“Overview Virology”

A virus is a very small, non-cellular parasite of cells. Its genome (DNA/RNA) is enclosed in a protein coat (capsid).
Virus Mutation:
· Spontaneous Mutation

· In general, the mutation rate at a specific site in different DNA viruses ranges from 10-8 to 10-11 per replication, whereas in RNA viruses, it is at least 100 times higher, between 10-3 and 10-6 per replication.

· Induced Mutation

· Double Mutants and Siblings

· A double (or multiple) mutant is defined as a virus that contains more than one mutation contributing to a phenotype. Siblings result from replication of mutant virus, either through amplification of a mutagenized stock or during an in vivo mutagenesis

· Reversion can be defined as mutation that results in a change from a mutant genotype to the original wild-type genotype. 

· Recombination describes a process by which nucleic acid sequences from two genotypically different parental viruses are exchanged so that the progeny contain sequences derived from both parents. 

· For RNA viruses containing segmented genomes, recombination occurs through reassortment of individual parental genome segments into progeny viruses.

· Defective Interfering Particles

· Interference refers generally to a phenomenon whereby infection by one virus results in inhibition of replication of another virus. 

· Defective interfering (DI) particles are virus particles that contain genomes that are grossly altered genetically, usually by significant deletion of essential functions, but which nevertheless retain critical replication origins and packaging signals, allowing for amplification and packaging in co-infections with complementing wild-type helper virus. 

Diagnostic Virology

Specimens for Viral Diagnosis

Important variables : the timing of the specimen in relation to the patient's illness, the type of specimen, the quality and amount of specimen material obtained, and the time & conditions of transport to the laboratory. 

· Viral titers are highest early in the illness, so that specimens obtained within the first few days after onset are most likely to be positive.

· For the diagnosis of acute viral infections, the best specimens are usually obtained from the site of disease. 

Specimens for Viral Culture 

Viral culture requires more attention to conditions of transport than specimens submitted for detection of viral antigens or nucleic acids, because the viability of the virus must be preserved 

· Specimens other than blood should usually be kept at 4 0C during transport, especially if transport will require more than 1 hour.
· If a delay of more than 24 hours is anticipated, the specimen should be frozen at a temperature of -70 0C or lower until it is transported to the laboratory

· The recovery of some viruses, such as RSV & CMV is seriously compromised by any freezing

· Blood specimens can be transported at room temperature, but recovery of CMV by culture is very unlikely if the time of transport is 24 hours or greater, regardless of whether the blood is at room temperature or 4 0C

Specimens for Serological Diagnosis

Specimens should be an acute phase serum specimen within the first few days of illness and a convalescent phase specimen 2 to 4 weeks later.
· If a virus-specific IgM assay is available, the acute phase specimen may be sufficient by itself. 

Immunoglobulins are stable in serum or plasma. 

· If testing is performed within several days, the serum or plasma can be stored at 4 0C. If a longer delay is involved, the specimen should be frozen at -20 0C or -70 0C. 
For certain viral infections, serologic tests can be performed on saliva or urine.

Blood

· Usual volume required is 3-10 mL

· Whole blood, leukocytes, and plasma require collection into a tube containing an anticoagulant (EDTA, heparin, acid-citrate-dextrose)

· Heparin is inhibitory for PCR, especially those performed on plasma!
· Most serologic procedures, some cultures (e.g., for enteroviruses), and some PCR assays (e.g., for parvovirus B19) are performed on serum. Serum specimens require collection into a tube that does not contain an anticoagulant

· Blood specimens do not have to be placed on ice if transport requires less than 1 day

Swabs

· Swabs with Dacron or rayon tips are preferred 

· Swabs can also be placed in viral transport media/VIB

· The swab or tube of transport media should be placed on ice if transport will require more than 1 hour.

Fluid-Tissue-Stool

· Fluid: Place in a sterile container

· Tissue: Place in a sterile container with a small amount of viral transport media or sterile saline or phosphate-buffered saline to maintain moisture. 

· Stool: Obtain at least 4 g of stool. Place in a clean or sterile container 

Significance of Viral Detection

The detection of a virus in a clinical sample is not proof in and of itself that the detected virus is the cause of the patient's illness. This problem regarding viral causality is worsened by increasingly sensitive, non culture-based detection methods, such as the PCR, that may reveal very low-level persistent infection or even latent infection, unrelated to the patient's current illness. 

A determination of whether a causal relationship exists requires consideration of several factors:
· If the virus is one that is known only to cause acute infection, detection of that virus is likely to be associated with a current illness. 

· If the virus is one known to be associated with persistent or latent infection, its detection requires other supportive evidence before it can be accepted as causal.
Methods for Diagnostic Virology
· Viral Isolation by Cell Culture (or Shell Vial Culture, Mixed Cell Culture, etc)
· Gold standard (for definitive diagnostic)!!!
· Electron Microscopy

· Light Microscopy

Although viral particles, with the exception of poxviruses, cannot be directly visualized by light microscopy, indirect evidence of viral infection can be detected. 

The most characteristic signs of viral infection are inclusion bodies (composed of masses of virions), multinucleated cells, and syncytial cells.

· Cytologic examination for evidence of viral infection can be performed on smears prepared by applying a specimen directly to a microscope slide, on slides prepared by cytocentrifugation of fluids (e.g., bronchoalveolar lavage fluid), and on touch preparations prepared from pieces of unfixed tissue

Cytologic examination is usually not a sensitive method for detection, but provides strong evidence for tissue involvement

· Histologic examination of stained tissue can provide unique information about the role of viral infection in producing tissue inflammation and injury, and can be very useful in distinguishing between asymptomatic viral shedding and clinically significant infection. 

· Antigen Detection

Methods : FA staining, immunoperoxidase staining, and enzyme immunoassay

· Microarray Technology

· Nucleic acid detection
· Serology
Serology for Diagnostic Virology
· The role of serology can be for the diagnosis of acute or current infection or for the determination of immune status to specific viruses. 

· Serologic diagnosis is important for viruses that cannot be cultured readily or for which culture is slow or otherwise impractical. 

· Uniquely useful for defining immunity with respect to specific viruses. 

· Based on the kinetics of the antibody response to viral infection.

· Virus-specific antibodies are absent in a susceptible individual, but typically become detectable several weeks after the onset of infection. 

· The absence of virus-specific IgG and IgM antibodies signifies susceptibility to infection; the presence of virus-specific IgM antibodies, with or without virus-specific IgG antibodies, signifies current or very recent infection; and the presence of virus-specific IgG, but not IgM antibodies, signifies past infection. The latter pattern often, but not always, indicates immunity to subsequent infection.

· The avidity of antigen-specific antibodies increases as the immune response matures . Early after infection have low affinity for the causative agent, and late after infection have high affinity. 
· The relationship between the onset of clinical manifestations of infection and the presence of virus-specific antibodies depends on the incubation period of the infection. In infections with short incubation periods (e.g., acute respiratory infections), antibodies are absent at the onset of symptoms. In viruses with incubation periods of 1 month or longer, virus-specific IgG and IgM antibodies are typically present at the onset of symptoms.

The serologic diagnoses of reinfection and reactivated infection are more complicated than that of initial infection. 

· In both of these cases, the infection occurs in an individual with preexisting, virus-specific IgG antibodies. 

· In reinfection an anamnestic response may occur that results in an increase in the level of virus-specific IgG antibodies with continued absence of virus-specific IgM antibodies.

· Reactivation of latent infection may result in the appearance of virus-specific IgM as well as IgG antibodies.

Pathogenesis

Infection is the process by which a virus introduces its genome into a cell 

· Infection is productive if new infectious virus is made and abortive if no new infectious virus is produced. 

· Infection is latent if the production of infectious virus does not occur immediately, but the virus retains the potential to initiate productive infection at a later time. 

The process of re-initiating a productive infection cycle from the latent state is termed reactivation. 
Latency is not merely a slow, productive replication cycle; latency represents a unique transcriptional and translational state of a virus in which the productive replication cycle is not operative but can become operative when the need arises. 

A cell is permissive if it can support productive infection, and not permissive if infection cannot occur at all or is abortive.

Acute infection occurs when a virus first infects a susceptible host. 

· Acute infection is a nonequilibrium process, whereas chronic infection is a metastable equilibrium between virus and host. 

· During acute infection, both the host response and virus infection change continuously until infection is resolved or progresses to either death of the host or to establishment of chronic infection. 

Chronic or persistent infection is the continuation of infection beyond the time when the immune system might reasonably be expected to clear acute infection. 

· Mechanisms responsible for chronic infection include persistence of nucleic acid, continuous replication, latency, and reactivation. 

· Chronic infection is an equilibrium process with viral and host processes balancing each other. 
· Even when the host and virus are in a stable equilibrium, the infectious process is dynamic, any small changes in either virus or host can disrupt the equilibrium with devastating consequences.

Quasispecies
· The mixture of viruses present in the host at a given time is a quasispecies. 
· The polymerases of RNA viruses are generally less accurate in copying template molecules than those of DNA viruses. 

· The quasispecies generated by mutation is acted on by complex and powerful selective pressures in the host, with some viruses having a survival or fitness advantage over others. 
· Quasispecies contribute to the maintenance of a persistent viral infection despite a strong immune response!!!
Tropism: The capacity of a virus to infect or damage specific cells, tissues, or species. 

Tropism is a fundamentally important contributor to viral pathogenesis and virulence because the capacity to induce disease is dependent on the cell and tissue infected.

One key determinant of viral tropism is the cognate interaction between the viral cell attachment protein(s) and receptor(s) present on host cells. Many additional factors, however, determine cell, tissue, and species tropism. 
Both cell-intrinsic and cell-extrinsic factors may alter viral tropism

· Tropism is determined by many factors in both the virus and the host, including how the virus enters the host, how the virus spreads within the host (lymphatic, neural, or hematogenous spread), the permissiveness of specific cell types for the virus (as defined by receptors, cellular differentiation, and intrinsic cellular resistance to infection), the nature of innate and adaptive immune responses, and specific properties of tissues such as accessibility and effectiveness of the immune system (immunoprivilege). Each of these factors can play a determining role during viral infection, and must be considered when defining mechanisms of viral pathogenesis.

Disease, Virulence, Invasiveness
Disease is a harmful pathologic consequence of infection.

Virulence, the relative capacity of a virus to cause disease, determines the relationship between infection and disease. 

· Virulence is determined by the capacity of a virus to (a) grow, (b) be invasive, (c) infect vulnerable cells, (d) evade the immune system, and (e) cause tissue damage. These capacities are encoded in the viral genome, by individual virulence genes or by allelic variations in viral genes. 

· Viral virulence genes are tissue specific. 

Invasiveness is the capacity of a virus to enter into and damage a tissue; a useful concept for distinguishing viruses with high potential virulence, but which differ in the efficiency with which they spread through the host to target tissues.

Any gene essential for replication contributes to virulence because viruses must replicate to complete their life cycle. 

· Viral genes essential for replication in permissive cells are termed essential genes.
· All viral genes involved in replication are virulence genes. 
· Virulence genes are not required for replication per se, but are important for virulence in the host.

· Viruses can contain virulence determinants that are not encoded in their genomes. 

· Not all virulence genes or determinants encode proteins

Inflammatory Responses to Viral Infection

Importantly, viral disease can occur without inflammation or even evidence for cell death in the infected tissue. 

The presence of inflammatory cells or cytokines in an infected tissue is in direct response to virus infected cells. 

The host has many mechanisms for recognizing infected cells and responding by inducing an inflammation. These include toll receptors, intracellular RNA-sensing proteins such as RIG-I, ligands for activating NK cell receptors, and MHC molecules. 

· What is the role of TLR (toll like receptor)???
The presence of inflammation in an infected tissue, does not necessarily reflect a host response to the presence of the virus; rather, inflammation may be caused by damage done by a virus. 
Localization of the inflammatory process may not reflect the localization of infected cells. 
Host responses are very dynamic, and therefore analysis of cellular infiltrates at one timepoint does not define the nature of the inflammatory response. 
Virus entry into the host

A virus must access permissive cells to establish infection and must overcome a series of anatomic and innate immune barriers to enter the host. 
· The route of entry and the mechanisms of spread are important determinants of viral tropism. 

· The critical determinants of viral spread include the form of the virus that spread, the capacity of the virus to survive in the environment, the route of natural exposure to the virus, the mechanisms by which the virus gains entry, and the nature of host barriers to infection. Host barriers can include nonspecific barriers, barriers based on pattern recognition by the immune system (e.g., via toll like receptors), and barriers based on pre-existing adaptive immune responses.

Viruses can enter the body in different forms and via different vehicles. 
· Six primary portals of entry exist for viruses. Five of these are epithelial surfaces: skin, conjunctiva, respiratory tract, gastrointestinal tract, and genitourinary tract. The sixth is the unique interface between the mother and the germ cell or the developing fetus.

The body is covered by epithelia (Epithelial tissues are highly active immune organs)

· The recent discovery of DC that lie beneath the intestinal columnar epithelium demonstrates that intestine, like skin, has a resident DC population plausibly involved in sentinel functions. Intraepithelial lymphocytes (IEL) are present in subepithelial and epithelial tissues, providing cells capable of protective immune responses in the most superficial layers of the body. In addition, epithelial cells themselves can be activated to express IFN or other antiviral molecules. In many sites, an invading virus is subject to inactivation by antibodies and complement. 

Even when a virus passes superficial epithelial barriers, the virus must confront the innate and adaptive immune response as well as an increasingly well-understood set of intracellular barriers to infection collectively referred to as intrinsic cellular resistance to infection

Vertical Spread of Viruses

Many viruses infect either the immature fetus or the newborn during the birth process, a process referred to as vertical transmission. Two mechanisms exist for entry into the developing fetus. The first is via placental penetration, which can occur when a virus enters the fetus after invasion of the fetal circulation or amniotic fluid. The second is via the germline, which is when a virus is carried in the chromosomes of a parent.

Systemic Spread of Virus Infection

Viruses spread via three host systems that can provide access to many tissues and cells, blood, lymphatics, and nerves. 

The level of viremia has been correlated with the severity of acute viral disease, the prognosis of chronic viral disease (as in HIV), the extent of viral dissemination, and the efficiency of viral spread between hosts. Viruses can access the blood either directly via introduction into the circulation (e.g., by a needle or an insect bite) or indirectly after entering into and replicating in tissues. 

Entry into lymphoid tissue is a two-edged sword for the virus: as a facile route to access the viscera of the host, but one that passes through the very tissues that generate adaptive antiviral immune responses.

· For viruses that primarily infect mucosal surfaces (e.g., influenza virus, rotavirus, papillomaviruses, rhinoviruses, and noroviruses), likely the primary effect of entry into the lymphoid system is the induction of antiviral immune responses. 

· If the virus has tropism for cells of the immune system that are capable of circulating and entering tissues. (HIV and EBV each have tropism for lymphocytes for latent or productive infection). The viruses can be carried as passengers by lymphoid or myeloid cells whose natural role in vivo is to circulate and enter multiple tissues.

The Infected Cell, Tissue, and Host

The presence of a virus in a tissue may or may not result in damage. 

The variables that determine the fate of the infected tissue are complex and involve the interplay between the virus and its cytopathic potential; the age, sex, and nutritional status of the host; the regenerative capacities of different primary cell types; and whether (a) the immune system damages the tissue as part of the protective response, (b) the virus induces autoimmune responses, and perhaps most importantly, (c) the virus is ever cleared from the tissue and, if not, the nature of residual virus infection. 

Viruses can directly kill infected cells as they replicate.
Tissue damage is directly caused by the virus or is indirectly caused by the immune system. 

Viruses can damage the host indirectly by making the host susceptible to secondary infections or by altering fluid and electrolyte balance as in the case of dehydration induced by gastroenteritis. 

Age as a Determinant of Susceptibility to Viral Infection

Many viral infections are far more severe in younger than in older hosts , an increase in severity that often correlates with increased replication and dissemination of virus. 

Age-dependence of virus resistance does not always favor older hosts. 

It is commonly considered that maturation of the immune system explains increased resistance to infections seen in older hosts, but this has not been rigorously demonstrated. Other differences, for example in cellular differentiation and proliferation, may play a role as large as that if the immune system in age related susceptibility. For example, the genes expressed in the nervous system differ during infection of younger versus older hosts differ, indicating that fundamental differences determine how older and younger tissues respond to viral infection.

Cytopathicity and Cell Death

A primary determinant of the tissue damage and pathology observed after viral infection is the fate of the infected cell. It is not clear why cells in tissues die when infected by viruses, and the extent to which cell death is destructive or protective in tissues is often uncertain. On the one hand, death of infected cells is harmful if those cells are essential to the host; on the other hand, death of an infected cell may inhibit viral replication with the sacrifice of one cell contributing to the protection of other cells. The immune system has many mechanisms for killing infected cells, arguing that the death of an infected cell can be beneficial to the host. The death of cells in tissue may be indirectly related to virus infection, with uninfected cells dying because of cytokines, bystander killing by lymphocytes, or ischemia

The consequences of viral infection range from rapid destruction, to continuous replication in the absence of severe cytopathology, to the establishment of latency.

The destructive consequences of virus infection for the cell are termed cytopathic effect. Cell death that occurs in a cultured cell may or may not reflect the process of cell death that occurs in vivo!!!
Direct killing of cells by viruses may be caused by viral subversion of cell metabolism for replication, or by cell-intrinsic programmed cell death pathways (e.g., necrosis, apoptosis, or non-necrotic, nonapoptotic cell death). 

Clearance of Virus Infection and Chronic Viral Infection

The immune system can clear a virus from the body. 

· Some viruses are readily cleared but can do significant damage to the host during their brief time of residence in the body. 
· The pattern of acute infection is associated with development of sterilizing immunity and effective resistance to reinfection. Many viruses for which effective vaccines are available fall into this category. Other viruses are less amenable to elimination by the immune system, resulting in latent, chronic, or progressive infection. 

Tissue Damage Occurs during Immune Responses

Certain viruses can persist in the presence of an active adaptive immune response. Although the immune response is ineffective at clearing the virus, activated immune cells and cytokines are still capable of killing host cells. Even when the immune system can clear a virus, these immune mechanisms can cause significant damage to host tissues.
The immune system having two faces; a beneficial face as the host system responsible for curing infection, and a harmful face via induction of tissue pathology and systemic toxicity.

Virus-induced Autoimmunity

The contributions of autoimmunity to tissue pathology associated with viral infection, or putatively associated with viral vaccination, remain controversial. 
A proposed mechanism for the induction of autoimmunity is molecular mimicry between virus and host antigens, leading to a breakdown of self-tolerance. 

Virus-induced Immunosuppression

Virus infection is often associated with the induction of an immunosuppressed state. 

It is important to distinguish between immunosuppression and viral immune evasion that occurs without inducing a general deficiency in immune function. It is also important not to confuse immunosuppression with the normal downregulation of virus-specific responses that occurs as viral infection is cleared. 

Three categories of immunosuppressive mechanisms exist. In the first, virus kills significant numbers of critical immune system cells (an example of this is HIV-associated depletion of CD4 T cells). The second potential mechanism involves alterations in cytokine secretion by infected cells or the induction of secreted molecules that inhibit immune responses. The third is viral induction of regulatory T cells that may inhibit the immune response.

Viral Evasion and Subversion of Host Cytokine Responses

Viruses encode molecules that evade or subvert host hormonal and cytokine responses including IFN, TNF, IL-18, IL-6, IL-19, complement, and chemokines. 

Viruses can increase inflammation to foster infection and can induce tissue damage via paracrine effects of virus-infected cells.

Chemokines as Targets of Viral Evasion and Subversion

One mechanism for evasion and subversion of chemokine responses is to encode viral chemokine mimics. 

Viral chemokines have preserved the capacity to interact with chemokine receptors on host cells.

· Viral chemokines can exhibit more promiscuous receptor binding activity than their closest host homologs. 

· The binding of a viral chemokine to a chemokine receptor can antagonize the action of host chemokines 

· The chemokine encoded by the MC148 gene of the molluscum contagiosum virus explain limited inflammation in lesions induced by molluscum contagiosum. 

Chemokines are not the only host cytokines that have been co-opted by viruses; various viruses encode homologs of epidermal growth factor (EGF), vascular endothelial growth factor (VEGF), IL-19, IL-17, IL-6, TGF, and nerve growth factor (NGF).

In addition to encoding chemokinelike molecules that either act as agonists or antagonists of chemokine responses, several viruses encode chemokine receptorlike molecules (v-GPCR). 

The three known effects of v-GPCR are (a) constitutive signaling, (b) allowing infected cells to respond to viral or host chemokines, and (c) decreasing extracellular chemokine concentrations via binding and internalization of chemokines. 
Main Ref.:
· Virgin, S. 2007. Pathogenesis of viral infection. In: Knipe, D.M., Howley, P.M. eds. Fields Virology 5th Edition. Lippincott Williams & Wilkins.
