VIII.	Submodule H:  Virology



A.	Viral Morphology and Characteristic:

1.	Viral morphology:

a)	A virus is a set of genes, either RNA or DNA, packaged in a protein-containing coat

(1)	The resulting particle is a virion (71)



(2)	Genomes can be single or double stranded.

(a)	For single stranded genomes, the nucleic acid can be either of the same polarity (+) or of a different polarity (-) from that of the viral mRNA produced during infection (72)



(3)	Both linear and circular genomes are known



(4)	Most viruses have a single nucleic acid molecule for their genome (nonsegmented)

(a)	Segmented viruses:  several pieces of nucleic acid constitute their genome.



(b)	One virus class (retroviruses) carries 2 copies of its genome and is therefore diploid (73)  



b)	A virus is considered an intracellular parasite



c)	Different viruses can have very different structures, and this diversity is reflected in their replicative strategies



d)	Although viruses depend to a great extent on host cell functions and, therefore, are difficult to combat medically, they do exhibit unique steps in their replicative strategies, which are potential targets for therapy  (71)



e)	The nucleic acid genome is located on the inside of a protein shell called a capsid

(1)	Some animal viruses are further packaged into a lipid membrane, or envelope, which is usually acquired from the cytoplasmic membrane of the infected cell during egress from the cell

(a)	Enveloped viruses contain a nucleic acid-protein complex called a nucleocapsid.  (72)



f)	The capsids or nucleocapsids of all viruses are composed of many copies of one or at most several different kinds of protein subunits

(1)	All viruses code for their own capsid proteins and do not contain enough genetic material to encode for many different proteins. (73)



g)	The outer shell of viruses has several functions:

(1)	To protect the nucleic acid genome from damage during extracellular passage from one cell to another



(2)	To aid in the process of entry into the cell



(3)	In some cases, to package enzymes essential for the early steps of the infection process



h)	Spikes:  protein or glycoprotein structures called spikes often emanate from the surface of virus particles  (72)

(1)	The presence of many identical protein subunits in viral capsids or the existence of many identical spikes in the membrane of enveloped viruses has important implications for adsorption, hemagglutination, and recognition of viruses by neutralizing antibodies (75)



i)	Because of their small size, the viral genome must be extensively condensed:

(1)	For naked capsid viruses this condensation is achieved by the association of the nucleic acid with basic proteins to form what is called the core of the virus

(a)	The core proteins are usually encoded by the virus, but in some DNA-containing animal viruses, the basic proteins are histones scavenged from the host cell



(2)	For enveloped viruses, the formation of the nucleocapsid serves to condense the nucleic acid genome 



j)	Many viruses have structures that protrude from the virion:  

(1)	These structures are important for the 2 earliest steps of infection, adsorption and penetration



(2)	The most dramatic example is the tail of some bacteriophages or the glycoprotein spikes of some viruses  (75)



k)	See tables 5.1 (76) and 5.2 (77), do not memorize, this information will be seen again and important points will be highlighted.



2.	Viral replication and release: (except for the retroviruses, do not focus on the specific virus groups)



a)	Lytic or virulent viruses:  viruses that can only enter into a productive relationship

(1)	The viral  productive or lytic response includes the following steps:

(a)	Adsorption to the host cell

(b)	Penetration or entry

(c)	Uncoating to release the genome

(d)	Virion component production

(e)	Assembly

(f)	Release from the cell (79)



(2)	Cytopathic effect:  cytologic changes induced by the virus, which usually culminate in cell death

(a)	They are often characteristic of a particular virus (80)



b)	Lysogeny:  the nonreproductive response

(1)	No new virus is produced, the cell survives and divides, and the viral genetic material persists indefinitely in a latent state



(2)	Temperate viruses:  viruses that can undergo both the productive and nonproductive responses. 



c)	Viral infection:

(1)	Hit-and-run infection:  some viruses can transiently infect a cell, cause some permanent change, and then be lost. (79)



(2)	Eclipse phase:  the period of infection in which no infectious viruses are found

(a)	It occurs because the initial virions lose their infectivity soon after their entry into the cells (80)



(b)	It is a direct consequence of the fact that viruses are dismantled prior to being replicated (82)



(3)	Latent period:  the length of time from the beginning of infection until progeny virions are found outside the cells



d)	Adsorption:  the first step of viral infection is attachment of the virus to the cell surface

(1)	Adsorption is a highly specific reaction that involves protein molecules on the surface of the virion (virion attachment proteins) and certain molecules on the surface of the cell (receptors)

(a)	Receptors for animal viruses are usually glycoproteins located in the plasma membrane which carry out normal cellular functions



(2)	Most viruses are capable of infecting only a limited spectrum of cell types, called its host range, and are limited to a single species (81)



e)	How viruses enter cells:   ultimately the nucleocapsid or core structure must be transported to the site or compartment in the cell where transcription and replication will occur



(1)	Bacteriophage strategy:

(a)	The processes of penetration and uncoating are simultaneous for all bacteriophages

(i)	Viral capsids are shed at the surface and only the nucleic acid genome enters the cell

(2)	Enveloped animal viruses:  there are 2 mechanisms for the entry of these viruses

(a)	Both mechanisms involve fusion of the viral envelope with a cellular membrane, and the end result in both cases is the release of the free nucleocapsid into the cytoplasm (82)



(b)	Fig 6-3, 83  entry mechanism for paramyxoviruses (e.g. measles virus):

(i)	The envelopes of these viruses contain protein spikes that promote fusion of viral envelopes with the plasma membrane

a.	The nucleocapsid is released directly into the cytoplasm



(ii)	Because the viral envelope becomes incorporated into the plasma membrane of the infected cell and still possesses its fusion proteins, infected cells have a tendency to fuse with other uninfected cells

a.	Cell-cell fusion is a hallmark of infection by these viruses



(c)	Fig 6-4, 84 this process is called viropexis

(i)	Following adsorption, the virus particles are taken up by receptor-mediated endocytosis, which is normally responsible for internalizing growth factors, hormones, etc.



(ii)	The adsorbed virions become surrounded by the plasma membrane in a vesicle termed the endosomal vesicle

a.	The nucleocapsid is now surrounded by 2 membranes



(iii)	The low pH of endosomes leads to a change in the viral spike protein, which results in the fusion of the 2 membranes and release of the nucleocapsid into the cytoplasm (84)



(3)	Naked Capsid Animal Viruses:

(a)	They also enter cells by viropexis

(i)	But, the virus cannot escape the endosomal vesicle by membrane fusion



(b)	The virions may escape by promoting the dissolution of the vesicle



f)	Production of viral RNA:  an essential step in infection is the production of mRNAs

(1)	Most RNA viruses, except for influenza and retroviruses, replicate in the cytoplasm



(2)	Influenza viruses, retroviruses, and all the DNA viruses except the poxviruses must move from the cytoplasm to the nucleus to replicate



(3)	For some viruses the presentation of mRNA to the cellular ribosomes poses no problems:

(a)	The genomes of most DNA viruses are transcribed by the host DNA-dependent RNA polymerase to yield the initial mRNAs



(b)	The +-stranded RNA viruses possess genomes that can be used directly as mRNAs and are translated immediately on entry into the cytoplasm of the cell



(4)	For many viruses the production of mRNA starting from the genome is not so straightforward:

(a)	The fact that poxviruses replicate in the cytoplasm means that the cellular RNA polymerase (it is located in the nucleus) is not available to transcribe the genome.



(b)	No cellular machinery exists that can use either single-stranded or double-stranded RNA as a template to synthesize mRNA

(i)	Viruses with these types of genomes must provide their own transcription enzymes to produce the initial mRNAs at the beginning of the infection process

a.	This is accomplished by synthesizing the transcriptases in the later stages of viral development in the previous host cell and packaging the enzymes into the virions, where they remain associated with the genome as the virus enters the new cell.



b.	The presence of a transcriptase in virions is indicative that the host cell is unable to use the viral genome as mRNA or as a template to synthesize mRNA



(5)	Fig. 6-5, 86 pathways for the synthesis of mRNA

(a)	Some viruses (parvovirus) have single-stranded DNA genomes

(i)	These viruses need not carry special enzymes in their virions because host cell DNA polymerases can convert the genomes into double-stranded DNA



(b)	The production of mRNA by some (+)-stranded RNA viruses requires the synthesis of an intermediate (-)-stranded template (85)



(c)	Retroviruses:  a special class of (+)-stranded RNA viruses

(i)	Although their RNA genomes are of the same polarity as mRNA, their replication scheme does not allow them to be used as mRNAs



(ii)	Instead, the RNA genomes of these viruses are copied into (-)-DNA by the enzyme reverse transcriptase:

a.	The enzyme is carried in the virion



(iii)	The same enzyme converts the (-)-DNA strands to double-stranded DNA

a.	This reaction requires degradation of the original genomic RNA



(iv)	The DNA product is ultimately transcribed by the host RNA polymerase to produce viral mRNA.  (86)



g)	Genome replication for DNA viruses:

(1)	The extent to which viruses depend on cell replication machinery depends on the size of their genome and, thus, on their protein-coding potential

(a)	The smallest of DNA viruses (parvoviruses) are so completely dependent on host machinery that they require the infected cells to be dividing so that a normal S phase will occur and replicate their DNA along with the cellular DNA.



(b)	The largest of viruses are relatively independent of cellular functions.

(i)	The largest bacteriophages degrade the host cell chromosome early in infection and replace all of the host replication machinery with virus-specified proteins



(c)	Almost all DNA animal viruses are partially dependent on host machinery

(i)	Small DNA animal viruses (papovaviruses) code for a protein that is involved in the initiation of synthesis at the origin, but the remainder of the replication process is carried out by host machinery



(ii)	Slightly larger viruses (adenovirus, herpesvirus) code for DNA polymerases, other accessory proteins, and the origin-specific initiator proteins.



(iii)	Some viruses do not need to infect actively dividing cells to cause infection:

a.	These viruses code for a protein that induces an unscheduled cycle of cellular DNA replication

i.	Overproduction of this protein may transform a normal cell into a cancer cell



(2)	The end problem in DNA replication:  Fig. 6-7, 89

(a)	All DNA polymerases require a primer terminus, with a free 3’-OH to initiate synthesis of DNA

(i)	This poses no structural problems for circular DNA, but cause one of the daughter strands to be incomplete in linear DNA



(b)	After the RNA primer is removed in linear strands, one strand of the new chain is incomplete at its 5’ end

(i)	Thus, when a replication fork encounters the end of a linear DNA molecule, one of the new chains cannot be completed at its 5’ end (88)



(3)	Solutions to the end problem:  Fig 6-8, 89

(a)	Bacteriophage �symbol 108 \f "Symbol" \s 10�l�:  it possesses 12-bp single-stranded extensions that are complementary in sequence to each other and thus called cohesive ends

(i)	After entry into the cell, the 2 end pair up to convert the DNA into a circular molecule for replication



(b)	Adenovirus genome:  it contains a protein molecule covalently attached to the 5’ end of both strands.

(i)	These proteins provide the primers for replication



(c)	Parvovirus:  it contains a self-complementary sequence at its 3’ end that causes a hairpin loop which serves to prime DNA synthesis



(d)	Poxvirus:  its DNA strands are continuous

(i)	These last 2 solutions create additional problems



h)	Genome replication for RNA viruses:  

(1)	RNA animal viruses generally replicate in the cytoplasm

(a)	Some (influenza and other orthomyxoviruses) replicate in the nucleus using pieces of newly synthesized cellular mRNAs to prime their own mRNA synthesis  (90)



(2)	Cells do not have RNA polymerases that can copy RNA templates

(a)	RNA viruses not only need to code for transcriptases but also must provide the replicases required to duplicate the genomic RNA (90)



i)	Modes of Viral Release From Cells;  

(1)	Bacteriophages:  they escape from the cell by encoding an enzyme (lysozyme) that causes lysis of the cell



(2)	Animal viruses:

(a)	Cell death:  nearly all productively infected cells die

(i)	The naked capsid animal viruses lack specific mechanisms for lysing the infected cell and apparently are released simply as a consequence of cell death



(b)	Budding:  all enveloped viruses (except poxviruses) acquire their membrane by budding either through the plasma membrane or the nuclear membrane (herpes virus).

(i)	For these viruses, release from the cell is coupled to the final stage of virion assembly (92)



(ii)	The region of the membrane where budding is to occur acquires a cluster of viral glycoprotein spikes.

a.	These proteins are synthesized by the pathways, from the golgi apparatus, that normally deliver cellular membrane proteins to the surface of the cell



(iii)	At the site of the cluster, the inside of the membrane becomes coated with a virion structural protein called the matrix or M protein



(iv)	The M protein attracts the completed nucleocapsid:

a.	Membrane fusion encloses the nucleocapsid in the envelope and releases the completed particle to the outside



(v)	For viruses that bud, the plasma membrane of the infected cell contains virus-specific glycoproteins that represent foreign antigens

a.	Infected cells become targets for the immune system



(vi)	The process of viral budding usually does not lead directly to cell death, because the plasma membrane can be repaired

a.	HIV is an exception to this generalization (93)



j)	Viral Isolations:  most viral detection labs (VDLs) still depend on viral isolations in cell cultures for the diagnosis of viral diseases.

(1)	Three major host systems are used for isolating viruses from clinical specimens:

(a)	Cell cultures, embryonated eggs, and suckling mice

(i)	Most hospital VDLs do not use eggs or mice



(2)	Three types of cell cultures are used for viral isolations:

(a)	Primary, diploid, and continuous cells

(i)	Most viruses can be isolated using these cell types



(3)	Cytopathic effects (CPE) or hemadsorption are used to detect many different viruses in cell cultures

(a)	However, not all viruses produce CPE or hemadsorb



(b)	For example, rubella virus does not hemadsorb or produce CPE

(i)	But, this virus can be detected in cell cultures because it will interfere with the replication of a 2nd challenge virus



(4)	Viruses isolated in cell cultures can be confirmed serologically:

(a)	Serological tests often used for the confirmation and identification of viruses:  neutralization (NT), immunofluorescence and ELISA.



(5)	Failure to isolate a virus can mean:

(a)	No virus was present

(b)	Collection of inappropriate material

(c)	Collection at an inappropriate time

(d)	The virus was inactivated (improper handling)

(e)	Inappropriate isolation conditions  (mod. pg. 67)



(6)	The time needed to diagnose certain viral infections has been reduced significantly by first amplifying a suspected virus in cell culture and then detecting the virus with immune staining of the cell culture



(7)	Table 1, module pg. 69  routine methods used to diagnose viral infections

(a)	If  viral antigens or other reagents are available, viral infection can be diagnosed by serological methods using serum from the patient

(i)	Acute and convalescent sera are required and this delays diagnosis  (module pg. 68)





3.	Quantitation of Viruses:



a)	The Measurement of Animal Viruses:  there are 2 categories of methods used to measure viruses

(1)	Viruses may be measured as infectious units:  

(a)	Based on their ability to infect, multiply, and produce progeny



(2)	Viruses may be measured in terms of the total number of virus particles, irrespective of their function as infectious agents



b)	The measurement of viruses as infectious units:

(1)	Titration:  the measurement of viruses in terms of the number of infectious units per unit volume



(2)	These measurements involve infection of a target cell in such a way that each particle that causes productive infection elicits a recognizable response



c)	Plaque Assay:  it is a method of determining the titer of infectious virions in a virus preparation

(1)	Dilutions of virus are added to a series of cell monolayers immobilized in agar.



(2)	Because of the agar, the virus released from the initial and subsequent infections can invade only the cells in the immediate vicinity of the initial infected cell

(a)	The fundamental prerequisite for this method is that the infected cell must differ in some way from noninfected cells

(i)	They must be completely destroyed, possess different staining properties, etc. 



(ii)	The most common method of visualizing plaques is to apply the vital stain neutral red

a.	You then count the number of areas that do not stain, which are called plaques



(3)	By counting the number of plaques and correcting for the dilution factor, the virus titer in the original sample can be calculated (94, module pg. 71)

(a)	Titers are expressed as plaque forming units (PFU) per milliliter 



(4)	There is a linear relationship between the amount of virus and the number of plaques produced:  the dose-response curve is linear (mod 71)

(a)	This indicates that each plaque is caused by a single virus particle

(i)	The virus progeny in each plaque are clones



(b)	Virus stocks derived from single plaques are said to be “plaque purified”

(i)	Plaque purification is an important technique for isolating genetically pure viral strains 



(5)	Plaque formation is often the most desirable method of titrating viruses:  it is economical of cells and viruses and technically simple

(a)	Not all viruses can be measured by this method



d)	Pock Formation:

(1)	Many viruses cause macroscopically recognizable foci of infection (these lesions are known as pocks) on the  chorioallantoic membrane of the developing chick embryo

(a)	This membrane can then be used in a manner similar to the cell layers employed for plaque assay

(i)	Advantages of using this membrane:  ready availability, wide virus susceptibility, and ease of handling



(ii)	Disadvantages:  variation in virus susceptibility of different eggs requires that a larger number of eggs be used to attain the same level of statistical significance as the plaque assay.



(b)	Pocks are recognizable as opaque white or red areas

(i)	They are caused by cell disintegration, migration, and proliferation, as well as edema and hemorrhage



e)	Focus Formation:

(1)	Many tumor viruses do not destroy the cells in which they multiply and thus produce no plaques



(2)	These viruses cause cells to change morphology and to multiply at a faster rate than uninfected cells

(a)	As a result, transformed cells develop into foci that gradually become large enough to be visible to the naked eye



(3)	Assay by focus formation (counting the number of focus-forming units (FFU)) is analogous to assay by plaque or pock formation  (mod. pg. 72)



f)	The Serial Dilution End Point Method:

(1)	Although many viruses destroy cells, they do not produce the type of cytopathic effects necessary for visible plaque formation.

(a)	These viruses may be titrated by this method (mod. 72)



(2)	In this method, serial dilutions of virus suspensions are inoculated into cell monolayers, which are then incubated until the cell sheet shows clear signs of cell destruction.

(a)	The end point is that dilution that gives a positive (cell-destroying) reaction, and the titer is calculated.



4.	Enumeration of the Total Number of Virus Particles:  it can be accomplished by direct or indirect methods



a)	Direct Counting by Means of Electron Microscopy:  there are 2 methods

(1)	First method:  virus preparations are mixed with suspensions of latex spheres of known concentration and then sprayed onto coated electron microscope grids

(a)	The number of virus particles and spheres is then counted and the number of virus particles can be calculated



(2)	Second method:  a known volume of virus suspension is centrifuged onto electron microscope grids.

(a)	By counting the number of virus particles the concentration can be calculated



b)	Measurement of Optical Density:

(1)	The concentration of highly purified virus preparations can be routinely determined by very simple methods, such as measurement of optical density, once they have been standardized by electron microscopy (mod. 73)





c)	Hemagglutination assay: the most common indirect method

(1)	For some animal viruses, RBCs contain receptors for virion attachment proteins (hemagglutinin)

(a)	Each virus particle is multivalent, it can adsorb to more than one RBC at a time



(b)	Because of the great size of RBCs, a particular virus particle can only bind 2 cells



(2)	Because both the receptors and attachment proteins are present in multiple copies on the cells and virions, an excess of virus particles coat the cells and cause them to aggregate



(3)	Hemadsorption:  the presence of the hemagglutinin in the plasma membrane of the infected cell means that the cells and virions will bind RBCs

(a)	This reaction is a useful indicator of infection by certain viruses



(4)	Hemagglutination can be used to estimate the titer of virus particles in a virus-containing sample

(a)	If the number of cells exceeds the number of virus particles, the small number of cell dimers formed is generally not detectable



(b)	If the number of virus particles exceeds the number of cells, a lattice of cells is formed that settles out in a highly characteristic manner



(c)	The hemagglutination assay is performed by determining the virus dilution that will just hemagglutinate a given number of red cells

(i)	The number of virus particles necessary for this is readily calculated



(ii)	Hemagglutination serves as a highly accurate and rapid method of quantitating virus particles.



(iii)	It is particularly useful in studying myxoviruses (influenza virus)



IX.	The Significance of the Infectious Unit:  Viral Particle Ratio



a)	The number of virus particles in any given preparation exceeds the number of infectious units

(1)	Usually the ratio of the infectious units to particles is in the range of 1:10 to 1:1000



b)	There are 2 possible explanations for this:

(1)	The first is that virus preparations contain a majority of noninfectious particles

(a)	This is unlikely in most cases



(2)	It is more likely that, although all virus particles in a given preparation are capable of causing productive infection, only a small proportion of them are actually successful in doing so



(a)	There are 2 lines of evidence that support this view:

(i)	The titer of a given virus preparation varies markedly, depending on the nature of the assay system

a.	e.g. the  titer often differs with the route of inoculation if the virus is assayed in whole animals and with the type of cell if it is assayed in cultured cells



(ii)	before a virus particle can manifest itself, it must initiate several productive infection cycles that require numerous reactions which have a low probability of occurring

a.	therefore, the number of infectious units cannot equal the total number of virus particles  (mod. 74)



c)	the ratio of the number of infectious units to the total numbers of virus particles may generally be regarded as a measure of the probability with which virus particles achieve productive infection  (mod. 75)



1.	Viral Virulence and Viral-host Interactions:



a)	A major component of  many viral diseases is the inflammation and tissue damage that results from release of cellular enzymes by viral cytotoxicity or from immunologic attack on the infected cell

(1)	Viruses do not produce exotoxins



b)	Initiation of infection:  

(1)	Viruses are acquired by routes similar to those of other pathogenic organisms

(a)	The respiratory, alimentary, and genital tracts, skin, oropharyngeal mucosa, and conjunctiva may be infected directly with specific viruses



(2)	The central determinant of the ability of a virus to infect involves contact with a host cell that carries surface receptors for components of the viral envelope or capsid.

(a)	Such receptors are often restricted to cells of particular tissues and species of animals  (164)



c)	Viral Spread in the Body:  viruses spread in the body by a variety of methods that can influence the duration of the incubation period, the disease syndromes produced, and the ability of the host to control the infection.



(1)	Some viruses (influenza virus) spread directly from cell to cell in the affected epithelium as they are released by cytolysis



(2)	Many viruses (mumps virus) multiply first at a primary site of infection and on release from these cells reach the bloodstream



(3)	Some viruses (herpes simplex) are less prone to cause cytolysis, but pass from cell to cell through syncytial bridges caused by fusion of the membranes of different cells.

(a)	They tend to produce many chronic and relapsing infections



(b)	Cell fusion can also allow a virus to enter cells that lack the viral receptor



(4)	Unlike most bacteria, several viruses causing infection during pregnancy can traverse the chorionic barrier and infect the developing fetus



d)	Interferons:  they act by inducing proteins within the cell that inhibit viral protein and nucleic acid synthesis and thus, replication



(1)	They are polypeptide cytokines produced by many mammalian cell types

(a)	IFN-�symbol 97 \f "Symbol" \s 10�a� (derived from leukocytes) and IFN-�symbol 98 \f "Symbol" \s 10�b� (derived from fibroblasts) are synthesized  when the producing cell is exposed to a variety of stimuli, in particular viral and other infections



(b)	IFN-�symbol 103 \f "Symbol" \s 10�g� (a product of the activated T lymphocytes) production is stimulated by reaction of T cells with the specific antigen to which they are responsive



(2)	The antiviral action of interferon is nonspecific:

(a)	Interferon leads to the activation of a protein kinase known as PKR (RNA activated protein kinase or PK-activated by RNA)

(i)	PKR is also known as P68 kinase, eIF-2 alpha kinase or ds RNA activated inhibitor



(b)	The activated kinase phosphorylates the alpha subunit of the translation initiation factor eIF-2

(i)	Phosphorylated eIF-2 does not recycle leading to a cessation of protein synthesis and thus little or no viral replication



(c)	Interferon will thus shut down any RNA or DNA virus protein synthesis, as well as host cell protein synthesis



(3)	Interferon plays a critical nonspecific role in the early control of many acute viral infections pending the development of humoral and cellular immunity



e)	Avoidance of Host Defense Mechanisms:  

(1)	Viruses have evolved in various ways to overcome the cellular antiviral response

(a)	This is accomplished by the genes VAI and VAII (virus-associated RNAs I and II) encoded by adenoviruses

(i)	Both genes are transcribed to produce 2 small double-stranded RNA molecules.



(b)	VAI-RNA binds to and blocks the acitvation of the cellular PKR

(i)	This allows viral protein synthesis to continue in the presence of interferon.  (mod. 38)



(2)	Most acute viral infections are controlled to varying extent by the development of neutralizing antibody that blocks attachment of extracellular virus to receptors on susceptible cells and by the action of interferon

(a)	Viruses that pass between intercellular bridges, those that are protected within neurons, and those that fail to lyse a cell or express viral antigens on its surface are variably protected from the immune system.



2.	Persistent-latent infections; viral transformation:



a)	The ratio of infectious particles to total particles is very low for animal viruses

(1)	Typically, less than 1% of particles derived from 1 cell are infectious in other cells



(2)	This production of defective particles is caused by high mutation rates for animal viruses:

(a)	Many DNA viruses use the host DNA synthesis machinery for replicating their genomes and, therefore, benefit from the built-in proofreading and other error-correcting mechanisms used by the cell



(b)	The largest DNA viruses (adenoviruses, herpes viruses, and pox viruses) code for their own DNA polymerases and these enzymes lack efficient proofreading activities

(i)	This endows the viruses with a high rate of evolution, but is also responsible for the high number of defective viral particles



(c)	The replication of RNA viruses is also characterized by very high error rates, because viral RNA polymerases do not possess proofreading capabilities

(i)	The high mutation rates found for RNA viruses permits rapid adaptation to new environmental conditions



(ii)	Antigenic drift:  point mutations accumulate in the influenza genes for 2 envelope proteins, resulting in the changes in the antigenic structure of the virions



(d)	The retroviruses show high rates of variation because they depend for their replication on 2 different polymerases (reverse transcriptase, host RNA polymerase), both of which are error prone

(i)	Retroviruses with high rates of antigenic variation (HIV) pose difficulties for the development of effective vaccines (98)



(3)	Besides mutation, genetic recombination between related viruses is a major source of genomic variation

(a)	Bacterial cells as well as the nuclei of animal cells contain the enzymes necessary for homologous recombination of DNA



(b)	Although cells do not possess the machinery to recombine RNA molecules, recombination among some RNA viruses occurs by 2 different mechanisms:

(i)	The 1st is unique to viruses with segmented genomes (orthomyxoviruses, reoviruses) and involves reassortment of segments rather than true recombination 



(ii)	The 2nd case involves a “copy choice” type of mechanism:

a.	During RNA synthesis, the replicase dissociates from one template and resumes copying a second template at the exact place where it left off from the first



b.	The end result is a progeny RNA genome containing information from 2 different input RNA molecules.



c.	A copy choice mechanism is also used to explain a high rate of recombination in retroviruses.

i.	The reverse transcriptase switches templates to generate recombinant viruses (99)



ii.	Occasionally, retroviruses package a cellular mRNA, instead of a 2nd RNA genome, resulting in incorporation of a cellular gene into the viral genome.

iii.	This accounts for the production of highly oncogenic retroviruses containing modified cellular genes



b)	Malignant Transformation:  many DNA animal viruses and some retroviruses can convert cultured cells into malignant tumor cells



(1)	All DNA animal viruses with the exception of the parvoviruses are capable of causing aberrant cell proliferation under some conditions

(a)	Table 7-1, 102  the oncogenic potential of animal DNA viruses



(b)	Viral transformation is the result of the continual expression of 1 or more viral genes

(i)	It is analogous to lysogenic conversion and requires the viral genes to be incorporated into the cell as inheritable elements but, the recombination is nonhomologous (102)



(c)	Two events appear to be necessary for viral transformation:  a persistent association of viral genes with the cell and expression of certain viral “transforming” proteins.



c)	Transformation by Retroviruses:  

(1)	Most retroviruses do not kill the host cell, but instead set up permanent infection with continual virus production



(2)	A linear DNA copy of the RNA genome is integrated into the host cell DNA by a virally encoded integrase (IN)



(3)	Retroviruses are known to transform cells by 3 mechanisms:

(a)	Many retroviruses have acquired genes called oncogenes

(i)	Normal cells possess homologs of these genes  (protooncogenes)



(ii)	It is assumed that viral oncogenes originated from host DNA



(iii)	Most viral oncogenes have suffered 1 or more mutations that make them different from the cellular protooncogenes



(iv)	Transformation results from inappropriate production of an abnormal protein that interferes with normal signaling processes

a.	Uncontrolled proliferation results



(v)	This mechanism has not yet been recognized as a cause of any human cancers



(b)	Insertional mutagenesis:  it is not dependent on continued production of a viral gene product

(i)	The presence of a viral promoter or enhancer causes the inappropriate expression of a cellular gene residing in the immediate vicinity of the integrated virus



(ii)	No human cancers are known to result from this mechanism



(c)	The 3rd mechanism was revealed by the discovery of the 1st human retrovirus, human T-cell lymphotropic virus type 1 (HTLV-1), the causative agent of adult T-cell leukemia



(i)	HTLV codes for a protein that acts in trans (on other genes in the same cell) to promote maximal transcription of the proviral DNA and also turns on 1 or more cellular genes to cause cell replication.  (103)

a.	The gene coding for this protein is a viral gene rather than a gene derived from a cellular protooncogene.



3.	Viral inhibition and chemotherapy:

a)	Approach to treatment involves substances that inhibit the viruses at a specific point in the viral replicative cycle

(1)	Every step and every biochemical reaction involved in virus replication is conceivably a target for intervention

(a)	Inhibition of cellular processes is likely to result in unacceptable cell toxicity.



(b)	Fortunately, some steps in virus replication differ sufficiently from the cellular ones (Sc. 539)

(i)	Examples of such specific processes include penetration or uncoating of virus, synthesis of viral enzymes necessary for viral nucleic acid synthesis, translation, modification, or assembly of viral proteins, and release of virus from the cell



b)	There are 2 points to be aware of in considering the current state of antiviral drug development

(1)	Most compounds available have very narrow spectra of activity

(a)	Very few useful substances inhibit more than 1 class of viruses, in contrast to antibacterial drugs that have broad activity spectra



(2)	Few substances that impair virus uncoating or penetration are available

(a)	Also, we have no substances that safely inhibit virus assembly



(b)	Currently, almost all of the potentially useful antiviral substances inhibit nucleic acid synthesis (Sc. 540)



c)	Interferons:  the first and most extensively studied of antiviral substances

(1)	Interferons released from cells in response to infection by one virus provide resistance to infection by many other viruses

(a)	Interferons are not virus specific



(b)	Interferons are present in extremely small amounts, indicating that they are very potent molecules



(2)	Interferons exert their antiviral effects by inducing cells to synthesize a number of enzymes that regulate transcription and translation of viral proteins

(a)	Interferons not only inhibit viral replication but also modulate host immune responses to the infection



(3)	Interferons are inherently toxic and cause fatigue, fever, and myalgias, and occasionally, bone marrow suppression and neurological problems (Sc. 541)



A.	Viruses Affecting the Respiratory System:



1.	Orthomyxoviridae:  this family includes the influenza viruses



a)	Contain single stranded RNA with negative polarity and consisting of 8 segments



b)	Influenza viruses are enveloped:  the envelope contains projections (peplomers) where 2 glycoproteins, the viral hemagglutinin and the neuraminidase enzyme are located. 



(1)	Hemagglutinin (HA):  it binds to  N-acetylneuraminic acid components of various cell surface glycoproteins or glycolipids. 



(a)	The HA is rod shaped and exists as a trimer

(i)	Two different glycoprotein subunits, HA1 and HA2 are held together by covalent disulfide bonds

a.	Cleavage of the HA polypeptide by the host cell is required for activation of the infectivity of the virus and fusion of the viral envelope to the cell membrane



(b)	The head portion of the HA molecule has the binding site for attachment to cells

(i)	Changing amino acids around the binding sites effects the host range and tissue tropism for a particular viral strains



(c)	The base of the stalk of the HA2 molecule contains the fusion site

(i)	If the HA molecule is not cleaved, then the fusion function of HA2 is not present and the virus is noninfectious



(ii)	Strains that are resistant to protease cleavage of HA are avirulent



(d)	Antibodies to HA neutralize viral infectivity



(2)	Neuraminidase (NA):  it is necessary for the release of the virus from the infected cell



(a)	It is a mushroom shaped projection from the cell surface that exists as a tetramer



(b)	NA cleaves N-acetylneuraminic acid residues:  since NA shares this recognition sequence with HA, NA is called a receptor-destroying enzyme (RDE)



(c)	NA is assayed by addition of RBCs to an influenza virus suspension

(i)	The RBCs agglutinate but then elute (separate) spontaneously at 37�symbol 176 \f "Symbol" \s 10�°�C.



(ii)	Disaggregation is due to the NA, which cleaves the bonds that form between the viral HA and the N-acetylneuraminic acid on the RBC surface

a.	Adding fresh virus to the same disagglutinated RBCs results in no agglutination



(d)	The NA has several important biological functions during infection:

(i)	NA allows viruses to escape (elute) after binding to mucins present in the respiratory tract (mod. 40)

a.	Mucins carry neuraminic acid, are inhibitors of HA, and can thus interfere with viral release



(e)	Antibodies to the NA do not prevent infection but limit the spread of the virus from cell to cell



(f)	Viruses with defective NA produce less infectious virus



(g)	The length of the NA stalk also affects the virulence of the virus:

(i)	Stalkless viruses are highly attenuated (mod. 41)



c)	Influenza Virus Replication:  in order to replicate its genome, influenza virus is dependent on certain host cell nuclear functions



(1)	Influenza infection starts with binding to mucoprotein receptors (N-acetylneuraminic acid) on cell surfaces

(a)	After binding to these receptors, the viruses are engulfed in phagosomes, where they become uncoated



(b)	The acidity of the lysosomes, which fuse with the phagosome, uncovers peptide sequences on the HA that stimulate fusion of membranes

(i)	The viral membrane fuses with the phagolysosome membrane, releasing the nucleocapsid into the cytoplasm (Sc. 447)



(2)	RNA transcription cannot be carried out by any known host cell enzymes and requires a viral RNA-dependent RNA polymerase activity provided by components of the infecting viral core



(a)	Unlike most RNA viruses, replication of the influenza virus takes place in the nucleus

(i)	This is necessary because, unlike many other negative-stranded RNA viruses, influenza virus lacks capping and methylating enzyme activities 



(b)	Transcripts made are of positive polarity and each transcript is longer than the parental strand (Sc. 448)

(i)	The transcripts are longer because the virus “steals” the host cells cap structure for its own use



(3)	Influenza virus will not replicate in cells lacking a nucleus or in cells treated with actinomycin-D which serves to inhibit mRNA synthesis



d)	The orthomyxoviruses include viruses which are noted for their antigenic variation:



(1)	Influenza viruses have a remarkable capacity for antigenic change:  the vary, sometimes slightly and sometimes enormously, from one year to the next.



(a)	Antigenic drift:  slight variations in either the HA or NA proteins

(i)	They are presumed to result from random point mutations in the nucleic acids



(b)	Antigenic shift:  a major change in the HA or NA

(i)	Shifts are believed to result from the exchange of genes  from different virus strains and is facilitated by the segmented genomes of the influenza viruses



(ii)	It involves the introduction of a “new” or different RNA segment by genetic reassortment.



(2)	The result of both shift and drift is the emergence of viruses with different degrees of antibody resistances, or viruses that no longer react to previously formed antibodies  (mod. 41)



e)	Influenza strains:  influenza viruses are of 3 types: A,B, C



(1)	See Table 35.1, Sc. 447:  compare influenza A, B, C



(2)	Influenza type A:  causes natural infections both in humans and lower animals

(a)	Influenza type B and C infect primarily humans



(3)	Influenza type A strains are similar to animal influenza strains and have actually been recovered from animals

(a)	It is believed that animals provide a reservoir from which new genetic variants of human influenza virus can be drawn (mod. 41)



(i)	Since influenza A viruses infect swine, water fowl, and other animals, it is possible to shuffle these viruses between humans and animals.



(ii)	Antigenic variation leads to “new” viruses, either in animals or humans, to which the population has little or no immunity and resulting in an epidemic or pandemic of influenza.  (mod. 42)



(b)	The type A viruses are noted for causing widespread epidemics and occasional pandemics



(c)	They are the only influenza viruses in which major antigenic shifts have been reported for the HA or NA, or both.

(i)	Such drastic changes do not occur with influenza B and C and these viruses are not associated with pandemics



(d)	Influenza virus continues to plague humans because of lack of immunity that occurs following changes in the viral RNA that leads to antigenically different viruses.

(i)	The antigenic changes for influenza A viruses occur frequently (mod. 41)



f)	The influenza A virus genome consists of 8 discrete segments of single-stranded RNA of negative polarity

(1)	Ultimately 10 transcripts are synthesized from the 8 genomic RNAs and translated in the cytoplasm



(2)	Know  the protein products of the 1st 6 segments:

(a)	Polymerase-B2

(b)	Polymerase-B1

(c)	Polymerase-A

(d)	Hemagglutinin

(e)	Nucleoprotein

(f)	Neuraminidase  (Sc. 449)



(3)	Significance of a Segmented Viral Genome:  If a cell is infected simultaneously with 2 or more different influenza viruses, the RNA segments from each parental strain become shuffled

(a)	This process of genetic reassortment occurs with very high frequency



(b)	Antigenic shifts may result from this exchange of genes from different virus strains  (Sc. 451)



g)	Virus identification and classification:  viruses that are causing disease need to be identified



(1)	Identification is accomplished serologically and viruses are identified as either types A, B, or C

(a)	Each type is identified by epitopes found on the internal viral ribonuclear protein (RNP)



(b)	specific regions of HA vary greatly, allowing serological discrimination between virus types



(c)	variable domains of the neuraminidase are important for serotyping and immune recognition



(d)	Type A viruses are subtyped as H and N viruses and each strain or variant within a subtype is identified by the site of isolation and year of isolation

(i)	e.g. influenza A/Texas/H3N2 indicates an influenza type A virus of H3N2 subtype that was isolated in Texas in 1977



(2)	See appendix A, mod. 76 for information on influenza virus surveillance



h)	Superantigens and influenza disease:

(1)	Unlike antigens, superantigens do not have to be processed by antigen processing cells

(a)	A superantigen can interact directly  with class II MHC molecules to nonspecifically stimulate T-cells by interaction with the T-cell receptor (TCR)

(i)	This interaction does not occur in the hypervariable regions of the TCR, but instead occur on conserved regions of the TCR and result in polyclonal activation



(2)	For influenza virus, a toxic shock syndrome (TSS) had been reported whereby  influenza virus damages the upper respiratory tract and superinfection by S. aureus occurs at the damaged site.

(a)	S. aureus then produces exotoxins that are superantigens



(b)	Some superantigens can cause capillary leaks and hypotension, release of lymphokines and cytokines (TNF) and enhance the effects of endotoxins a millionfold.   (mod. 42)



2.	Paramyxoviridae:  as their name implies, they are “mucus-loving” viruses and are respiratory pathogens



a)	All paramyxoviruses are pleomorphic enveloped viruses



b)	Their RNA is nonsegmented, has negative polarity, and is single stranded

(1)	The negative polarity means that the genome is complementary to viral mRNA and parental RNA cannot function as mRNA



c)	These viruses do not undergo major antigenic changes like some orthomyxoviruses



(1)	Genetic mutation for paramyxoviruses occurs at the same rates as it does for other RNA viruses

(a)	This causes some strain variation, but those variants do not cause epidemics like influenza virus



d)	There are 3 groups of paramyxoviruses which can be distinguished structurally and clinically



(1)	Parainfluenza virus:  it is the largest group and contains 4 serotypes:  parainfluenza 1, 2, 3, and 4

(a)	These viruses cause upper respiratory infections (URI), bronchitis, and croup (laryngotracheitis)



(2)	Morbillivirus:  this genus contains measles virus, and the closely related animal pathogens canine distemper and rinderpest viruses  



(3)	Pneumovirus:  the major member of this genus is respiratory syncytial virus (RSV)

(a)	RSV causes bronchiolitis and pneumonia in children 



e)	Most paramyxoviruses have 6 or 7 genes, however, RSV has 10 genes:



(1)	For paramyxoviruses, the L-gene (polymerase) is at the 5’ end with envelope genes clustered in the center of the genome

(a)	Exceptions to gene order and location occur with RSV



(2)	The nucleocapsid genes for paramyxoviruses are designated NP, NC, or N

(a)	For some viruses (measles), the P-gene has an alternative reading frame within the gene that codes for another protein called C, thus genes are designated P/C



f)	Two glycoprotein spikes that emanate from the envelope are the major determinants of virulence for paramyxoviruses and provide functions similar to those of influenza virus hemagglutinin (HA) and neuraminidase (NA)



(1)	The adsorption protein:  One type of spike functions to attach the virus to cells, and in certain instances, promote exit from the infected cell



(a)	This spike is one way that paramyxoviruses can be distinguished structurally



(b)	Parainfluenza viruses contain an adsorption protein which binds to neuraminic acid-glycoconjugates and agglutinates erythrocytes (hemagglutinin), and it also cleaves neuraminic acid from those glycoconjugates (neuraminidase):

(i)	Thus, this protein is called HN



(c)	Morbilliviruses contain an adsorption protein that acts as a hemagglutinin, but recognition is not via neuraminic acid, and the protein has no neuraminidase activity

(i)	Therefore, the protein is called H



(d)	Pneumoviruses contain an adsorption protein which neither has hemagglutinating nor neuraminidase activity (mod. 43)

(i)	It is called G



(e)	All of the adsorption proteins act to bind the virus to the cell and thus allow initiation of an infection

(i)	Antibodies that recognize the adsorption proteins block virus binding, and thus neutralize virus infectivity



(2)	Fusion (F) protein:  this spike is very similar in each of the paramyxoviruses



(a)	This protein binds to membranes and catalyzes the fusion of that membrane with the virus membrane



(b)	When fusion occurs to erythrocytes, hemolysis occurs;  thus the protein has hemolysin activity



(c)	The F protein does not act as an adsorption protein



(d)	The F protein is similar to influenza virus HA in that it is synthesized in precursor form, and then must be cleaved by a protease to form a 2-chain, disulfide-linked structure before the fusion activity can be expressed



(i)	The 2 chains are called F1 and F2



(ii)	If the protein precursor is not cleaved, the virus is completely noninfectious:

a.	The fusion activity provided by this protein is essential for infectivity



(e)	Fusion allows the viral genome to be released into the target cell



g)	Paramyxovirus Replication:  it occurs entirely within the cytoplasm

(1)	Viral mRNA is generated by recognition of stop/start signals along the viral RNA which cause dissociation of the transcriptase from the viral RNA

(a)	As a consequence, paramyxovirus gene expression is temporally regulated 

(i)	Genes at the 3’ end (where transcription begins) are more abundant than those at the 5’ end



(2)	Paramyxovirus replication and transcription have very little toxicity to the host cell nucleus and host cell gene expression continues unabated 



(3)	Replication of viral RNA (-) occurs after synthesis of a full-length copy of complementary RNA (+) which can then be used to form an RNA copy with negative polarity. (mod. 44)



(4)	Characteristically, paramyxovirus replication leads to cell-to-cell fusion which results in syncytium (multi-nucleated giant cells) formation



(5)	Paramyxovirus particles are assembled at the cell membrane:

(a)	The neuraminidase activity of parainfluenza viruses promotes dissemination.



(b)	The morbilliviruses and pneumoviruses, which lack NA activity, are more cell-associated, but still are transmitted.  (mod. 45)



h)	See appendices B, C mod. 77,78 for biological properties of paramyxoviruses 



3.	Adenoviruses:  they are naked and possess double-stranded DNA



a)	All human adenoviruses share a group-specific, complement-fixing antigen associated with the hexon component of the viral capsid:

(1)	This group antigen is useful for viral diagnosis



b)	There are 47 serotypes that infect humans:  they primarily cause respiratory disease and conjunctivitis

(1)	Types 40 and 41 cause gastroenteritis, primarily in infants and children

(a)	These enteric adenoviruses are more difficult to grow than the respiratory adenoviruses.



(2)	Types 44-47 have been isolated from AIDS patients



c)	Among the serotypes that have been identified for the human adenoviruses, intermediate strains occur naturally

(1)	The intermediate strains are hybrid viruses being mosaic for different proteins



(2)	Intermediate human adenovirus strains have been isolated from patients with conjunctivitis and generalized illness consisting of upper respiratory disease, pneumonia, and multisystem disease



(3)	The intermediate strains are designated as adenovirus type X/Y:

(a)	Where X is the serotype identified by serum neutralization tests and Y is the type identified by hemagglutination inhibition tests  (mod. 45)



(b)	Examples of  adenovirus strains:

(i)	AV 21/H21 + 5

(ii)	AV 3 + 7

(iii)	AV 3/H16

(iv)	AV 14 + 21/H21

(v)	AV 11/H14



(4)	The intermediate viruses listed above are genetic hybrids for genes that encode for the hexon protein and the gene that codes for the fiber protein

(a)	Many combinations and permutations of these hybrids occur naturally



(5)	Intermediate adenovirus strains are difficult for the laboratory to type and cause confusion when identification occurs



d)	Adenovirus Replication:  replication and assembly occur in the nucleus, and virions are released by cell destruction



(1)	Both DNA strands of adenoviruses are involved with transcriptions



(2)	Nine unique promoters have been detected in adenovirus genomes, with 6 of the promoters functioning early during the replication cycle



(a)	Early viral functions are functions that occur before viral nucleic acid synthesis, while late viral functions occur during or after viral nucleic acid synthesis

(i)	Early functions can also occur late in the replication cycle:  some transcripts can be made both early and late (E2A)



(b)	The early transcripts are translated into nonstructural proteins

(i)	Each early section of the genome (E1A, E1B, E2A, E2B, E3, and E4) generates a complex spectrum of spliced mRNAs from its own promoter.



(c)	Late mRNAs are also spliced and are primarily translated into structural proteins



(3)	During adenovirus replication, viruses encode for tumor antigens (T-ag)



(a)	The tumor antigens are translated from early gene transcripts 1A and 1B (E1A and E1B)

(i)	E1A and E1B are oncogenes (mod. 46)



(b)	Some viruses routinely carry oncogenes as part of their genomes

(i)	Part of the viral genome, thus may has been acquired from a host cell



(4)	During adenovirus replication, transcription units tend to encode for genes with related functions:

(a)	The E1 region codes for proteins that regulate viral and host genes and also produces proteins involved in the transformation of cells



(b)	The E2 transcription unit functions in viral DNA replication



(c)	Four of the 6 proteins from E3 function to counteract the host’s immune system



(5)	Integration of adenoviral DNA into the host cell genome has been shown to occur:

(a)	This latent state can persist for years in tonsillar tissue and peripheral blood lymphocytes



e)	Adenoviruses have evolved 3 mechanisms to escape host antiviral defenses:



(1)	Preventing expression of MHC I molecules on the surface of the host cells:  this prevents the cell from being killed by cytotoxic T lymphocytes



(a)	The E3 transcription unit for some adenoviruses can code for 9 different proteins.

(i)	One of these proteins, a glycoprotein (gp19), will bind to MHC I antigens and block their transport to the cell surface



(b)	Some of the transcripts from region E1A and E1B result in proteins (T-ag) which can regulate host mRNA synthesis.

(i)	Adenovirus type 12 can transform cells:  In these transformed cells, 1 of the E1A proteins down regulates the synthesis of MHC I  



(2)	Resistance to tissue necrosis factor (TNF):  (mod 47)

(a)	Proteins from the E3 transcription unit as well as a protein from E1B are able to counter-act the function of TNF and prevent the lysis of virus-infected cells



(3)	Inhibiting the effects of interferon:

(a)	Two small RNA molecules, encoded by adenoviral genes, prevent the inhibition of protein synthesis by interferons  (Sc. 493)



f)	T-antigens can inactivate anti-oncogene products:



(1)	The retinoblastoma gene (rb) is an anti-oncogene  

(a)	The rb protein functions to prevent malignant cell growth



(2)	T-antigens (proteins from E1A region) will bind to and inactivate the rb protein



(3)	The same is true of T-antigens produced from the E1B region of the adenovirus genome:

(a)	The T-antigen from E1B will bind to and alter the function of the cellular protein p53, which is an anti-oncogene. (mod. 47)



4.	Rhinoviruses (picornaviridae):  they are picornaviruses (pico: “small”, rna: RNA)

a)	They are small, naked particles containing single-stranded, positive-sense RNA



b)	There are at least 100 serotypes and they are responsible for most of the common colds in adults

(1)	They are spread by the respiratory route, primarily by contaminated hands, although droplet infection (from sneezing) also can occur



c)	These viruses are easily distinguished from enteroviruses by their lability (instability) at low pH



d)	The atomic structure of rhinoviruses have been determined:  

(1)	Each virion protein exists as a wedge-like structure that has 8 strands which are antiparallel �symbol 98 \f "Symbol" \s 10�b�-sheets

(a)	A canyon or deep cleft is located at the axis of symmetry



e)	Amino acids are conserved in the canyon while the rim of the canyon has hypervariable amino acids:



(1)	NIm (Neutralizing Immunogen sites) are located on hypervariable peptide loops that protrude from the surface of the virus

(a)	The NIm sites are involved with viral neutralization by antibody



(2)	The canyon is the site that binds to a cellular receptor



(a)	The receptor for rhinoviruses is an Ig type molecule

(i)	For some rhinoviruses the receptor is the intracellular adhesion molecule-1 (ICAM-1), a member of the Ig supergene family



(ii)	At least 4 different receptor families are used by picornaviruses (mod 48)



5.	Coronaviridae: 

a)	They contain single-stranded, positive sense RNA in an enveloped nucleocapsid with helical symmetry

(1)	The envelope includes a lipid bilayer that is derived from the rough endoplasmic reticulum and Golgi membranes of infected cells



(2)	Petal-shaped peplomers (spikes) project from the surface of the envelope, giving the appearance of a crown



b)	Like the rhinoviruses, the coronaviruses are considered primary causes of the common cold

(1)	They cause 5-10% of common colds and respiratory diseases



(2)	They can also cause gastroenteritis



c)	Coronavirus replication:

(1)	As with all other positive-stranded RNA viruses, the 1st event after penetration into a cell and uncoating, is the attachment of genomic RNA to ribosomes for the direct synthesis of virus specific RNA dependent RNA polymerase



(a)	This enzyme is used to make complementary, full length, minus-stranded RNA

(i)	Minus-stranded RNA cannot be used for translation



(2)	The minus-stranded RNA then serves as a template for the production of new (+) genomic RNA and 6 subgenomic (+) mRNAs



(a)	The mRNAs form a nested set of overlapping molecules with common 3’ ends



(b)	Each larger RNA contains all the nucleotide sequences of the next smaller mRNA plus 1 additional gene at the 5’end



(c)	Only the 5’ proximal sequence of each mRNA gets translated



(i)	There are 3 important proteins translated from these subgenomic mRNAs:  N (nucleocapsid)  protein and E1 and E2 glycoproteins



a.	E1 protein forms the viral envelope (matrix protein) and interacts with the viral nucleocapsid



b.	E2 proteins is the peplomer and contains the antireceptor (ligand) and epitopes for inducing antibodies



6.	Reoviridae:  respiratory enteric orphans

a)	Reoviruses contain double-stranded, segmented RNA



b)	They are naked viruses and replicate in the cytoplasm of infected cells

(1)	Their capsid contains a double layer of capsomeres



c)	They are not considered important pathogens of humans

(1)	The rotoviruses causes diarrhea and will be studied later  (mod. 49)



B.	Mumps Virus and Childhood Exanthems [Measles, Rubella, Erythema infectiosum and Roseola infantum (Exanthem subitum)]:



1.	Mumps virus:  it is a paramyxovirus



a)	Like other members of its genus, it contains single-stranded, negative-sense RNA surrounded by an envelope

(1)	There are 2 glycoproteins on the surface of the envelope:

(a)	One mediates neuraminidase and hemagglutinating activity, and the other is responsible for lipid membrane fusion to the host cell (467)



b)	As in most viral infections, the early antibody response is predominantly with IgM, which is replaced gradually over several weeks by specific IgG antibody (468)



2.	Measles virus:  it is classified in the paramyxovirus family, genus Morbillivirus 

a)	It contains linear, negative-sense, single-stranded RNA that encodes at least 6 virion structural proteins:



(1)	Three of these proteins are in the envelope:

(a)	A matrix (M) protein that plays a key role in viral assembly and 2 types of glycoprotein peplomers:



(i)	One of the peplomers is a hemagglutinin, which mediates adsorption to the cell surface;  the other (F) mediates cell fusion, hemolysis, and viral entry into the cell



a.	No neuraminidase activity is present



b)	Only a single serotype restricted to human infection is recognized (469)



c)	Measles virus implants in the upper respiratory tract and susceptible cells are damaged or destroyed by virtue of the intense viral replication and the promotion of cell fusion with the formation of syncytia



d)	Measles virus can infect immune cells and thereby suppress antibody production, impair NK cell activity, and diminish the production of oxygen radicals in PMNs  (470)



3.	Rubella virus:  it is a member of the togavirus family 

a)	It is enveloped and contains single-stranded, positive-sense RNA



b)	There is only one serotype and no extrahuman reservoirs are known to exist



c)	The virus can agglutinate some types of RBCs (473)



d)	Exposure during pregnancy is the major concern because rubella can cause permanent congenital defects

(1)	Postnatally acquired disease is usually mild (474)



4.	Roseola infantum:  its alternative name, exanthem subitum, means “sudden rash”

a)	The most common cause is thought to be herpesvirus type 6

(1)	Several other agents (adenovirus, echoviruses, etc.) have been implicated



b)	It is a common disease of infants and children



5.	Parvoviridae:  

a)	They are small, single-stranded DNA viruses with naked (nonenveloped) capsids 



b)	Some can replicate autonomously, but others are defective [adenovirus associated viruses (AAV)] and require a helper DNA virus such as an adenovirus:



(1)	Herpes virus were thought to provide partial helper activity for the replication of AAV, but it has been demonstrated that herpes simplex virus types 1 and 2 can serve as a complete helper

(a)	Thus, herpes virus may help to perpetuate AAV in nature and could possibly serve to promote the persistence of AAV (mod 50)



c)	Parvovirus B19:

(1)	Its primary site of infection is the nuclei of immature cells in the erythrocyte lineage

(a)	Infected cells cease to proliferate, resulting in an impairment of normal erythrocyte development



(2)	The clinical consequences of this effect are generally trivial, unless the patient is already compromised by a chronic hemolytic process, such as sickle cell disease or thalassemia:



(a)	Aplastic crisis occurs in these compromised patients:

(i)	It is manifested as a rapid fall in RBC counts and hemoglobin



(ii)	This may present initially with no clinical symptoms other than fever 



d)	Erythema infectiosum:  a more common disease attributable to parvovirus B19

(1)	This is a rash that appears on the face, giving a “slapped cheek” appearance



(2)	like rubella, active transplacental transmission of parvovirus B19 can occur during pregnancy, resulting in stillbirth or other defects in fetuses (477)



C.	Viruses that Cause Generalized Infections with Multi-organ Manifestations:



1.	Poxviridae:  it is the largest and most complex of all human viruses



a)	They are brick-shaped or ovoid and contain double-stranded DNA 

(1)	It is a DNA virus that replicates primarily in the cytoplasm



b)	Although the virus does not have a true envelope, it is inactivated by chloroform treatment (mod. 50)



c)	These viruses cause generalized infections with a predilection for the skin



d)	Variola virus:  the cause of smallpox

(1)	2 types are known:  variola major and variola minor

(a)	their fatality rates differ drastically:  less than 1% for minor, 3-35% for variola major (479)



(2)	smallpox is the 1st major human disease eradicated from the world by appropriate vaccination procedures combined with isolation of known cases



e)	Vaccinia virus:  it is serologically related to smallpox

(1)	it produces immunity to smallpox



(2)	potentially serious and lethal complications (encephalitis, dissemination, bacterial superinfection, etc.) can occur with vaccinia infection (481)



f)	Molluscum contagiosum:  it is a benign, cutaneous poxvirus disease of humans

(1)	It produces nodular, pale, firm lesions



(2)	The poxvirus that causes this cannot be cultivated outside the human host



g)	Orf:  it is a human infection caused by a parapoxvirus of sheep and goats

(1)	Humans usually acquire it through close contact with infected animals



(2)	The typical skin lesion is solitary; it begins as a vesicle and then evolves into a nodular mass that later develops central necrosis



h)	Milker’s nodules:  a cutaneous poxvirus disease of cattle, distinct from cowpox, that can cause local skin infections similar to orf in exposed humans



i)	Cowpox: it causes localized, vesicular lesions in humans (482)



2.	Picornaviridae:  pico =small rna= RNA containing 

a)	It is made up of 2 subgroups of human pathogens:  the enteroviruses and the rhinoviruses

(1)	All human picornaviruses share a non-neutralizing common group specific antigen

(a)	Non-neutralizing means that it is not neutralized by antibody



b)	They are small, single-stranded RNA viruses with naked capsids 



c)	Hepatitis A is a picornavirus



d)	Enteroviruses:  poliovirus is the most notorious member of this group

(1)	Like some rhinoviruses, the atomic structure of certain enteroviruses has been determined



(2)	There are over 70 recognized serotypes



(3)	Their natural habitat is the GI tract



(4)	They cause diseases ranging from skin rashes to aseptic meningitis, myocarditis, and paralysis (mod. 50)

(a)	Some types have been associated with respiratory disease



(b)	Enteroviruses are spread primarily by the fecal-oral route



e)	Picornavirus replication:  replication and assembly take place in the cytoplasm



(1)	Their genomic positive-stranded RNA can act directly as mRNA and is translated into a single giant polyprotein using the hosts translation apparatus



(2)	The polyprotein is cleaved by proteases into 26 or more viral polypeptides



(a)	These viral proteases serve to separate structural proteins from nonstructural proteins, liberate key proteins (polymerase, etc.), they are involved with viral maturation and also serve to shut down host cell protein and RNA synthesis



(3)	Three major protein precursors (P1, P2, P3) are present during replication:

(a)	P1 contains 4 structural proteins



(b)	P2 (2A, 2B, 2C) and P3 (3A, 3B, 3C, 3D) have only nonstructural proteins



(4)	Key nonstructural proteins:  2A (protease), 3B [virion protein-genome linked (VPg)], 3C (protease), 3D (RNA dependent RNA polymerase)



(a)	VPg:  this protein is linked to the 5’ end of the viral RNA 

(i)	It serves as a primer for (+) RNA synthesis and is important for encapsidation of the RNA



(ii)	Other viruses (adenovirus, hepatitis B virus, caliciviruses) also have genome linked proteins that are essential for viral replication



(5)	Viral Assembly:

(a)	For viral assembly, the proteins VP0, VP1, and VP3 associate to form a 5S protomer (structural subunit)

(i)	Each protomer will eventually have one copy each of VP1, VP2, VP3, and VP4



(b)	Five copies of the 5S protomer coalesce to form a 14S pentamer 



(c)	Twelve copies of the 14S pentamer form a 70 to 80S provirus particle

(i)	This results in 60 identical subunits (protomers) making up the virus



(d)	Enclosure of the viral RNA and further protein cleavage leads to a 150 to 160S infectious particle



(6)	Many viruses have key proteins that need to be acylated or else noninfectious virus is produced:

(a)	If the structural protein 1A (VP4) is not acylated, no mature virus is made  (mod 52)

(i)	This acylation involves adding myristic acid (C14:0) to VP4



f)	It is important to know what viral functions are necessary for disease or what makes the virus virulent:

(1)	For poliovirus type 3, a reduction in neurovirulence is associated with changes in the structural protein VP3 at amino acid residue 91



(a)	Residues 89 to 100 are involved with viral neutralization

(i)	Changes at this location of VP3 may alter interaction of the virus with  a cellular receptor



(2)	Changes in the 5’ noncoding region is also strongly attenuating for poliovirus type 3

(a)	The noncoding region has 743 nucleotides and a change at position 472 (c to u) is attenuating.



(i)	The attenuation is host cell specific, it involves neural cells



(ii)	The mechanism for attenuation may involve any step of viral replication or assembly in neural cells



g)	Clearance of virus from the CNS:  picornaviruses, togaviruses, herpesviruses, etc. can cause CNS infections

(1)	Virus-infected neurons escape immune recognition because neurons do not express class I MHC molecules



(a)	If neurons were destroyed by cytotoxic T-cells, disastrous consequences would occur



(2)	Therefore, a non-MHC immunological mechanism exists to clear viruses from the CNS:

(a)	It has been demonstrated that viral antibody is important for the clearance of virus from the CNS

(i)	Lymphocytes, NK cells, complement, and ADCC have no role in viral clearance



(b)	In some cases, virus is not completely cleared from the CNS, but remains in a dynamic balance with antibody for the life of the individual

(i)	Possibly, with age, immune suppression or stress, the balance may be tipped in favor of the parasite (virus), resulting in disease 



(ii)	Post-polio virus syndrome may be due to reactivation of virus



a.	The syndrome occurs 30 years after initial infection and could thus be due to failure of antibodies to keep the virus in balance (mod. 51)



3.	Herpesviruses:  

a)	They are large, enveloped, double stranded DNA viruses



b)	The major members of this group are:

(1)	Herpes simplex 1 and 2:  they cause oral and genital lesions

(2)	Cytomegalovirus (CMV):  causes cytomegalic inclusion disease  

(3)	Varicella-zoster virus:  zoster and chickenpox

(4)	Epstein-Barr (EB) virus:  infectious mononucleosis  (mod 52)



(5)	Study Table 37-1, 504  (mod 52)



c)	Immunologic tests are the primary means for differentiation among herpesviruses



d)	Recently, 2 new human herpes viruses have been isolated:  HHV-6 and HHV-7

(1)	HHV-6 infects B and T lymphocytes and causes exanthema subitum (roseola infantum)

(a)	The virus causes latent infections in T-cells and primarily is tropic for T-cells



(b)	The virus replicates in lymphoid tissue



e)	All of these agents produce an initial overt infection followed by a period of latent infection in which the genome of the virus is present in the cell, but infectious virus is not recovered

(1)	Reactivation of virus may then result in recurrent infection  (mod 53)



f)	Unlike many other viruses, newly formed herpesvirus particles are not efficiently released into the extracellular space.

(1)	Instead, as they bud out of the cell, they immediately attach to and penetrate adjacent cells. 



(2)	They provide little opportunity for antibodies to come in contact with them (Sc. 509)



g)	The genomes of herpesviruses have a unique organization:



(1)	The DNA of these organisms contain 2 stretches of unique sequence:

(a)	One long (unique long sequence):  UL

(b)	One short (unique short sequence):  US



(2)	Each of these sequences is bracketed by short, identical DNA repeats



(3)	The DNAs of these herpesviruses have naturally occurring isomeric arrangements:

(a)	The isomers differ from each other only in the orientation of UL and US



(4)	In herpes simplex, the various arrangements of the major segments (Ul,, US) results in 4 isomeric forms of the genome:

(a)	All of the sequences are present, whatever the isomeric form of each herpesvirus



(b)	These naturally occurring isomeric forms may have an effect on the establishment of latency



(5)	See Fig 40.3, 40.4, Sc. 507  (Sc. 507, mod 53)



h)	Herpes simplex virus (HSV):  it is an important DNA virus



(1)	Eight glycoproteins (gp B, C, D, E, G, H, I, and J) cover the envelope of herpes simplex virus

(a)	Some of these glycoproteins carry common (gp D) and specific (gp E) antigenic epitopes.



(b)	Some glycoproteins are essential for infectivity and viral penetration (gp B, D, and H)



(c)	Monoclonal antibodies to the glycoproteins have been developed for the differentiation between herpes simplex virus types 1 and 2



(2)	Infections are generally asymptomatic

(a)	When primary infection is symptomatic it is disseminated (generalized) and involves the CNS or affects the skin, eyes,  mouth (SEM), or genital tract



(b)	Virus can spread intra- or interneuronally, resulting in latent infection of sensory and autonomic nerve ganglia

(i)	Recurrent infections are common



(c)	Spread of virus can occur by cell-to-cell transfer and can therefore be unaffected by circulating immunoglobulin (505, mod 53)



(3)	HSV replication:  during replication, 3 classes of viral proteins are produced (alpha, beta, and gamma)

(a)	The alpha  and beta proteins are involved with early functions and are nonstructural proteins

(i)	The alpha proteins are synthesized first



(ii)	The beta proteins include virus-specified enzymes:

a.	The virus-specified enzymes differ from host cell enzymes and are therefore important targets of antiviral chemotherapy



b.	Synthesis of beta protein shuts off the synthesis of alpha proteins and induces synthesis of gamma proteins



(b)	The gamma proteins are for late functions and are mainly structural proteins

(i)	Alpha transinducing factor (alpha- TIF) is an interesting gamma protein

a.	This protein is also called virion protein 16 (VP16), infected cell protein 25 (ICP 25) and Vmw 65



b.	It serves to trans-activate certain alpha genes and is thus essential for the initiation of HSV replication.



(c)	Assembly of HSV occurs in the nucleus and the virus acquires its envelope from the nuclear membrane and not from the outer cellular membrane (mod. 53)



i)	Epstein-Barr Virus (EBV):  although it initially infects epithelial cells, the hallmark of EBV disease is infection of B cells (514)



(1)	EBV is unique in that it can only be easily cultured in lymphoid cell lines derived from B lymphocytes of primates



(2)	The virus generally does not produce cytopathic effects or the characteristic intranuclear inclusions of other herpesvirus infections



(3)	After infection with EBV, B cells containing viral genome are immortalized and are associated with proliferation

(a)	The EBV-infected B lymphocytes are polyclonally activated



(b)	EBV will thus transform B cells and establish latent infection (513)



(4)	The virus encodes for about 100 proteins:  



(a)	Important viral proteins for diagnosis:

(i)	Viral capsid antigen (VCA):  it is detected in cells lines that produce mature virions



(ii)	Epstein-Barr Nuclear Antigen (EBNA)



(iii)	Early antigen (EA):  expressed by cell lines that contain no mature virions.



(b)	There are at least 6 EBNAs that are coded for by the virus:



(i)	EBNA 1 functions:

a.	To maintain the viron DNA in a latent state

b.	To replicate the DNA during latency

c.	To trans-activate other EBNA genes



(ii)	EBNA-2 protein is needed to transform cells



(iii)	Other EBNA proteins appear to have a role in cellular transformation



(c)	Other important viral proteins are:  glycoprotein 85 (gp-85), gp 350/220, and ZEBRA (Z fragment of Bam H1, Epstein Barr Replication Activator)



(i)	Gp-85:  it is involved with  the fusion of virus to host cells



(ii)	Gp 350/220 is the ligand for its receptor (CD 21)

a.	The CD 21molecule is also the type 2 complement receptor (CR 2)



(iii)	ZEBRA:  it functions to trans-activate EBV genes

a.	The BZLF-1 gene codes for the ZEBRA protein



(5)	EBV causes infectious mononucleosis (IM) (kissing disease)

(a)	Most EBV infections are subclinical, especially for young children



(b)	The virus causes a marked lymphocytosis (�symbol 173 \f "Symbol" \s 10�­� lymphocytes)



(c)	Pharyngitis, fever, and adenopathy are common



(d)	With IM-like cases, 75-80% of the individuals will develop a heterophile antibody response:



(i)	Heterophile antibodies have broad reactivities and reflect the polyclonal activation of B lymphocytes



(6)	Other infectious agents (CMV, HIV, and toxoplasma gondii) can cause an IM-like illness

(a)	Hematological malignancy is another important differential diagnosis, because of the �symbol 173 \f "Symbol" \s 10�­� lymphocytes that may be seen



(7)	EBV is associated with at least 4 cancers:  the EBV gene that encodes for the latent membrane protein-1 (LMP-1) is an oncogene

(a)	Burkitt’s lymphoma

(b)	Nasopharyngeal carcinoma

(c)	Hodgkin’s disease

(d)	Non-Hodgkin’s lymphoma



(8)	Other viruses also cause cancer:

(a)	Hepatitis B virus

(b)	Papillomavirus

(c)	Human T-cell leukemia virus type I  (mod 54)



j)	Varicella-Zoster Virus (VZV):



(1)	Latency of VZV occurs in ganglia:

(a)	VZV genome has been demonstrated in dorsal root ganglia of adults many years after infection (509-510)



k)	Cytomegalovirus (CMV):

(1)	It posses the largest genome of the herpesviruses 



(2)	In addition to the nuclear inclusions characteristic of HSV and VZV, CMV produces perinuclear cytoplasmic inclusions and enlargement of the cell (cytomegaly)  (511)



(3)	CMV infects epithelial cells and leukocytes



(a)	Latent infection resides in leukocytes and their precursors



4.	Retroviridae:

a)	The retroviruses are enveloped, single-stranded RNA viruses



b)	They encode reverse transcriptase, that copies the RNA genome into a high molecular weight, double-stranded DNA

(1)	The DNA becomes integrated into the host cell genome

(a)	This DNA is called a provirus and can be carried permanently



c)	Like most enveloped viruses, all retroviruses are highly susceptible to factors that affect surface tension and are thus not transmissible through air, dust, or fomites. (541)



d)	Properties of retroviruses:

(1)	They are ubiquitous

(2)	Some viruses are defective

(3)	They can transform cells

(4)	Some viruses are oncogenic and induce leukemics, lymphomas, and sarcomas, etc.

(a)	Other viruses cause immunodeficiencies, wasting diseases, and neurological disorders



(5)	Some viruses are transmitted vertically (passed from mother to child)

(6)	The cytopathic effects (CPE) are variable

(a)	Some viruses induce no cytopathic effect



(7)	They exist as provirus (integrated)

(8)	Their genome is found to exhibit extensive variation

(a)	A large number of viral strains are common



(9)	A wide range of virus-host interactions occur

(10)	They are able to acquire new genetic sequences (oncogenes)

(a)	They are able to alter the structure and function of host genetic sequences



(11)	They may function as transposable elements  (mod 56)



e)	The retroviruses comprise a heterogenous collection of viruses:

(1)	The family has been divided into 4 subfamilies:  cisternaviruses, oncornaviruses (oncoviruses), lentiviruses, and spumaviruses



(a)	Important lentiviruses:  HIV, simian immunodeficiency virus (SIV), feline immunodeficiency virus (FIV), caprine arthritis encephalitis virus (CAEV), Equine infectious anemia virus (EIAV), bovine lentivirus (BLV)



(2)	The retroviruses have also been placed into 4 groups based upon viral morphology (types A, B, C, D)



(3)	Retroviruses are also grouped by their modes of transmission:  

(a)	Endogenous viruses:  vertical transmission

(i)	They exist as proviruses in germ cells



(b)	Exogenous viruses:  horizontal transmission (mod 55)



f)	Genetic organization of human retroviruses:

(1)	The genome contains two identical RNA molecules linked in a dimeric structure

(a)	They resemble eukaryotic mRNA because they contain a 5’ cap and a 3’ poly A tail



(2)	Three viral genes are necessary for the replication of retroviruses:  their order for a typical retrovirus is gag-pol-env



(a)	Gag genes (group-specific antigen):  they encode the structural proteins of the virus and in some cases the protease



(b)	Pol (polymerase) genes:  they encode the reverse transcriptase, the integrase, and sometimes the protease

(i)	Reverse transcriptase molecules are associated with the genome and are carried with the virion



(c)	Env (envelope) genes:  they encode the 2 membrane glycoproteins found in the viral envelope (544)



(d)	See Fig. 37.4, Sc. 472

(e)	Study Table 41.1, 543



g)	The replication cycle of HIV (lentiviruses):



(1)	Binding:  HIV recognizes and binds to the CD4 receptor via its envelope glycoprotein

(a)	Antibodies to either the viral envelope glycoprotein or the CD4 receptor block this interaction



(2)	Fusion:  the virus envelope fuses with the cell membrane and the viral core is released into the cytoplasm



(3)	Synthesis of DNA:  reverse transcriptase generates a double-stranded DNA molecule, using the genomic RNA as a template (Sc. 470)



(a)	Portions of ends of the genomic RNA are copied twice, leading to a structure at each end of the DNA called the long terminal repeat (LTR)

(i)	LTR sequences contain the appropriate promoter, enhancer, and other signals required for transcription of the viral genes by the host RNA polymerase II. (543)



(4)	Integration:  the double-stranded DNA molecule is transported to the nucleus and integrated, at a random location, into host cell chromosomes

(a)	Integrase is responsible for this reaction



(b)	In the integrated state, viral genetic material is called the provirus



(5)	Synthesis of progeny virus:



(a)	In the “productive phase,” viral DNA is transcribed into mRNA by host cell RNA polymerase

(i)	Signals that direct the polymerase are found in the LTR



(b)	Some of these viral RNA molecules are spliced and used as messengers for the synthesis of viral proteins, others remain full-length and become incorporated as genomes into progeny viral particles

(i)	Assembly takes place at the cell surface and the structural proteins assemble with genomes



(ii)	They acquire their envelope by passage through the cytoplasmic membrane



(6)	Latency and trans-activation:  

(a)	Latently infected cells do not express surface antigens and may not be detectable by the immune system



(b)	HIV and related viruses (lentiviruses) differ from other retroviruses (oncoviruses):

(i)	Infection involves a latent phase in which infected cells contain a provirus but do not express viral RNA or proteins



(ii)	Expression of viral macromolecules is subject to regulation by viral gene products that operate as soluble elements (in “trans”)  (Sc. 471)

a.	This phenomenon is known as trans-activation



b.	The need for secondary stimuli to complete the replication cycle may account for the unpredictable timing of the disease  (Sc. 472)

(7)	See fig  41-2, 544



h)	HIV latency:  Study table 41.2, 547



(1)	In the absence of the viral regulatory proteins, 2 features of the expression of proviral HIV DNA are important:

(a)	The viral promoter in the LTR is intrinsically weak



(b)	Transport of full length, unspliced mRNA to the cytoplasm is so inefficient that only spliced mRNAs are translated in the cytoplasm



(2)	This extensive splicing favors production of the virion structural proteins and the enzymes required for virus production



(a)	Thus, shortly after integration, viral gene expression is restricted to the viral envelope glycoproteins and the regulatory proteins

(i)	One of these regulatory proteins is the NEF protein, which is responsible for maintaining the latent state.



(3)	NEF acts in the viral LTR, near the promoter, to further suppress the transcription of the integrated proviral DNA  (546)



(4)	Two other regulatory proteins, TAT and REV, play a positive role in viral gene expression:  they promote the production of virus particles



(a)	TAT acts to counter the activity of NEF



(b)	REV promotes the transport of full-length viral mRNA to the cytoplasm (547)



(5)	One form of viral transformation of host cells into an oncogenic state involves the tax gene:

(a)	Transformation results from the continual expression of the viral tax gene



(b)	TAX protein not only activates viral transcription in the same manner as TAT, but can also activate the expression of one or more cellular genes resulting in malignant transformation (546)



i)	Defective viruses:  certain viruses cause disease even though they cannot replicate autonomously

(1)	Such defective viruses require coinfection with a “helper” virus (Sc. 395)



j)	The significance of antigenic variation:

(1)	The env gene of HIV displays frequent mutations that lead to variations in the surface glycoproteins that permit the virus to present new antigenic configurations to the host (Sc. 472)



k)	Endogenous Retroviruses as potential etiological agents of disease:

(1)	Human endogenous retroviruses (HERV) and retrovirus elements represent .1 to .6% of human DNA



(a)	Thus, a substantial portion of eukaryotic genomes has been shaped by integration and reintegration of products of reverse transcription (retroposition)

(i)	Both cellular and viral mechanisms may be used for this retroposition



(2)	Retroelements (ERV, retrovirus elements, etc.) can be expressed in various human tissues or during stages of differentiation



(a)	When they are expressed, retroelements (mobile genetic pieces of DNA) have the potential to act as causative agents of disease (mod 55)  



(3)	HERV are genetically and structurally related to other endogenous and exogenous retroviruses, some are even structurally and genetically related to HTLV-I, II, and HIV

(a)	Full length HERV share the LTR-gag-pol-env-LTR structure that is characteristic of retroviruses



(b)	Most HERV are not full length and have termination codons interrupting potential open reading frames (ORF’s)



(4)	Some ERV code for envelope proteins that block against exogenous retrovirus infection



(5)	ERV are grouped by the type of primer (tRNA) binding sites they possess



(6)	ERV expression can cause immunological consequences such as autoimmune diseases:   ERV expression could potentially elicit reactive auto-antibodies 



(a)	One-third of lupus patients make antibodies that are reactive with retrovirus-like proteins of HIV-1 and HTLV-I



(b)	Retrovirus related antigens have been detected in 11 of 23 fixed synovial tissues from rheumatoid arthritis patients



(c)	It is not clear what role HERV may have in any disease process



l)	Properties of lentiviruses:



(1)	They may have a long incubation period:  months to years

(2)	They cause diseases that are often chronic and progressive

(3)	The host generally fails to recover



(4)	They may cause immune suppression (mod. 56)

(5)	They may induce little or no CPE

(6)	They may induce little or no neutralizing antibodies

(a)	Non-neutralizing antibodies can enhance in vitro infection



(7)	Antigenic variation of the virus can occur within the host

(8)	They often infect immune cells

(9)	They carry additional genes (accessory/regulatory genes)  (mod. 57)



m)	Oncogenic viruses:

(1)	The unique feature of all of these viruses is that some of their viral genes are replaced by genes from their hosts that render them oncogenic (546)



D.	Viruses Causing Mainly Liver Disease:  despite major differences in structure and biology, all 5 known hepatitis viruses share a remarkably specific tropism for the liver



1.	Hepatitis B virus:  it is referred to as serum hepatitis or long incubation hepatitis

a)	It is an enveloped DNA virus belonging to the family Hepadnaviridae



b)	The route of infection of HBV is mostly parenteral:  transmission takes place by exchange of infected blood and blood products

(1)	The virus can also be spread by sexual contact



(2)	Vertical, mother to child, transmission is a major problem

(a)	Transmission does not occur in utero, but during delivery or through contact with the mother’s blood, milk, etc.  (Sc. 522)



c)	Hepatitis B infections can result in chronic carriers



d)	There are 3 morphological forms:

(1)	Spherical forms composed of surface antigen (HBsAg)



(2)	Tubular or filamentous forms composed of HBsAg



(3)	Complete virions: the Dane particles, composed of an outer surface (HBsAg) surrounding a core, which contains the core antigen (HBcAg)



e)	The core of HBV consists of:

(1)	partially double-stranded DNA associated with a DNA polymerase

(2)	a hepatitis B core antigen (HBcAg)

(3)	the hepatitis B e antigen (HBeAg) which is a low molecular weight glycoprotein



f)	the envelope of HBV contains the HBV surface antigen (HBsAg) (494)

(1)	aggregates of HBsAg  are often found in great abundance in serum during infection



g)	HBV genes and their products:  see table 36.2, 495  

(1)	Gene S:  HBsAg (major envelope protein)

(2)	Gene C: HBcAg and HBeAg (major core proteins)

(3)	Gene P: viral DNA polymerase/reverse transcriptase

(4)	Gene X: protein on the 5’ end of the (-) DNA strand that serves as a primer



h)	Antigenemia:  study fig 36-3, 497

(1)	Acute, self-limiting, Hepatitis B cases:



(a)	During the acute phase of the disease, when there is active viral replication, large amounts of HbsAg and HBeAg are present in the serum

(i)	Although HBcAg is also present, antibody (anti-HBc) against it prevent its detection



(b)	With resolution of acute hepatitis B, HBsAg and HBeAg disappear from serum with the development of antibodies (anti-HBs, anti-HBe) (496)

(i)	Development of anti-HBs is associated with elimination of infection and protection against reinfection (497)



(2)	Chronic active Hepatitis B:  study fig 36-4, 498

(a)	HBsAg and HBeAg can be detected in serum throughout the active disease processes and anti-HBs does not develop



(b)	Anti-HBc is detected (497)



i)	The HBV genome:  it is partially single stranded, which is unique for DNA viruses

(1)	The long strand is not closed and the short strand is 15-60% smaller

(a)	The long DNA strand is of negative-polarity and the short strand is of positive polarity (same polarity as mRNA)

(b)	See fig 41.1, Sc. 520



(2)	The P and X genes are involved with viral replication (495, mod. 58)



j)	Hepatitis B replication:  it is the only known human DNA virus that replicates via an RNA intermediate

(1)	Polymerase contained in the virion is used to fill in the incomplete strand of DNA



(2)	The completed DNA molecule then serves as a template for the synthesis of a full length RNA intermediate of positive polarity

(a)	The large transcript is restricted to production in liver cells and may cause the tropism in these viruses



(3)	The viral polymerase, which possess reverse transcriptase activity, then synthesizes a complementary negative DNA copy on the RNA strand.



(4)	The RNA is then degraded and the DNA is used to make its complementary strand (Sc. 523)



2.	Hepatitis A:  referred to as infectious hepatitis or short duration hepatitis

a)	It is in the family of small RNA viruses, the picornaviruses, and is related to polioviruses

(1)	Most of the recognized properties of this virus resemble those of enteroviruses



b)	It is a positive-stranded RNA virus and its genome serves directly to encode proteins as mRNA



c)	The virus is spread primarily by the fecal-oral route

(1)	Gamma globulin will protect 80-90% of people, if administered within 2 weeks of exposure (mod. 57, Sc. 521)



3.	Hepatitis C:  previously called non A-non B (NANB)

a)	It is a flavivirus, a large genus of single-stranded, positive-sense RNA viruses



b)	Six major genotypes have been described:

(1)	The HCV genetic variants detected in the middle east and Africa have been type 4 viruses

(2)	Type 6 viruses have been common in the far east (Hong Kong)



4.	Hepatitis D:

a)	It is a small, defective RNA virus that can replicate only in the presence of hepatitis B virus



b)	Hepatitis D do not make a protein coat, but take the surface antigen of the HBV for its own coat



5.	Hepatitis E:  previously referred to as epidemic non A-non B

a)	It is spread by fecal-oral transmission (like Hep A) (mod. 58)



b)	It is a nonenveloped RNA virus and is similar to caliciviruses



6.	Hepatitis virus (F):  evidence for the existence of a 6th hepatitis virus now exists

a)	It is the third enterically transmitted hepatitis agent

b)	It has not been named  (mod. 59)



E.	Viruses of Diarrhea:  See table 38-1



1.	Rotaviruses:  they belong to the family Reoviridae 

a)	They have been isolated from many animal species and are important enteric pathogens

(1)	Rotaviruses may be readily transmitted across species boundaries



(2)	They are the most widely recognized cause of viral enteric infections

(a)	They most commonly infect infants and young children



b)	Their morphology is unique in that it consists of 2 capsids:

(1)	The outer capsid is larger and attached by short “spokes” to the inner capsid, resembling a wheel (rota is Latin for wheel)



c)	They are naked and their genome consists of segmented (11 segments), double-stranded RNA

(1)	Dual infections and recombination can result in viruses with reassorted genome segments



(2)	Separation of different virion RNA’s by electrophoresis results in different patterns (electropherotypes) termed “long” and “short”

(a)	Human isolates have either long or short patterns



(b)	Two completely different rotaviruses can have identical pherotypes

(i)	Identical pherotypes does not guarantee identity



d)	Currently, 14 serotypes have been identified and 10 serotypes infect man



(1)	Serotype specificity is generally encoded by genes 4 and 9



e)	Gene (RNA segment) 4 codes for VP4, which is a surface protein  (mod. 60)



(1)	VP4 is responsible for a number of biologically important functions:  

(a)	it is a hemagglutinin

(b)	it carries neutralization epitopes

(c)	it is involved in protease-enhanced infectivity

(d)	it is also involved in virulence and host range



(2)	In the presence of protease, VP4 is cleaved to form VP5 and VP8

(a)	neutralizing epitopes are thus found on virion proteins 5 and 8

(i)	neutralizing epitopes are also found on virion protein 7



(3)	the antigens on VP4 determine P-serotypes



f)	Virion protein 7 (VP7) is a glycoprotein:

(1)	Antigens on VP7 determine G-serotypes



(a)	The following G-serotypes have been isolated humans:  G 1-6, 8-10, and 12



(i)	Rotavirus serotypes G6 and G10 are major bovine pathogens but have been recovered from diarrheic children

(ii)	Serotype G5 is a major swine pathogen and has also been recovered from humans with diarrhea



(iii)	Feline and canine-like group A rotaviruses belonging to serotype G3 have been recovered from humans



g)	A group antigen also exists and is important for laboratory diagnosis

(1)	The group antigen is used to place rotaviruses into different serological groups



(2)	The group antigen also carries subgroup antigens

(a)	Subgroup antigens are located on VP6 of the inner capsid



h)	Rotaviruses sharing immunological cross-reactivity have been placed in groups:

(1)	Most human group A rotaviruses are subgroup 2



(2)	Most animal group A rotaviruses belong to subgroup 1

(a)	There are exceptions to this



(3)	Atypical rotaviruses (pararotaviruses and rotavirus-like agents) which do not immunologically cross react with group A rotaviruses have been subdivided into groups B, C, D, E, F, and G

(a)	Humans can also be infected by group B and C viruses (mod. 60)



2.	Norwalk agents:  they are responsible for some acute non-bacterial gastroenteritis

a)	They were first associated with an outbreak in Norwalk, OHIO



b)	They belong to the Calicivirus family

(1)	They are small, naked RNA viruses



(2)	The RNA is single stranded and has positive polarity



c)	Like picornaviruses, these viruses carry a genome linked protein that is essential for viral replication

(1)	The RNA codes for at least 1 major structural protein and 2 nonstructural proteins (protease and RNA polymerase)



d)	These viruses, along with others, are often referred to as small round-structured viruses (SRSV)



e)	Infections are commonly seen in community and institutional settings and affect children and adults (mod. 60)

(1)	Transmission is primarily fecal-oral

(2)	The illness is characterized by nausea, vomiting, abdominal cramps, diarrhea, malaise

(a)	It lasts for 24-48 hours



(3)	While these viruses do cause sporadic, endemic, disease; they usually come to attention through development of explosive outbreaks

(a)	Waterborne (wells and swimming) and food borne outbreaks of Norwalk gastroenteritis have been reported



f)	Norwalk agents have not been grown outside the human host



g)	Several serotypes exist and various antigenically distinct viruses have been identified (Taunton, Hawaii, Ditchling, and Snow Mountain)



3.	Astroviridae:

a)	They are nonenveloped; single-stranded, positive-sense RNA viruses

(1)	They are referred to as SRSV



b)	They have a star-like ultrastructure by EM



c)	Five serotypes of human astroviruses have been identified (H-Ast 1- H-Ast 5) and all 5 share a common group antigen



d)	These viruses have been grown in cell cultures



e)	They cause enteric disease, primarily in children

(1)	They have been associated with up to 10% of the cases of diarrhea in children



4.	Adenoviruses and corona-like viruses also cause diarrhea:  they have already been covered



F.	Arboviruses and Other Zoonotic Viruses:



1.	Togaviridae:

a)	They are lipid-containing (enveloped) viruses with single-stranded, positive sense RNA genomes



b)	They were previously called arboviruses (anthropod borne)



c)	Alphaviruses (a genus of togaviruses) that infect man are:  eastern equine encephalitis virus (EEE), western equine encephalitis (WEE) and Venezuelan equine encephalitis (VEE)



d)	Rubella virus (a rubivirus) is one member of the family that is not transmitted by arthropods



e)	Many togaviruses cause subclinical infections or encephalitis, some are lethal



2.	Flaviviridae:

a)	Enveloped viruses with single-stranded, positive-sense RNA genomes



b)	St. Louis encephalitis virus is the most common member of the genus found in the continental U.S.



(1)	Yellow fever and Dengue viruses also belong to the same genus (mod. 61)

(a)	Both are prevalent in the Caribbean Basin and other tropical areas



(b)	Dengue virus has become of increased concern to public health officials in the continental U.S. because of the importation and establishment of Aedes albopictus, a very efficient mosquito vector of the virus



3.	Bunyaviridae:  enveloped viruses 

a)	They have single-stranded, segmented RNA genomes with negative or ambisense polarity

(1)	Ambisense:  they have both negative and positive sensed RNA’s



b)	They are generally spread by arthropods



c)	About 11 of these viruses cause California encephalitis



4.	Hantaviruses:  

a)	They are negative-sensed RNA viruses that belong to the family Bunyaviridae



b)	Hantavirus became a problem for U.S. soldiers serving in the Korean conflict

(1)	Soldiers contracted an illness referred to as Korean hemorrhagic fever, or hemorrhagic fever with renal syndrome (HFRS)

(a)	HFRS is characterized by high fever, severe headache, muscle pain, vomiting, severe renal failure, and hemorrhage



(b)	The causative agent of this disease is hantavirus



(2)	The virus takes its name from the Hantaan river in Korea



c)	Most infections occur in Asia and Europe

(1)	There are several serotypes that cause HFRS disease:  Hantaan, Seoul, Puumala

(a)	Natural hosts for these viruses are rats, mice, voles, shrews, and bandicoots

(i)	Virus in rat urine is transmitted to humans



(b)	The Hantaan serotype causes severe HFRS, the Seoul type a moderate form of HFRS, and Puumala a mild HFRS



d)	In 1993, a different Hantavirus caused an outbreak in the SW part of the U.S.

(1)	There were 26 deaths from 42 cases



(2)	This virus did not affect the kidneys but affected the lungs

(a)	The new disease is called hantavirus pulmonary syndrome (HPS)

(i)	It is characterized by fever, muscle aches, and interstitial pulmonary edema which can rapidly progress to respiratory failure and death



(3)	The reservoir for this virus is a deer mouse

(a)	Person-to-person transmission has not been a problem



(4)	The pinon mouse, brush mouse, house mouse, harvest mouse, Colorado chipmunk, rock squirrel, and white-throated rat also carry the virus



5.	Rhabdoviridae:

a)	Bullet-shaped, enveloped viruses with single-stranded, negative-sense RNA

(1)	The envelope contains spikes (peplomers)



b)	Rabies virus is the most common member of this group to cause human disease

(1)	Rabies is an acute fatal viral illness of the central nervous system



(2)	Rabies virus codes for 6 proteins:

(a)	A key protein is the spike G-protein (glycoprotein) 

(i)	The G-protein is involved with  attachment of virus to cells and induces neutralizing antibodies



(b)	The nucleocapsid protein for rabies has been reported to be a superantigen (mod. 63)



(3)	Pathogenesis:

(a)	The virus first replicates in skeletal muscle at the site of inoculation

(b)	It then enters the peripheral nervous system at the neuromuscular junctions and spreads up the nerves to the CNS, where it replicates in the gray matter



(c)	It then passes along autonomic nerves to reach other tissues (538)



6.	Rarer But Emerging Viruses:



a)	Arenaviridae:

(1)	They are enveloped, single-stranded, segmented RNA viruses

(a)	The RNA is ambisense



(b)	Virions contain electrondense, RNA-containing granules which appear to be host cell ribosomes



(2)	They have a zoonotic (mostly rodent) reservoir and can spread to humans

(a)	They are known for producing persistent infections



(b)	Their pathologic features are similar to those for arboviruses that cause hemorrhagic fever:



(i)	Arenaviruses cause aseptic meningitis (lymphocytic choriomeningitis) and Argentine and Bolivian hemorrhagic fevers in humans



(3)	Lassa virus is an important member of this group and causes Lassa fever in West Africa



(4)	Sabia virus:  a new Arenavirus, isolated in Brazil in 1990, has infected a laboratory worker and killed an agricultural engineer in the U.S.



b)	Filoviridae:  Marburg and Ebola viruses are Filoviruses

(1)	They are enveloped, single-stranded RNA that have negative polarity



(2)	They are an occupational hazard:  individuals involved with the transport or care of non-human primates should be aware of the rare potential hazards due to these viruses



(3)	Mortality for both Marburg and Ebola viruses is extremely high:  they cause severe hemorrhagic fevers (mod. 63, 534)



G.	Oncogenic viruses:

1.	Transformed cells usually do not contain infective virus, but the presence of viral DNA, RNA, and certain antigens can still be detected in these cells

a)	This suggests that the viral genome may become integrated into host chromosomes in a manner similar to lysogeny of bacteria



(1)	Integration of viral sequences into host chromosomes has been demonstrated with Epstein-Barr, hepatitis B, and papovaviruses



(2)	Human papillomaviruses may instead persist in the nucleus in a free, plasmid-like state, and replicate in synchrony with the chromosomes (Sc. 499)



2.	RNA oncogenic viruses:  only 1 family of RNA viruses, the retroviruses (oncornaviruses) is known to be oncogenic

a)	Oncogenes  encoded by retroviruses have sequence homology with normal cellular genes called proto-oncogenes  (Sc. 499)



3.	DNA oncogenic viruses:  most of the viruses that cause tumors in humans have DNA genomes

a)	Oncogenes encoded by DNA viruses are not known to be related to normal cellular host cell regulatory proteins, instead they stimulate growth of the cells by activating the machinery for DNA replication (Sc. 500)

(1)	DNA oncogenic viruses include:  poxviruses, herpesviruses, adenoviruses, papovaviruses (indulging papillomavirus), and hepadnavirus



b)	Adenovirus:

(1)	Transformation by adenoviruses requires the product of 2 viral genes

(a)	The role of 1 of these is to immortalize cells, that is give them the ability to grow indefinitely in culture

(b)	The role of the other is to confer the fully transformed phenotype on immortalized cells (Sc. 493)



(2)	Both proteins act by interaction with cellular antioncogenic products



c)	Chronic active hepatitis leads to hepatocellular carcinoma (Sc. 524)



4.	Papoviridae:  this family consist of 2 genera, papillomavirus and polyomavirus

a)	They are small, nonenveloped, double-stranded DNA viruses



b)	Papillomavirus:  there are over 65 genotypes of the virus

(1)	Human papillomaviruses cannot be propagated in cell cultures



(2)	They infect cells of the basal layer of the skin 

(a)	As these cells mature and migrate towards the cell surface, viral replication begins



(3)	In the outer skin layers the infection becomes manifest and is characterized by proliferation and thickening of the basal cell layer and vacuolization of the cytoplasm

(a)	These changes lead to the appearance of a wart

(i)	The lesion (wart) is not caused by cell destruction, but by cell proliferation (Sc. 500)



(ii)	The wart is a benign tumor and some of these can eventually become true malignancies

a.	Most cases of cervical cancer are associated with warts (Sc. 501)



(4)	Transformation is believed to occur when these viruses infect cells incapable of supporting the lytic cycle:  thus, transformation results from an abortive growth cycle  (Sc. 498)

(a)	Transformation leads to production of a gene product that binds to and inactivates a proteins suppressor of cell proliferation (Sc. 499)



c)	Polyomavirus:  there are several that infect man

(1)	JC virus is routinely associated with the rare demyelinating disease progressive multifocal leukoencephalopathy (mod. 65)



H.	Persistent and Slow Viral Infections:  a variety of progressive neurologic diseases are caused by these viruses and other filterable agents



1.	Slow Virus Infections have the following characteristics:

a)	They have long incubation periods, a protracted clinical course, and often there is a continuous presence of virus (persistent infections)

b)	Etiological agents are heterogenous in nature

c)	The host response may cause pathogenesis

d)	Pathology may be degenerative (noninflammatory)



2.	Diseases associated with conventional viral agents:  these viral agents possess nucleic acid genomes and protein capsids, induce immune responses, and can be grown in culture



a)	Conventional RNA viruses:

(1)	Paramyxoviruses (measles virus):  SSPE (subacute sclerosing panencephalitis)

(a)	SSPE is a rare chronic viral measles infection that produces progressive neurological disease characterized by an insidious onset of personality change, progressive intellectual deterioration, and both motor and autonomic dysfunctions  (563, mod 64)



(2)	Togavirus (rubella virus): progressive panencephalitis 

(a)	Progressive postrubella panencephalitis is similar to SSPE



(3)	Retroviruses (Lentiviruses): pneumonia, encephalitis, arthritis, anemia, and immune deficiency



(4)	Arenaviruses (lymphocytic choriomeningitis virus- LCM):  immune-complex disease

(5)	Picornaviruses:  chronic meningoencephalitis



b)	Conventional DNA viruses:

(1)	Papovaviruses (JC-virus):  progressive multifocal leukoencephalopathy (PML)

(a)	It is a subacute, degenerative disease of the brain 



(2)	Parvovirus (aleution milk disease virus):  immune complex disease



c)	Nonconventional agents:

(1)	Prions:  they are proteinaceous infectious particles

(a)	They are encoded in the host cell genome and once translated, the protein resists inactivation



(b)	They cause neurologic (spongiform encephalopathies) diseases:



(i)	Human diseases include:

a.	Kuru:  a subacute, progressive neurologic disease



b.	Creutzfeldt-Jakob:  it is a progressive, fatal illness of the CNS that occurs in the 6th or 7th decade of life



(ii)	Animal diseases:  (mod. 64)

a.	Scrapie:   occurs in sheep and goats

b.	Mink encephalopathy

c.	Chronic wasting disease of deer and elk



(c)	Physical properties of prions:

(i)	They are resistant to formaldehyde, RNases and DNases 



(ii)	They are incompletely activated at 100�symbol 176 \f "Symbol" \s 10�°�C and are resistant to UV and ionizing radiation



(d)	Biological properties of prions:

(i)	They have a long incubation period and produce no interferon, viral interference, infectious nucleic acid, inclusion bodies, inflammatory response, or antigenicity



(ii)	They have no CPE and they are always fatal, with no remissions or recoveries



(iii)	They are not effected by immunosuppression or immunopotentiation



(iv)	They cause a degenerative pathology



(v)	They do not effect T and B cell functions (mod. 65)



I.	Defective-Interfering (DI) Particles:

1.	DI’s are produced by deletional mutations in viruses and generally have large deletions of their genomes that involve structural genes

a)	They require a helper virus for their own replication

(1)	Sometimes DI can have all the correct genetic signals for self replication and can become selfish RNA or DNA molecules.



(2)	DI particles can be molecular parasites



2.	These incomplete virions (DI’s) can interfere with the replication of non-defective, infectious viruses

a)	Interference occurs because DI particles successfully compete with the nondefective genomes for the limited supply of replication enzymes



3.	DI’s can have the following effects:

a)	They may alter the clinical course of disease

b)	They may have a role in malignancy (HBV)

c)	They may have a role in chronic disease (SSPE)



4.	DI particles can also:

a)	Prolong viral infections

b)	Interfere with viral replication

c)	Reduce or eliminate viral cytopathic effects (98-99, mod. 66)



J.	Latent Viral Infections:



1.	Herpesviruses and retroviruses truly cause latent viral infection

a)	Neurons can be infected by HSV-1, HSV-2, and VZV



b)	Neural cells in adults are nonproliferating and sheltered from immunosurveillance 

(1)	HSV-1 requires VP16 for viral replication

(a)	VP16 is nonfunctional in neural cells and latency associated transcripts (LATs) are produced in these cells



(b)	LATs may have a role in viral inactivation



c)	Lymphocytes can be infected latently by EBV

(1)	For EBV, the ZEBRA protein is needed for viral production

(a)	During latency the immediate-early gene for ZEBRA (BZLF-1) is silent  (mod 66)



(b)	The BZLF-1 gene can be turned on via tumor promoters or by antibody 
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