Viruses

General Structure and Function – Cannot carry out their own metabolic processes, cannot reproduce independently, no cytoplasmic membrane organelles or cytosol. Exist in two states, extracellular and intracellular. In extracellular state they are called a virion and have a protein coat (capsid) surounding nucleic acid. Intracellular state the virus exists as nucleic acid. The virus is made up of head (contains genetic info) and tail (site of attachment to host cell). They can have an outer envelope (from host cell) or be naked. 

Types of nucleic acid and replication – Genetic information can either exist as DNA or RNA but never both. Can be either double or single stranded (for both DNA and RNA) and can be linear and segmented or single and circular. Most viruses are specific as to what type of cells they infect and this is because of viral surface proteins being complementary to those of host cells, some viruses can be generalists and infect many types of cells and species.  Replication is dependent upon host cell machinary. DNA viruses often enter nucleus for replication and RNA viruses will replicate in the cytoplasm. 

Lytic cycle – Virus is actively replicating so producing more virus particles which will eventually lead to host cell lysis and the spread of the virus

Lysogenic cycle – Virus is not actively replicating and inserts itself into the host cell genome and normal growth and replication occurs. The virus is dormant. Some stimulus will convert the virus from the lysogenic to the lytic cycle. 

Reverse transcriptase – An enzyme that is required to go from mRNA to cDNA. It is used by retroviruses to insert into the host cell genome. 

Mechanisms of Entry – 

Direct Penetration: Cell surface markers recognize virus capsid and bind to it. Nucleic acid enters the cell and capsid remains bound to cell surface. (ie: Polio)

Membrane Fusion: Glycoproteins on the capsid of the virus recognize cell surface markers. Viral glycoproteins remain in the cell membrane and the viral genome enters the cell, capsid is lost in the cell

(Ie: HIV, measles)

Endocytosis: Cytoplasmic membrane of host engulfs the virus. (Ie: adenovirus, herpes)

HIV – +ssRNA virus that uses DNA intermediary that is transcribed from +RNA by reverse transcriptase carried within the capsid. It is a retroviruse. DNA intermediary serves as a template for additional +RNA molecules. Acts as both mRNA for protein production and as genome for new virions.

Immune Mechanisms

First line of Defense – 

Skin: Composed of two major layers, the first is the Epidermis which is multiple layers of tightly packed cells. Few pathogens can penetrate these layersand shedding of the epidermis removes microorganisms. Epidermal dendritic cells phagocytize pathogens. Dermis is composed of collagen fibres that help prevent abresions which could introduce microbes. Skin also has chemicals that defend against invasion. Perspiration from sweat glands – salt inhibits growth of pathogens, antimicrobial peptides defend against microorganisms and lysozyme destroys cell walls of bacteria. Sebum is produced by sebacious glands and helps keep skin from tearing and lowers pH on skin to 5. 

Mucous Mebrane: Present in all body cavities open to the environment. Epithilium is the thin living outer covering of the mucous membrane and is tightly packed together. Continual shedding carries away microorganisms. There is also the deeper Conective Tissue that supports the epithelium. 

Respiratory Structure – Nasal mucus contains lysozyme and defensins. Dendritic cells reside below epithelium. Globlet cells excrete extremely sticky mucus that traps pathogens. Cilia cells propel mucus up to the larynx. 

Lacrimal apparatus – Produces and drains tears, blinking spreads tears and washes the surface of the eye. Lysozyme in tears destroys bacteria.

Normal Microbiota – Normal bacteria that compete with pathogens for consumption of nutrients, surface area, and can even make the environmental conditions unfavourable for pathogens. 

Antimicrobial peptides – Present in skin, mucous and neutrophils and make act against a variety of microbes. 

Defense components in blood – 

Leukocytes: Involved in defending the body against invaders. Divided into granulocytes and agranulocytes.

Granulocytes: 3 types, Basophiles, Neutrophils and eosinophiles... The last 2 phagocytize pathogens.

Agranulocytes: 2 types, Lymphocytes (mostly involved in adaptive immunity) and Monocytes which leave the blood and mature into macrophages

Phagocytosis – Divided into six steps, Chemotaxis → Adherence →  Ingestion → Maturation → Killing → Elimination

Non-Phagocytic killing: Eisonophiles attach to the surface of helminths and secrete toxins that are harmful to the pathogen. 

Lymphocytes function in the same manner – secrete toxins onto surface of virally infected cells 

Complement (non specific chemical defense) –

Serum proteins that result in the lysis of invading cells. Can be activated by either the classical, alternative or lectin pathway. Complement activation is a cascade which will culminate with chemotaxis and inflammation and lysis of the pathogenic cell. 

Inflammation – non specific response to tissue damage characterized by swelling, redness, heat and pain. Two types: acute and chronic. 

Acute – develops quickly and is short lived, typically beneficial, important in second line of defense: increased permeability of blood vessels, migration of phagocytes, tissue repair. 

Complement release results in inflammation by binding to mast cells and basophiles resulting in histamine release which will dilate the arterioles. 

Adaptive Immunity –  the ability of the body to recognize and defend against specific invaders and their products. 5 attributes are specificity, inducibility, clonality, unresponsiveness to self, memory. Involes lymphocytes either B (mature in bone marrow) or T (mature in thymus). Two types of adaptive immune responses: Humoral: Secrete antibodies that act against extracellular pathogens in the body fluids and Cell mediated: T lymphocytes attack intracellular pathogens. 

Antigens – Molecules the body recognizes as foreign and worthy of attack. Recognized by three-dimensional regions called epitopes. Include bacterial components, proteins of virus, fungi and protozoa. Food and dust can also contain antigenic particles. Exogenous are expressed on extracellular microbes invading the body. Endogenous are viral antigens expressed on a virally infected host cell. Autoantigens are normal antigens expressed by a host cell.

Microbial Interactions with Humans

Symbiosis – To live together... different types

Mutualism – Both members benefit from their interaction, however the interaction may not be required by either. 

Parasitism – A parasite derives benefit from its host while harming it. Parasites that allow their hosts to live are more likely to survive. Pathogen – Any parasite that causes disease. 

Commensalism – One organism benefits while the other is neither harmed nor benefits. 

Normal Microbiota or Flora – Organizms that colonize the body's surfaces without normally causing disease. Two types, Resident and transient.

Resident Flora – part of the normal microbiota throughout life and do not normally cause disease. Mostly commensal, found on skin, GI tract, upper respiratory tract, eyes, urogenital tract. Resident microbiota begin to develop in birthing process and most of them are established during first months of life. 

Opportunistic pathogen – Normal microbiota that cause disease under certain conditions. Causes disease only in the absence of normal host resistance. They grow on the surface of the host, normally in the mucous membrane and can result in infection and disease. 

Conditions that provide opportunity: Introduction of normal flora into unusual site in the body (ie: e.coli in urethra), immune suppression and changes in normal microbiota (ie: decrease in normal microbiota)

Reservoirs of Infection – sites where pathogens are maintained as a source of infection. 

Animal Reservoirs: Diseases that are naturally spread from animal to host → zoonoses. Acquired through direct contact with animal and its waste, eating animals or bloodsucking arthropods. Humans are normally the dead end host (ie: reinfection of animal is unlikely). 

Human Carriers: Infected individuals who are asymptotic but infect others. Some individuals develop illness while others never get sick. (ie: Tuberculosis, HIV). 

Non-living Reservoirs: Food, Soil, Water → Presence of microorganisms is usually the result of contamination by feces or urine (spores, parasitic worm eggs, bacteria, viruses)

Portals of Entry – Sites through which pathogens enter the body. Four major pathways

Skin: Some pathogens enter through opening or cuts (hair follicles, sweat glands, abbraisons), others enter by burrowing into or digesting outer layers of skin. Skin is dry and acidic except sweat and sebacious glands (rich in microbial nutrients).. most skin microbes are gram positive

Mucuous Membranes: Line the body cavities that are open to the environment. (ie: Nose, mouth, respiratory etc..) Provide a warm and moist environment hospital to microbes. Most common site of entry is the respiratory tract. The presence of normal flora in the respiratory and urogenital tract is essential for normal function and often prevents the colonization of pathogens. 

Placenta: Typically prevents pathogen spread, occasionally they can cross the placenta and infect the fetus. Can cause birth defects, spontaneous abortions and premature birth. 
Parenteral Route: Not a true portal entry but rather means by which the portal of entry can be skipped. Pathogens are deposited directly into tissues beneath the skin or mucuous membranes. (ie: Punctures by a nail, thorn etc..)

Virulence Factors – 

Pathogenicity: Ability of a microorganism to cause disease

Virulence: Degree of pathogenicity. Factors that influence virulence → Adhesion factors, Biofilms, extracellular enzymes, toxins, antiphagocytic factors.  Extracellular enzymes are secreted by the pathogen and dissolve structural chemicals in the body.Adhesion found on fimbrae, flagella and glycocalyces → interaction can determine host cell specifity and inability to bind results in avirulance. Toxins, can be exotoxins or endotoxins. Exotoxins are released by the organism and can be Cytotoxin (kills host cells in general) can be Neurotoxin (affects the nervous system) or can be Enterotoxins (affect the GI tract). The host organism secretes antitoxins (antibodies) which neutralize toxins. Endotoxins are the lipid A portion of the LPS in gram negative bacteria. They are released when the bacteria divide, die or are engulfed by phagocytic cells. Antiphagocytic factors include the bacterial capsule (not recognized as foreign and makes the cell slippery) and antiphagocytic chemicals (prevent fusion of lysosome and phagocytic vessicles). 

Infection, Infectious Disease and Epidymiology

Stages of Infectious Disease – 

Incubation period: Length of period depends on virulence of pathogen, site of infection, host immune system and health of organism

Prodromal Period: mild symptoms

Illness: most severe stage of infection

Decline: Body gradually returns to normal

Convalescence: Recovery time.. also dependent on pathogen, damage caused, site of infection and overall health of patient

Types of transmission – Contact transmission (direct, indirect, droplet) Vehicle transmission (airborne, waterborne, foodborne) Vector transmission (biological or mechanical)

Incidence – Number of new cases in a given area during a given time

Prevelance – Total number of cases in a given area during a given time

Endemic – when the infection is maintained within the population without the need for external inputs (ie: chicken pox)

Epidemic – The disease is present in greater frequency than is usual

Pandemic – An epidemic that occurs simultaneously on more than one continent

Nosocomial Infection – infections acquired by patients or health care workers while in a health care environment (ie: doctors office, hospital, dental office). Precautions used to reduce factors that result in disease → sterile techniques and quarantine. Hand washing is the most effective technique. 

Exogenous: presence of numerous pathogens and resistant pathogens → pathogen is acquired from health care environment

Endogenous: weakened immune system → pathogen arises from normal microbiota due to factors within health care setting

Latrogenic: results from modern medical procedures

Spread of nosocomial infections is for a number of reasons → patients have low resistance to infections, healthcare facilities treat infectious disease, multiple patients in the same room, personnel move from patient to patient, healthcare procedures may breach the skin

C. Difficile – Gram positive, anaerobic, spore former, toxin producer, leading cause of antibiotic associated diarrhoea. Most common test is enzyme immunoassay. 

Disease: Asymptomatic colonization, mild diarrhoea, severe abdominal pain and fever, pseudomembranous colitis, toxic megacolon... toxins cause severe inflammatory reaction leading to microulcerations. The disease is a result of disruption of gut flora through antibiotic treatment allowing colonization of gut by C. difficile. 

Treatment: If possible, discontinue current antibiotic treatment and the first line of treatment is oral metronidazole. Alternatively oral vancomycin. If approaches are unsuccesful and patient deteriorating, colectomy is live saving alternative. Other treatments include human stool transplant and probiotic agents through antibiotic use. 

Prevention: Reduce spore contamination of hospitals to reduce patient infection, isolation of infected patients, handwashing. 

Recombinant DNA Technology

Vectors – Nucleic acid molecules that deliver a gene into a cell

Usefule properties: small enough to manipulate in a lab, survive inside cells (plasmids, transposons, viruses), contain a recognizable genetic marker (phenotypic markers: ie. Antibiotic resistance, enzymes that metabolize a specific gene) and ensure genetic expression of a gene. 

Shuttle vectors: Vectors that can replicate and are stable in two or more host organisms (DNA cloned in one organism can be replicated in a second host without modifying the vector)

Expression Vectors: Designed to allow control of cloned genes, contain regulatory sequences that allow for manipulation of gene expression. 

Can use bacteriophage lambda as a cloning vector and is more efficient than plasmids

PCR – Large number of identical molecules of DNA produced in vitro (billions of replicas I hours).. Critical to amplify DNA in a variety of situations (ie: to identify genome of unknown pathogen).. Consists of a repeating process of 3 steps 

Denaturation → exposure to heat (94oC) separates the two strands of DNA

Annealing or Priming → mixture is cooled to optimal temperature (55-65) for primers to bind to template DNA

Elongation or Extension → temperature is raised to 72 to increase rate at which DNA polymerase replicates each strand to produce more DNA

This process is automated using a thermocycler. Each PCR cycle doubles the amount of DNA and 1 billion copies can be produced in 30 cycles. 

Gel Electrophoresis – Seperate molecules based on electrical charge, size and shape. Allows scientists to isolate DNA of interest. Negatively charged DNA is drawn towards positive electrode. Agarose makes up gel; acts as a molecular sieve. Smaller fragments migrate faster and further than large ones. Determine size by comparing distance migrated to strands. 

Southern Blot – After DNA is seperated by gel electrophoresis, the DNA is transferred from gel to nitrocellulose membrane. Probes used to localize DNA sequence of interest. Used for genetic fingerprinting, diagnosis of infectious diseases, demonstrate incidence and prevelance of organisms that cannot be cultured. 

Applications of Recombinant DNA – Genetic mapping, environmental, Vaccines, DNA fingerprinting, Agriculture

Vaccines – Production of safer vaccines (lower risk of contracting disease that the vaccine is meant to prevent) 

Subunit Vaccines – Contain only crucial proteins as antigens and not whole pathogen, useful for pathogens that cannot be cultivated or that cause fatal diseases. Introduce genes of common pathogenes into fruits and vegetables. Injecting humans with plasmid carrying gene from pathogen (allows for human to synthesize antibodies for memory)

