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Objective 1:  Define a Virus.
A.
Virus- multiple definitions, but two essential qualities

1.
Specific genetic material utilizes machinery of a host cell; intracellular parasite.

2.
Extracellular infectious phase: transmission

B.
Viruses are exceptional chemicals and very simple microbes

C.
Building blocks of viruses: capsomer, capsid, and virion

Objective 2:  Define the following:
A.
Protomer- structural unit of a capsomer, a polypeptide or protein molecule. 5-6 protomers make up a capsomer.

B.
Capsomer- structural units of the outer shell of a virus, made of protomer units

C.
Capsid- collection of capsomers that are made of protomers, the outer shell of a virus surrounding its nucleic acid core.

1.
Icosahedral- nucleic acid core is surrounded by a capsid with 20 triangular faces and 12 points.

2.
Helical- capsid still made of protomers/capsomers, but follow the helical structure of the nucleic acid.

D.
Envelope- pleomorphic glycoprotein membraneor outer layer with lipids and other “cell-like” constituents that surround the helical or icosahedral nucleocapsid.

E.
Tegument- space between the envelope and nucleocapsid

F.
Complex viruses- two types

1.
Type 1- called complex because the envelope and nucleocapsid are not distinct entities. (Poxvirus, influenza, Arenavirus)

2.
Type 2- called complex because their structure is complicated, could be called a “Lunar Module”. Has a Head (holds DNA and goes through contraction), tube (injects DNA into host), and whiskers. (ex. Bacteriophage T2, even bullet shaped Rhabdovirus and Marburg virus).

G.
Early/late phase recognition- 

1.
Refers to the temporal order of gene expression

2.
Early genes- genes expressed before genome synthesis/replication

3.
Late genes- genes expressed after genome synthesis/replication

H.
Eclipse period- point when virus loses its identity and infectivity in the host; when it is uncoated.

I.
Burst size- yield of virus at the end of reproductive, vegetative cycle.

J.
Stages of the productive cycle:

1.
Recognition and attachment- involves structures on the surface of the cell and the virions (PRO or CHO molecules); receptor mediated ligands in naked viruses; fusion in enveloped viruses. Attachment PRO and receptor molecules control host range at tissue tropism (can mutate and cause variants).

	Virus
	Viral Attachment PRO
	Cell Target
	Target Cell Receptors

	Herpes Simplex
	GD and GB
	Epithelial Cells
	Heparan Sulfate

	Epstein-Barr
	Gp350 and gp220
	B cells
	C3 complement receptor CR2

	HIV
	Gp120
	Helper T cells
	CD4 molecule


2. Penetration-
 controlled by virion structure and cell type

a.
Non-enveloped enter by viropexis (receptor mediated endocytosis) or direct penetration

b.
Enveloped virions penetrate by fusion of viral envelope with plasma membrane, delivers nucleocapsid directly to cytoplasm. Fusion controlled by pH -endosomes make more acidic pH by endocytosis (hemagglutinin of Influenza A)

3.
Uncoating- delivering nucleocapsid to the site of replication, causes eclipse period where virion loses infectivity and identity

4.
Macromolecular synthesis- stages following uncoating that include transcription, genome replication, protein synthesis.

a.
Transcription/Translation- uncoupled because of host cell having a nucleus and cytoplasm. Transcription occurs in the nucleus and translation in the cytoplasm.

1.
Transport systems to get mRNA in the cytoplasm and PRO from cytoplasm to nucleus for DNA replication

2.
Genes are monocistonic in viral mRNA, code for one large protein that is subsequently cleaved

3.
Processing because gened are monocistonic, puts methyl cap on 5’ and a poly-A tail on 3’end.

4.
Processing reduces mRNA by 30%.

5.
Assembly- takes place in the nucleus for DNA viruses except Poxvirus, all PRO processing and transport signals present in nucleus

a.
Virion assembly by PRO-PRO, PRO-DNA, PRO-membrane interactions

b.
Procapsid- empty capsid may be formed and the genome filled in later. (retrovirus, togavirus, negative strand viruses)

c.
Envelopes- form by budding (these cells remain cell associated with release from cytoplasmic replicates), nuclear replicating enfeloped viruses get envelope from nuclear membrane, some viruses (Flaviviruses) get envelope from budding into ER and Golgi.

d.
Envelopes are part of the host’s membranes whether organelle membranes or cell membranes, with glycosylated modifications.

6.
Release- last stage, virus exits the host cell by budding (remains cell associated), lysis, or exocytosis.

a.
Cells that bud and acquire en envelope in cytoplasmic release, give rise to more cell associated progeny from the reproductive cycle. The host cell remains alive to produce more viral progeny.

b.
Lysis- cell bursts open, host cell is destroyed.

c.
Exocytosis- mentioned as an inefficient means of release in lecture notes (not found in any further reading I did either).

Objective 3: Note the contributions of the following to the identification of viruses as etiologic agents of disease:


A.
Democrates (500 BC)- Rabies or tetanus

B.
Hippocrates (500-400 BC)- Parotitis (Mumps)

C.
Aristotle (322 BC)- Rabies transmission by animal bites, but thought humans to be exempt

D.
Celsus (100 AD)- Hydrophobia in man related to rabies in animals

E.
Jenner (1798)- Cowpox/smallpox vaccine

F.
Pasteur (1880)- Rabies vaccine

G.
Rous (1911)- Transmission of avian sarcoma

H.
Ellerman and Bang (1908)- Transmission of fowl leukosis

I.
Loeffler (1898)- Agent of foot and mouth disease in cattle by cell-free filtrate

J.
Twort and D’llerelle (1917)- Bacterial viruses- Bacteriophages

K.
Enders and Robbins (1945)- tissue culture

L.
Buist (1887)- one of first to view viruses microscopically

M.
Ivanovsky (1892)- Identified filtratable agent in solution that could transmit plant disease.

Two Breakthroughs Greatly Improved Study of Viruses:

1.
Electron microscope: Defined virions and capsids

2.
Cell culture: study under controlled lab environment, able to dissect molecular events and viral replication, and led to design of anti-viral drugs and vaccines

Objective 4: Compare/Contrast viruses from the following standpoints: Size range, components, complexity (refer to chart)

Objective 5: Describe how viruses are classified into different families:

1.
The type of nucleic acid in the genome. (RNA/DNA)

2.
The number of nucleic acid strands and their polarity. (ss/ds/+/-)

3.
The mode of replication.

4.
The size, structure and symmetry of the virus particle. (Helical/Icosahedral/Enveloped/Complex)

Objective 6: Compare and contrast the life cycles of Adenovirus and Poxvirus

	Phase of Life cycle
	Adenovirus 5
	Poxvirus (Vaccina, complex Type 1)

	Recognition
	Naked icosahedral virion, attaches by receptor mediated endocytosis
	Attaches by fusion of envelope to host cell

	Penetration
	Endocytosis or phagocytosis loses penton fibers
	Gets into cell by a phagosome

	Uncoating
	Once in cytoplasm susceptible to cellular nucleases, penetrate nuclear membrane by nucleic pocket or thru nuclear pore
	2 stages of uncoating due to envelope: Stage 1- Phagosome enzymes, which are host cell enzymes, remove outer membrane of virion and leads to enzymes for transcription of early genes, including transcriptional activators, RNA polymerases and enzymes for poly-A addition and methyl capping. Stage 2- early PRO uncoatase, uncoats core membrane. Releases DNA for viral DNA polymerase. DNA is double stranded and large with its ends covalently bonded to form telomeric structures making it hard to separate the strands, signaling DNA replication and late phase protein synthesis.

	Macromolecular Events
	Transcription- early transcription done by host RNA polymerase II. Genes come from approximately 5 or more different regions of DNA corresponding to 14% of “R” strand and 13% “L” strand. MRNAs are processed and produce early PRO to help in DNA synthesis. DNA synthesis is semi-conservative meaning that it is stated at either end by asymmetric displacement. Displaced strand is copied or due to terminal repeats the strand may form a panhandle that is copied by melting at the ends in the same manner as a straight strand. Either way, a terminal bound protein initiates DNA synthesis. Late transcription- occurs once DNA synthesis is started, and appears as at least 13 mRNAs one is from the “R” strand. Processed via splicing, polyadenylation, and methyl capping. Late mRNA’s produced in cytoplasm on polyribosomes and are structural proteins needed for the procapsid and nucleocapsid. Assembly- Important to know that DNA synthesis is complicated and nulti-stepped. Requires movement of proteins produced in the cytoplasm to the nucleus for assembly. 
	Transcription- Early PRO are PRO needed for core DNA replication because replication occurs in the cytoplasm.  Late transcription- are structural PRO.  Replication- occurs in the cytoplasm, not the nucleus like Adenovirus. Occurs in cytoplasmic inclusion bodies also called virosomes or Guarnieri’s inclusion bodies, or factories.   Assembly- First membrane assembles around the Poxvirus core, inside of the inclusion bodies, forming an intracellular naked virus (complex) that associates with the Golgi apparatus to produce the extracellular enveloped virus.

	Release
	Of the viruses made, only 1% don’t remain in the nucleus and are released in extracellular fluid; mature virion has penton fibers. Many of the cells stay in tact, but some burst (lyse) to release the virus. In early infection, a viral gene product of protection against the host cell interferon antiviral system is vaRNA that binds to an active component of the interferon antiviral system, inactivating by authentic dsRNA.
	Lysis cell for release of 10,000particles of cytoplasmic factories.


Objective 7: Compare and Contrast the differences in processing of transcription products in animal virus-infected cells (Eukaryotes) and bacteriophage-infected cells (Prokaryotes).

	Eukaryotes
	Prokaryotes

	Monocistronic messages, each strand (if more than one) has its own promoter
	Polycistronic messages, one long strand with multiple genetic messages with one promoter that reads the all the messages.

	Transport of mRNA from nucleus to cytoplasm, then the protein made on the ribosomes in the cytoplasm are transported back to the nucleus for assembly.
	No nucleus, so no transport of proteins back to the nucleus.

	Processing of mRNA because it must be moved to the cytoplasm and not be destroyed by enzymes. Processing includes, splicing, polyadenylation at 3’ end and an addition of a methyl-cap on the 5’ end.
	No processing.
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Objective 8
Describe the various classes of RNA viruses based on their  
genomic organization. 

Class I
(+) strand.  No RT in virion.  RNA is infective.  The primary gene product is one protein that is subsequently cleaved into many proteins.  Ex) picornaviruses: Polio

Class II
(-) strand.  Contains RT in virions.  RNA is not infective.  Produces multiple (+) strand mRNA.  The gene product includes multiple proteins.  Ex) Paramyxoviruses: measles, mumps

Class III
Multiple (-) strands.  Contains RT in virions.  RNA is not infective.  Produces multiple (+) strands of mRNA.  The gene product includes multiple proteins.  Ex) Orthomyxoviruses: Influenza

Class IV

Multiple (-) sense dsRNA duplexes.  RT included in virions.  RNA is not infective.  Produces multiple (+) strands of mRNA.  Gene product includes multiple proteins.  Ex) Reoviruses

Class V
(+) strand (35 S).  Contains RT in virions, which is an RNA-dependent DNA polymerase.  Produces a 35 S and 24 S strand of (+) sense mRNA.  Primary gene products are large proteins which are subsequently cleaved.  Ex) Retroviruses

	
	Outstanding Characteristics

	Class I
	Single strand of (+) sense RNA, No RT, RNA is infective

	Class II
	Single strand of (-) sense RNA

	Class III
	Multiple strands of (-) sense RNA

	Class IV
	dsRNA duplexes

	Class V
	RT is an RNA-dependent DNA polymerase



Objective 9
Describe the various replication strategies employed by RNA viruses.  Payton Rous (

A (+) strand of mRNA can undergo several events:

1.
translation

2.
copying by an RNA-dependent RNA polymerase to form dsRNA

3.
Copying by a RNA-dependent DNA polymerase

RNA viruses need all the enzymes (eg transcriptase, polymerase, etc.) and cofactors found in the nucleus to be available in the cyto at the replication site.

Poliovirus (Picornavirus family)

Icosahedral (+) sense ssRNA virus


Infects cell by endocytosis


Releases RNA [remember (+) sense] to polyribosomes in cyto for synthesis of precursor polyprotein


Polyprotein cleaved proteolytically into smaller proteins and polypeptides. 


One of these is transcriptase (an RNA-dependent RNA polymerase) that synthesizes (-) strands from the (+) strand genomes for progeny production


VPg, a viral protein, is attached to the 5’ end of the progeny RNA and facilitates translation upon entry


During the late part of the cycle, the procapsid and capsid proteins are assembled into empty heads that filled with the newly synthesized progeny (+) strand RNA, with VPG attached


Cell undergoes lysis to release virions

Retrovirus


Surface protein gp120 binds CD40 on host cells and enters by fusion


The (+) strand RNA genomes are released into cyto and reverse transcribed by virion transcriptase into dsDNA of the provirus


DNA is transported to nucleus and integrated into the nuclear DNA of the host


 mRNA transcription and transport occur via very complicated posttranscriptional regulatory processes


A variety of mRNAs are translated into protein products that lead to membrane modifications, capsid formation, and packaging of viral progeny genomes


Virus buds from cell, acquiring its structure containing gp120 to mature as a virion


This model also works for other retroviruses such as HTLV

Objective 10
Understand why a naked negative strand viral RNA is non infectious or conversely why a naked positive strand viral RNA is infectious. 

Viruses that require a polymerase are not infectious.  The only virus that does not require a polymerase is the Class I virus, picornaviruses such as polio virus.


Objective 11
Discuss the unique aspects of retrovirus replication - RNA viruses that replicate via a DNA intermediate. 


Objective 12
List some of the clinically important viruses from each class of viruses. 

	
	Clinically important viruses

	Class I
	Picornaviruses such as polio

	Class II
	Paramyxoviruses such as measles and mumps

	Class III
	Orthomyxoviruses such as influenza

	Class IV
	Reoviruses

	Class V
	Retroviruses
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Objective 13
Discuss the importance of a non-productive infection in cell 
transformation.


Objective 14
Discuss the properties of transformed cells.

Immortality

Loss of contact inhibition


Focus formation (1 focus per transformed cell) OR growth in soft agar


Anchorage independent growth (grow well in suspension)

Growth in low serum - cells produce their own growth factors

Morphology - cells become rounded and more refractile

Neoplastic transformation - new growth

Malignant transformation - Evidence of invasion and/or metastasis

Define cellular oncogenes
“good genes gone bad” - cells that encode proteins that encourage cell growth or function which have been activated to overproduce these growth factors

Define proto-oncogenes
Normally functioning genes that have the capacity, under certain conditions, to cause cancer

How can oncogenes be induced to cause cancer?
Mutational activation

Overexpression

Objective 15: Understand how viral gene products induce cell transformation or how viruses induce transformation using host cellular genes. 
Transformed cells are cells with abnormal growth characteristics. These characteristics include immortality (continue to grow), loss of contact inhibition (when cells contact they usually stop growing but with contact inhibition they continue to grow), growth in low serum (transformed cells do not require much if any growth factor because they make their own therefore they can grow in low serum), morphology (the more transformations a cell has the more ability they have to cause cancer/grow abnormally).
There are two types of transformation NEOPLASTIC and MALIGNANT. Neoplastic transformations are new growths and malignant transformations show characteristics of invasion and metastasis. 
Cellular oncogenes cause cancer by either mutational activation or over expression. (ex. of mutational activation is RAS oncogene always left in GTP active state as compared to its GDP state…ex. of over expression is HER2 over expression in breast cancer).
Viral oncogenes cause cancer by expression of an oncogene recovered from a cell (RNA viruses), insertional activation, or mutational activation. (ex. includes retrovirus inserts into tumor suppressor gene which leads to loss of its function of regulation)

Objective 16: List the viruses that cause human cancer.
Epstein-Barr Virus can cause Burkitt’s Lymphoma, Nasopharyngeal Carcinoma, or Infectious Mononucleosis
Hepatitis B, C, D cause Hepatocellular Carcinoma
Human Herpesvirus 8 causes Kaposi’s Sarcoma
Human Papilloma Virus can cause Cervical Cancer and Oral Carcinomas
Human T-cell Leukemia Virus causes Hairy’s T cell Leukemia

Objective 17: Describe the importance of environmental or genetic factors in the induction of cancer by viruses.
Certain cancers are prevalent in specific areas because of the role that environmental and/or genetic factors play. For instance, Burkitt’s Lymphoma (caused by EBV) is the leading cause of cancer in children of sub-Sahara Desert because this is the malaria belt and malaria induces this disease. In the case of Nasopharyngeal Carcinoma (EBV), it is mostly seen in Asian populations therefore there is probably a strong genetic component to the disease (possibly a receptor for the virus only found in Asian populations??). Finally, with Hepatitis B,C, and D…there is a higher occurrence of chronic infection with the consumption of alcohol.
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Objective 18: Compare and contrast the potential roles of humoral and cellular immunology in recovery from virus infection and protection form reinfection.
All viruses are intracellular pathogens therefore cell-mediated immunity plays an important role in recovery. The role of antibody is dependent on how virus replicates and spreads to uninfected cells. There are three ways a virus can spread…
1. EXTRACELLULAR (lytic viruses) release virion into extracellular environment therefore antibody can effect (ex. Polio virus)
2. INTRACELLULAR (budding viruses) the contact between two cells is so close that virus doesn’t often get released into the extracellular environment therefore no antibody response (ex. Herpes virus)
3. PARENT TO PROGENY (retroviruses) virus integrates into genome and DNA is spread by cell division…virus often falls into state of latency therefore cannot be seen by antibody or cell-mediated immune response
Effects of specific antibody on viral infections include…
viral neutralization: Ab blocks attachment
viral opsonization: Ab binds Fc receptor, C3R also effective
complement-mediated lysis of enveloped virus: when viruses bud can either include or exclude host proteins…if included then resistant to complement-mediated lysis…if excluded then susceptible
complement-mediated lysis of viral infected cells: in general not susceptible because Ab cannot recognize
Ab-dependent cellular cytotoxicity of virus infected cells: NK cells can kill cell by binding Fc receptor
Effects of cell-mediated immunity on viral infections include…
CTL’s can lyse infected cells in an Ag-specific, MHC restricted manner (most important)
NK cells can lyse infected cells in a non-specific manner
Activated macrophages are more resistant to virus infections 

Objective 19: Distinguish between interferons alpha, beta, and gamma with respect to their cellular sources and biological functions.
IFN a = leukocyte interferon, type 1, macrophage is primary producer
IFN b = fibroblast interferon, type 1, produced by many cell types
IFN g = immune interferon, type 2, NK is early/innate producer, Th1 and CTL are late/aquired producer

Type 1 interferons have three functions… 1. Induce resistance to viral replication in all cells (antiviral state) 2. Increase MHC class 1 expression and antigen presentation in all cells 3. Activate NK cells to kill virus-infected cells
Type 2 interferons do the same as above but in addition activate macrophages

Objective 20: Describe the possible mechanisms by which viruses can evade destruction by the immune system.
Intracellular spread of infection: see above obj. 18
Antigenic drift of viral antigens: Ab no longer recognize mutated Ag
Non-neutralizing Ab-virus complexes: no longer prevents attachment and initiation (ex. Dengue virus)
Induction of immunosuppression: virus can decrease MHC 1 and 2, block Ag processing, block cell adhesion, decrease macrophage response (IL-10 from EBV)
Viral latency

Objective 21: Understand how an antiviral immune response to a virus may be detrimental to the host.
Antiviral immune response results in inhibition of protein synthesis and activation of Rnase L which could both be detrimental to the host???


Objective 22.  Describe how the immune response to a virus may contribute to viral persistence.


Too much or too little immune activity can contribute toa persistent disease.  Some pathogens induce a general suppression of a person’s immune response.  For example, some pathogens produce toxins that act as super-antigens.  Through their capacity to bind to so many different t-cell receptors, super-antigens stimulate excessive proliferation of T-cells and over production of cytokines.  The massive cytokine release causes systematic shock.  Other pathogens cause mild or transient immuno-suppression in the course of acute infection, making the patient more susceptible to further infection.

Objective 23.  Discuss the advantages and disadvantages of live versus killed viruses and of purified viral components in vaccine development against viruses.


Killed or inactivated virus vaccines are virus particles that have been chemically treated with formalin or physically treated with heat or irradiation so that they are unable to replicate.  Only viruses whose nucleic acid can be reliably inactivated make suitable killed virus vaccines.  Such vaccines also have the drawback that large amounts of pathogenic virus must be produced during their manufacture.  A second type of vaccine consists of live virus that has mutated so that it has a reduced ability to grow in human cells and is no longer pathogenic are called live-attenuated virus vaccines, they are usually more potent at eliciting protective immunity then killed virus vaccines because the attenuated virus can replicate to a limited extent and thus mimic a real infection.  A few examples are measles, mumps and polio.  You obviously would not want to use a live virus vaccine that typically kills its host (example- AIDS).  Due to the fact that live vaccines can occasionally revert to the virulent form.
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Objective 24.  Discuss the molecular basis underlying the strategies for anti-viral therapy. 


Viruses are obligate intracellular parasites that use the host cell’s biosynthetic machinery and enzymes for replication.  Hence, it is very difficult to inhibit viral replication without being toxic to the host.  The steps of the viral replication cycle provide potential targets for antiviral drugs.  Attachments can be blocked by neutralizing antibodies, which bind and coat the virion.  Hydrophobic amines are antiviral agents that can neutralize the PH of the endocytic vesicle and inhibit virion uncoating.  mRNA is not a target because it would be difficult to inhibit virual mRNA without affecting cellular mRNA.  The proper processing and translation of viral mRNA can be inhibited by INF, and other agents.  Viral DNA polymerases are the prime target for most antiviral drugs, because they are essential for virus replication and are different from host enzymes.  Most antiviral drugs are nucleoside analogues, which are nucleosides with modification of the base, sugar, or both.  Nucleoside analogous selectively inhibit viral polymerases by either preventing chain elongation or by altering recognition and base pairing, some antiviral drugs target cellular enzymes or pathways that are important to viral replication but not to cell viability.

Objective 25.  Describe the potential advantages and disadvantages of live vs. inactivated viral vaccines.


The advantages and disadvantages of live vs inactivated vaccines:






Live


Inactivated

-dose of virus



LOW


HIGH

-#of doses



SINGLE

           MULTIPLE

-duration of immunity


           LONG-TERM

          SHORT-TERM

-cell mediated immune response
            GOOD


POOR

-The 2 problems with live vaccines are:  the vaccine virus my still be dangerous for immunosuppressed people or pregnant women and the vaccine may revert to a virulent viral form.

Objective 26.  Describe the basic principles involved in determining whether a vaccine will be effective.


The basic principle involved in determining whether a vaccine will be effective is to study characteristics of a natural infection and the body’s protective immune response.  Develop an animal model for the disease.  Develop a vaccine concept/design.  Test the vaccine in the animal model.   Next are clinical trials in humans.  They have 2 phases:  Phase I looks at the safety aspect, and Phase II looks at both safety and efficacy.

Objective 27.  Describe the mechanism of action of the clinical useful antiviral chemotherapeutic agents.


Chemotherapeutic drugs injure microbes through several different mechanisms.  They lyse and kill microorganisms by inflicting direct damage upon specific cellular targets.  Microbistatic drugs interfere with the machinery in the cell required for cell division, and so inhibit reproduction.  Drugs function specifically in one of the following ways:  they inhibit cell wall synthesis, they inhibit nucleic acid synthesis, they inhibit protein synthesis or they interfere with the function of the cell membrane.

Objective 28.  Discuss the limitations to the usefulness of the antiviral chemotherapeutic agents.  


Any chemical used in treatment or relief of disease is defined as a chemotherapeutic drug.  When chemotherapeutic drugs are given as a means to control infection, they are termed antimicrobial drugs.  Although antimicrobial drugs have greatly reduced the incidence of certain infections, they have definitely not eradiated infectious diseases.  Drug resistence, which is an adaptive response in which micro-organisms became able to tolerate an amount of drug that would ordinarily be inhibitory, limits even more the usefulness of chemotherapeutic drugs 


29. Discuss unique features of prions in terms of vaccines or chemotherapy
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30.  Describe the various types of Hepatitis viruses and their genomic organization.

Types


Hepatitis A is an RNA virus with a protein coat.  It is a coronavirus that is closely related to poliovirus.


Hepatitis B is a partially dsDNA enveloped virus.


Hepatitis D is a delta agent; it is like a viroid.  HDV can replicate and spread only with the help of HBV.


Hepatitis C is an enveloped RNA virus.


Hepatitis E is an RNA virus with a capsid.  Think of HVA, but in other countries.

Description:


Antibodies to HBV:

o
Anti-HBs - means that infection is chronic and active

o
Anti-HBc - core protein.  Best indicator of acute infection

o
Anti-HBe


It is estimated that HCV has surpassed, or soon will surpass, AIDS in the number of deaths it causes.

31 Describe the cycle of viral replication and modes of transmission of Hepatitis viruses A and B. Should also describe the primary modes of transmission of viruses C, D, and E.


HAV is transmitted along a fecal-oral route.  Vaccination is recommended for travelers when going to areas with lower levels of sanitation.  It can be spread in shellfish, which are filter feeders, as well as in daycare centers.  This is a problem because it is frequently asymptomatic in children.  HAV is a stable virus that can remain in an active state for months; this can be attributed to its non-enveloped state.


HBV can be transmitted in blood, tears, mother’s milk, and semen.  It is transmitted in a similar manner to AIDS, but it is transmitted more easily.  Because HBV is enveloped, it is not as stable as HAV outside of the body.  Because HBV is a partially dsDNA, the first thing it does is complete its second strand of DNA.  It does so by a retro-virus-like mechanism, using RT to convert RNA into DNA.  HBV disrupts the host cell with its X protein (a viral protein) that interferes with tumor suppressor function, allowing genomic instability.  There is not a known oncogene. 


HDV uses HBs to transmit itself to other cells; HBV must be present for HDV to replicate.  When HDV coinfects with HBV, the infection is not as severe because HBV must have adequate time to establish its own infection.  When it superinfects with HBV, it is more likely to progress to a fulminant infection.


HCV is spread more easily than HBV.  It enters the liver, replicates, and develops multiple strains.  The host makes Abs against the virus, but they are not neutralizing Abs.


HEV is spread along a fecal/oral route.

32 Discuss the clinical significance of each type.


HAV is not normally as harmful as others because it can resolve itself; if so, there will be no long-lasting effects.  However, it can be a fatal, rapidly progressing fulminate disease, killing approx. 100 people per year in the US.  Effects are mediated by immune effects to the liver.  Symptoms occur 15 to 50 days after infection.


HBV: 10% of the people infected with HBV show clinical signs of infection.  Because it is not normally detected, it is easily spread.  HBV infection is not always resolved.  A certain number of cases will progress to a chronic, leading to cirrhosis, chronic active hepatitis, and hepatocellular carcinoma.


Only 10% of the pts infected with HCV are symptomatic, and the asymptomatic pts can spread the infection.  20 to 30% of the people who acquire HCV will progress to an chronic active state.  50% of the pts who progress to a chronic active state will develop hepatocellular carcinoma.


HEV is more dangerous than HAV because it has a higher rate of fulminate hepatitis.  It can occur in approximately 20% of pregnant women.  It was discovered in Indiam but it is beginning to spread.

33 Understand that viral and host factor influence or determine viral tropism. 

34 Describe the prospects for vaccine development for each virus.


HAV vaccines can be inactivated or live attenuated.


HBV: If you can block the spread of the virus by the vaccine, you can block the progression of hepatocellular carcinoma.  This is the first time that a vaccine has ever been made to stop the progression of cancer.  The HBV vaccine is also effective because it protects against HDV.

Currently, there is no vaccine against HCV because the only Abs are not neutralizing.  One way to block the virus is to block its internal ribosomal entry segments (IRES).  If the IRES is blocked, the ability of the ribosomes to initiate translation of proteins is affected.  IFNα has also been used to treat HCV.  Recently the IFNα has been combined with ribovirin.  If ribovirin is PEGylated (linked to polyethylene glycol to protect it from the immune system) it will be more effective.
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35.  Discuss the clinical significance of each type of viral hepatitis.

The notes are pretty straight-forward on these so I will give one or two things from each one that I think is relevant or that sets it apart from the others.

Hep A  (Transmission- Food, water, personal contact)


Anicteric infection (hepatitis without jaundice) is common in children under 5.


Fulminant disease (massive destruction of hepatocytes) is rare in Hep A.

Hep B  (Blood, blood products, personal contact)


Fulminant disease is more common than in Hep A.


Chronic disease (defined as having virus for more than 6 months and characterized by absence of HBsAg antibodies) is common in Hep B.


Chronic infection is more likely in young children.

Hep C  (blood, blood products, very little with personal contact)


Transmission- Blood and blood products are an important mode of transmission for both viruses. However, Hep C is less likely to be acquired by sexual transmission or mother to neonate than with Hep B. 


There is no vaccine available for Hep C.

Hep D   (blood)


This only occurs as an acute co-infection (simultaneous infection) with Hep B or as a super-infection (one then the other later on) with Hep B.

Hep E  (fecal-oral, water, blood, personal contact is rare)


Does not lead to chronic infection.


36.  Understand the factors, which determine the different clinical outcomes due to infections with hepatitis B virus or hepatitis C.


With Hep B comes the risk of acquiring Hep D as well (co-infection or super-infection). With Hep C this is not possible.


 All Hep B infected patients develop Ab’s to HBcAg, but only in patient’s who will overcome the infection will Ab’s to HBsAg be developed.  This is significant because HBsAg Ab’s provide life long immunity to re-infection.


Chronic infection is common in both and this leads to increased risk of hepatocellular carcinoma in both. 


Chronic infection can range from no liver abnormalities to cirrhosis.


With Hep C, a majority of those infected are infected chronically and chronic infection can also lead to autoimmune disease in Hep C.


The occurrence of anicteric infection is higher in Hep C.

37.  Discuss the treatments and vaccines, which are now available, and the prospects for new vaccines.

Natural infection results in life long protection.

The potential types of vaccines are:


Attenuated live virus


Killed virus


Viral protein

The vaccines available for Hep A are:


HAVRIX


VAQTA

The vaccines/treatments available for Hep B chronic infections are:


IFN alpha - this works for some, but is not effective for the majority of individuals.


3TC (lamivudine) - this is a reverse transcriptase inhibitor and is effective since Hepatitis virus can be propagated by reverse transcription.


Liver transplant.

Vaccine development is based on the knowledge that individuals who mounted an antibody response to HBsAg were able to clear the infection.  To obtain the Ag to produce a vaccine, they used to have to take it from the serum of an infected patient. Now HBsAg can be produced in yeast and this is the basis for these vaccines:


Recombivax HB


Engerix-B


Twinrix - this one is a combined Hep A and Hep B vaccine.

There is no Vaccine available for Hepatitis C because of its genetic diversity, the lack of an effective Ag target, and the virus’ ability to develop new strains.

.

No vaccine is needed for Hep D because one exists for Hep B and without Hep B infection one cannot get Hep D infection.

Currently research is focused on the development of a therapeutic vaccine (this is all that is mentioned in the notes about new vaccines, but it seems like the difference is that this would be for the treatment of infected patients, whereas what we have now is for the prevention of infection).
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39.
Identify the viruses which can cause gastroenteritis in humans and describe their genomic organization and other significant structural features 

Rotavirus-  11 segments of double stranded DNA, wheel like, non enveloped, has 2 outer membrane proteins (VP4 a hemagluttinin, and VP7, a glycoprotein).

Adenovirus-  Double stranded DNA, non enveloped, and two types (40 and 41)

Norwalk like and Sapporo like-  single stranded (+) RNA, non enveloped 

Astrovirus-  single stranded RNA virus (+), non enveloped

40.  Know the steps in enterovirus replication and selected steps in rotavirus replication

I was not able to find specific steps for replication in these specific viruses, although they are both RNA viruses. Dr. Jacob gave his second lecture on  RNA viruses.

41. Describe the clinical and epidemiological features of infections caused by the above virus

Rotavirus-  incubation is 1-3 days, leading cause of diarrhea in children, (-) strand used as template for mRNA synthesis, two viruses together can reassort and form a new virus.

Adenovirus-  compared to rotavirus it cause less amount of vomiting and elevated temperature but has a more severe diarrhea, incubation is 7-10 days, can cause disease in young children.

Norwalk like and Sapporo like-  leading cause of non bacterial gastroenteritis in adults in the U.S., incubation is 3-4 days, primary infections are caused by food and water contamination but secondary and tertiary infections are transmitted by person to person contact,  the initial symptom is vomiting and  diarrhea lasts about 5 days.

42. Discuss the treatment and prevention of infections, with these viruses, including vaccines.
Rotavirus-  vaccine was available in 1998, but taken off the market due to complications, treatment is to admininster electrolytes and fluids

The notes didn’t mention much else about the other viruses , good hygiene is the best way to prevent these infections.
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1.
Define characteristics of the Herpesvirus group.


Enveloped icosahedral DNA virus.  The tegument is a membranous space that contains viral proteins.  Herpesviruses fuse with the membrane, cause a primary infection, and then exist in latency.  

 How many herpesviruses are there?


>50

2.
Describe the classes of herpesviruses.


Alpha class: HHV-1, 2, and 4


Beta class: HHV-5, 6, 7


Gamma class: HHV-4 and 8

3.
What is herpes simplex?


Class 1 and 2.  These cause a vesicular rash.

4.
What is unique about herpesvirus reproduction?


Herpesviruses reproduce in a coordinate cascade.  HHV fuses to the cell and the capsid enters the cyto.  The capsid travels to the nucleus, releasing its DNA into the nucleus.  The DNA is immediately transcribed by host RNA polymerase into immediate early (alpha gene) products, which are mostly nonstructural proteins.  The mRNA is polyadenylated and 5’ methylated (capped).  Replication is Cairns.  Early (beta gene) products are synthesized, mRNA is made and shipped out into the cyto, and beta proteins are made, including DNA polymerase and thymidine kinase.  Replication is rolling circle.  For beta proteins, DNA binding products are needed in the genome.  The beta proteins turn off alpha genes and turn on gamma genes.  Gamma mRNA is made and shipped to cytoplasm, where it produces gamma proteins (glycoproteins).  These are mostly structural proteins used for the virion synthesis.  Some of these proteins enter the nucleus and turn off the gamma genes, while some make their way to the membranes.  When the virus is formed, nucleocapsids bud out of the surface and pick up their envelope.  

5.
What is the prevalence of herpes?


Over 50% of the people in the middle SES have circulating Ab to herpesvirus by age 21.  In the lower SES, 60% of the pop is HSV 1&2 positive by age 11 to 15.  80% of children in the lower SES have HSV Abs by age 10.

6.
Compare the frequency, nature, and severity of HSV 1 and 2.


HSV 1 is almost always found in the oral cavity.  Type 2 is found in the genital area most of the time, but type 1 never has recurrence in the genital area.  HSV 1 is almost always involved in severe infections, except in newborns, where HSV 2 is the most common.


HSV-2 is nearly always involved in urogenital and sacral ganglia (latent) in infections - below the waist


HSV-1 is nearly always involved in facial and trigeminal ganglia (latent) infections

7.
List some methods to identify HSV into oral and genital types


Restriction endonuclease (RE) analysis of purified DNA


Neutralizing Ab


Examination of proteins made in infected cells

9.
Discuss the pathogenesis of the Herpesvirus infection. (Model with HSV 1 and 2).


Primary infection occurs with invasion of body by lesion in mucous membrane or skin


Multiplication at the site  lymph nodes


Symptoms develop: fever, irritability, ulceration, etc.


Infected cells enlarge and develop intranuclear inclusions with margination of nuclear chromatin


Papular lesions  vesiculate lesions (fluid contains cell-free virus and degenerating epi cells)


Inflammatory cells invade and lesion appears cloudy


Epi cells grow back, lesion becomes crusty


In buccal mucosa and genital area, “roof” of lesion breaks, leaving shallow ulcers


Board review book:

o
HSV-1 attaches to cell at FGF-R

10.
List the typical manifestations of HSV-1


Gingivostomatitis, herpes labialis, keratoconjunctivitis


Encephalitis - highly fatal


Herpetic whitlow (lesion on finger)


Disseminated infections such as esophagitis and pneumonia (in immunocompromised pts)

11.
List the typical manifestations of HSV-2


Genital herpes - painful vesicular lesions on genital and anal areas


Primary: fever and inguinal adenopathy


Often asymptomatic


Neonatal herpes: asymptomatic shedding, encephalitis


Aseptic meningitis: mild, self-limiting
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Objective 1
State the major clinical manifestations of human illnesses caused by VZV, CMV, EBV, and other major herpesviruses. 


Objective 2
Outline the epidemiology and major modes of transmission of VZV, CMV, EBV, and the other major herpesviruses.


Objective 3
Describe the basic approaches to treatment and prevention of human illnesses due to VZV, CMV, EBV, and the other major herpesviruses.

1.
List the viruses that cause persistent infections. (see chart)

2.
Why can viruses exist in a persistent state?


Defiant and flagrant


Less or partially infectious virus (adenovirus)


Noninfectious forms, non-Ag-producing forms (herpesvirus)

3.
List the 4 types of persistent infections.  (see chart)


Persistent chronic infection with shedding (continuous or intermittent)


Latent infection (noninfectious)


Acute and progressive (persistent slow infection following acute infection)


Persistent slow infection (no acute phase)

4.
Why are persistent infections important?


They can be reactivated


They are associated with chronic dz (Such as HBV, subacute sclerosing panencephalitis (SSPE))


Sometimes associated with cancers


Allow for the persistence of the viral agent in the host community



5.
List the names of the models for establishment of latency.


Immune modulation model


Immune elimination model


Nonpermissive model for latency and activation

6.
Describe the immune modulation model


Ganglion cells are permissive for HSV viral replication


Virus travels to axon from primary site of infection


Ab production begins and host’s immune responses modulate the productive site of infection


A nonlytic, latent infection is established after the primary site of infection is clear of the virus

7.
Describe the immune elimination model


There are two population of ganglion cells


One is permissive and the other is nonpermissive


Nonpermissive cells establish late infection


Permissive cells establish productive infection


Immune response of host aids in eliminating the productively infected cells, leaving the latently infected cells intact

8.
Describe the nonpermissive model


All cells are nonpermissive


Replication of virus at skin or inflammation provided a signal that converts cells to permissive states for HSV replication


The host immune response eventually shuts down this signal by eliminating viral replication at the portal site


Cells return to a nonpermissive state

9.
What are the stages of reactivation?


Phase A - those surrounding the resumption of viral activity


Phase B - those involving the replication and spread of the virus

1.
Briefly describe the main points of latency of herpes.


Persistence of the viral genome


Limited viral replication


Retain potential to reactivate

2.
Describe the three families of herpesviruses

	
	Host range in cell culture
	Reproductive cycle
	Result of cellular infection
	Genera

	Alpha
	Broad
	Short
	Latent infection in neurons
	a) Simplexviruses b) Varicelloviruses

	Beta
	Restricted
	Long
	Infected cells are often enlarged
	CMV, HHV-6, HHV-7

	Gamma
	Lymphotropic
	Long
	Associated with cell proliferation
	a) Rhadinoviruses (HHV-8) b) Lymphocrytoviruses (EBV)


3.
State the major clinical manifestations of human illnesses caused by VZV.

	
	Incubation Period

	Infection of conjunctivae and/or mucosa of URT
	Day 0

	Viral replication in regional lymph nodes
	

	Primary viremia
	Day 4-6

	Viral replication in liver, spleen, and other organs
	

	Secondary viremia
	

	Infection of skin and appearance of vesicular rash
	Day 14


o
Varicella:

o
Fever

o
Pruritic rash


Maculopapules  vesicles  pustuled  scabs in varying stages of evolution


Lesions limited to head and trunk


Self-limiting in children

o
More severe dz in adults, newborns, and immunocompromised

o
Complications:


Bacterial superinfection (group A strep)


Pneumonia (esp. in pregnant women)


Neurological complications (encephalitis, meningitis)


Reye syndrome (lethargia, vomiting, nausea, severe increase in brain pressure, increased fat deposition in liver

o
Congenital varicella


Skin scarring, eye abnormalities, abnormal limbs

o
Zoster

o
Localized skin eruptions

o
Unilateral rash (asymmetric)

o
Major concern is post-herpetic neuralgia (elderly)

o
Complications


Reactivation involving CN V can produce severe eye complications


Reactivation involving geniculate ganglion can result in Ramsay-hunt syndrome


Encephalitis

o
More severe disease in immunocompromised

4.
Describe Ramsay-Hunt syndrome.


Facial palsy, loss of taste, associated with ear canal vesicles

5.
Where does a latent infection of VZV occur?


Sensory ganglia

6.
Describe the epidemiology of VZV (both varicella and zoster).


Varicella:

o
Ubiquitous in childhood

o
Worldwide dz

o
Second attacks of varicella are uncommon


Zoster:

o
Represents reactivation of VZV latent in DRG

o
Prevalence increases sharply after age 50

o
Occurs more frequently in immunocompromised

7.
How is VZV diagnosed?


Characteristic rash


IF (immunofluorescent) staining for Ag in cells from lesions


Culture virus (this is difficult because the virus is very cell-associated)


Exposure to varicella or zoster


Serology


PCR to detect viral DNA

8.
How is VZV transmitted?


Varicella - Probably airborne spread (respiratory secretions) early in dz


Vertical - very low risk for transmission, esp. in first trimester - may be less for zoster than varicella (less viremia in immunocompetent)

9.
How is VZV treated?


Varicella

o
Symptomatic therapy (Tylenol not asprin)

o
Adults usually treated with acyclovir and foscarnet


Zoster

o
Drug treatment of elderly may reduce post-herpetic neuralgia (acyclovir, valacyclovir, famiciclovir, foscarnet, sorivudine)

o
Drug tx for immunocompromised (IV acyclovir)

o
IV drug tx for severe dz

10.
How is VZV prevented?


VZIG - passive immunization, most effective before lesions occur


Vaccine (Varivax, live attenuated)

11.
Name the possible causes of mononucleosis.


EBV 


CMV


Toxoplasma

12.
Give a brief definition of CMV.


A ubiquitous virus that can cause dz in individuals with immature (fetus) or malfunctioning immune systems (AIDS pts. and transplant recipients)

13.
Discuss the epidemiology of CMV.


70% + of adults are seropositive


Site of latency may be leukocytes (and/or endothelial cells)

14.
State the major clinical manifestations of human illnesses caused by CMV.


Asymptomatic (most common)


Mono (although usually caused by EBV)


Congenital

o
Symptomatic at birth


Non-CNS problems are self-limiting


20% of symptomatics (1% of congenitally infected) die during infancy and rest will suffer some form of brain damage

o
Asymptomatic at birth


15% will develop hearing defects of impaired intellectual performance


Immunocompromised

o
Fever

o
Transplant recipients - leucopenia, hepatitis

o
Bone marrow recipients - pneumonitis

o
AIDS patients


25% develop some CMV dz (pre-HAART)


CMV retinitis


Ulcers


encephalitis

15.
How is CMV diagnosed?


PCR


Culture


Serology


Ag detection

16.
How is CMV transmitted?


Can be transmitted vertically or horizontally


Shed in saliva, semen, vaginal secretions, & breast milk in the absence of symptoms


Intrauterine 

o
Presumably follows maternal primary infection and corresponding placental infection

o
Occurs in 40% of pregnant women with CMV infection

o
Approx. 1% of seropositive women transmit CMV infection in utero


Perinatal - virus present in maternal genital secretions


Postnatal - Saliva, breast milk


Blood transfusion

o
1 to 5% of seronegative recipients become infected when receiving seropositive blood

o
Difficult to culture virus from blood, may be cell-associated (leukocytes)


Transplants

o
Seropositive donor will transmit virus to seronegative recipient 60 to 80% of the time

o
Virus causing dz in bone marrow transplant comes from the recipient (may reflect viral reactivation)

17.
How is CMV treated?


None in immunocompetent


Drug tx in immunocompromised: ganiciclover, valacyclovir, foscarnet

18.
How is CMV infection prevented?


Screen blood for transfusion


Screen donors and recipients to match CMV status in transplants


Prophylactic/pre-emptive therapy in bone marrow transplant and solid organ transplant

19.
What is the causative agent of roseola infantum?


HHV-6 


This is also called exanthema subitum

20.
Describe the epidemiology of HHV-6 and HHV-7?


Very high seroprevalence of HHV-6 as well as HHV-7 infection


Up to 70% of people acquire HHV-6 during 1st year of life.  Up to 70% of people acquire HHV-7 by the 3rd year of life.

21.
How is HHV-6 manifested clinically? 


Roseola infantum (exanthema subitum)

o
Benign disease of children

o
Fever which subsides with the appearance of a rash (nonpruitic, slightly elevated, blanches upon touch)

o
Liver dysfunction can occur during acute phase of dz

o
Febrile seizures can also occur

o
In adults dz can present as a mild infectious mononucleosis


Can be isolated from CD4+ T cells (may be latent in T cells, epi cells, or monocytes)


Transplant recipients

o
Presence of virus (not symptomatic dz) in 7 to 80% of transplant recipients

o
Febrile syndrome, bone marrow suppression, encephalitis

o
May play some role in GVHD

o
May reactivate in a late-onset marrow suppression

22.
How is HHV-6 diagnosed?


Easily detectable in peripheral blood during febrile phase of dz

o
Culture virus, IFA, western blot with HHV-6 Abs, and PCR


Serological assays for HHV-6 and HHV-7

o
Be careful - some Abs can cross-react

o
IFA, ELISA, western blot, neutralization

23.
How are HHV-6 and 7 treated?


Ganciclovir and foscarnet

24.
Name the types of HHV-6.


HHV-6A often isolated from pts with lymphoproliferative dz or AIDS


HHV-6B often isolated from pts with roseola infantum

25.
How is HHV-7 manifested clinically?


Uncertain - may be involved in roseola infantum


Can be isolated from saliva

26.
How is HHV-7 diagnosed?


PCR on PBMC (peripheral blood mononuclear cells) and throat swabs


Serological assays for HHV-6 and HHV-7

o
Be careful - some Abs can cross-react

o
IFA, ELISA, western blot, neutralizationc

27.
Describe the strains of EBV.


Highly conserved


Differences mainly in genes to maintain latency (EBNAs) - nuclear Ags


50:50 ratio of EBV-1:EBV-2 in Africa and 9:1 ration of EBV-1:EBV2 in USA

28.
Describe the epidemiology of EBV.


Widely disseminated, spread by intimate contact (saliva)


Majority of primary infections are subclinical and inapparent


90 to 95% of individuals are infected worldwide

29.
Describe the pathogenesis of EBV.  Refer to drawings in handout.


Infection probably begins in epi cells of the oropharynx and spreads to B cells in adjacent lymphoid tissues.  EBV-infected B cells spread infection throughout the lymphoreticular system.


During early stages of this infection, approx. 10% of peripheral blood B cells are infected with EBV.  Time to this stage averages 30 to 50 days.


Cell-mediated response against virus reduces number of virus-infected B cells to 1 in 1 million (those B cells are latently infected)

30.
How can EBV manifest itself clinically?


Infectious mononucleosis (IM) 

31.
Describe infectious mononucleosis



Usually self-limiting (resolves in 2-3 weeks)


Fever, sore throat, lymphadenopathy, malaise, splenomegaly


Atypical lymphocytes in peripheral blood

o
Primarily activated T cells and NK cells

o
Responsible for most clinical symptoms during acute IM

o
Reduce large B cell population 100 to 10,000 fold


Heterophile antibodies

o
IgM that probably results from polyclonal stimulation of Ig synthesis in EBV-infected B cells

o
Recognize animal RBCs


Complications

o
Rash if treated with ampicillin

o
Splenic rupture (fatalities rare)

o
Neurologic (encephalitis, meningitis, myelitis, etc.)


MS (maybe) - anti-EBV Ab titer is higher in individuals who later develop MS

32.
List the malignancies and lymphoproliferative disorders caused by EBV.


Burkitt’s lymphoma, post-transplant lymphoproliferative disorder, HIV associated, Hodgkin’s dz, nasopharyngeal carcinoma, T cell lymphoma

33.
Describe Burkitt’s lymphoma


Common childhood malignancy in equatorial Africa (malaria belt)


Typically presents in the jaw


More than 95% of tumors contain EBV DNA

o
Only 15 to 20% of sporadic cases contain EBV DNA

34.
Describe post-transplant lymphoproliferative disorder.


Occurs in transplant patients receiving immunosuppressive therapy


Range from benign polyclonal B cell proliferation (most common) to a malignant B cell lymphoma


Usually responds to a reduction in immunosuppressive therapy

35.
Describe HIV associated


EBV is associated with non-Hodgkin’s lymphoma in HIV pts


Oral hairy leukoplakia

o
Wartlike dz of lingual squamous epi

o
Usually responds to acyclovir

36.
Describe Hodgkin’s dz


50% of cases in the western world contain EBV genomic DNA

37.
Describe nasopharyngeal carcinoma


Common in southern China


Epi cell tumors that express a subset of EBV proteins (EBNA-1, LMP-1, LMP-2) Note: LMP stands for latent membrane protein

38.
Describe T cell lymphoma.


Observed in pts with chronic EBV infection


Subset of EBV proteins expressed (EBNA-1, EBNA-2, LMP-1, LMP-2)

39.
How is EBV diagnosed?


Presence of atypical lymphocytosis


Anti-EBV Abs in serum


Heterophile Abs

40.
How is EBV transmitted?


Primarily through oropharynx secretions (saliva)


Low titer virus is detectable in saliva for life of infected indiv.  Probably due to:


Sporadic replication of virus in epi cells lining oropharynx

41.
How is EBV treated?


Supportive care (NSAIDs)

42.
What is the seroprevalence of HHV-8 in the western world?


10 to 20%

43.
What is the seroprevalence of HHV-8 in regions where it is endemic?


32 to 100%

44.
Why is HHV-8 associated with Kaposi’s sarcoma?


Virtually all KS lesions contain HHV-8 viral DNA


70% of AIDS patients with KS were seropositive whereas 13% of AIDS pts without KS were seropositive for HHV-8


KS is common in areas where the virus is endemic (Central Africa)


Can detect HHV-8 seroconversion months to years before appearance of KS


HHV-8 infection is present in most or all of KS pts, but only in a minority of persons who do not develop KS


45.
What are the clinical manifestations of KS?


Complex tumor that may involve multiple cell types


Characterized microscopically by a proliferation of spindle-shaped cells and irregular slit-like vascular channels


Commonly has an inflammatory infiltrate of lymphocytes and macrophages


Tumors often first appear on skin

46.
Describe non-AIDS related KS.  There are 3 types.


Classic - elderly pts (Mediterranean men)


KS from immunosuppression - Lesions may regress upon withdrawal of immunosuppressive therapy


Endemic KS - common in sub-saharan Africa (mostly males)

47.
Describe AIDS KS


Clinically very aggressive - often spread fromj skin to viscera


Male homosexual and bisexual AIDS pts 20X more likely to present with KS than hemophilic AIDS pts


Viremia strongly associated with KS development

48.
Other than KS, how may HHV-8 pts present?


Associated primary effusion lymphoma (PEL) (AKA non-Hodgkin’s BCBL)

o
No solid tumor mass

o
Primary effusion lymphoma in visceral body cavities


Multicentric Castleman’s dz

o
Atypical lymphoproliferative disorder

o
Generalized lymphoid hyperplasia

49.
How is HHV-8 diagnosed?


Detection of viral DNA (PCR, southern blot)


ELISA or IFA on serum

50.
How is HHV-8 transmitted?


Sex


Needle sharing


In endemic areas, transmission is likely through non-sexual contact (horizontal spread)


Organ transplantation (KS represents 3 to 8% of all post-transplantation tumors)

51.
How is HHV-8/KS treated?


Radiation and chemotherapy


Excision of localized tumors


IFN


Ganciclovir and foscarnet


Lowering or removal of immunosuppressive therapy in transplant recipients


HAART lowers incidence of KS and may cause remission of KS

52.
Describe the epidemiology of cercopithecene herpesvirus 1 (simian herpesvirus B)


Natural hosts are macaques


Can cause severe and fatal dz in non-macaque primates including humans

53.
Describe the clinical manifestations of cercopithecene HV-1


Initial human dz is variable - localized vesicular lesion in bite cases


Striking characteristic is propensity to involve the CNS

o
CNS dz ultimately involves brain (all regions)

o
Many develop encephalitis

o
High mortality when CNS is involved - many surviviors have moderate to severe neurological impairment


Liver, lungs, and eyes can also be involved in the dz

54.
How is CHV-1 diagnosed?


Close contact with monkeys or persons who work with monkeys


PCR on clinical specimens for viral DNA


Virus culture


Maybe serology

55.
How is CHV-1 transmitted?


Close contact is required for spread from monkeys to humans

o
Most human cases result from monkey bites or needles sticks


One documented human-human spread


Airborne transmission among macaques has been documented

56.
How is CHV-1 treated?


High dose IV acyclovir


High dose ganciclovir if neurological symptoms present
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 Objective 62
Describe the replication cycle of human retroviruses.


HIV binds to the cell membrane

o
gp120 interacts with CD4 on the cell surface

o
gp 120 then interacts with a chemokine receptor on the cell surface.  The two we discussed are CXCR4 and CCR5

o
Through the action of gp41, the viral envelope fuses with the cell membrane, allowing the virion to enter the cell


RT (RNA-dependent DNA polymerase) transcribes the viral RNA into dsDNA


Viral DNA is incorporated into host genome (via the action of integrase)


Host cell transcribes proviral mRNA (via host RNA polymerase)


Proviral mRNA is then translated into large polyproteins


Polyproteins are cleaved into viral proteins (via protease)


Virion forms and buds from cell


Objective 63
Describe the organization of the viral genome and identify the relevant regulatory factors affecting viral infection and latency.


The genome consists of two identical molecules of (+) sense dsRNA.  Each strand of RNA is associated with RT.


Infection:


Latency:


Objective 64
List the factors affecting AIDS transmission. 


Sexual transmission


Blood and blood products


Maternal (vertical)


Other bodily fluids


Objective 65
Discuss the clinical consequences of AIDS infection.

Objective 66
Discuss the prospects for prevention and therapy.


Before prevention, provide educational, clinical, and psychosocial support


If possible, begin potent ART within 6 months of infection


Best current tx is HAART: 2 nucleoside inhibitors (zidovudine and lamivudine) and 1 protease inhibitor (indinavir).


HAART does not cure HIV, but it does reduce viral load


Stavudine, lamivudine, zidovudine (AZT), didanosine, zalcitabine, and nevirapine block reverse transcription.  All of these are NRTI except for nevirapine, which is a NNRTI


Nelvinavir, saquinavir, idinavir, and ritonavir are protease inhibitors


Objective 67
Discuss the molecular basis for the limitations in current attempts at prevention and therapy. 

•
The state of protective immunity in humans is unknown

•
HIV mutates, and there are different strains

•
The virus may be dormant within cells

•
Transmission is possible from HIV-infected cells

•
Lack of a perfect animal model for HIV impedes testing of vaccine’s effectiveness

•
High baseline viral load

•
Syncytium-inducing phenotype

•
Poor penetration of drugs into viral sanctuaries

•
Pharmacologic factors - ie, poor drug bioavailability

Questions over some main points:

1.
The viral envelope protein gp120 acts with which cell membrane protein?


gp120 interacts with CD4 on the cell surface and then a chemokine receptor

2.
Which chemokine receptor we discussed is associated with which cell type?


CXCR4 - T cell


CCR5 - macrophage

3.
Name the enzymes contained within the virus.


RT


Integrase


Protease

4.
List the goals of antiretroviral therapy


Prevent immune destruction


Achieve normal survival


Suppress HIV as much as possible, for as long as possible


Delay or prevent resistance - a major contributor to treatment failure - by the use of highly active antiretroviral therapy

43) Discuss the potential consequences of alterations in the viral genome.
Genomic alterations can lead to viruses that posses genetic plasticity. This allows viruses, such as influenza, to rapidly adapt to environments. A consequence of this is that vaccines become obsolete and persons are no longer immune to the current strain. Another example of genomic alteration affecting persons is the HIV. Due to the high rate in genetic variation it is extremely difficult to produce an effective vaccine.

44) Know the difference between mutation and recombination.
Recombination is an exchange of genetic information between viruses (genetic shift) There are three forms of recombination according to Zimmer's viral genetics handout.
1.Breakage and reformation – DNA of viruses break and reunite with DNA from another virus.
2.Reassortment – (RNA segmented viruses) segments join from different viruses or strains to give some viable, and nonviable progeny. i.e. Influenza
3.Reactivation – process of DNA or RNA recombination giving a defective virus the capacity to replicate.
Mutations (genetic drift) can be either spontaneous (inherent errors) which play a large role in RNA v.v. due to the high error rate of RNA polymerase (1/10,000 bases).

45)Describe the effect of genetic reassortment in antigenic variation.
Answer: see problem 44. 

46)Describe the role of helper viruses in the replication cycle of a defective virus. 
Helper viruses are necessary for the completion of another virus' cycle. The helper virus provides an essential component to the lacking virus. An example as discussed by Dr. Zimmer (Hepatitis lecture) and Dr. Steiner was Hepatitis B virus helping hepatitis D virus. “HDV requires the presence of HBV as a helper to provide the envelope proteins needed for HDV assembly.” Therefore HDV is only active in patients with coinfection of HBV and HDV.

47)Discuss the potential health consequences of viral genomic alterations. 
Answer: see problem 43.

48)Describe the unusual characteristics of a prion.
Prions are proteins with unique characteristics of disease. (Taken from Dr. Telling's lecture)
1.Prolonged incubation periods
2.rapid progressive clinical phase
3.confined to CNS
4.no immune response

49)Define the characteristics of the Herpesvirus group.
After primary infection, virus is not eliminated, but remains dormant leading to recurrent disease. The virus contains DNA and viral gene expression is via the coordinate-cascade synthesis. Located within the tegument of the virus are transducing factors to turn on the alpha genes of the virus. In total there are eight herpes viruses: simplex 1 and 2, cytomegalovirus, Varicella zoster, epstein barr, and human herpes 6, 7.

DC #3

Chronic Hepatitis

1.  Decide which organ system is most likely responsible for this patient’s problem.

The Liver, we know this b/c it’s hepatitis.  High count of enzymes (ALT, AST) in 

the blood, especially ALT, point toward liver damage.  High alkaline phosphatase= bile obstruction.  He’s got yellow eyes=jaundice.  He’s got pain in abdominal area= potentially liver.  Plus he has had blood transfusion= this is huge for a potential hepatitis candidate.

2.  Identitfy which features in the case suggest an inflammatory process.

Main clue come from the abdominal discomfort he is feeling and his liver is palpable (livers are usually palpable).  The inflammatory response is associated with pain and swelling.  Other clues are his fatigue and malaise (flu like symptoms).

3.  Decide whether this process is acute or chronic.  Decide what further test would be       helpful in assessing this patient’s condition.

First off, it says that he had this same thing 2 years ago and he had it a week earlier.  This means it has been around for awhile.  3 years ago was his transfusion.  He has a high level of mononuclear cells (lymphocytes, macrophages, plasma cells) suggesting a persistent/ chronic infection.  Another factor is he has elevated AST, ALT which indicates liver damage.

4. Familiarize yourself with the various Ag and Ab tests used in this case and learn how to interpret them.

(there is a lot of writing on this answer and it’s in our micro. Handout so take a look at it, also for a better understanding look through Zimmer’s Hepatitis handout)

Hep A

Best way to identify this is the presence of anti-HAV Igm measured by ELISA.  If you see anti-HAV IgG this arises after having the disease and tells you that you are immune to HAV.

Hep B.

Can test for both Ab or Ag. Using serological tests

Will see two Ag types HbsAg which is the surface Ag and HbeAg will show during the symptomatic stages.  After infection will find anti-HBc IgM will show up after acute illness and anti-HBc IgG after chronic exposure.

Hep C.

Diagnosis of HCV is based upon ELISA detection of Ab (anti-HC IgG).  But this doesn’t show up until you have an immune response so it’s indicative of a chronic case.  A better acute detector would be using a PCR for HCV RNA in serum.

Hep. D

Same as Hep C but will see (anti-HD IgG) 

Remember no Hep D w/o Hep.B

Hep E.

Same as in C, D

Use an ELISA to find Anti-HE IgM to see if you have active virus.

DC #5 Objectives

1. Understand the basic tenets of Arthropod and animal vectors in transmitting viral diseases to man.

a. The most important point is that for anything to serve as a vector, the virus must be able to replicate in that organism, whether it is a mosquito, dog, etc. Animals/insects are usually the primary reservoir because it can only be transmitted during viremia, and that is usually much shorter in humans than animals.

2. Know the viral genomic structures for each of the viruses highlighted:

a. Arboviruses: Both Toga and Flavi are enveloped and have (+) single-stranded nonsegmented RNA with icosahedral symmetry. Bunya has segmented (-) single-stranded RNA with helical symmetry.

b. Rabies: Bullet shaped (-) single-stranded nonsegmented RNA

c. Dengue: one of Flaviviruses, vector = mosquito

d. Hantavirus: part of Bunyaviruses, deer mouse is the reservoir/vector instead of arthropods. 

e. What is the physiological basis for hemhorraging following infection by dengue virus?

f. It infects endothelial cells, but most importantly causes thrombocytopenia.

3. Understand the relationships between the virus and vector which play a role in increasing the risk of infection – climate, host population, water, etc.

a.  Basically, water = bugs = spread of viruses. Viruses that have an arthropod (mosquito) vector will be more prominent in summer, especially in wet, marshy areas. Tropical areas have many more arthropod-borne viruses because they have more mosquitoes. The host population affects the geography of the disease (e.g. hanta limited to UT, AZ, CO, NM due to deer mouse host).

4. Understand the risk factors for rabies, the biology of the infectious process, and the chances of developing disease. What is the basic treatment protocol for suspected cases?

a. Severity of bite (# of viruses introduced) and proximity to head are the factors.

b. Following a bite from an infected animal the virus replicates locally at the wound site then migrates slowly up nerves to the brain. Brain cells get virions in the cytoplasm called Negri bodies.

c. Thoroughly washing the wound site significantly decreases likelihood of infection. Vaccination of dogs/cats in US has been very effective.

d. Treatment: get human rabies IG (passive immunization) followed by 4 injections of the killed rabies virus vaccine (active immunization). The idea is to develop immunity while the virus is still in the incubation period.

