E6, E7→important for HPV pathogenesis

· Long control region (LCR) – origin of rep., and control elements for transcription and replication

· Late genes (L1, L2): expressed only in productively infected cells


	E6 protein of HPV
	HPV

	Polyoma virus
	Smallpox/Variola

	· Papovaviridae – papillomavirus

· PVs are species specific, restricted in tissue tropism

· Cutaneous cause warts – enters through abrasion, infects basal layer of epidermis→E7 induces hyperplasia in resting cells→infected cells mature into keritinocytes→L1/L2 expressed→infectious virions produced

· incubation: mos-yrs

· Mucosal: infect genital, oral, respiratory mucosa

· Cervical: infect proliferating cells at squamous-columnar border→flat condyloma (after mos)

· Early stages, including cervical dysplasia

· Unitegrated, autonomously replicating episome in nucleus

· In malignant cells, vDNA integrated→disrupts E2 that controls E6 and E7 expression
· HPVs can transform cells→squamous carcinomas

· HPV-16,-18 highly oncogenic, HPV-6,-11 low oncogenicity

· E6, E7 required for efficient immortalization of keratinocytes (oncogenic)
· Epidemiology
· Most women infected→asymptomatic, clear infection, no malignancy
· Malignancy: cervical intraepithelial neoplasia (CIN)→invasive disease
· Vaccines under experimentation
	· Activates telomerase in epithelial cells

· E6 encoded by high-risk HPVs→complexes with p53 mediated by E6AP→targets p53 for ubiquitin-mediated degradation

	· Poxvirus

· Respiratory transmission

· Infection in mouth, trachea, lungs→lymph nodes→replicated in macrophages→spreads through blood to other organs

· Incubation period: 12d

· Sx: fever, prodromal symptoms→lesions in oropharynx and skin (including palms and soles)
· Lesions begin as macules→papules→vesicles→pustules→scab

· 12-21d

· At rash peak→toxemia, vomiting, diarrhea, dehydration

· 2 forms of disease

· Variola major: mortality=5-30%

· Variola minor/alastrim: mortality=<1%
	· Papovaviridae

· Clinically important

· BK→hemorrhagic cystitis
· JC→progressive multifocal leukoencephalopathy (PML) (fatal demyelinating disease, common neurologic complication of AIDS)
· Cause disease mainly in immunocompromised

· Subclinical infection in childhood→persist in kidney usually without ill effect

· Can be reactivated during immunosuppression



	Molluscum contagiosum
	Chickenpox vs. Smallpox

	Vaccinia virus
	Monkeypox

	Smallpox

Chickenpox

Fever

3d before rash

same as rash

Rash

appearance

crop at same stage
at different stages
development

slow
fast

distribution

centrifugal

even

plams and soles

ususual

uncommon

death

10-30%

rare

· 
	· Benign

· Spread by close contact

· Sx: small umbilicated papules present on exposed epithelial surfaces

· Localized or disseminated

· Spontaneous resolution or persistence for mos-yrs

	· Rare zoonosis

· 10% mortality

· Increased adaptation to humans may result in more widespread disease
	· Grown in cows

· Delivered by percutaneous inoculation for smallpox

· Sx: localized skin lesion (2-4cm), lymphadenopathy, fever

· Spread from local site can occur in infants, immunosuppressed, eczema (progressive vaccinia and eczema vaccinatum)→can be lethal

	Tropism
	· Upper respiratory tract vs lower respiratory tract viruses
· Respiratory tract host defenses

	· Urogenital tract viruses
· Urogenital tract host defenses
	· GI viruses 

· GI tract host defenses

	· URT

· Rhinovirus

· Coronavirus

· Parainfluenza virus

· Respiratory syncitial virus

· Influenza virus

· LRT

· Adenovirus

· Parainfluenza virus

· RSV

· Influenza virus

· Host defenses

· Mucociliary apparatus

· Alveolar macrophages

· Adaptive immune responses
	· Predilection of viruses to enter and replicate in cells of certain tissues and not others

· Expression of viral R on cell surface

· Appropriate machinery for replication

· Neurotropism

· Pneumotropism

· Enterotropism

· Pantropism



	· Rotavirus

· Reovirus – converted by proteases to infectious particle
· Measles

· Poliovirus – acid resistant
· Adenovirus Stomach pH

· Host defenses

· Digestive Enzymes

· Flow of ingesta

· Adaptive immune responses

· Enveloped viruses cannot survive gut
	· HIV

· HSV

· HPV

· Host defenses

· Urine flow

· Thick epithelial layer

· Acid pH

· Adaptive immune responses

	· Eye viruses

· Host defenses in eyes
	· Skin viruses

· Host defenses in skin

	· Nervous system viruses
· Host defenses in nervous system
	Localized vs. Systemic infection

	· Poxviruses

· Papillomaviruses

· Rabies

· Togaviruses

· Alphaviruses

· Infect skin after systemic spread

· Chicken pox

· Measles virus

· Host defenses

· Epidermis
· Skin oils
	· HSV

· Host defenses – poor immune defenses
· Tears

· Thick epithelial layer

· Adaptive immune responses

	· Virus buds into lumen→local infection

· Virus buds below basement membrane→systemic infection
	· Rabies
· HSV

· HIV

· Measles

· Alphaviruses

· Host defenses

· Blood-brain barrier

	Viral damage to tissues
	Virus altered host cell functions

	Viruses that inhibit apoptosis
	Viruses that promote apoptosis

	· Poliovirus – inhibits ER-golgi protein traffic/inhibits transcription

· Paramyxovirus – fusion of cell membranes

· Adenovirus – inhibits 5' end dept translation

· Herpesvirus – disassembles polysomes

· Many viruses – depolymerize cytoskeleton
	· Cell swelling

· Necrosis

· Shutdown of protein, NA synthesis

· Accumulation of viral components in cell

· CPE

· Apoptosis

· Initiation/promotion of apoptosis cascade

· Inclusion bodies

· Syncitia/multinucleated giant cells

· Cellular hyperplasia/proliferation

	· HIV

· Tat

· Chicken anemia virus

· VP3/apoptin

· Sindbis virus

· E2/glycoprotein

· HTLV-1

· Tax
	· Adenovirus

· E1b55k (binds p53)

· E1b19k (bcl-2-like fx)

· Baculovirus

· P53 (protease inhibitor)

· Epstein-Barr virus

· BHFR1 (bcl-2 homolog)

· Herpesvirus saimiri

· ORF 16 (bcl-2 homolog)

· African swine fever

· LMW5-HL (bcl-2 homolog)

· Cowpox

· crmA (protease inhibitor)

· HIV

· Tat

	Viral inclusions
	CPE of necrosis

	CPE of Syncitia
	CPE of cellular hyperplasia/ proliferation

	· Ballooning degeneration – loss of PM integrity with fluid uptake into cytosol
· Cell death – pyknosis (clumping of chromatin/hypereosinophilic cytoplasm

· Release of virions

· Disruption of tissue architecture (caseous vs. coagulation)

· Malformations during fetal development
	· Viral/cellular products

· Often only early in infection

· Intranuclear (ie. herpesvirus, CMV (owl's eye)
· Intracytoplasmic (ie. smallpox, molluscum contagiocum-poxvirus)

· Eosinophilic, basophilic, amphophilic

	· Self-limited/transient

· Atypical differentiation/accumulation of viral products

· May be pre-neoplastic

· Ie. molluscum contagiosum

· Virus-induced neoplasia

· Often integration of viral genomes into DNA

· Examples

· Epstein-Barr→Burkitt's lymphoma (Nasopharyngeal lymphoma)

· HPV – cervical carcinoma

· HTLV-1 – T cell leukemia

· 
	· Multinucleated cells formed from fusion of infected cells, usually epithelial (ie. measles)

· Viral fusion proteins expressed on surface of cells

· Permits virus transmission without exposure to host defenses



	Patterns of viral disease
	Viral virulence genes

	Genetic and non-genetic determinants of host susceptibility
	Virus-induced immunopathology

	· Affect virus ability to replicate – ie. DNA pol in neurons/non-dividing cells
· Defeat host's defense mechanisms

· Virokines, viroceptors

· Promote virus spread

· Gene products that are toxic

· Virotoxins


	· Acute infection

· Rhinovirus, rotavirus, influenza virus

· Persistent infection

· Lymphocytic choriomeningitis virus

· Latent, reactivating infection

· HSV
· Slow virus infection

· Measles SSPE

· HIV

	· CD8+ - sin nombre virus, HBV,HIv

· Cd4+ - 

· Th1 – measles virus, HSV

· Th2 – RSV

· Ab mediated – Dengue virus
	· Non-genetic

· Age

· Gender

· Malnutrition

· Other – smoking, stress, corticosteroids

· Genetic

· MHC II diversity

· Specific resistance genes

· Genes encoding chemokine Rs that are coR for HIV

	Mechanisms of virus-induced autoimmune disease
	Herpesvirus

	Herpes viruses that infect humans
	HSV

	· Transmitted within species

· Common structural features

· Large dsDNA

· Enveloped

· Replicate in nucleus in sequence (immediate early, early, late genes (α, β, γ)

· Common biological features

· Intranuclear inclusions

· Multinuclear giant cells

· Latent and lytic cycles

· Establishing latency

· Anatomic sites protected from immune surveillance

· Blocking presentation of viral ags

· Producing cytokines that distort immune response

· Producing factors that inhibit interferon
	· Molecular mimicry – viruses share ag determinants

· Viruses induce polyclonal B cell activation

· Abnormal induction of MHC ags –esp. CNS

· Replication of anatomically sequestered site→release of self-ags.
· Classical immune response to viruses is mononuclear not polymorphonuclear

	· Direct contact transmission – exposure at mucosal surfaces/abraided skin

· Commonly lips/mouth/genitals=1O infection

· Replicates in cells of epidermis/dermis→cell death
· Also infects nerve terminals→travels retrograde→nerve body→spread to contiguous neural tissue→spread back through axons to periphery

· May not result in cell death→vDNA maintained (trigeminal and sacral ganglia)=latency

· Viral proteins not expressed

· Virions not detected

· Reactivation by environmental stimuli→virus travels back down axon→epithelial cells
· Reactivation stimuli

· UV light (skiing), immunosuppression (↑dose chemotx), trauma (dental extraction, trigeminal nerve root decompression), hormonal changes (premenstrual), fever
	· Herpes simplex type 1 (HSV1)
· Herpes simplex type 2 (HSV2)
· Varicella-zoster virus (VZV)
· Cytomegalovirus (CMV)

· Epstein-Barr virus (EBV)

· HHV-6

· HHV-7

· HHV-8/KSHV

	HSV entry
	HSV replicative cycle

	HSV1 vs HSV2
	Varicella-Zoster virus

	· Immediate early genes
· VP16* and Oct-1 (tx factor) bind as complex to promoter

· Activators of early and late gene expression

· Early genes

· Regulatory proteins and proteins required for DNA rep. (vDNA pol)

· vDNA replication begins

· Late genes

· Structural proteins

· All viral proteins translated in cytoplasm transported back to nucleus for virion assembly

· vDNA cleaved from long concatemers – viral cleavage-packaging protein on vDNA indicates where to cleaved→linear genome left in capsid
· Latent viral gene expression
· Virion proteins may not be transported to nucleus
· Neuron-specific transcriptional factors important in supporting alternate pattern of gene expression
· Only vRNA transcribed (LAT) accumulates in nucleus – antisense to some lytic genes
	· Virion attaches via glycoproteins to PM

· Viruses lacking glycoproteins B (gB)*, gD*, gH* bind but do not penetrate

· Virion proteins released into cell cytoplasm

· Viral host shut-off protein – shuts off host protein synthesis

· Transcription initiator (VP16) – activates transcription of immediate early genes

· Virions much more infectious than naked DNA

· Nucleocapsids transported on cytoskeleton to nuclear pores→viral DNA enters pore (becomes circular upon release), capsids left at nuclear pore

	· 2 diseases

· varicella/chickenpox

· Childhood (5-9yo pre-vaccine era) vesicular rash

· 2-4d pruritic lesions

· Respiratory transmission

· Initial replication at unknown sites→viremia

· 90% attack rate

· Infectious 2d before rash

· Latent in sensory ganglia

· zoster/shingles
· Dermatomal unilateral vesicular rash w/ severe pain

· Reactivation: ↑ w/↑age, immunocompromised (viral dissemination)
· 15% develop shingles
· VZV live attenuated vaccine – 85% completely protected 15% modified chickenpox infection
· Viral replication blocked by acyclovir and famciclovir
	· 50% homologous

· HSV1 Abs in 90% adults

· HSV2 Abs in 30% adults

· Clinically indistinguishable

· Clinical aspects

· HSV1 more likely to recur in oral-labial infection

· HSV2 more likely to recur in genital infection

· Transmission may occur from asymptomatic shedders, more likely from symptomatic

· Incubation: 1wk

· 1O infection: gingivostomatitis and pharyngitis

· accompanied by fever, malaise, adenopathy

· Reactivation: lip lesions, no pharyngitis

· May occur in other sites

· Herpatic whitlow – infection of finger

· Infection of cornea

· Esophagitis

· Pneumonia

· Herpes gladiotorum – in wrestlers

· Sporadic encephalitis
· Dx: recognized clinically, CPE: giant cells (Tzank preps), culture, PCR in CSF

	Cytomegalovirus
	HHV6/HHV7

	Epstein-Barr virus
	Infectious Mononucleosis

	· HHV6

· CMV-like virus

· Associated w/ roseola

· Rash and fever in infants

· BM tx patients→encephalitis and pneumonitis

· HHV7

· Not associated w/ disease


	· 1O infection=asymptomatic – sometimes fevers, mono-like syndrome in adults
· AIDS patients→retinitis

· BM tx patients→pneumonitis

· Salivary/sexual transmission

· Congenital infection: cytomegalic inclusion disease

· 1O infection in mothers during pregnancy

· Microcephaly, intrauterine growth retardation, abnormalities

· Latency: hematopoietic cells

	· Sx: Sore throat (possibly from lytic replication in oropharynx), fever, generalized lymphadenopathy, splenomegaly, atypical lymphocytes (mainly activated T cells)
· Manifestation of 1O EBV infection in adults and adolescents

· Proliferation of B cells (10% of B cells infected) followed by T cell response – lymphoid hyperplasia quickly disappears
· Polyclonal hypergammaglobulinemia

· Paul-Bunnell heterophile Ab produced against erythrocyte ag.→mono spot test

· IgG titers to viral capsid ag (VCA) and EBNA remain elevated
· IgM anti VCA is only +ve in 1st months after acute EBV infection
	· Predominantly latent herpesvirus

· Circular DNA (episomes)

· Latent viral replication requires cellular machinery and 1 viral protein (EBNA-1)→not sensitive to acyclovir, or other inhibitors of vDNA pol

· Salivary transmission

· Establishes latency in tumor cells (ie. EBV-immortalized B cell lines – B cells usually die out over several days-weeks)

· Express ~11 genes→cause infected cell to grow, but do not produce new virions

· Acyclovir has no effect on immortalized B cells wrt. growth

· ~95% adults infected by EBV
· Sx: asymptomatic, may be associated w/ infectious mononucleosis

· Oropharynx→B cells (CD21R – target of ab blockade; GP350/220 viral envelope glycoprotein/ligand)→B cell compartments throughout body→intense immune response→controls proliferation

· Responding lymphocytosis reflects infectious mononucleosis: "atypical lymphocytes" – CD8+ Tcells, NK cells

· After 1O infection, balance achieved between cellular immune response and infected B cells (1,000 T:10 B)→intermittent virus shed in saliva for entire life (no adverse effects of chronic infection

	
	

	
	

	
	

	
	


