What barriers exist to prevent infection by viruses/bacteria/other?

· Our first barrier to prevent infection by viruses and bacteria is our skin and mucous membranes.  Intact integrity does not allow the pathogen to enter our body systems to cause infection.  The GI and GU tracts along with the respiratory system form a closed barrier between the environment and our internal organs (Innate Immunity, 2006).

· The second and third barriers are our inflammatory and immune systems, (including the lymphatic system).  The inflammatory system reacts to mechanical, chemical, or immunologic injury to tissues by mast cell degranulation and the activation of protein systems such as complement, clotting, and kinins (prostaglandins and leukotrienes).  The result of this release causes three distinct responses in our bodies:  

1) Vascular response- vasodilation and retraction of endothelial cells leads to increased vascular permeability and fluid exudation which dilutes the toxins and helps to bring inflammatory cells and chemicals to the area of injury.  This response also causes acute inflammation, warmth, redness, edema, and exudates in the area.

2) Cellular response- this response is mediated primarily by neutrophils and macrophages and they work to fill the exudates with cells (pus) which helps to provide the environment necessary for healing.

3) Chemical response- coordinates both the above responses and causes the systemic symptoms of inflammation (pain, fever, malaise, anorexia, weight loss).

           (Innate Immunity, 2006)  

· Another barrier is the normal flora present on our skin, and in our GI and respiratory tracts.  They produce antibacterial factors that keep pathogenic organisms in check, as well as help digest dietary molecules and produce Vitamins B and K (Infection, 2006).

· Our body’s response to pathogens in the form of fever is an example of an immune response that acts as a barrier to infection.  It is caused by the production of inflammatory cytokine, or by micororganism components that alter the temperature regulation function of the hypothalamus.  Fever works in our defence in that it hinders some pathogens with strict temp preferences, and it causes WBC’s to rapidly proliferate so they can help fight off the harmful pathogens. (Infection, 2006).

· Vaccination against bacteria and viruses is a barrier to infection.  Their purpose is to induce long lasting protective immune responses under conditions that will not result in disease in a healthy recipient of the vaccine.  Most viral vaccines contain live viruses that are weakened (attenuated), and some common bacterial vaccines are killed organisms or extracts of bacterial antigens (H.flu).  Vaccination against systemic toxins (tetanus) has been achieved using toxoids (purified toxins that have been chemically detoxified without loss of immunogenicity) (Infection, 2006).

· The use of passive immunotherapy (pre-formed antibodies are given to individuals), and IV immunoglobulin containing various antibodies against most infectious diseases are given to individuals with weakened immune systems to prevent infection.  Individuals with intact immune systems have been treated by the administration of human immunoglobulin preparations (i.e. hep A for travel).  More novel therapeutic approaches such as bacteriophages-viruses that infect bacteria but not humans may require evaluation in the future (Infection, 2006).

· Probably the most individual directed barrier to infection is proper hand washing, wearing a mask in health care facilities when you have respiratory symptoms, staying healthy, good nutrition, and regular exercise.

How do invaders circumvent host barriers?

Pathogens adapt to evade host’s defenses by:

· Formation of a surface coat 

· Surface receptors that bind to host cells

· Release of toxins that damage host cells

· Antigenic variation

BACTERIA

Formation of surface coat

The pathogen produces a thick layer of glycoprotein secreted outside of the cell wall as a coating.  This secretion/coating is “slimy” therefore enables the bacteria to slide along surfaces and may also form a capsule around the bacteria.  

The capsule protects the bacteria against the host’s immune response by making adherence to the bacteria difficult for the immune cells. This coating also prevents opsonization and  phagocytosis.

Surface receptors

Surface receptors termed Pili, resemble hair like appendages on the surface of bacteria.  Pili enable bacteria to adhere and attach to host cells.  

Release of toxins

Bacteria produce and release toxins that are responsible for the signs, symptoms, and complications of infection. 

Endotoxins are released or secreted when the bacterial cell is lysed or destroyed, and are also shed from living bacteria. 

Antibiotics used to kill the bacteria can initially cause the patient’s condition to worsen as the antibiotics cause the destruction of the bacteria which in turn releases large amounts of endotoxin.

Exotoxins are produced  within the cell and secreted by bacteria.  They are often named for the target organ they effect. Example: Clostridium difficile, sheds enterotoxin which binds to and colonizes the gastrointestinal tract causing diarrhea.

Antigenic variations 

Bacteria can alter surface molecules and change appearance so that they are not recognized by the host’s immune system.  This is accomplished by: mutations, recombination, and gene switching.

Flagella

Other properties of bacterial cells that allow them to evade the host are the presence of flagella.  Flagella provide motility for the cell, and help them to propel away from or toward stimuli.  Example:  movement toward a nutrient source, movement away from phagocytes (this process is called chemotaxis – the process of directed movement).

Spores

Some pathogens produce spores which enhance the survival of the organism when moisture and nutrients are low. Spores protect against heat, drying, cold, and chemicals including disinfectants. An example of bacteria that produces spores is Clostridium difficile.  The fact that spores can survive extreme environmental conditions means that they can remain viable for months or years; this explains why C. difficile is one of the most common enteric pathogens and most common cause of diarrhea in hospitalized patients

VIRUSES

In contrast to bacteria, viruses are incapable of independent replication.

Viruses need access to a host cell to substitute its own nucleic acid for the cell’s DNA.

To initiate the beginning of the infective cycle, the virus must collide with the host cell and then virion attachment proteins on the virus and receptors on the host cell that are specific for the virus attach. Example: HIV attaches to CD4 receptors on T-lymphocytes

Once the virus has attached to and penetrated the cell, it is protected from the immune system.

Viruses proliferate within cells by using the metabolic properties of the host cell for their own survival and replication.

Viruses don’t produce endotoxin or exotoxin.  

Intracellular development of viruses enables them to evade defense mechanisms and hide from inflammatory or immune responses.

FUNGI

Reproduce by division or budding.

Cause disease by adapting to the host environment.  

Fungi that colonize skin can digest keratin.

Fungi can grow in wide temperature variations and in low oxygen environments.

Some fungi can suppress host immune defenses.

Low white blood cell count my promote fungal infection

Fungi are controlled by phagocytes and T lymphocytes.

How does the immune system initially respond to invaders?

The immune system is constantly protecting people from viruses, bacteria and parasites. It is very complex system that is made up of many different types of cells and proteins. The immune system is constantly differentiating between self and non-self or antigens with a specific, long term goal to provide protection. 

The immune system initially responds with neutrophils. Inflammatory mediators activate neutrophils, which arrive at the site of invasion usually with 6 - 12 hours and begin phagocytosis (McCance & Huether, 2006, p. 194). As well as, the complement system is activated through one of three pathways; protein antibodies that are bound to an antigen (classic pathway), certain bacterial carbohydrates (lectin pathway), or by gram negative and fungal cell call polysaccharides (alternative pathway) (McCance & Huether, 2006, p. 181). The complement system’s proteins circulate throughout the blood, they attach to microbial invaders, which leads to their destruction (McCance & Huether, 2006, p. 297). The complement system is “extremely important because activated components of the complement cascade may destroy pathogens directly and can activate or collaborate with virtually every other component of the inflammatory response” (McCance & Huether, 2006, p. 180). The complement system is responsible for the following inflammatory actions:

· Opsonization: makes it easier for phagocytes to ingest bacteria

pathogen is marked for ingestion and destruction by a phagocyte (Innate Immunity, 2006)

· Chemotaxis: a chemical signal is released to attract leukocytes to the area of 

Inflammation (Innate Immunity, 2006)

· Mast cell degranulation: releases vasoactive chemicals (histamine, serotonin) which cause hyperemia and fluid exudation (Innate Immunity, 2006)

· Membrane attack complex: bind to the lipid bilayer of cell membranes forming pores that pores in target cells that allow water to pour in, leading to cell lysis and cell death (Innate Immunity, 2006)

Macrophages engulf foreign matter and signal other immune cells to attack invaders, which activates helper T cells (McCance & Heuther, 2006, p. 297). 

· Helper T cells multiply and activate B cells (McCance & Heuther, 2006, p. 297).

· B cells divide and form plasma cells producing antibodies (memory cells) (McCance & Heuther, 2006, p. 297).

· During a subsequent infection memory cells are able to recognize antigens and respond quickly (McCance & Huether, 2006, p. 214).

A “BIT” ABOUT BACTERIA

· Small unicellular organisms
· Measured in microns (1 micron = 1,000th of a millimeter)
· Surface of human body consists of 10 X more organisms on the skin than it does cells!
· It is estimated that 500-1,000 different species of bacteria live in and on the body existing as part of the normal flora
· Contain cell wall *except mycoplasmas they have cell membrane  & no cell wall therefore cannot be gram-stained
· Lack well defined nucleus
· Varying rates of pathogenicity
· Common cause of infection in hospital and community settings
· Can cause infection in those with normal or suppressed immune system
· Bacteria must be considered as a causative pathogen in any patient presenting with signs and symptoms of infection
Bacteria are classified according to their: 

· Morphology or shape

· Gram-stain reaction

· Growth requirements, spore formation

· Their name – consists of two parts; genus + species

· E.g. genus: Staphylococcus + species: aureus
BACTERIA SHAPES

· Round, rod, curved, or spiral
· Occur in pairs, chains, or clusters
· Shape can only be revealed by Gram-stain and need to be viewed under compound light microscope (can magnify objects 1,000 times smaller than the smallest object which can be seen by unaided human eye)
· ROUND BACTERIA = COCCI
· Pairs = diplococci
· Chains = streptococci
· Clusters “Grape-like”  = staphylococci
· ROD SHAPED BACTERIA = BACILLI
· Occur in pairs or chains
· Very small bacilli = coccobacilli
· SPIRAL SHAPED BACTERIA = SPIROCHETES
· CURVED SHAPED BACTERIA = VIBRIOS
GRAM STAIN

· Identifies differences in the bacterial cell wall

· Aids in identifying bacteria
· Most common method of staining biological specimens for microscopic examination
· Results typically obtained in minutes
· Classifies bacteria into two large groups based on their reaction to dyes/stains 
· Gram positive – stain purple/dark
· Gram negative – stain pink or red 
· Stain does not provide exact identification of infecting organism
· Provides rapid preliminary information about organism used to guide antibiotic therapy while waiting for results of bacterial culture
· Useful for characterizing most clinically important bacteria
· Bacteria are observed for stain uptake, shape,
             and organization – clusters or pairs

· Helpful to determine presence of bacteria in biological specimens obtained from normally sterile body fluids 

· Helpful for specimens from abscesses, wounds, sputum and tissue

· Can identify presence of WBC

· Can determine the number or relative quantity of bacteria

· Adequacy of submitted specimen * large numbers of epithelial cells in sputum or urine sample may signify contamination

· Unable to detect bacteria that exist intracellularly (e.g. Chlamydia)
· Unable to detect bacteria without cell wall (e.g. Mycoplasma)
· Unable to detect bacterial too small to be visualized by light microscopy (e.g. Spirochetes)
· GRAM STAIN ONLY PROVIDES PRELIMINARY INFORMATION REGARDING THE POTENTIAL INFECTING BACTERIA, however:

*Clinician can use information from gram stain to quickly select empiric antibiotic regimen directed against most likely pathogen before final culture and susceptibility results are know – once C&S are known, empiric therapy can be changed if necessary

Gram-positive bacteria cell wall

· Consists of two layers

· Inner cytoplasmic membrane

· Outer thick layer of peptidoglycan

    Gram-negative bacteria * much more complex
· Inner cytoplasmic membrane

· Thinner layer of peptidoglycan * covered by an outer membrane * this acts as protective barrier to slow the entry of antibiotics

· Outer membrane is lipopolysaccharide
· The cell wall consists of 3 parts
· Gram-negative bacteria is toxic to the host when it lyses & these endotoxins are also released from living bacteria** antibiotics used to kill the bacteria can initially cause the patient’s condition to worsen as the antibiotics cause the destruction of the bacteria which in turn release large amounts of endotoxin

Release of toxins from bacteria are responsible for the signs, symptoms, and complications of infection
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CULTURE & IDENTIFICATION

· Principle aim is to grow a population of bacterial cells which will be visible as a colony on a plate of media

· Can definitively identify bacteria

· Specimen is observed for growth characteristics

· Aerobic

· Anerobic

· Shape

· Color of colonies

· Reactions to biochemical testing

· Results of culture typically available within 24-48 hours

COMMON BIOLOGIC SPECIMENS SUBMITTED FOR CULTURE

	Aqueous/Vitreous Fluid

	Abscess or Wound Exudates, Pus or Fluid – swab or aspirate

	Blood

	Bone Marrow

	Body Fluids – amniotic, abdominal, bile, pericardial, peritoneal, pleural, or synovial by needle aspiration

	Bone – biopsy of infected area

	Cerebrospinal Fluid – by lumbar puncture or direct from shunt

	Cutaneous – skin scrapings, aspiration of leading edge of infection; nail scrapings

	Ear – middle ear specimen by myringotomy; outer ear specimen by swab

	Eye – swab of conjunctiva, corneal scrapings

	Foreign Bodies – IV catheter tips, prosthetic heart valves, prosthetic joint material, IUD’s

	Gastrointestinal – gastric aspirate for AFB, gastric biopsy for H. pylori, rectal swab for VRE, stool cultures

	Genital tract – cervical, endometrial, urethral, vaginal, or prostatic secretions

	Respiratory tract – sputum, tracheal aspirate, bronchoalveolar lavage, swab of nasopharynx or pharynx

	Tissue – biopsy specimen

	Urine – clean catch midstream, catheterized specimen, suprarapubic aspirate

	                                                                                                   (Erdman & Rodvold, 2004)


NORMALLY STERILE BODY SITES  

Bloodstream

Cerebrospinal Fluid

Pericardial Fluid

Pleural Fluid

Peritoneal Fluid

Synovial Fluid

Bone

Urine (directly from bladder)
BODY SITES WITH NORMAL COLONIZING BACTERIAL FLORA

	SKIN

Corynebacterium sp.

Proprionibacterium sp.

Staphylococcus sp.

   (especially coagulase-negative 

     Staphylococci)

Streptococcus sp.
	RESPIRATORY TRACT

Viridans streptococci

Anaerobic streptococci

Hemophilus sp.

Neisseria sp.

	GASTROINTESTINAL TRACT

Bacteroides sp.

Clostridium sp.

Escherichia coli

Klebsiella pneumoniae

Enterococcus sp

Anaerobic streptococci
	GENITAL TRACT

Lactobacillus sp. 

Streptococcus sp.

Staphylococcus sp.

Mycoplasma

Corynebacterium sp.


CLINICAL AND LABORATORY SIGNS OF INFECTION
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CLINICAL


   Localized


    	Pain and Inflammation at side of infection – erythema,


            Swelling, warmth


            Purulent discharge (wound, vaginal, urethral discharge)


            Sputum production and cough


            Diarrhea


            Skin lesions


    Systemic


            Fever


            Malaise


            Chills, rigors


            Tachycardia


            Tachypnea


            Hypotension


            Mental status changes 


LABORATORY


    Elevated WBC – occasionally with increase in immature 


    Neutrophils (bands) – “shift to the left”


    Positive gram stain and/or culture from site of infection


    Elevated erythrocyte sedimentation rate (ESR) or 


         C-reactive protein


    Positive Antigen or antibody titers











