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Introduction
Nucleic Acids

      DNA or deoxyribonucleic acid is the hereditary material in humans and almost all other organisms. Nearly every cell in a person’s body has the same DNA, most DNA is located in the cell nucleus (where it is called nuclear DNA) but a small amount of DNA can also be found in the mitochondria (where it is called mitochondrial DNA or mtDNA). The information in DNA is stored as a code made up of four chemical bases: adenine (A), guanine (G), cytosine (C) , and thymine (T). Human DNA consists of about 3 billion bases and more than 99 percent of those bases are the same in all people the order or sequence of these bases determines the information available for building and maintaining an organism similar to the way in which letters of the alphabet appear in a certain order to form words and sentences. DNA bases pair up with each other A with T and C with G to form units called base pairs. Each base is also attached to a sugar molecule and a phosphate molecule together a base and sugar and phosphate are called a nucleotide, Nucleotides are arranged in two long strands that form a spiral called a double helix.
      RNA or ribonucleic acid, It is an important molecule with long chains of nucleotides, nucleotide contains a nitrogenous base, ribose sugar and a phosphate just like DNA, RNA is vital for living beings, however unlike DNA, RNA comes in a variety of shapes and types while DNAlooks like a double helix and a twisted ladder, RNA may be of more than one type, RNA is usually single-stranded while DNA is usually double-stranded in addition, RNA contains ribose while DNA contains deoxyribose, Deoxyribose lacks one oxygen atom RNA has the bases Adenine (A), Uracil (U) (instead of thymine in DNA), Cytosine (C) and Guanine (G).
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Viruses

      Viruses are the smallest unicellular infectious agents (ranging from about 20 nm to about 300 nm in diameter) and contain only one kind of nucleic acid (RNA or DNA) as their genome, the nucleic acid is encased in a protein shell which may be surrounded by a lipid-containing membrane, the entire infectious unit is term a virion, the viral nucleic acid contains information necessary for programming the infected host cells to synthesize virus-specific macromolecules required for the production of viral progeny. During the replicative cycle numerous copies of viral nucleic acid and coat proteins are produce, the coat proteins assemble together to form the capsid arranged in one of several possible morphologies which encases and stabilize the viral nucleic acid against the extracellular environment and facilitates the attachment and penetration by the virus upon contact with new susceptible cells. The virus infection may have little or no effect on the host cell or may result in cell damage or death.
• Capsid: The protein shell or coat that encloses the nucleic acid genome.
• Capsomeres: Morphologic units seen in the electron microscope on the surface of icosahedral virus particles.
• Defective virus: A virus particle that functionally deficient in some aspect of replication.
• Envelope: A lipid-containing membrane that surrounded some virus particles it is acquired during viral maturation by a budding processthrough cellular membrane. Virus-encoded glycoproteins are exposed on the surface of the envelope these projection are called peplomers.
 •Nucleocapsid: The protein-nucleic acid complex representing the package from of the viral genome.
• Structure units: The basic protein building blocks of the coat they are usually a collection of more than one no identical protein subunit. The structure unit is often referred to as a protomer.
• Subunit: A single folded viral polypeptide chain.
• Virion: The complete virus particles.
General properties of viruses 
      Viruses are obligate intracellular molecular parasites which are very small and infectious.
1. The virus genome is composed either of DNA or RNA.
2. The virus genome directs the synthesis of virion components within an appropriate host cell.
3. Progeny virus particles are produced by the assembly of newly made viral components.
4. Progeny virus particles spread infection to new cells.
Virus structure 
      Viruses range in size from 20 nanometers in diameter such as the Parvoviridae to several hundred nanometers in length in the case of thefiloviridae. All viruses contain a nucleic acid genome RNA or DNA and a protective protein coat called the capsid, the nucleic acid genome plus the protective protein coat is called the nucleocapsid which may have icosahedral or helical or complex symmetry. Viruses may or may not have an envelope, enveloped viruses obtain their envelope by budding through a host cell membrane in some cases the virus buds through the plasma membrane but in other cases the envelope may be derived from internal cell membranes such as those of the Golgi body or the nucleus.
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Structure of Virus
Table (1): Some of the Differences between Bacteria and 
	Viruses
	Bacteria
	Characteristics

	Smaller (20-400 nm )
	Larger (1000 nm )
	Size

	No cell wall. Protein coat present instead .
	Peptidoglycan or Lipopolysaccharide
	Cell Wall

	Absent
	Present
	Ribosomes

	Between living and non-living things .
	Living organisms
	Living/Non-Living

	DNA or RNA enclosed inside a coat of protein .
	DNA and RNA floating freely in cytoplasm .
	DNA and RNA

	Systemic
	Localized
	Infection

	Need a living cell to reproduce
	Able to reproduce by itself
	Reproduce

	Invades a host cell and takes over the cell causing it to make copies of the viral DNA/RNA. Destroys the host cell releasing new viruses .
	Fission- a form of asexual reproduction
	Reproduction

	Visible only under Electron Microscope .
	Visible under Light Microscope .
	Under Microscope

	Virus does not respond to antibiotics .
	Antibiotics
	Treatment

	HIV, Hepatitis A virus, Rhino Virus, etc
	Staphylococcus aureus, Vibrio cholerae, etc
	Examples

	AIDS, common cold, influenza, chickenpox, etc
	Food poisoning, gastritis and ulcers, meningitis, pneumonia, etc
	Diseases/Infections


Virion nucleocapsid structure 
1. Icosahedral symmetry :
        An icosahedron is a Platonic solid with twenty faces.
2. Helical symmetry :
         Protein subunits can interact with each other and with the nucleic acid 
        to form a coiled ribbon like structure.
3. Complex symmetry :
        These are regular structures, but the nature of the symmetry is not fully 
       understood.
Classification of Viruses

      Classical virus classification schemes have been based on the consideration of four major properties of viruses :
1. The Baltimore classification, developed by David Baltimore, based on the type of nucleic acid which is found in the virion (RNA or DNA).
2. The symmetry and shape of the capsid.
3. The presence or absence of an envelope.
4. The size of the virus particle.
Viruses can be placed in one of the seven following groups :
1. dsDNA viruses (e.g., Adenoviruses, Herpesviruses and Poxviruses).
2. ssDNA viruses (+ strand or "sense") DNA (e.g. Parvoviruses).

3. dsRNA viruses (e.g. Reoviruses).
4. (+) ssRNA viruses (e.g., Picornaviruses and Togaviruses).
5. (−)ssRNA viruses (e.g., Orthomyxoviruses and Rhabdoviruses).
6. ssRNA-RT viruses (+ strand or sense) RNA with DNA intermediate in life-cycle (e.g. Retroviruses).
7. dsDNA-RT viruses (e.g. Hepadnaviruses).
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Virus Replication

      Viruses multiply only in living cells, the host cell must provide the energy and synthetic machinery and the low-molecular-weight precursors for the synthesis of viral proteins and nucleic acids. The viral nucleic acid carries the genetic specificity to code for all the virus-specific macromolecules in a highly organized fashion. In order for a virus to replicate viral proteins must be synthesized by the host cell protein –synthesizing machinery. Therefore, the virus genome must be able to produce a usable mRNA after interaction with a host cell the infecting virion is disrupted and its measurable infectivity is lost this phase of the growth cycle is called the eclipse period its duration varies depending on both particular virus and the host cell and it is followed by an interval of rapid accumulation of infectious progeny virus particles. The eclipse period is actually one of intense synthetic activity as the cell is redirected toward fulfilling the needs of the viral “pirate”. In some cases as soon as the viral nucleic acid enters the host cell the cellular metabolism is redirected exclusively toward the synthesis of new virus particles and the cell will be destroyed , in other cases the metabolic processes of the host cell are not altered significantly although the cell synthesizes viral proteins and nucleic acids and the cell is not killed, after synthesis of viral nucleic acid and viral proteins the components assemble to form new infectious virions, they yield of infectious virus per cell ranges widely from modest numbers to more than 100,000 particles , the duration of the virus replication cycle also varies widely from 6-8 hrs. to more than 40 hrs.
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Life cycle of virus
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Lysogenic Viral Infection of cell
Route of virus transmission

      The surfaces of the body are lined by an almost continuous layer of epithelium-the epidermis or skin externally, and the various kinds of mucosae internally. Any incoming virus needs to be taken up by, and/or pass through, the cells making up this physical barrier. Different viruses have evolved distinctive mechanisms and routes for crossing this first barrier. The route preferred by a particular virus is a significant determinant of the type of damage and disease seen, and also is a major factor determining epidemiological characteristics. There are Several routes possible for virus transmission:

1. Air droplets 

      The viruses are breathed, sneezed or coughed out of the respiratory system of the infected person, and enter the respiratory system of another, such as the measles virus, a common flu/ cold viruses.

2. Fecal-oral

      The viruses are extracted from the gut of the infected person and enter the gut of another through his mouth. Such as Rotavirus, Hepatitis A virus and Hepatitis E virus.

3. Sexual contact

      The viruses are transferred from the blood and fluids of the infected person to his/her sexual partner. Such as HIV, Hepatitis B virus, Hepatitis C virus and HPV.

4. Vector- borne

      The viruses undergo a life cycle inside the human as well as the vector  usually an insect, are transmitted from the vector to human such as Flavivirus and Zika virus.

5. Blood

      The viruses are directly transferred from the infected person's blood to another person. Such as HIV, Hepatitis B virus and Hepatitis C virus.

6. Mother to child (vertical)

      The viruses are transmitted from mother to her newborn baby, Such as HIV, Hepatitis B virus and Hepatitis C virus
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Route of virus transmission
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Virus Isolation

      Viruses are obligate intracellular parasites that require living cells in order to replicate. Cultured cells, eggs and laboratory animals may be used for virus isolation, although embroyonated eggs and laboratory animals are very useful for the isolation of certain viruses, cell cultures are the sole system for virus isolation in most laboratories. The development of methods for cultivating animal cells has been essential to the progress of animal virology. 

      Many viruses can be grown in cell cultures or infertile eggs under strictly controlled conditions. Virus growth in animals is still used for the primary isolation of certain viruses and for studies of the pathogenesis of viral diseases and of viral oncogenesis. There are three basic types of cell cultures. Primary cultures are made by dispersing cells (usually with trypsin) from freshly removed host tissues. In general, they are unable to grow for more than a few passages in culture. Diploid cell lines are secondary cultures than have undergone a change that allows their limited culture (up to 50 passages) but that retain their normal chromosome pattern. Continuous cell lines are cultures capable of more prolonged-perhaps-indefinite-growth that have been derived from malignant tissues. These have altered and irregular numbers of chromosome. The type of cell culture used for viral cultivation depends on the sensitivity of the cells to a particular virus.
Immunity of virus

      Natural immunity to viral infections is associated with interferons especially α and β so called because of their interference with viral replication . γ is probably most effective in protecting against extracellular bacteria though its ability to enhance immune-mediated mechanisms. since viruses require attachment to host cells before they can replicate and cause infection, antibodies to the virus that prevent attachment represent an important mechanism that protects against viral infection. These protective antibodies may be IgG or IgA as in the case of polio prevention. Since viruses replicate in cells where they are no longer exposed to circulating antibodies, their eradication depends upon killing the infected host cells. This of course this require a CTL response. As virally infected cells usually express viral peptides in MHC class I on their surface, they become targets for destruction by cytotoxic CD8 T cells. Cells infected by virus also become susceptible to killing by NK cells. In this way viral replication is prevented and the viral infection eliminated.
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Antiviral chemotherapy

      Unlike viruses, bacteria and protozoans do not rely on host cellular machinery for replication, so processes specific to these organisms provide ready targets for the development of antibacterial and anti-protozoal drugs. Because viruses are obligate intracellular parasites, and antiviral agents must be capable of selectively inhibiting viral functions without damaging the host, making the development of such drugs very difficult, another limitation is that many rounds of virus replication occur during the incubation period and the virus has spread before symptoms appear making a drug relatively ineffective. 

      The mechanisms of action vary among antiviral, Oftentimes the drug must activated by enzymes in the cell before it can act as an inhibitor of viral replication the most selective drug are activated by a virus-encoded enzyme in the infected cell. 

Viral Vaccines

      The purpose of viral vaccines is to utilize the immune response of the host to prevent viral disease, immunity to viral infection is based on the development of an immune response to specific antigens located on the surface of virus particles or virus-infected cells, for enveloped viruses the important antigens are the surface glycoproteins.
      There are two types of viral vaccines: 

1- Killed-virus vaccines 

      Inactivated (killed virus) vaccines are made by purifying viral preparation to a certain extent and then inactivating viral infectivity in a way that dose minimal damage to the viral structural proteins, mild formalin treatment is frequently used. Killed virus vaccines prepared from whole virions generally stimulate the development of circulating antibody against the coat proteins of the virus conferring some degree of resistance, advantage of inactivated vaccines are that there is no reversion to virulence by the vaccine virus and that vaccines can be made when no acceptable attenuated virus is available. 

      The disadvantage of this type is: 

1- Extreme care is required in their manufacture to make certain that no residual live virulent virus is present in the vaccine. 

2- The immunity conferred is often brief & must be boosted. 

3- Parenteral administration of killed virus vaccine, even when it stimulates circulating antibody (IgM, IgG) to satisfactory levels. 

4- The cell-mediated response to inactivated vaccines is generally poor. 

5- Some killed virus vaccines have induced hypersensitivity to subsequent infection.
2- Attenuated Live-virus Vaccines 

      Live virus vaccines utilize virus mutants that antigenic ally overlap with wild type virus but are restricted in some step in the pathogenesis of disease, the genetic basis for the attenuation of most viral vaccines is not known as they were selected empirically by serial passages in animals or cell cultures usually from a species different from the nature host, attenuated vaccines have the advantage of acting like the natural infection with regard to their effect on immunity. They multiply in the host and tend to stimulate longer-lasting antibody production to induce a good cell-mediated response and to induce antibody production and resistance at the portal of entry. 

      The disadvantage is: 

1- The risk of reversion to greater virulence during multiplication within the vaccines. 

2- The storage and limited shelf life of attenuated vaccines present problems. 

3- Interference by co-infection with naturally occurring, wild type virus may inhibit replication of the vaccine virus & decrease its effectiveness.
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Pathogenesis of viral diseases
      To produce disease viruses must enter a host, come in contact with susceptible cells to replicate and produce injury. 

Specific steps involved in viral pathogenesis

A- Entry and primary replication: 

       In order for host infection to occur, a virus must first attach to and enter cells of one of the body surface (skin, respiratory tract, gastrointestinal tract, urogenital tract or conjunctiva) most viruses enter their host through mucosa of the respiratory or gastrointestinal tract with exception of some viruses that are enter through blood stream (HBV, HIV) viruses usually replicate at the primary site of enter. 

B- Viral spread: 

      After primary replication at the site of entry, viruses then spread within the host. Mechanisms of viral spread vary, but the most common route is via the bloodstream or lymphatic's, the presence of virus in blood is called “viremia” 
C- Cell injury & clinical illness: 

      Destruction of virus-infected cells in the target tissues and physiologic alteration in the host by the tissue injury are partly responsible for the development of diseases. Clinical illness from viral infections is the result of a complex series of events and many of the factors that determine the degree of illness are unknown.
D- Viral shedding : 

Viral shedding is the last stage of pathogenesis of viral infection this is a necessary step to maintain a viral infection in populations of hosts, Shedding usually occurs from the body surfaces involved in viral entry shedding occur at different stages of disease depending on the particulate agent involved in some viral infections such as rabies human represent dead-end infections and shedding is not occur. 

Genetics of Viruses

DNA viruses: Almost all DNA viruses which infect animals, contain double-stranded DNA exceptions include the Parvoviridae (e.g., parvovirus B19, adeno-associated virus) and the Circoviridae (these include the recently discovered TT virus, which may be related to the development of some cases of hepatitis). 

RNA viruses: Almost all RNA viruses contain single-stranded RNA exceptions include the Reoviridae (e.g., rotaviruses) which contain double-stranded RNA. Other RNA viruses can be broadly subdivided as follows:
• Viruses with positive strand (+) RNA genomes i.e., genomes of the same polarity as mRNA viruses in this category include picornaviruses and caliciviruses, in addition , retroviruses contain two copies of +RNA although they replicate by a unique mechanism.
• Viruses with negative strand (-) RNA genomes i.e., genomes of opposite polarity to mRNA viruses in this category all have helical capsids. Three members of the class are sufficiently closely related to comprise a distinct taxonomic order: Mononegavirales (rhabdoviruses, paramyxoviruses and filoviruses). The other (-) strand RNA viruses have segmented genomes (orthomyxoviruses have 8 segments while arenaviruses and bunyaviruses have either two or three segments respectively. The arenaviruses and some bunyaviruses are also unique in that they possess ambience genomes (i.e., their genomes contain both (+) and (-) strand RNAs).
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Orthomyxoviruses (Influenza viruses)

      Are major determinant of morbidity and mortality caused by respiratory disease and outbreaks of infection sometimes occurs in worldwide epidemics, three immunological types of Influenza viruses are known designated A, B, (contains human and animal) and C (contains human and swine). Influenza virus particles are usually spherical and about 100 nm in diameter, it has negative sense single strand RNA (A and B with 8 separated segments while C has 7 segment of RNA). Influenza virus particle contain 9 different structural proteins, it has a lipid envelope derived from the cell surrounds the virus particle. 2 virus-encoded glycoproteins, the hemagglutinin (HA) and neuraminidase (NA) are inserted into the envelope these 2 surface glycoproteins are the important antigens that determine antigenic variation of influenza viruses & host immunity, there are 15 subtype of HA (H1-H15), and 9 subtype of NA (N1-N9) e.g., H1N1 Swine and H1N5 human.

Clinical Finding: 

      Influenza attacks mainly the upper respiratory tract. it poses a serious risk for the elderly, the very young, and people with underlying medical conditions such as lung, kidney, or heart problems, diabetes and cancer. 

Laboratory Diagnosis: 

A- Isolation and identification of virus: 

      Nasal washings, gargle, and throat swabs are the best specimens for viral isolation and should be obtained within 3 days after the onset of symptoms. Classically embryonated eggs and primary monkey kidney cells have been the isolation methods of choice for influenza viruses. 

B- Serology: 

      Antibodies to several viral proteins (HA, NA) are produced during infection with Influenza virus, the immune response against the HA glycoprotein is associated with resistance to infection. Routine sero-diagnostic test in use is based on hemagglutination inhibition (HI) and ELISA (Enzyme Linked ImmunoSorbent Assay). Neutralization test is the most specific and the best predictor of susceptibility to infection, but are more unwieldy and more time-consuming to perform than other tests. The ELISA test is more sensitive than other assays.
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Paramyxoviruses & Rubella virus
      The paramyxoviruses include the most important agents of respiratory infectious of infants and young children (parainfluenza virus). The WHO estimates that acute respiratory infections and pneumonia are responsible every year worldwide for the death of 4 million children under 5 years of age, all members of Paramyxoviridae family initiate infection via the respiratory tract, replication of the respiratory pathogens is limited to the respiratory epithelia. 

      The morphology of the paramyxoviridae is pleomorphic with particles 50 nm or more in diameter, occasionally ranging up to 700 nm, the envelope seems to be fragile making virus particles labile to storage conditions and prone to distortion in electron micrographs, the viral genome is linear, negative-sense single stranded RNA, non-segmented, about 15 kb in size.      

      Most paramyxoviruses contain six structural proteins, three proteins are complex with viral RNA and three proteins participate in the formation of the viral envelope, the envelope contains viral hemagglutinin (HN) glycoprotein which sometimes carries neuraminidase activity and fusion (F) glycoprotein. 

Laboratory Diagnosis: 

A- Antigen detection: 

      Direct identification of viral antigens in specimens is commonly done, antigens may be detected in exfoliated nasopharyngeal cells by direct or indirect immunofluorescences tests, these methods are rapid but less sensitivity than viral isolation and must be carefully controlled. 
B- Isolation and identification of virus: 

      Nasal washes are good specimens for viral isolation. Bronchoalvelor lavage fluid and lung tissue have also been used. Primary monkey kidney cells are the most sensitive for isolation of parainfluenza viruses. 

C- Serology: 

      Antibody can be measures using Neutralization test (Nt), Haemagglutination inhibition (HI), or ELISA test.
Rubella (German measles)

      Is an acute febrile illness characterized by a rash and lymphadenopathy that effects children and young adults. It is the mildest of common viral exanthems however, infection during early pregnancy may result in serious abnormalities of the fetus, including congenital malformations and mental retardation the consequences of rubella in utero are referred to as the congenital rubella syndrome. Rubella a member of the Togaviridae family is the sole member of the genus Rubivirus, Rubella is Positive-sense, single strand RNA, non-segmented, not enveloped virus.
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Laboratory Diagnosis: 

      Clinical diagnosis of rubella is unreliable because many viral infections produce symptoms similar to those of rubella. 

A- Isolation and identification of virus: 

      Nasopharyngeal or throat swabs taken 6 day before and after onset of rash are a good source of rubella virus. Various cell lines of monkey or rabbit origin may be used. 

B- Serology: 

     The HI test is a standard serologic test for rubella however, serum must be pretreated to remove non-specific inhibitors before testing. ELISA tests are preferred because serum pre-treated is not required and they can be adapted to detect specific IgM detection of IgG is evidence of immunity.
Enteric viruses and Rhinoviruses

      Enteroviruses are transient inhabitant of the human alimentary tract and may be isolated from throat or lower intestinal tract. 

      Rhinoviruses are isolated chiefly from the nose and throat (common cold virus). 

     Many Picornaviruses (enterovirus & rhinovirus) cause diseases in human ranging from severe paralysis to aseptic meningitis, myocarditis, vesicular, exanthematous, skin lesion and respiratory illness. 

      The virion of Picornaviruses consist of a capsid shell of 60 subunits each of four proteins (VP1-VP4) arranged with icosahedral symmetry around a genome made up of a linear single strand of Positive sense-RNA, RNA range from 7.2-8.4 kb in size, none enveloped viruses. 

Poliomyelitis: Is an acute infectious disease that in its serious form affects the central nervous system. The destruction of motor neurons in the spinal cord results in flaccid paralysis. 

Laboratory Diagnosis 

      The virus may be recovered from throat swabs taken soon after onset of illness and from rectal swabs or stool sample collected over long periods, Poliovirus is uncommonly recovered from the cerebrospinal fluid (Nt).
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Herpesviruses
      The Herpes virus family contains several of the most important human pathogens. Clinically, the herpes viruses exhibit a spectrum of diseases, some have a wide host range, whereas others have a narrow host-cell range. The outstanding property of herpes viruses is their ability to establish lifelong persistent infections in their hosts and to undergo periodic reactivation. Herpes viruses possess a large number of genes, some of which have proved to be susceptible to antiviral chemotherapy. 

      The Herpes viruses that commonly infect humans include herpes simplex virus type 1 & 2 (HSV 1 and 2), Varicella-Zoster (VZ) virus, Epstein-Barr virus (EB), Cytomegalovirus (CMV), Human Herpesviruses 6 & 7 and Herpes virus 8. Herpes B virus of monkeys can also infect humans. 

      All herpes viruses have a core of linear double-strand DNA in the form of toroid surrounded by a protein coat that exhibits icosahedral symmetry and has 162 capsomeres. The nucleic acid is surrounded by an envelope that is derived from the nuclear membrane of the infected cell and contains viral glycoprotein. The base composition of herpes viruses DNAs varies there is a little DNA homology among different Herpes except for HSV 1 and 2 (50% homology), HV 6 and 7 (30-50% homology).
Herpes simplex virus (HSV)
      They are responsible for a spectrum of diseases ranging from gingivostomatitis to Keratoconjunctivitis, encephalitis, genital diseases, and infections of newborns HVS establish latent infections in nerve cells recurrences are common. 

Lab. Diagnosis 

A- Isolation & identification of viruses: 

      Virus may isolated from herpetic lesion and may also be found in throat washings, CSF, and stool, both during primary infection and during asymptomatic periods. 

B- PCR & Hybridization: 

      PCR assay can be used to detect virus and are sensitive and specific. PCR amplification of viral DNA from CSF has replaced viral isolation from brain tissue. 

C- Serology: 

      Antibodies appear in 4-7 days after infection and reach a peak in 2-4 weeks. The diagnostic value of serologicl assay is limited by the multiply antigens. 

Cytomegalovirus (CMV)

      CMV are ubiquitous herpes viruses that are common causes of human disease the name for classic cytomegalic inclusion disease derived from the propensity for massive enlargement of cytomegalovirus infected cells. 

      Cytomegalic inclusion disease is a generalized infection of infants caused by intrauterine or early postnatal infection with CMV. CMV poses an important public health problem because of its high frequency of congenital infections, which may lead to severe congenital anomalies. 
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Virion of CMV
Lab. Diagnosis 

A- PCR & Antigen detection assay: 

      PCR assay is designed to detect replicating virus, blood and urine are most commonly tested, antibodies against viral antigens can be used to detect virus-positive in patients. 

B- Serology: 

      Detection of IgG antibodies by using ELISA indicative of past infection while detection of viral IgM referS to a current infection. 

C- Isolation of virus: 

      Human fibroblasts cell culture is used for virus isolation attempts, the virus can be recovered most readily from throat washing and urine. Incubation for 2-3 weeks are needed to appear the cytological changes.
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Oncoviruses

      Viruses are etiologic factors in the development of several types of human tumors, including two of great significance world-wide cervical cancer and liver cancer, at least 15% of all human tumors worldwide have a viral cause. The viruses that have been strongly associated with human cancers are Human Papilloma viruses (genital tumor, squamous cell carcinoma and oropharyngeal carcinoma), EBV (Nasopharyngeal carcinoma and lymphoma), Hepatitis B (Hepatocellular carcinoma), HTL virus (Adult T cell leukemia), AIDS and HCV (Hepatocellular carcinoma). 

      Like other viruses, tumor viruses are classified among different virus families, according to the nucleic acid of their genome and the biophysical characteristics of their virion, most recognized tumor viruses have a DNA genome, DNA tumor viruses encode viral oncoproteins that are important for viral replication but also affects cellular growth control pathways, most RNA tumor viruses belong to the retrovirus famil, HTL virus & HIV. 

Multistep Carcinogenesis 

      carcinogenesis is a multistep process; that is, multiple genetic changes must occur to convert a normal cell into a malignant one. Intermediate stages have been identified and designated by term such as "immortalized", "hyperplastic" and " preneoplastic". Tumors usually develop slowly over a long period of time. The natural history of human and animal cancers suggest a multistep process of cellular evolution , probably involving cellular genetic instability and repeated selection of rare cells with some selective growth advantage. The number of mutations underlying this process is estimated to range from five to eight. observation suggest that activation of multiple cellular oncogenes and inactivation of tumor suppressor genes are involving in the evolution of tumors whether or not a virus is involved. It appears that a tumor virus usually acts as a cofactor, providing only some of the steps required to generate malignant cells. Viruses are necessary-but not sufficient-for the development of tumors with a viral etiology. Viruses often act as initiators of the neoplastic process and may do so by different mechanisms. 

Tenets of viral carcinogenesis 1-Viruses can cause cancer in animal and humans. 2-Tumor viruses frequently establish persistent infections in natural host. 3-Host factors are important determinants of virus-induced tumorigenesis. 4-Viruses are seldom complete carcinogens. 5-Virus infections are more common than virus-related tumor formation. 6- Long latent period usually elapse between initial virus infection and tumor appearances. 7-Viral strains may differ in oncogenic potential. 8-Viruses may be either direct or indirect acting carcinogenic agents. 9- Oncogenic viruses modulate growth control pathways in cells. 10-Animal models may reveal mechanisms of viral carcinogenesis. 11-Viral markers are usually present in tumor cells. 12- One virus may be associated with more than one type of tumor. 

Human Papillomaviruses (HPV)

      Papillomaviruses are slightly larger in diameter (55 nm) and contain a large genome 8 kbp , Papillomaviruses have double-strand and circular DNA and non-enveloped virus, Papillomavirus can cause several different kinds of warts in skin, genital warts, laryngeal papilloma and cervical cancer. 

Lab. Diagnosis 

A- PCR assay: 

      Detection of viral DNA by using PCR is the most important diagnostic materials in lab. 
B- Serology : 

      Detection of IgM in serum indicate of recent infection.
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Hepatitis viruses

       Viral hepatitis is a systemic disease primarily involved liver most cases of acute viral hepatitis in children and adults are caused by one of the following agent : Hepatitis A virus (HAV), hepatitis B virus (HBV), hepatitis C virus (HCV), hepatitis E virus (HEV), Hepatitis viruses produce acute inflammation of the liver resulting in a clinical illness characterized by fever, gastrointestinal symptoms such as nausea , vomiting and jaundice regardless of the virus type identical histopathologic lesion are observed in the liver during acute disease. 

Hepatitis A virus
      HAV (Picornaviridae family) is a 27-32 nm spherical particle with cubic symmetry and containing a linear single stranded RNA genome with a size of 7.5 kb. Non-enveloped virus. Only one serotype is known, there is no antigenic cross-reactivity with HBV or with other hepatitis viruses. 

      Virus particles have been detected by immune electron microscopy in fecal extracts of hepatitis A patients. Virus appears early in the disease and disappear within 2 weeks following the onset of jaundice, HAV can be detected in the liver, stool, and blood of naturally infected humans by immunoassay, nucleic acid hybridization assay, or PCR. Anti-HAV appears in the IgM fraction during the acute phase peaking about 2 weeks after elevation of liver enzyme. Anti-HAV IgM usually declines to non-detectable level within 3-6 months. Anti-HAV IgG (chronic phase) appears soon after the onset of disease and persist for decades. 

      Detection of HAV IgM in serum confirms the diagnosis of hepatitis A virus. ELISA is the method of choice for measuring HAV antibodies. 

Hepatitis B virus (HBV)
      HBV establishes chronic infections, especially in those infected as infants. It is a major factor in the eventual development of liver disease and hepatocellular carcinoma in those individuals. HBS (hepadnavirdae family) are spherical particles, 42 nm virion, HBS genome is double strand DNA circular and 32 kb. There are three stereotypes of HBV (HBsAg, HBcAg, and HBeAg) (glycoprotein). 

      DNA polymerase activity, HBV DNA and HBeAg which are representative of the viremic stage of hepatitis B occur early in the incubation period, concurrently or shortly after the first appearance of HBsAg. HBsAg is usually detectable 2-6 weeks in advance of clinical and biochemical evidence of hepatitis and persists throughout the clinical course of the disease but typically disappears by the sixth month after exposure. High levels of IgM specific anti-Hbc are frequently detected at the onset of clinical illness. Because this antibody is directed against the 27 nm internal core component of HBV, its appearance in the serum is indicative of viral replication. Antibody to HBsAg is first detectable at a variable period after the disappearance of HBsAg. It is present in low concentrations. Before HBsAg disappears, HBeAg is replaced by anti-HBe, signaling the start of resolution of the disease. Anti-HBe level often are no longer detectable after6 months. The most useful detection methods are ELISA for HBV antigens & antibodies & PCR for viral DNA. 

Hepatitis C virus 
      Clinical and epidemiologic studies and cross-challenge experiments in Chimpanzees had suggested that there were several non-A, non-B (NANB) hepatitis agents which based on serologic tests were not related to HAV or HBV. The major agent was identified as hepatitis C virus (HCV), HCV is a positive-sense RNA virus, 9.4kb in size and encodes a core protein, two envelope glycoprotein's, and several nonstructural protein. Most new infections with HCV are subclinical. The majority (70-90%) of HCV patients develop chronic hepatitis and many are at risk of progressing to chronic active hepatitis and cirrhosis. Most primary infections are asymptomatic or clinically mild (20-30% have jaundice, 10-20% have only non-specific symptoms such as anorexia, malaise , and abdominal pain). Serological assays are available for diagnosis of HCV infection. Enzyme Linked immunosorbent assay (ELISA) detect antibodies to HCV, but do not distinguish between acute and chronic phases or resolved infection. Anti-HCV antibodies can be detected in 50-70% of patients at onset of symptoms, whereas in others antibody appearance is delayed 3-6 weeks. Antibodies are directed against core, envelope. Nucleic acid assay (RT-PCR) detect the presence of circulating HCV RNA and are useful for monitoring patients on antiviral therapy. Liver permits a tissue diagnosis of hepatitis, test for abnormal liver function test such as Alanine aminotransferase (ATL) and bilirubin , supplement the clinical, pathologic, and epidermiologic finding. 
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Lecture -11-
Rabies & Other Neurotropic viruses
      Rabies is an acute infection of the central nervous system that is almost always fatal. The virus is usually transmitted to humans from the bite of a rabid animal. Although the number of human cases is small, rabies is a major public health problem because it is widespread among animal reservoirs. 

Rabies are rod or bullet shaped particles measuring 75X180 nm. The particles are surrounded by a membranous envelope with protruding spikes, 10 nm long. Inside the envelope is a ribonucleocapsid. The genome is single stranded, Negative sense RNA 12 kb. Virion contain an RNA dependent RNA polymerase. 

Lab. Diagnosis 

A- Rabies antigen or nucleic acids 

      RT-PCR can be used to amplify the parts of a rabies virus genome for fixed or unfixed brain tissue. Although unusual as a diagnostic test, sequencing of amplified products allows identification of the infecting virus strain. 

B- Serology 

      Serum antibodies to rabies can be detected by immunofluorescence or Nt, such antibodies develop slowly in infected persons or animals during progression of the disease but promptly after vaccination with cell-derived vaccines. Antibodies in CSF are produced in rabies infected individuals, but not responsible to vaccination. 
Other Neurotropic viruses
       Neurotropic viruses causing acute infection include Japanese, Venezuelan equine and California encephalitis viruses, polio, coxsackie, echo, mumps, measles, influenza , and rabies viruses as well as members of the family Herpesviridae such as herpes simplex, varicella-zoster, cytomegalo and Epstein-Barr viruses those causing latent infection include herpes simplex and varicella-zoster viruses those causing slow virus infection include measles, rubella, JC viruses, and retroviruses such as human T-lymphotropic virus 1 and human immunodeficiency virus.
Retroviruses
      Rotaviruses are a major cause of diarrheal illness in human infants and animals. The virion is icosahedral 60-80 nm in diameter, double capsid shell. The genome is double stranded RNA, linear, segmented 16-72kp. The viral composed of 15% RNA and 85% protein, non enveloped virus. Retroviruses cause the major portion of diarrheal illness in infants and children worldwide but not in adults. There is an incubation period of 1-3 days. Typical symptoms include watery diarrhea, fever, abdominal pain, and vomiting leading to dehydration. 

      In infants and children, severe loss of electrolytes and fluids may be fatal unless treated. Patients with milder cases have symptoms for 3-8 days and then recover completely. However, viral excretion in the stool may persist up to 50 days after onset of diarrhea. Asymptomatic infections, with seroconversion, occur. In children with immunodeficiencies, rotavirus can cause severe and prolonged disease. 

Lab. Diagnosis 

      Laboratory diagnosis rests on demonstration of viru in stool collected early in the illness and on a rise in antibody titer. Virus in stool is demonstrated by IEM, latex agglutination tests or ELISA. Genotyping of rotavirus nucleic acid from stool specimens by the PCR is the most sensitive detection method. Serologic test can be used to detect antibody titer rise, particularly ELISA.
Human immunodeficiency virus (HIV)
      HIV types derived from primate lentiviruses are the etiologic antigen of AIDS. The illness was first described in 1981 and HIV-1 was isolated by the end of 1983. Since then AIDS has become a worldwide epidemic expanding in scope and magnitude as HIV infections have affected different populations and geographic regions. Millions are now infected worldwide once infected individuals remain infected for life. If AIDS left untreated the vast majority of HIV infected individuals develop fatal opportunistic infections as a result of HIV-induced deficiencies in the immune system. AIDS is one of most important public health problems worldwide at the start of the 21th century, the incubation period of virus tend from about 8 months to 10 years, the virion is spherical, 80-100 nm in diameter, cylindric core, the genome is Positive sense single stranded RNA, linear, 9-10kb. The envelope of virus contains glycoprotein undergoes antigenic variation, reverse transcriptase enzyme contained inside virions. There are two types of human AIDS viruses HIV-1 and HIV-2. The two types are distinguished on the basis of genome organization. 

Mode of transport of infection 

      HIV can be transport from person to person via blood transfusion , drugs, illegal intercourse, and less from mother to her infant.
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Lab. Diagnosis 

      Evidence of infection by HIV can be detected in three ways: 

A- Viral isolation 

      HIV can be cultured from lymphocytes in peripheral blood the numbers of circulating infected cells vary with the stage of disease, Higher titers of virus are found in the plasma and in peripheral blood cells of patients with AIDS as compared with asymptomatic individuals. 

B- Serology
      The mean time to seroconversion after HIV infection is 3-4 weeks most individuals will have detectable antibodies within 6-12 weeks after infection whereas virtually all will be positive within 6 months.
      Test kits are commercially available for measuring antibodies by Enzyme-Linked Immunosorbent Assay (ELISA), this test have a sensitivity and specificity exceeding 98%. When ELISA based Ab tests are used for screening populations with a low prevalence of HIV infection (e.g. blood donor) a positive test in a serum sample must be confirmed by a repeat test. If the repeat ELISA test is reactiv, a confirmation test is performed to rule out false-positive EIA results. The most widely used confirmation assay is the Western blot technique, in which antibodies to HIV proteins of specific molecular weights can be detected. Antibodies to viral core protein p24 or envelope glycoprotein's gp41, gp120, or gp160 are most commonly detected. 

C- Detection of viral nucleic acid or antigen
      Amplification assays such as the RT-PCR, DNA PCR, and bDNA test are commonly used to detect viral RNA in clinical specimens. The RT-PCR assay uses an enzymatic method to amplify HIV RNA the bDNA assay amplifies viral RNA by sequential oligonucleotide hybridization steps. The tests can be quantitative when reference standards are used; appropriate positive and negative controls must be included with each test. These molecular based tests are very sensitive and form the basis for plasma viral load determinations. The HIV RNA levels are important predictive markers of disease progression and valuable tools with which to monitor the effectiveness of antiviral therapies. 

      Early diagnosis of HIV infection in infants born to infected mothers can be accomplished using plasma HIV-1 RNA tests. The presence of materinal Abs makes serologic tests uninformative.
Lecture -12-
Adenoviruses 
      Adenoviruses can replicate and produce disease in the respiratory, gastrointestinal, and urinary tracts and in the eye. Many adenovirus infections are subclinical and the virus may persist in the host for months. About one-third of the 49 known human serotypes are responsible for most cases of human adenovirus disease. A few types serve as models for cancer induction in animals. Adenoviruses are especially valuable systems for molecular and biochemical studies of eukaryotic cell processes. 

      Adenoviruses are 70-90nm in diameter and display icosahedral symmetry with capsids composed of 252 capsomeres, there is no envelope. Adenovirus contain 13% DNA and 80% protein, the DNA (26-45 kb) is linear and double stranded. Adenoviruses, the most strongly oncogenic types, and ranges as high as 61% in other types. 

      Human adenoviruses are divided into six groups (A-F) on the basis of their physical, chemical, and biologic properties. 

Lab. Finding 

A- Detection, isolation of virus 

      Samples should be collected from affected sites early in the illness to optimize virus isolation, depending on the clinical disease virus may be recovered from stool or urine or from a throat, conjunctival, or rectal swab. Virus isolation in a cell culture requires human cells primary human embryonic kidney cells are most susceptible, but usually unavailable, established human epithelial cell line, such as HEp-2, HeLa , and KB, are sensitive, but are difficult to maintain without degeneration for the length of time 28 days required to detect some slow growing natural isolation. 
PCR assays can be used for diagnosis of adenovirus infections in tissue samples or body fluid, usually by using primers from a conserved vial sequence that can detect all serotypes. However, the sensitivity of PCR assay may result in detection of latent adenoviruses in some patients. 

B- Serology 
      The fastidious enteric adenoviruses can be detected by direct examination of fecal extracts by electron microscopy by ELISA or by latex agglutination test. 

Poxviruses 
      Poxviruses are the largest and most complex of viruses, the family encompasses a large group of agents that are similar morphologically and share a common nucleo-protein antigen. Infections with most poxviruses are characterized by a rash, although lesions induced by some members of the family are markedly proliferative. The group includes variola virus, the etiologic agent of smallpox. 

      Poxviruses are large enough to been seen as featureless particles by light microscopy. By electron microscopy they appear to be brick-shaped or ellipsoid particles measuring 400X230 nm their structure is complex and conforms to neither icosahedral nor helical symmetry. There is an outer lipoprotein membrane, or envelope, that encloses a core and two structures of unknown function called lateral bodies. 
      The core contains the large viral genome of linear doubled-stranded DNA 130-375 Kbp. The complete genomic sequence is known for several poxviruses, including vaccinia and variola. The virion contains a multiplicity of enzymes, including a transcriptional system that can synthesize polyadenylate, cap, and methylate viral mRNA. 

Lab. Finding 

      Several tests are available to confirm the diagnosis of smallpox. 

A- Isolation and identification of viruses 

      Skin lesions are the specimen of choice for viral isolation , Poxviruses are stable and will remain viable in specimens for weeks even without refrigeration. Direct examination of clinical material in the electron microscope is used for rapid identification of virus particles. 

      Virus isolation is carried out by inoculation of vesicular fluid onto the chorioallanotic membrane of chick embryos. This is the most reliable laboratory test. PCR assay that are specific for various poxviruses are available and can be used for detection and identification purposes. 

B- Serology
      Antibodies appear after the first week of infection that can be detected by HI, Nt, ELISA, RIA, or immunofluorescence tests.
Parvoviruses
      Parvoviruses are the simplest DNA animal viruses because of the small coding capacity of their genome , viral replication is dependent on functions supplied by replicating host cell or by confecting helper viruses. The only known parvovirus pathogenic for humans B19, has a tropism for erythroid progenitor cells. It is the cause of erythema infectiosum “fifth disease”, a common childhood exanthema of a polyarthralgia-arthritis syndrome in normal adults of aplastic crisis in patients with hemolytic disorders of chronic anemia in immunocompromised individuals, and of fetal death. 

      The icosahedral, nonenveloped particles are 18-26 nm in diameter. Virions contain two coat proteins that are encoded by an overlapping, the genome is about 5 Kb, linear, single-stranded DNA. 

Lab. Diagnosis 

      The most sensitivity test detect viral DNA. Available test are PCR , probe hybridization of serum or tissue extracts, and in situ hybridization of fix tissue. PCR is the sensitive assay. B19 DNA has been detected in serum, blood cells, tissue samples and respiratory secretions. Serologic assays based on recombinant parvovirus antigens produced in vitro using bacterial or baculovirus expression systems are used to measure antibodies. Detection of B19 IgM antibody is indicative of recent infection; it is present for 2-3 months after infection. B19 IgG antibody persists for years, though antibody may not be found in immunodeficient patients with chronic B19 infection. In those patients, chronic infection is diagnosed by detecting viral DNA. Immunohistochemistry has been used to detect B19 antigens in fetal tissues and in bone marrow. The virus is difficult to grow. Virus isolation is not used to detect infection.
Arboviruses and viral haemorrhagic viruses 
      There are several hundred abroviruses of which about 100 are known human pathogen. Those infecting humans are all believed to be zoonotic with humans the accidental hosts who play no important role in the maintenance or transmission cycle of the virus exceptions are urban yellow fever and dengue. Diseases produced by Abroviruses may be divided into 3 clinical syndromes 

1- Fever of undifferentiated type with or without a maculopapular rash and usually benign. 

2- Encephalitis, often with a high casefatality rate. 

3- Hemorrhagic fever, also frequently severe & fatal.
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