Basic Virology

I. Historical Perspective

a. Dimitri Iwanowski (“Father of Virology”)
i. Demonstrated “filterability” of TMV
ii. VIRUS (L. Poison)
II. General Viral Characteristics

a. DNA or RNA Viruses (never both!!)
b. No innate ability for replication - no mitosis, binary fission, meiosis
c. Replication(assembly of preformed components) not reproduction.
d. Do not grow, self-assemble
e. Don’t generate metabolic energy, b/c can’t synthesize proteins.
f. Obligate Intracellular Parasite
g. Submicroscopic: Filterable (need EM to view) except Pox virus.
h. Structural features are determined by requirements for transmission and attachment.
III. Viral Terminology
a. Virion – complete infectious viral particle

b. Pseudovirion – incomplete virus particle (empty protein shell). Contains host cell DNA instead of viral DNA in the capsid. 

c. Capsid – protein coat or shell surrounding nucleic acid

i. Protects, Receptor binding sites, used in assembly

d. Nucleocapsid – complex of protein w/nucleic acid (i.e. genome+capsid)

i. Only in enveloped viruses

e. Core – Nucleic acid + protein

i. Not used to describe helical nucleocapsids, reserved for complex virions

f. Peplomers(spikes) – viral glycoproteins that project from envelope.

g. Viral Attachment Proteins – coded by virus, used to attach to cellular receptor. 

h. Stepwise replication – temporal order of replication starting w/viral attachment protein(may or may not be receptor dependent).

i. Penetration(Uncoating(Replication(Assembly(Exit or release by “budding” or cellular disintegration.

1. Budding: bacterial viruses burst out(fast)

2. Disintegration: animal viruses(slow) 

i. Penton Fibers – long viral glycoproteins (adenovirus)

j. Defective virus – virus missing a structural feature for transmission or attachment. 

k. Simple(“naked”) Virus – capsid + nucleic acid

l. Enveloped Virus – nucleocapsid surrounded by a flexible envelope(lipoprotein derived from host cell membrane)

IV. Viral Morphology

a. Classification of virus is based on mode of replication and morphology of genome(DNA or RNA)
b. Naked Icosahedral (simplest virus)
i. Penton fibers (Adenovirus)
c. Naked Helical (TMV)

d. Enveloped Icosahedral (Herpes Virus)
i. Peplomers(spikes) – (Orthomyxovirus – flu virus)
e. Enveloped Helical (Paramyxovirus)

i. Peplomers
f. “Complex” (Small Pox)

V. Properties of Viruses
a. Size: smallest microorganisms (20-300nm)

i. 10-100x smaller than bacteria

b. Composition

i. Proteins+Nucleic acid+some lipid(always from host) and glycoproteins.

c. **Mode of Replication**

i. Dictated by nucleic acid

ii. Lacks binary fission

iii. Self-assembly of preformed components that were synthesized separately.

VI. Survival Dilemma

a. Must replicate genome

b. Relies on host cell’s “biosynthetic machinery”, therefore host cell has to be compatible.

i. Virus requires a mechanism to take over & control cell biosynthesis.

c. Virus may alter structure and/or function of host cell
i. Virus gets into cells, where immune system & antibodies can’t work.

ii. Interfeuron – blocks viral cell production

d. Encapsidated genome prevents hydrolysis of nucleic acid and assists transmission.

VII. Descriptive Features
a. Infectious virions multiply in 1 cell then invade other cells.

i. Transmit virus from 1 cell to another

1. Via general circulation

2. Via cell-2-cell transmission: avoids immune system

ii. Some may integrate genetic info into host cell DNA

1. Leads to transformation or alteration of cellular fxn.

iii. Viral genome may be replicated as host DNA replicates. 

VIII. Capsid Architecture
a. Protomers (Structural units)
i. Several homo- or heterologous individual polypeptides
ii. Often identified following disruption of capsid w/salts or detergents. 
b. Capsomeres (Morphological units)

i. Noncovalent aggregations of protomers (seen in EM)

1. 2 protomeric types(hexan & penton) combine to become icosahedral .

ii. Assembly units – intermediates required for assembly of larger structures, usually symmetrical & composed of structural units.

IX. Capsid Structure

a. Virus particles assemble from protein subunits, which are encoded by 1 or very few genes.
b. Lack of Internal Symmetry – protomers are not symmetrical 
c. Uniform Bonding – bonds between subunits are almost identical(quasi-equivalent)
d. Capsid size & shapes vary because protomers are different for each virus.
i. Capsomeres are made up of protomers (all the same)
e. Nucleic acid is NOT required for assembly, but may increase stability

i. Association of nucleic acids with capsid is highly specific.
X. Virus Structure

a. Two types defined by the symmetrical arrangement of subunits:
i. Icosahedral 
ii. Helical
b. Many viruses are “complex” often having combinations of icosahedral & helical structures, plus an envelope or other features. 

c. Helical Virus(TMV, Para-,Orthomyxovirus):
i. TMV
1. One rotational axis of symmetry
2. One type of protomer
3. RNA determines length of helix
4. 5 fold axis
ii. Paramyxovirus

1. Enveloped helical virus w/ssRNA
2. Peplomers (spikes)
iii. Orthomyxovirus(“flu virus”)

1. Enveloped helical virus w/ssRNA & peplomers
d. Icosahedron(Adenovirus, Herpesvirus)

i. 5:3:2 fold symmetry
ii. Rotation of icosahedron demonstrates symmetry
iii. Penton @ vertices, Hexons in between.
iv. Triangulation Number – smallest # of inscribed triangles. Used for classification. 
v. Herpesvirus
1. Enveloped icosahedral virus w/dsDNA
2. Knobs(projections) on envelope.
e. Complete Virion(Pox virus)

i. Has core, and codes for many proteins
ii. Larger than Chlamydia but doesn’t have own energy source.
f. Rotavirus(Reoviridae)

i. DsRNA (only known replicating virus w/dsRNA)

ii. Double capsid ( very resistant to denaturation

iii. Leading cause of infant mortality with regards to diarrhea.

g. Bacteriophage

i. Not in humans

ii. Both icosahedral and helical structural elements

iii. Can inject genetic material giving antibiotic resistance to host. 

XI. Virus Taxonomy/Classification
a. General

i. Early on based on common properties of viral diseases

ii. Later structural information influenced classification.

iii. Recently, molecular approaches have been used.

b. Physiochemical properties of Virion

i. Shape

ii. Size

iii. Envelope/Nonenveloped

iv. Symmetry

v. Capsid Morphology

c. Nucleic Acid Genome

i. DNA or RNA (never both)

ii. Size & Polarity of nucleic acid

1. (+) RNA = mRNA

2. (-) RNA = goes through steps to become mRNA

iii. ssDNA/dsDNA, linear/circular, segmented/nonsegmented

1. Retrovirus – diploid stranded RNA

iv. 5` cap, 5` protein, 3` poly (A) 

d. Properties of Proteins

i. Number, size, functions, amino acid sequences, location

e. Replication

i. Dependent on nucleic acid strategy of replication

ii. DNA viruses replicate in nucleus (exception: Pox virus)

iii. RNA viruses replicate in cytoplasm (exception: Retrovirus, Ortho)

f. Physical Properties

i. Thermal, cation, solvent, detergent, pH, radiation stability

g. Biological Properties

i. Serological relationships

ii. Host range

iii. Pathogenicity

iv. Tissue tropism

v. Mode of transmission

vi. Vectors, Geographic distribution

vii. Disease produced

XII. Cultivation/Propagation of Viruses

a. Cell & Organ culture

b. Primary culture is directly from the animal

c. Cell Strains ( Primary cells upto 1st 50

d. Continuous cell lines (Immortalized or heteroploid)

e. Normal cells are anchorage dependent

f. Tumor cells are anchorage independent
XIII. Viral Assays

a. Focus Assays
i. Quantitative

ii. Provide a direct estimate of the number of infectious virus particles in a sample.
iii. Usually 1% or less of the total number of particles. 

iv. Based on cytopathic effects (CPE) of virus

1. Pocks(Embryonated eggs) – small indentations

2. Plaque Assays – infect layer of cells w/virus then look for clear areas. 

3. Transformation Assays – cell culture transformed into tumor cell culture. 

b. Electron Microscopy(EM)

i. Provides a direct estimate of # of virus particles

c. Enzymatic Assays

i. Look for enzymes common to a particular virus and then quantify them.

1. Neuraminidase – Raised lvls in flu virus

2. Reverse Transcriptase – Raised lvls in retroviruses.

d. Nucleic Acid Detection

i. Northern/Southern Blot & PCR

e. Quantal Assays

i. End-point dilutaions to measure infectious dose of virus

ii. Infectious dose: # of viral particles needed to create infection.

iii. Expressed as the 50% infectious dose (ID50): Number of particles needed to cause infection in half the hosts. 

iv. Reciprocal of the highest dilution that produces an infection in 50% of the inoculated cultures, eggs, or animals

v. Also have CCID50(Cell culture), EID50(Eggs Infected Dose), LD50(Lethal Dose)

f. Ag/Ab Detection

i. All tagged at Fc of IgG

ii. Immunofluorescence

iii. Immunoprecipitation

iv. Immunoblot(Western blot)

v. ELISA

vi. RIA (Radioimmunoassay)

g. Hemadsorption 

i. Used to detect Mumps virus
ii. Infected cells have viral proteins that have an affinity for RBCs, so see RBCs on the surface of the cell culture sheet.

iii. Requires specific RBC types for each virus

h. Gel Immunodiffusion (Ouchterlony test)

i. Neutralization

i. Detection of Ab to virus by neutralization test

ii. Can only detect an infectious viral particle. 

j. Hemagglutination Inhibition 

i. Many viruses have spikes that promote RBC agglutination

ii. Add an Ab to virus and see if it inhibits agglutination b/c if Ab has bound virus, virus can’t bind RBC’s. 

k. Complement Fixation

i. Take serum from patient with viral infection and add Ab’s to suspected virus. Now add complement to virus/Ab complex mixture. If the Ab was for the suspected virus, complement would have been activated and its components would be used up(fixed). Now if add RBC, complement cannot activate, so RBCs stay unhemolyzed = (+) test.

l. Hemagglutination (HA)

i. Only non-serologic test

ii. Direct binding between virus and RBCs.

XIV. Infection of Cells by Viruses

a. Virus must introduce its genetic material into cell

b. Ability of virus to multiply depends upon the function of viral gene and its expression

c. Viruses code 3 sets of functions

d. Viral genomes vary in size & genetic content, thus replication strategies vary. 

XV. Viral Multiplication

a. Stage I

i. Adsorption(attachment) – specific binding of virus attachment protein(VAP - virus) to cellular receptor(CR - host).

1. Eg – HIV uses vap gp41 & gp120 to bind CR CD4 on T-helper cells.

2. Review cellular receptors (MIMS p20 Fig. 3.7)

b. Stage II

i. Penetration – Energy dependent stage that occurs rapidly after attachment leading to introduction of viral genetic material & viral proteins into cell. 

c. Stage III (Viral Entry)
i. Membrane-envelope fusion

1. Common in enveloped viruses
2. Animal virus(paramyxovirus) genome enters via fusion of envelope of virus w/membrane of cell.
ii. Receptor-mediated endocytosis(Viropexis)

1. Used by some enveloped & naked viruses. 
2. Viropexis used when it’s a naked virus.

3. Virus binds to CR ( engulfment ( put into endosome
d. Stage IV

i. Uncoating – Involves removal of certain viral proteins. Allows viral genome to express its functions.
ii. Transcription/Translation – Synthesis of viral mRNA and its translation to form viral proteins.
iii. Replication – processes leading to synthesis of progeny viral genomes. 
e. Stage V

i. Assembly/Maturation – assembly of viral components(structural proteins & genome) into virions. 
1. Insertion of spikes(Role in pathogenesis of disease)
ii. Release (egress) 

1. Budding(HIV/Rabdovirus) – virus leaves host cell w/o damaging cell. Virus gets envelope and leaves host cell membrane with its proteins(so immune system now attacks cells.
2. Lysis – kills host cell
XVI. HIV: Viral Attachment & Entry
a. VAP gp120 binds CR CD4 

b. Conformational change

c. CCR-5 recruitment

d. VAP gp41 membrane insertion

e. Viral & cell membrane fusion

f. Genome enters cytoplasm

XVII. HIV Replication
a. RNA virus that replicates in nucleus b/c converts itself into DNA(reverse transcriptase) & then inserts into host genome.

b. Not dsRNA, its 2 RNA molecules(diploid). They are positive single strands that don’t cause infection. 

c. Steps:

i. Attachment

ii. Penetration

iii. Reverse Transcription (RNA ( dsDNA) – dsDNA is infective
iv. Integration

v. Synthesis of Viral Proteins 

vi. Assembly

vii. Budding

viii. Release & Maturation

XVIII. Single Step Growth Cycle

a. Eclipse Phase 

i. Infectious virus cannot be recovered from infected cells. 
ii. Uncoating has occurred & viral macromolecular synthesis occurs.
b. Latent Phase or Maturation Phase 

i. Accumulating viruses within the cell or extracellularly
ii. Time between infection & release of 1st free virus
iii. Different families have different time periods. 
1. Faster the virus at getting in & out = greater virulence
2. Viruses w/DNA intermediate are slow b/c of xtra step.
XIX. Baltimore Classification of Viruses

a. Based on relationship between viral genome & mRNAs used for translation of viral proteins.

b. (+) strand = mRNA and other molecules of RNA & DNA with same sequence as mRNA.

c. (-) strand = strand complimentary to mRNA

d. Special enzymes for replication are needed by any virus that isn’t dsDNA or a (+) single stranded virus.

XX. Class I
a. dsDNA – Papovavirus, Adenovirus, Herpesvirus
b. (-) sense DNA is template used to synthesize mRNA

c. Uses host cell enzyme systems

XXI. Class II

a. ssDNA – Parvoviridae

b. (+) mRNA synthesized from a dsDNA intermediate

c. Uses host cell enzymes

XXII. Class III

a. dsRNA – Reovirus, Rotovirus, Orbivirus

b. 2 strands separate & (+) strand acts as mRNA & creates own through RNA-dependent RNA polymerase.

c. Viruses remain in its capsid for a long period of time while rxns occurring. 

XXIII. Class IV

a. (+) ssRNA – Picornaviridae (cause Polio & common cold – Rhinovirus)

b. Translated immediately on host ribosomes (efficient)

c. RNA-dependent RNA polymerase reads (+) RNA & synthesizes (-) RNA, which becomes template for (+) strand, which can be translated into proteins.

d. Used in transfection 

XXIV. Class V

a. (-) ssRNA – Arenaviridae, Flu virus, Paramyxoviridae, Rhabdovirus (Ambisense viruses)

b. Genome serves as a template for mRNA synthesis

c. Pre-made RNA-dependent RNA polymerase enters w/RNA; synthesizes (+) RNA from (-) RNA. Another enzyme copies (+) strand back to (-) to make a new genome.

d. Has a replicative intermediate therefore has to have its own RNA-dependent RNA 

XXV. Class VI

a. Diploid, ssRNA (+) sense genome – Retroviridae
b. MRNA synthesis requires synthesis of dsRNA

c. Pre-made reverse transcriptase(RNA-dependent DNA Polymerase) 

d. Synthesizes (-) DNA on (+) RNA, then separates DNA-RNA hybrid & synthesizes (+) DNA from (-) DNA. 

e. Reverse transcriptase has multifunctional properties:

i. RNA-DNA polymerase

ii. DNA-DNA polymerase
iii. Rnase H activity

iv. Serves to integrate proviral DNA

f. 4 basic coding regions, all required for replication

i. Envelope – for receptor proteins

ii. Pol – for reverse transcriptase

iii. Gag – for grp specific Ag’s

g. Retroviruses can cause tumors b/c they integrate into DNA of cell

XXVI. Class VII (Pararetroviridae)

a. Partially dsDNA viruses which replicate via reverse transcription with a greater-than-genome-length ssRNA intermediate.

b. Examples: 

i. Hepadnaviridae(Hepatitis B)

1. Partially dbl stranded non-covalently closed circular DNA

ii. Plant viruses 

XXVII. Virus Evolution

a. DNA Viruses

i. Low mutation rate (Parvo & Papova have least mutations)
b. RNA Viruses
i. High mutation rate 

ii. Highest variability

iii. Instability of RNA Polymerase

iv. Reassortment of segmented RNA viruses

v. Antigenic shift – major changes based on reassortment of genome pieces of two different Orthomyxoviruses(Influenza) infecting a host cell at the same time. 

1. Creates problems in creating vaccines

2. Type A influenza is most associated with shift and pandemics.

vi. Antigenic drift – minor changes based on one point mutation or different point mutations over many generations. 

XXVIII. Viral Genetics – Basics

a. Virus may replicate many generations rapidly, producing large # of particles. 

b. Often infect cells at a high multiplicity, permitting the replication & survival of viral genomes due to complementation by functional gene products. 

c. RNA viruses lack discrete copy ability thus many mutations can occur.

d. Genetic diversity is essential for survival

e. Major phenomena responsible for genetic diversity in viruses:

i. Mutations – antigenic drift

ii. Recombination(DNA) – DNA viruses, retroviruses(pro-viral DNA), RNA copy choice, RNA-Re-assortment (antigenic shift)

f. Mutations

i. Attenuation – loss of virulence (vaccines)

ii. Conditional lethal mutants – multiplication & survival dependent on specific temperature, etc. 

iii. Deletion mutants

iv. Antigenic shift & drift  

g. Non-genetic interactions

i. Phenotypic mixing – genome of virus type A is coated w/surface proteins of virus type B

1. Transcapsidation – when 1 cell is infected by 2 viruses, one virus can take the other capsid

2. Mosaic envelopes – Promoters from both capsids can join to form a mixed capsid.

ii. Polyploidy – more than 1 genome or combination of genomes. 

iii. Complementation through gene products

XXIX. Defective Interfering (DI) Genomes 

a. Genetically defective viruses lacking an essential portion of the genome, require a homologous helper virus in order to replicate. 

b. Use helper viruses to make infectious viral particles that interfere with helper virus replication and amplify at the expense of the helper virus. 

c. RNA Viruses: Copy-choice mechanisms are most likely responsible for generation of DI genomes. 

d. Play a role in recovery from viral infection, limits the spread of viruses. 

e. Typically contain deletions & reiterated origins of replication

f. Exert a modulating effect on disease; may attenuate virulence, allowing cell survival & persistent infections; may produce chronic disease; maybe used in vaccines. 

g. During persistant infections, DI particles select for virus variants that are more resistant to interference. 

h. Von magnus phenomenon – occurs when DI particles interfere with the production of the complete infectious virus causing a decrease in infectious titer. 

XXX. Pathogenesis of Virus Infection

a. Source – Humans or Animals

b. Entry

c. Local vs. Deseminated(most dangerous)

d. Exit

e. Transmission (* = most common)

i. Fomites (inanimate object)

ii. Contact*

iii. Inhalation or ingestion*

iv. Vectors

XXXI. Terminology of Virus Infection

a. Host Range – defines the kind of cells, tissues, or species of animal that can be infected and in which the virus can multiply. Human-to-human or another resevoir?

b. Tropism – capacity of a virus to infect discrete types of cells

c. Susceptibility – capacity of cell to become infected 

d. Portal of Entry – cells where a virus initially enters a host

e. Target Cells – cells which, when infected, result in clinical disease. 

i. May not be portal of entry

ii. Viruses may disseminate through 1˚ or 2˚ infection

iii. Viruses can be transported through out the body via blood(hematogenously) or through neurological routes or by both modes of transport. 

XXXII. Outcomes of Viral Infections

a. Cytopathic Effects (CPE)

i. Lysis

ii. Necrosis (cell death but no lysis)

iii. Syncytium formation (multinucleated giant cells)

iv. Vacuolation or Inclusion body formation
1. CMV – Intranuclear and cytoplasmic inclusions
2. Diagnostic Owl Eye Cells found in CMV patients. 
b. Productive
i. Infectious progeny are produced by permissive cells.

c. Abortive

i. No infectious progeny produced. 

ii. Non-permissive cells may be susceptible to infection but don’t allow viral gene products to be expressed.

iii. Also results from infection of cells by defective viruses(lacking some viral genes)

d. Restrictive

i. Cells are transiently permissive

ii. Virus or genome persist in cell until it becomes permissive, or only a few cells in a population produce viral progeny at any time. 
e. Cytocidal

i. Viral gene products lead to cell death (lytic infection)
f. Persistent

i. Virus is non-lytic or its lytic potential must be highly regulated
ii. Virus or genome is produced by infected cells without cell death.
iii. Persistently infected cells must evade host immune system. (Hepatitis B, Measles, HIV)
g. Latent

i. Viral genome can be detected in infected cells, but infectious virions are produced only under certain conditions. (Herpes, Adenovirus)
h. Transformation

i. Malignant cells due to abortive or restrictive infections. 
XXXIII. Prevention and Treatment of Viral Infections

a. Interruption of viral transmission by the following: air, water, food, fomites, vectors(biological and mechanical), body fluids. 

b. Vaccination/Immunotherapy

c. Surveillance/Eradication/Control Methods

i. Public education and awareness

ii. Control arthropod and other vectors, awareness of animal reservoirs. 

iii. Blood and organ donor screen

iv. Improved sanitation methods for water and food

v. Physical screens and chemical barriers/quarantine

XXXIV. Efficacy of Approaches Used for Controlling Viral Infections

	Approach
	Effective Level
	Antiviral Spectrum
	Duration of Effect

	1. Immunological 
	High
	Very narrow
	Long

	2. Chemoprophylactic
	Moderate
	Narrow
	Very short

	3. Interferon
	Moderate to High
	Very broad
	Short


XXXV. Immunization against viral infections

a. Viruses that cause disease are divided into 2 major categories based on pathogenesis

i. Local infections: Papilloma, Herpes I

ii. Disseminated infections – Enter via blood or mucosa and make way to target tissue. 

b. Immune system has defenses against viruses:

i. Specific – Cellular or humoral 

ii. Non-specific Immunity – barriers, chemical, physical 

c. Viral Vaccines

i. Vaccines stimulate a balanced response by both arms of the immune system. 

ii. Types of viral vaccines

1. Live Attenuated Virus Vaccines

2. Inactivated or killed vaccines

3. Subunit vaccines

4. DNA (Genetic) Vaccines

XXXVI. Live Attenuated

	Advantages
	Disadvantages

	1. Stimulates IgM, G, A
	1. Reversion to  wt.

	2. Long term immunity
	2. Less stable(labile)

	3. Local immunity
	3. Risky in comprimised host

	4. Cost
	4. Contraindicated in pregnancy

	5. Booster not necessary
	


XXXVII. Inactivated or Subunit Vaccines

	Advantages
	Disadvantages

	1. Safety
	1. Stimulates IgM, G

	2. Stability
	2. Requires Boosters

	3. Use in comprimised host
	3. Requires Injection

	
	4. Limited epitope recognition

	
	5. No local response 

	
	

	
	


XXXVIII. DNA (Genetic) Vaccines

	Advantages
	Disadvantages

	1. Non-replicative in vivo
	1. DNA may integrate into host(Disrupt gene or transformation)

	2. Ease of Preparation
	2. AI disease

	3. Low lvl, long term expression of Ag's
	3. Immunologic Tolerance

	4. Ability to modify vector
	

	5. Inherent Adjuvant activity
	


XXXIX. Experimental Immunizations

a. Recombinant Vaccines – using small pox virus to put other viral Ags in

b. Synthetic peptide Vaccines – Hepatits B Ag

c. Anti-idiotypic Vaccines – 1st Ab against Ag used to raise 2nd antibodies, some of which will have idiotypes resembling the original Ag. 

XL. Vaccine Complications

a. Hypersensitivity to proteins (eg. egg proteins or viral Ag’s)

b. Convulsions, encephalitis

c. Meningitis

d. Arthritis

e. Used in immunocomprimised patients can lead to life threatening situations due to virus dissemination. 

XLI. Passive Immunization

a. Immunotherapy can be effective & immediate effect is temporary

b. Used in immuno-comprimised or in combination with a vaccine

c. Immunoglobulin prepared from donors recently recovered from the disease. 

d. Immunoglobulins prepared from animal. 

XLII. Antiviral Therapy Difficulties

a. No antivirals for most viral infections
b. Most antivirals have significant effect on host cells. 

c. By the time symptoms appear, viral replication has occurred. 

d. Latent or inactive viruses are rarely susceptible to antiviral treatment. 

e. Resistant strains can develop.

XLIII. Antiviral Chemotherapy: Characteristics

a. Specific, nontoxic, and selective, prevent infection.

b. Interrupt viral replication at a specific & essential step of the viral replicative cycle. 

c. Antivirals act as inhibitors of viral specific polymerases and are nucleoside analogues. 

i. Nucleoside analogs(AZT) used to treat HIV

ii. Combination drug therapy has advantage of addictive/synergistic effects, may decrease creation of mutants.

1. Novel drugs like protease inhibitors and glycosidase inhibitors are in trial. 

d. Slower the virus infection, the more likely therapy will be beneficial.

e. Drug resistant mutants can result.

f. None available for adsorption, assembly, release.

XLIV. Interferon

a. Small glycoprotein produced by a variety of cells and stimuli including viruses, bacteria, cytokines, mitogens, tumor promoters, dsRNA.

b. Type I and Type II

c. Non-specific defense mechanism but does exhibit species specificity.

d. Non-toxic

e. Short acting 
f. Interferons activate p66 kinase which inactivates eIF2α(used in intiation of translation)

g. Type I:

i. IFNα 

1. Cell: Leukocytes

2. Inducing Agent: Bacteria, Virus, Fungi

3. Role: Activates NK cells

ii. IFNβ

1. Cell: Fibroblasts, Epithelium, Macrophages

2. Inducing Agent: Virus

3. Role: Maturation of B&T cells/Inflammation

iii. IFN-Omega

1. Cell: Trophoblasts

h. Type II:

i. IFNγ

1. Cell: T-cells

2. Inducing Agent: Specific response to Ag’s

3. Role: Inhibit cancer cells, stimulate B-cells, other immune responses.
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