VI.	Submodule F:  Host-Parasite Infections





A.	Host Defense:



1.	Barriers to Microbial invasion:  intact epithelia provides a simple mechanical barrier to microbial invasion.

a)	Skin:  the stratified squamous epithelium of the skin is the most effective of the barriers.

(1)	Organisms can gain access to the underlying tissues only by breaks or by way of hair follicles, sebaceous glands, and sweat glands that traverse the stratified layers.



(2)	The surface of the skin continuously desquamates and thus tends to shed contaminating organisms.



(3)	Low moisture, low pH, and the presence of substances with antibacterial activity inhibit bacteria

(a)	These substances include lactic acid from sweat glands, free fatty acids, waxes, and alcohols from the secretions of sebaceous glands.



b)	Vaginal epithelium:  protected during the childhood years by low pH and the exclusionary effects produced by normal flora.



c)	Conjunctival epithelium:  it is protected by the flushing effects of tears, aided by high concentrations of lysozyme, and lactoferrin.



d)	Respiratory epithelium:  it is a less effective barrier than skin.

(1)	Microorganisms become trapped in the mucus layer and may be swept away before they reach the epithelial cell surface.

(a)	This cleansing process is aided by IgA and other secreted substances like lysozyme and lactoferrin.



(2)	Interference with the action of cilia from toxic substances including alcohol and tobacco smoke or from infections such as influenza and whooping cough can permit colonization and infection of the lower respiratory tract.  (144)



(3)	The fixed phagocytic cells of the alveoli along with the other defense mechanisms help keep the lungs essentially sterile.



e)	GI epithelium:  a less efficient mechanical barrier than skin.

(1)	High levels of HCl, digestive enzymes,  pancreatic enzymes, and the detergent effects of bile salts kill many ingested bacteria.



(2)	It is coated with a film of mucus that traps many organisms directly or via IgA.



(3)	Inhibition of the contractile peristaltic waves results in an increased risk of infection.



f)	Urinary tract:  contains multilayered transitional epithelium.

(1)	The flushing effect of urine and its relatively low pH inhibit bacteria.



(2)	Urinary tract infections are much more common in women:  the shortness of the female urethra allows easier passage of organisms to the bladder.

(a)	UTI are often associated with sexual intercourse.



(b)	Infections are also common in any situation that produces urinary stasis.  (145)



2.	How Organisms Breach the Barrier Systems:

a)	Entry:  microorganisms have evolved mechanisms to capitalize on each of the human sites of environmental contact (respiration, consumption of food, elimination of waste) as points of entry



(1)	A natural mechanism to bypass the skin is direct inoculation by insect bites.

(a)	These microorganisms must spend part of their life in a remarkably different environment than the mammalian host and have adapted mechanisms for survival in each.



(2)	Another means to bypass the skin is through the deliberate inoculation used by drug addicts.



(3)	Other sites of entry are the digestive tract, the respiratory tract, the urogenital tracts, and the conjunctiva.

(a)	Pathogens that primarily infect a particular anatomic site have often developed special adherence or enzymatic mechanisms that overcome the local defenses.  (146)



(4)	Dissemination by aerosol is common:

(a)	The parasite must design itself for the rigor of atmospheric drying and other environmental factors



(5)	Sexually transmitted pathogens are ordinarily delivered by direct inoculation onto mucosal surfaces.

(a)	This avoids life in the external environment, but the organisms still must overcome changing pH, mucus obstruction, anatomic barriers, etc.



(6)	Environmental changes act as cues for organisms to activate new genes.

(a)	This allow bacteria to survive in new environments.



(7)	All of the factors in the initial encounter of the host with the parasite can be assessed to some degrees by measuring the infectious dose.

(a)	The infectious dose is the number of organisms that must be given to a host to cause infection.  (147)



b)	Adherence:  the first interaction with the host entails attachment to a eukaryotic cell surface.

(1)	It requires the participation of a receptor on the host cell and an adhesin on the invading microbe.



(2)	The probability of adhesin meeting receptor is related to the infecting dose.



c)	Invasion of Host Cells:  cell invasion is a specialized strategy for survival and multiplication used by a number of pathogens.



(1)	Cell invasion is an essential step for viruses and obligate intracellular bacteria.  (149)



(2)	Facultative intracellular parasites:  some bacteria and many parasites are capable of life both inside and outside host cells



3.	Host Second-Line Defenses:  microorganisms that breach the epithelial barrier are subject to processes designed to remove, inhibit, or destroy it



a)	Inflammatory Response:  it is a normal host response to a traumatic or infectious injury.



(1)	It involves dilation of capillaries, which leads to local (150) extravasation of fluid containing high levels of protein, including immunoglobulin and complement components.



(2)	Classic inflammatory manifestations:

(a)	Swelling (tumor)

(b)	Erythema (rubor):  caused by vasodilation

(c)	Heat (calor):  from increased skin temperature

(d)	Pain (dolor):  from tissue damage and pressure

(e)	Loss of function



(3)	The inflammatory response increases tissue fluid flow from the bloodstream to the lymphatic circulation and brings phagocytes, complement, and any existing antibody to the site of infection.

(a)	Increased lymphatic drainage serves to bring microbes or their antigens into contact with the cells in the lymph nodes.



(4)	The Inflammatory Response also has many systemic effects: mediated by IL-1 and TNF.

(a)	PMNs (neutrophils) are mobilized from the bone marrow.

(i)	This increases the phagocytic defenses



(b)	Fever:  mediated by IL-1 and TNF

(i)	It increases the effectiveness of several processes involved in phagocytosis and microbial killing and frequently reduces the multiplication rate of bacteria or viruses



(5)	IL-1:  it is a major orchestrator of defense against infection

(a)	It enhances release of lactoferrin and lysozyme from neutrophils

(b)	It stimulates the oxidative antibacterial activity of phagocytes

(c)	It enhances chemotaxis of leukocytes to the infected area

(d)	It increases prostaglandin production by monocytes and macrophages

(e)	It enhances iron uptake by the liver

(f)	Stimulates production of acute-phase proteins (C-reactive protein) by the liver





B.	Bacterial Toxins:  they are soluble substances that alter the normal metabolism of host cells with deleterious effects on the host.

1.	They are an important factor in pathogenesis



2.	An important effect of several toxins produced by bacteria is the induction of the production of certain cytokines (IL1, IL6, TNF)   (Sc. 163)



3.	Certain toxins help bacteria obtain nutrients that have become scarce.



4.	Production of Toxins:  toxins are not required for growth but may be essential for survival and spread of the bacteria under certain conditions.

a)	The location of these genes on mobile DNA molecules ensures that the ability to produce toxin may rapidly spread to nontoxigenic bacteria.



b)	Sporulating bacteria sometimes release toxins during spore formation.

(1)	In this process, the bacterial cells in which the spores are formed eventually lyse, which leads to the liberation of cytoplasmic proteins including toxins that may have accumulated.



5.	Mechanism of Action:  bacterial toxins work at extraordinarily low levels and include the strongest poisons known.

a)	Site of action of toxins:

(1)	Some toxins act locally, to help bacteria stay alive, by killing nearby white blood cells.



(2)	Others help the organisms spread in host tissues by degrading the proteins of the connective tissue matrix.



(3)	Still other toxins disseminate far from the site where they are synthesized.  (Sc. 164)



b)	Toxins cause damage in several ways:  some lyse host cells, others stop cell growth, and still others exaggerate normal physiological mechanisms.

(1)	By depressing or augmenting particular functions, toxins may kill a person without directly damaging any cells.



6.	Toxins that help bacteria spread in tissues:  degradative enzymes that function as spreading factors.

a)	These toxins contribute to disease without targeting any particular type of cells.



b)	Some streptococci secrete a hyaluronidase that breaks down hyaluronic acid, the ground substance of connective tissue.



(1)	These organisms also secrete a DNAase, which thins out pus made viscous by the DNA released from dead white blood cells.



(2)	A streptococcal protease, streptokinase, cleaves a precursor of plasminogen activator to an active form.

(a)	This leads to the conversion of plasminogen to plasmin, that then attacks fibrin clots.



(b)	Streptokinase can eliminate fibrin barriers that may be in the way of invading streptococci.



7.	Toxins that lyse cells by destroying their membrane:  a large,  and common class of toxins that kill cells by destroying their membranes. 

a)	These toxins are highly variable in structure and mode of action.



b)	Several of these toxins are known as hemolysins because they are usually measured by their ability to lyse red blood cells.



c)	White blood cells are often targets for these toxins:  organisms eliminate potential host defenses.



d)	Lecithinase:  a lipase toxin formed by the clostridia of gas gangrene.

(1)	This enzyme lyses cells indiscriminately because it’s main substrate, phosphatidylcholine (lecithin), is ubiquitous in mammalian membranes



8.	Toxins that lyse cells by inserting themselves in the membrane to form pores:  these protein pores make the membrane more permeable, water pours into the cytoplasm, and the cells begin to swell and eventually burst.  (Sc.165)

a)	Even at toxin levels too low to cause lysis, cellular functions may be severely damaged by leakage of potassium ions needed for proteins synthesis and cell viability.



b)	�symbol 97 \f "Symbol" \s 10�a�-Toxin of Staphylococci:  it is an example of a homogenous pore former, each pore has the same number of protein macromolecules.



(1)	The pore allows the free passage of most metabolites



(2)	Specific consequences of the action of this toxin:  the aggregation of platelets and narrowing of small blood vessels, leading to tissue necrosis.



(3)	�symbol 97 \f "Symbol" \s 10�a�-toxin, as well as the C9 component of complement, becomes denatured by contact with low-density serum lipoprotein.

(a)	This suggests a “nonimmune” neutralization may occur.



c)	Streptococcal Streptolysin O:  it is heterogeneous pore former, they form pores of various sizes and with different numbers of monomer molecules.

(1)	It binds to cholesterol in the cell membrane.

(a)	The free toxin may be inactivated by cholesterol, but once it is incorporated in the membrane, it becomes impervious to it.



(2)	Streptolysin O (“O” for oxygen labile) lyses red blood cells but not neutrophils or macrophages.

(a)	Still, these white blood cells are killed by low levels of this toxin because it acts preferentially on the membranes of lysosomes, releasing their hydrolytic enzymes.

(i)	This results in damage to the cytoplasmic contents and leads to cell death.



(ii)	The lysosomal enzymes released from killed neutrophils damage the surrounding tissue.



9.	Toxins that block protein synthesis:

a)	These toxins show a number of similarities:

(1)	Most have 2 portions:  1 involved in binding to the cell membrane, the other responsible for the toxic activity. 

(a)	In some toxins, these 2 activities are carried by 2 different chains:

(i)	These chains are called A for “active” and B for “binding”



(2)	Binding to the membrane may be followed by receptor-mediated endocytosis and internalization of the toxin.



(3)	The A moiety is often still latent after uptake:  it may be activated by proteolytic cleavage.



(4)	Many of these toxins have a common mode of action:

(a)	They catalyze the transfer of the ADP group from NAD to target proteins.

(i)	These ADP-ribosyltransferases are exemplified by diphtheria toxin, cholera toxin, and exotoxin A of Pseudomonas aeruginosa.



b)	Diphtheria Toxin:  it is a single polypeptide chain with A and B portions.

(1)	The B portion binds to membrane receptors causing cleavage at a protease sensitive site between A and B portions.

(a)	The B portion remains covalently associated by disulfide linkage



(2)	The entire receptor-toxin complex enters the cell by receptor-mediated endocytosis.

(a)	Once the toxin enters the cell, reduction of the disulfide bond separates the A and B portions.



(3)	The acidic conditions prevailing within  endosomal vesicles promote insertion of the B chain into the endosomal membrane

(a)	Somehow, this facilitates passage of fragment A into the cytosol.



(4)	Thus, both endocytosis and membrane translocation are required for fragment A to reach the cytoplasm.

(a)	The A fragment is resistant to denaturation and is long lived inside cells.

(i)	This accounts for its potency, a single molecule can kill a cell.



(5)	Killing takes place by ADP-ribosylation   (Sc. 167)



(6)	See Fig 17-1, sherris 286



(7)	Diphtheria and Pseudomonas A exotoxins have a specific target, the elongation factor 2 (EF 2), a factor in eukaryotic protein synthesis

(a)	EF 2 contains a rare modification in one of its histidine residues and this is the site recognized by these toxins.



(b)	Mutant cells in which the histidine cannot be modified become resistant to the toxins



(c)	Addition of ADP-ribose inactivates EF-2 and kills cells by an irreversible block of proteins synthesis.



10.	Pharmacological Toxins: Toxins that elevate cAMP: 

a)	function by elevating or depressing normal cell functions but do not result in death of their targets.



b)	Cholera toxin:  the target tissue is the epithelium of the small intestine

(1)	The B component of the toxin has specific affinity for the intestinal epithelial mucosa.



(2)	The A subunit ADP-ribosylates a GTPase.

(a)	The GTPase is part of a complex that makes cAMP.



(b)	When the GTPase is modified, cAMP is made in large amounts.



(c)	�symbol 173 \f "Symbol" \s 10�­�cAMP provokes loss of fluids and copious diarrhea characteristic of cholera.



(3)	Phagocytic cells are often an important target because an excess of cAMP inhibits chemotaxis and phagocytosis.



(4)	The adenylate cyclase complex:  includes 2 proteins known as G protein and the adenylate cyclase itself.

(a)	When the G protein binds GTP it stimulates adenylate cyclase to produce cAMP



(b)	G protein is also a GTPase that cleaves GTP�symbol 174 \f "Symbol" \s 10�®� GDP thus stopping activation of adenylate cyclase.  (Sc. 168)



(c)	Cholera toxin acts by ADP-ribosylating G protein at one of its arginine residues.



(d)	G protein is then locked into a conformation that stimulates adenylate cyclase.  (Sc. 168)



(5)	The labile toxin or LT enterotoxin of E. coli uses the same method.



11.	Toxins that block nerve function:  tetanus and botulism

a)	Tetanus and botulism are both produced by members of the anaerobic spore-forming genus, Clostridium.



b)	Like diphtheria toxin, they consist of single polypeptide chains that contain A and B regions.

(1)	The B regions bind to ganglioside receptors specific to nervous tissue.



c)	They are also activated by proteolysis and disulfide reduction, and they function intracellularly.  (Sc. 169)



d)	Tetanus toxin:  

(1)	Tetanus bacilli rarely move from their location in wounds

(a)	Their toxin acts at a distance on the central nervous system.



(2)	Once bound to cell membranes, tetanus toxin is internalized and flows via retrograde transport through axonal processes to the spinal cord.

(a)	There the toxin interferes with synaptic transmission by preferentially inhibiting the release of inhibitory neurotransmitters such as glycine from inhibitory interneurons



(b)	This causes rigid muscle contraction.



(3)	Tetanus results from the action of a single toxin.



e)	Botulinum Toxin:  it is made in contaminated food kept under anaerobic conditions (improperly sterilized canned beans or sausages)

(1)	It is not destroyed by, and is actually activated by, proteases of the digestive tract.



(2)	The toxin affects peripheral nerve endings.

(a)	Once absorbed in the intestines, the toxin is carried in the blood to neuromuscular junctions.



(b)	It results in presynaptic block of the release of acetylcholine.

(i)	This causes an irreversible relaxation of muscles, leading to respiratory arrest.



12.	Immune Protection Against Toxins:  toxins are foreign particles and are antigenic.

a)	Clinical disease itself does not confer immunity to subsequent infections, probably because the toxin is produced in amounts too small to be an effective immunogen.



b)	Vaccination and treatment with antitoxins has been used successfully in tetanus and other diseases.

(1)	Many toxins can be modified chemically to retain their immunogenicity while losing their toxicity.

(a)	Such toxoids are commonly used for the prevention of diphtheria and tetanus as part of DPT shots.



(2)	Infection by the organisms can still occur in individuals immune only to the toxin, but serious disease does not ensue.



c)	Active disease in a nonimmune individual may be combated by the administration of antitoxin.

(1)	Once toxins are bound to the cells, antitoxins are usually ineffective because the toxins are rapidly internalized and become unavailable to the antibody molecules.  (Sc. 170)

(a)	Treatment with antitoxins must be very rapid to be useful.



(b)	Antitoxin is sometimes produced in horses and other animals and administration of them can lead to serum sickness, an immune reaction against foreign proteins.



d)	Not all toxin-mediated diseases respond to vaccination.

(1)	Vaccines against cholera administered systematically have been of little value.

(a)	Cholera vaccines administered by injection give poor or short-lived protection, in part because they do not induce the formation of effective amounts of IgA antibodies.



13.	Endotoxin:  it is only a toxin in large amounts.

a)	The microbial toxin does not seem to be in itself toxic, although it does have powerful effects on various cells and tissues.



b)	Endotoxin and exotoxins are different:

(1)	Endotoxin is not a protein.

(2)	Endotoxin induces many and different pharmacological and immunological changes at low and at high concentrations.

(a)	Exotoxins have a single mode of action.



c)	Major effects of endotoxin:  at the low range of concentrations it sets off a series of alarm reactions and at high range it induces shock.  (Sc. 171)



(1)	Four types of cells are the primary target cells of endotoxin:  the mononuclear phagocytes, neutrophils, platelets, and B lymphocytes.



d)	Alarm reactions to endotoxin:  

(1)	Fever:  endotoxin acts as a pyrogen, causing fever, when Gram-negative bacteria accumulate in tissue in sufficient amounts to come in contact with the circulation.

(a)	Fever is elicited by extremely small amounts of endotoxin



(b)	The small amount of endotoxin that spills over from the gut (normal intestinal flora) into the portal circulation serves as constant low level stimulation of the immune response without pathological manifestations.

(i)	Low titers of antibodies to endotoxin are found in most healthy people.



(c)	Production of fever:  endotoxin induces the release of a protein known as endogenous pyrogen (e.g. IL1, TNF) from mononuclear phagocytes.

(i)	The endogenous pyrogens set off a complex series of events known as the acute phase response.



(2)	Activation of Complement:  endotoxin activates complement directly via the alternative pathway.

(a)	This leads to the production of the membrane attack complex, phagocytic chemotaxis (C5a) and opsonization (C3b).



(b)	Complement activation also leads to the production of anaphylatoxins (C3a, C5a) which lead to increased capillary permeability and release of lysosomal enzymes from neutrophils (degranulation).  (Sc. 173)

(i)	These effects produce an inflammatory response



(3)	Activation of Macrophages:  endotoxin stimulates macrophages to increase their production of lysosomal enzymes, to speed up their rate of phagocytosis, and to secrete some of their hydrolases into the medium.

(a)	The exuberance of activated macrophages not only allows them to handle larger numbers of invading microorganisms but also extends itself to killing certain cancer cells.

(i)	Endotoxin derivatives belong to a class of potential anticancer agents known as biological response modifiers.



(4)	Stimulation of B lymphocytes:  by inducing the release of IL1, endotoxin induces B lymphocytes (but not T lymphocytes) to divide.

(a)	This increases the level of antibodies to fight infection.

(i)	In this capacity, endotoxin is an immunological adjuvant.



e)	Effects of larger amounts of Endotoxin:  Shock

(1)	Shock occurs in bacterial sepsis, when the body is overwhelmed, often by Gram-negative bacteria like E. coli, Pseudomonas aeruginosa, or meningococci.



(2)	The result is a frequently lethal condition known as endotoxic shock which is manifested by hypotension and DIC.

(a)	Hypotension:  there is a serious drop in blood pressure that may be mediated by TNF and IL1



(b)	Disseminated intravascular coagulation (DIC):  deposition of thrombi in small vessels, with consequent damage to the areas deprived of blood supply.

(i)	The effect is most severe in the kidneys, where it leads to cortical necrosis.



(ii)	Other organs also effected are the brain, lungs, and adrenals.



(iii)	Endotoxin leads to coagulation of blood in 3 ways:

a.	It activates blood factor XII (Hageman factor)

b.	It causes platelets to release the contents of their granules, which are involved in clotting.  (Sc. 174)

c.	It makes neutrophils give off basic proteins that known to stabilize fibrin clots.  



C.	Modification of Host-Parasite Interaction:  ???????  the following statements reflect the views and opinions of this writer and do not necessarily reflect those of the module leaders.



1.	Conditions that increase the risk of infection:



a)	Physician induced deficits in the immune system brought about by cytotoxic chemotherapy, radiotherapy, and other forms of medical intervention.

b)	Contaminated water or food supplies.

c)	Breaks in the physical barriers against invasion:  trauma, surgery, etc.



2.	Methods to assist the host once infection is in progress:

a)	Antibiotic therapy



b)	The use of antisera directed against toxins.



3.	Increasing host resistance before infection:



a)	Vaccination

b)	Preoperative antibiotics.

c)	Nutrition



D.	Terminology:

1.	Virulence factor:  substances produced by a microorganism that can harm the host.

a)	Any component of the microbe that is required for, or that potentiates, its ability to cause disease.



b)	It excludes any genes that are needed for normal growth.



2.	Virulence:  the ability to cause an infectious disease.

a)	It is the degree of pathogenicity of an organism



3.	Pathogenic:  capable of causing disease.



E.	Current Methods for Identification and Diagnosis:



1.	Immunological Methods (antigen-antibody detection):  antisera of known specificity are used to detect their homologous antigen in cultures or directly in body fluids.  Also, known antigen preparations are used to detect circulating antibodies as evidence of a current or previous infection with the agent.  The following is just a review:



a)	Precipitin Tests:  when antigen and antibody combine in proper proportions, a visible precipitate is formed.

(1)	Optimum antigen-antibody  ratios can be produced by allowing one to diffuse into the other, most commonly through an agar matrix (immunodiffusion)



(2)	In the immunodiffusion procedure, wells are cut in the agar and filled with antigen and antibody.

(a)	One or more  precipitin lines may be formed between the antigen and antibody wells, depending on the number of antigen-antibody reactions occuring.



b)	Agglutination:  the amount of antigen or antibody necessary to produce a visible immunologic reaction can be reduced if either is on the surface of a relatively large particle 

(1)	Soluble antigens or antibody are fixed onto the surface of red blood cells or microscopic latex particles.  (235)



(2)	Antigen-antibody reactions are detectable by agglutination when immune serum and particulate antigen, or particle-associated antibody and soluble antigen, are mixed on a slide.



c)	Neutralization:  it takes some observable function of the agent, such as cytopathic effect of viruses or the action of bacterial  toxin, and neutralizes it.

(1)	In viral neutralization, antibody to different viruses are reacted with the unknown virus.

(a)	A single antibody molecule can bind to surface components of the extracellular virus and interfere with one of the events of the viral multiplication cycle.



(2)	The resulting solution is then added to cell cultures.



(3)	In the culture containing the correct antibody, the virus has been inactivated, there is no cytopathic effect, and the cells proliferate. 



(4)	In cultures containing the incorrect antibody, the viruses proliferate and kill the cells in the culture.  See Fig 14-10, 237



d)	Complement fixation:  fixation of complement occurs upon formation of antigen-antibody complexes and causes hemolysis of sheep RBCs.

(1)	Patient serum is incubated with the antigen (organism) of interest.



(2)	Complement is then added:

(a)	If the patient has antibody to the antigen then the resulting antigen-antibody complexes will bind the complement and no free complement will remain.  (Sc. 236)



(3)	Sheep red blood cells coated with anti-RBC antibodies is added to the solution:

(a)	If free complement is still present in the solution, it will bind to these complexes and cause hemolysis of the RBCs.



(b)	Hemolysis indicates that the patient did not have antibodies to the antigen.



e)	Labeling Methods:  detection of antigen-antibody binding may be enhanced by attaching a label to one (usually the antibody) and then detecting the label after removal of unbound reagents.

(1)	The label may be a fluorescent dye (immunofluorescence), a radioisotope (radioimmunoassay or RIA), or an enzyme (enzyme immunoassay or EIA)  (Sc. 237)



f)	Antigen Detection in Culture Isolates:  the most common test methods for bacteria are agglutination and immunofluorescence; and for viruses, neutralization.



2.	Molecular Biology Methods:

a)	Terminology:  the following is just a review

(1)	Nucleic acid analysis:

(a)	Nucleic acid extraction:  the extraction process for bacteria and fungi involves breaking open the cells, precipitating the protein, and extracting the nucleic acid with ethanol.



(b)	Agarose Gel Electrophoresis:  nucleic acids may be separated in an electrophoretic field in an agarose gel.

(i)	This method is only able to separate DNA fragments within the range of .1-50 kilobases.



(c)	Restriction endonuclease digestion:  fragments generated by endonuclease digestion of DNA molecules may be compared by agarose gel electrophoresis



(d)	DNA Hybridization:  if the DNA helix is opened, the nucleotide bases are exposed and thus available to interact with other single-stranded nucleic acid molecules.



(e)	Polymerase Chain Reaction:  an amplification technique that allows detection and selective replication of a targeted portion of genome.



(f)	Nucleic Acid Sequence analysis:  chemically determines the exact nucleotide sequence of genomic segments or cloned genes.  (Sc. 242)



b)	Techniques for identification and diagnosis:

(1)	The only intact genetic elements of infectious agents that are small enough to be directly detected and sized by agarose gel electrophoresis are bacterial plasmids.



(2)	The diversity of plasmids can be used in differentiating strains for epidemiologic purposes.

(a)	The specificity of these results can be improved by digesting the plasmids with  restriction endonuclease prior to electrophoresis.



(b)	Two plasmids of the same size from different strains may not be the same, but if an identical pattern of fragments is generated from the digestion, they almost certainly are the same.



(3)	The primary genomes of bacteria must be degraded with endonucleases in order to resolve them on gels.

(a)	Digested bacterial chromosomes can be compared.



(4)	DNA Probes:  they are either cloned or otherwise recovered from a genomic or plasmid source and labeled with a radioisotope or other marker.

(a)	They can be used to detect microorganisms by using sequences that encode structures or functions unique to a particular group of organisms.



(b)	Usefulness of plasmid identification:

(i)	Identification of plasmids is of considerable value in differentiating strains for epidemiologic purposes.



(ii)	Because plasmids are not stable components of the bacterial genome, plasmid analysis also has the element of a timely “snapshot” of the circumstances of a disease outbreak.



(5)	Southern hybridization:  

(a)	After bacterial DNA has been digested by a specific endonuclease, it is separated by agarose gel electrophoresis, and transferred (southern transfer) and hybridized with a probe which binds to a single fragment.  (Sc. 244)



(b)	This method can be used to compare different bacterial strains.



(i)	If the same gene is present in each of 2 strains but in different size restriction fragments there is evidence for a genomic difference between the 2 strains. 



(ii)	See Fig 14-14, 243.



(6)	Polymerase Chain Reaction Applications:  its amplification power offers a solution for the sensitivity problems inherent in direct application of probes.



(a)	PCR from tissue allows study of organisms that cannot be cultured (245)



(7)	Steps involved in PCR:

(a)	It is 1st necessary to synthesize 2 short oligonucleotide primers (20-35 nucleotides long) based upon the known sequence of the 3’ ends of each strand of DNA



(b)	Short primers are then added to the genomic DNA in great excess.



(c)	The genomic DNA is denatured to melt it into single stranded DNA.



(d)	Because the primers are in great excess, each primer will find its complementary sequence in the genomic DNA and hybridize to it.



(e)	A DNA strand is synthesized from the end of the annealed primer, using the genomic DNA as a template



(f)	The polymerase reaction is then repeated.



(g)	See Fig 14-16, 246.



VII.	Submodule G:  Properties of Microorganisms



A.	Staphylococci:  they contain catalase (streptococci do not)



1.	Morphology and Staining:

a)	They are round, gram-positive cocci that tend to be arranged in grapelike structures.



2.	Antigenic Structure and Serologic Groupings:

a)	S. aureus consists of a typical gram-positive peptidoglycan.

(1)	The peptidoglycan is interspersed with molecules of a ribitol-teichoic acid, which is antigenic and relatively specific to S. aureus.



b)	In most strains, the peptidoglycan of the cell wall is overlaid with surface protein:

(1)	Protein A:  it is unique in that it binds the Fc portion of IgG molecules, leaving the antigen-reacting Fab portion directed externally. 

(a)	This probably contributes to the virulence of S. aureus because it interferes with opsonization.



3.	Cultural Characteristics:  like all medically important cocci, they are nonmotile and non-spore forming (253)

a)	Under aerobic conditions, S. aureus grows rapidly and diffusely in liquid medium.



b)	Most, but not all, strains show a rim of clear beta hemolysis surrounding the colony.



c)	The colonies are initially off-white, but many turn a buff-golden color with time



d)	The ability of S. aureus to grow in the presence of 7.5% sodium chloride and to ferment mannitol has been exploited in a selective/indicator medium, mannitol salt agar.



e)	The single most important test used to distinguish S. aureus from other staphylococci is the production of coagulase:

(1)	Coagulase is demonstrated by inoculating staphylococci into diluted mammalian plasma and incubating at 35 to 37�symbol 176 \f "Symbol" \s 10�°�C

(a)	Coagulase production results in development of a fibrin clot.



(2)	Coagulase nonenzymatically binds to prothrombin to form a complex that initiates the polymerization of fibrin.



f)	A dense emulsification of staphylococcal cells in water will also clump immediately upon mixing with undiluted plasma due to direct binding of fibrinogen to a factor on the cell surface (clumping factor)

(1)	This is the basis of a very useful laboratory test called the slide coagulase or clumping test.



g)	Strains of S. aureus can be subdivided by bacteriophage typing and thus “fingerprinted” for epidemiologic purposes.

(1)	The procedure depends on differing susceptibilities to lysis of different strains of bacteriophages.

(a)	The phages are dropped onto a plate seeded with the strain to be tested.



(b)	Lysis in the area of a drop read after overnight incubation indicates susceptibility to that phage. (254)



(2)	Phage typing patterns have been grouped together to reflect some common characteristics; 4 such groups (I,II, III, IV) are recognized.



4.	Toxins and Biologically Active Extracellular Enzymes:



a)	Alpha-Toxin:  it is secreted by almost all strains of S. aureus and not by coagulase negative staphylococci.



(1)	It causes lysis of erythrocytes, leukocytes, and platelets and causes necrosis on local injection.



(2)	It acts by direct insertion into the lipid bilayer of mammalian cells to form transmembrane pores.

(a)	The resultant loss of vital molecules leads to cell death.



(3)	It substantially accounts for the dramatic destructive nature of lesions found at all sites where S. aureus is multiplying.



b)	Pyrogenic Exotoxins:  a family of secreted proteins produced by certain strains of S. aureus.



(1)	Included in this group are the staphylococcal enterotoxins and the toxic shock syndrome toxin (TSST-1)



(2)	All the pyrogenic exotoxins produced by S. aureus and group A streptococcus have been determined to act as superantigens.

(a)	They are able to stimulate enhanced T-lymphocyte responses



(b)	The resulting release of cytokines (TNF, IL1) have potential widespread effects.



(3)	Staphylococcal enterotoxins:  certain strains of S. aureus produce exotoxins that cause acute GI symptoms within 2-5 hours of ingestion.

(a)	Ingestion of sufficient preformed toxin in food results in staphylococcal food poisoning.

(i)	Once formed, these toxins retain activity even after 30 minutes of boiling and are resistant to gastric and jejunal enzymes.



(b)	In addition to the superantigen-mediated actions, the toxins act directly on neural receptors in the upper GI tract, leading to stimulation of the vomiting center in the brain.



(4)	Toxic Shock Syndrome Toxin:  

(a)	The major cause of staphylococcal toxic shock syndrome is the pyrogenic exotoxin termed toxic shock syndrome toxin 1 (TSST-1)

(i)	The toxin is produced in vivo during the course of a staphylococcal infection with systemic disease resulting from absorption of toxin from the local site.  (256)



(b)	TSST-1 can stimulate the release of cytokines through the superantigen mechanism, but may also have direct toxic effects on endothelial cells.

(i)	The direct toxic effects may lead to capillary leakage, hypotension, and shock.



c)	Exfoliatins:  produced by strains of S. aureus belonging to phage group II.

(1)	They are exotoxins that lead to intercellular splitting of the epidermis between the stratum spinosum and stratum granulosum.



(2)	Sufficient toxin may be produced at a local site of infection to cause marked epithelial desquamation at remote sites of the body (staphylococcal scalded skin syndrome.



(3)	The toxins are antigenic, and circulating antibody confers immunity to their effects.



d)	Coagulase:  although it is not a toxin, it plays a role in pathogenesis.

(1)	Staphylococci coated with fibrin are resistant to phagocytosis, and fibrin deposition in the area of a staphylococcal infectious focus may help to localize the lesion. 



5.	Special Resistance and Environmental conditions:  

a)	Strains of S. aureus are of quite low infectivity unless trauma, foreign matter, or other local conditions provide special opportunities for initiation of infection. (257)



b)	Most isolates from the community as well as from hospitals are now penicillin resistant because of production of penicillinase, encoded by plasmid genes.



c)	Most penicillin-resistant strains of S. aureus are still fully susceptible to the penicillinase-resistant penicillins and cephalosporins., but resistance to other antistaphylococcal antimicrobics is common.



(1)	Vancomycin is the exception, and resistance is very rare.  (261)



6.	See list of Staphylococcal species: module pg 25, do not memorize.



B.	Streptococcus:  



1.	Overview of the genus:

a)	Morphology and Staining:  streptococci are gram-positive spherical or oval cocci that tend to be arranged in chains.

(1)	They stain readily with normal dyes.



(2)	They are generally smaller than staphylococci and are oval in shape.



(3)	Medically important streptococci  are not acid fast, do not form spores, and are nonmotile.



b)	Cultural and Biochemical characteristics:  

(1)	Streptococci grow best in media enriched with digests of animal tissues, serum, or defibrinated blood.

(a)	Blood agar is most commonly used.



(2)	Streptococci metabolize carbohydrates fermentatively, fail to produce catalase, but can grow under atmospheric conditions ranging from aerobic to strictly anaerobic.  

(a)	Growth of many strains is enhanced by the presence of 2-10% carbon dioxide.



(b)	Strictly anaerobic strains are now classified in the genus Peptostreptococcus.  (266)



(3)	A distinctive feature of streptococcal growth on blood agar is the production by many species of alpha (green) and beta (clear) hemolysis of erythrocytes.



c)	Classification:



(1)	Streptococci can be classified based on the antigenic characteristics of the C carbohydrate (a carbohydrate found on the cell wall)

(a)	These antigens are called Lancefield antigens and are given letter names (A, B..)



(b)	Originally classification was based on hemolysis because hemolytic strains were often associated with infection.



(2)	Beta-hemolysis indicates that the strain has one of the Lancefield group antigens, but strains of some Lancefield groups may be alpha-hemolytic or nonhemolytic.



d)	Pyogenic Streptococci:  these streptococci with cell wall antigens of Lancefield frequently cause purulent infections in humans.

(1)	Groups A and B are of greatest pathogenic significance



(2)	Most but not all streptococci possessing Lancefield group antigens are Beta-hemolytic.



e)	Pneumococci:  this category contains a single species, S. pneumoniae

(1)	Its distinctive feature is the presence of a polysaccharide capsule.



(2)	It does not possess any of the Lancefield group antigens.



(3)	The pneumococcus is alpha-hemolytic.



f)	Viridans and Nonhemolytic Streptococci:

(1)	Viridans streptococci are alpha-hemolytic and lack both the group carbohydrate antigens of the pyogenic streptococci and the capsular antigens of the pneumococcus.



(2)	Viridans streptococci comprise members of the normal flora of humans.

(a)	They almost never demonstrate invasive qualities. (267)



g)	See Table 16.1, 267 for perspective, do not memorize.



2.	Group A Streptococci (streptococcus pyogenes):  

a)	Morphology and growth:

(1)	On blood agar plates, colonies are surrounded by a 2-3 mm zone of Beta-hemolysis.

(a)	Beta-hemolysis is caused by streptolysin S and streptolysin O

(i)	Streptolysin O is oxygen labile and only produces Beta-hemolysis under anaerobic conditions.



b)	Structure:  be able to reproduce Fig. 16.1, 269

(1)	The cell wall is built upon a peptidoglycan matrix that provides rigidity



(2)	Within the peptidoglycan matrix lies the group-specific antigen

(a)	All group A streptococci possess this antigen.



(3)	S. pyogenes produces adhesive projections, hairlike pili with a protein component, M protein, and lipoteichoic acid (LTA)  (268)

(a)	Group A streptococci are divided into more than 80 serotypes based on antigenic differences on epitopes of the M protein.



(b)	M protein is a major virulence factor:  it inhibits the activation of complement and protects the organism from phagocytosis



(4)	Protein F:  mediates fibronectin binding.



(5)	Protein G:  binds the Fc portion of antibodies



c)	Extracellular Products:

(1)	Streptolysins:

(a)	Streptolysin O is a general sulfhydral-activated cytotoxin that lyses leukocytes, tissue cells, and platelets.

(i)	Antibodies against streptolysin O are often formed as a result of S. pyogenes infection, and inhibition of hemolysis by these antibodies is the basis of the antistreptolysin O diagnostic test



(b)	Streptolysin S:  it is nonantigenic and is responsible for hemolysis seen on blood agar plates incubated aerobically.



(2)	Pyrogenic exotoxins:  a minority of group A strains form pyrogenic exotoxins (erythrogenic toxins)  that have long been associated with classic scarlet fever.

(a)	They are similar to the pyrogenic exotoxins produced by S. aureus:

(i)	They have superantigen activity.



(b)	Streptococcal pyrogenic exotoxins (SPE) produce multiple effects:  fever, rash (scarlet fever), T-cell proliferation, B-lymphocyte suppression, and heightened sensitivity to endotoxin.



(3)	Other extracellular products:

(a)	C5a peptidase: degrades complement component C5a, the main factor that attracts phagocytes to site of complement deposition.



(b)	Streptokinase:  causes lysis of fibrin clots by converting plasminogen to plasmin.  (270)



d)	Special resistance or sensitivity:

(1)	Group A streptococci are highly susceptible to penicillin G.

(a)	Penicillin resistance is so far unknown.



(2)	Penicillins, cephalosporins, tetracyclines, chloramphenicol, and erythromycin are also active.  (275)



3.	Group B Streptococci (Streptococcus agalactiae):  they are the leading cause of neonatal sepsis and meningitis.

a)	These gram-positive cells produce colonies that are larger and beta-hemolysis is less distinct than with group A streptococci

(1)	Hemolysis may be completely absent, particularly under aerobic conditions.



b)	In addition to its Lancefield antigen, Group B Streptococci (GBS) produce polysaccharide capsules that form the basis of a serologic typing system for strains of this group.

(1)	Antigens are designated Ia, Ib, II, III, IV. 

(a)	All 5 capsular polysaccharides contain sialic acid



(b)	Type III is by far the most common type found in infections



c)	They are susceptible to the same antimicrobics as group A organisms

(1)	They are less susceptible to Penicillin G  (276)



4.	Streptococcus Pneumoniae:  by far the most common cause of bacterial pneumonia

a)	On blood agar, these gram-positive organisms produce round, glistening colonies surrounded by a zone of alpha-hemolysis.

(1)	One unique feature is their tendency to spontaneously lyse after initial rapid growth.

(a)	Turbid broths may clear and colonies begin to lyse in the center developing a crater-like appearance



(b)	This is due to their susceptibility to autolytic enzymes and to peroxides produced during growth



(c)	Bile salts enhance this autolytic tendency:  this characteristic is the basis of the bile solubility test that distinguishes them from the alpha-hemolytic viridans streptococci.



b)	Their structure is similar to other streptococci, except for their surface capsules.

(1)	Their capsules are high-molecular weight complex polysaccharide polymers

(a)	They are antigenic, comprising a system of more than 80 distinct serotypes





(2)	Transformation:  encapsulated streptococcus pneumococci that have been killed can confer on to a living, nonencapsulated pneumococci the ability to make the polysaccharide capsule of the killed organisms:

(a)	This results from their ability to take up DNA from the environment, which is referred to as competence.



(b)	Pneumococcal cells secrete a protein competence factor that induces many cells of a culture to synthesize special proteins necessary for transformation, including an autolysin that exposes a cell membrane DNA-binding protein.

(i)	Any DNA present in the medium is bound indiscriminately.  (50)



(3)	The polysaccharide capsule of the pneumococcus inhibits its engulfment by phagocytes and is the major determinant of virulence

(a)	The capsular mechanism is similar to the antiphagocytic effects of M protein or GBS sialic acid:

(i)	The capsule has the ability to prevent antibody independent opsonization via the alternate pathway.



(b)	Type-specific anticapsular antibody opsonizes capsulate strains by producing C3b by the classical pathway, opsonophagocytosis can then proceed efficiently.  (278)



c)	The capsule is not the only pneumococcal component of immunologic interest:

(1)	C-substance:  it is a component of the cell wall.

(a)	The serum of most people contains a nonantibody �symbol 98 \f "Symbol" \s 10�b�-globulin, called C-reactive protein because it reacts with the C-substance



(b)	When these 2 components react with each other, the resulting complex activates the complement cascade, leading to the release of inflammatory mediators.



(c)	C-reactive protein levels are increased in the sera of patients with many inflammatory diseases and it is referred to as acute phase reactant.  (Sc. 214)



d)	LAB diagnosis:

(1)	Quelling reaction:  the opsonized capsule of S. pneumonia absorbs water and swells

(a)	If you add antisera to the bacteria you can see the swelling 

(i)	This allows rapid identification of S. pneumonia

(2)	S. pneumonia is susceptible to optochin (281)

(a)	This distinguishes it from viridans Streptococci











e)	Pneumolysin:  it is produced by all pneumococci

(1)	It is related to liseriolysin and S. pyogenes streptolysin O:

(a)	These toxins form transmembrane pores, resulting in cell lysis



(2)	It is toxic for pulmonary endothelial cells.



f)	Pneumococcal surface protein A (PspA) is found on all pneumococci 

(1)	Passive immunization with PspA is protective  (279)



g)	Pneumococci are usually highly susceptible to penicillin and other beta-lactam agents.  (280)



5.	Viridans Streptococci:  they comprise all alpha-hemolytic streptococci that remain after the criteria for defining pyogenic streptococci and pneumococci have been applied

a)	They have the basic bacteriologic features of streptococci, but lack the specific antigens, toxins, and virulence of other groups



b)	They produce small colonies surrounded by a zone of alpha-hemolysis



c)	They lack the autolytic properties of pneumococci



d)	They can cause disease when they are protected from host defenses:

(1)	They cause subacute bacterial endocarditis in previously damaged heart valves as a result of bacteremia associated with manipulations, such as tooth extraction, that disturb their usual habitat.



(a)	Protected by fibrin and platelets, they multiply on the valve, causing local and systemic disease.  (281)



(b)	It is effectively treated with penicillin, but fatal if untreated.



(c)	The disease is particularly associated with valves damaged by recurrent rheumatic fever.



6.	Enterococci:  opportunistic organisms of the normal flora

a)	They share most of the bacteriologic characteristics of streptococci, including the presence of Lancefield group antigen

(1)	In the past, they were classified as Group D streptococci



b)	Some enterococci are beta-hemolytic, but most produce nonhemolytic or alpha-hemolytic colonies that are larger than those of streptococci



c)	They are generally more resistant to antimicrobics than the streptococci:

(1)	They are consistently resistant to sulfonamides, are often resistant to tetracycline, and occasionally resistant to erythromycin and chloramphenicol.



(2)	Ampicillin is the most consistently active antibiotic.  (282)



C.	Other Gram Positive Organisms:

1.	Corynebacterium diphtheria:

a)	The genus corynebacterium includes many species of aerobic and facultative gram-positive rods.

(1)	The cells tend to have clubbed ends and often remain attached after division.



(2)	Spores are not formed.



(3)	Growth is generally best under aerobic conditions



(4)	Colonies on blood agar are usually small and most are nonhemolytic



(5)	Catalase is produced and many strains form acid (lactic acid) through carbohydrate fermentation. (285)



b)	C. Diphtheria colonizes the pharynx:

(1)	Throat swabs are cultured on potassium tellurite

(a)	This media inhibits normal flora of the pharynx and selects for C. diphtheria



(b)	C. diphtheria reduces this media, forming gray or black colonies



c)	C. diphtheria produces a powerful toxin that is responsible for the disease diphtheria.



(1)	It is a powerful exotoxin with potent cytotoxic effects:  it inhibits protein synthesis in virtually all eukaryotic cells. (286)



(2)	The diphtheria toxin molecule contains both an active subunit A, which catalyzes the toxic activity, and a subunit B, which mediates receptor binding and membrane translocation.



(3)	The toxin binds to a receptor and is taken in by receptor mediated endocytosis.



(4)	The subunits separate and the B fragment facilitates translocation of the A subunit from the phagosome to the cytosol.



(5)	The specific action of the A subunit is ADP-ribosylation of its target protein, elongation factor 2 (EF-2):

(a)	The adenine ribose phosphate portion of NAD is transferred to EF-2.



(6)	EF-2 is inactivated and shuts off protein synthesis



(7)	See fig 17-1, 286



d)	The structural gene for the diphtheria toxin molecule is contained in a bacteriophage genome (�symbol 98 \f "Symbol" \s 10�b� phage) and only strains that are lysogenic for these phages produce toxin.

(1)	Nontoxigenic strains can produce pharyngitis, but not the toxic manifestations of diphtheria.



(2)	Nontoxigenic strains of C. diphtheria can be converted to toxigenicity by lysogenization, the transfer of the gene from the phage into their own chromosomal DNA,



e)	Diphtheria toxin is antigenic, stimulating antitoxin antibodies during infection

(1)	Formalin treatment of toxin produces toxoid, which retains the antigenicity but not the toxicity of native toxin and is used in immunization against the disease.  (287)



2.	Other corynebacterium:  corynebacteria other than C. diphtheria are often called diphtheroids.

a)	C. ulcerans may carry the beta-phage, produce a small amount of diphtheria toxin, and cause infections with mild toxic manifestations



b)	C. jeikeium has been increasingly associated with nosocomial infections in immunosuppressed patients.



3.	Listeria Monocytogenes:  it is a gram-positive rod with some bacteriologic features that resemble those of both corynebacteria and streptococci.



a)	In culture, a small, smooth colony surrounded by a narrow rim of beta-hemolysis is produced.



b)	Listeria are catalase positive, which distinguishes them from streptococci.



c)	They produce a characteristic tumbling motility in fluid media at 25�symbol 176 \f "Symbol" \s 10�°�C:  this distinguishes them from corynebacterium (289)



d)	L. monocytogenes attaches to and invades animal cells.

(1)	Internalization into undifferentiated epithelial cells, M cells, intestinal crypt cells, and macrophages is mediated by a protein called internalin, which bears some similarity to streptococcal M protein.



e)	Listeria enters the cell in a membrane-bound vacuole, but rapidly escapes into the host cell cytosol by elaborating a listeriolysin O (LLO), a sulfhydryl-activated, pore-forming cytolysin that shares amino acid homology with streptolysin O and pneumococcal pneumolysin. (290)



4.	Bacillus anthracis:  it is a spore-forming rod

a)	It has a tendency to form very long chains of rods with elliptic central spores



b)	Their colonies are characterized by a rough, uneven surface with multiple curled extensions at the edge resembling a “Medusa head”



c)	B. anthracis is nonmotile and nonhemolytic



d)	It is susceptible to penicillin



e)	It is distributed among infected animals and contaminated soils.

(1)	Anthrax is usually acquired through unrecognized breaks in skin or mucous membranes to which spores of B. anthracis gain access.



f)	The prime B. anthracis virulence factors are its capsule and production of exotoxins

(1)	The capsule has antiphagocytic properties and is required for virulence

(a)	It is the only bacteria with a capsule made of protein



(2)	The exotoxin produces extensive edema and has 3 components:



(a)	Edema factor:  it has adenylate cyclase activity

(b)	Protective antigen

(c)	Lethal factor



g)	Other Bacillus species:  unlike B. anthracis, they do not have capsules but are motile.

(1)	Infection by these species is rare but they do sometimes cause opportunistic infections.  (293)



(2)	B. cereus:  It is the species most likely to cause opportunistic infection

(a)	It can also cause food poisoning by means of enterotoxins.



h)	Know Table 17.1, 292



D.	Anaerobes:  generate energy solely by fermentation

1.	Clostridia:

a)	Clostridium perfringens:

(1)	Morphology and staining:  it is a large gram-positive, nonmotile encapsulated rod with squarish ends.



(2)	Antigenic structure and Serologic groupings:  C. perfringens produces 4 major  and 8 or 9 minor exotoxins.

(a)	The species has been subdivided on the basis of the major toxins into 5 types (A to E).

(i)	Type A is by far the most common in humans



(3)	Cultural characteristics:  the organism grows very rapidly overnight on blood agar medium or in broth under anaerobic conditions.

(a)	It produces round, smooth colonies surrounded by a zone of complete �symbol 98 \f "Symbol" \s 10�b�-hemolysis caused by �symbol 113 \f "Symbol" \s 10�q�-toxin and a wider zone of incomplete hemolysis caused by �symbol 97 \f "Symbol" \s 10�a�-toxin.



(b)	Spores are rarely seen in culture or during infection, but develop in the natural habitat.



(c)	In broth containing fermentable carbohydrate, C. perfringens produces large amounts of hydrogen and carbon dioxide, which can result in markedly increased pressure in a sealed container.

(i)	Much gas is also produced in vivo in necrotic tissues; hence the term gas gangrene. (297)



(4)	Toxins and biologically active extracellular enzymes:

(a)	The most important exotoxin is �symbol 97 \f "Symbol" \s 10�a�-toxin, a phospholipase C that disrupts the cell membrane of host cells.



(b)	�symbol 113 \f "Symbol" \s 10�q�-toxin is an oxygen labile hemolysin that alters capillary permeability and is toxic for heart muscle



(c)	some strains of C. perfringens type A produce an enterotoxin, a heat-labile protein, responsible for a common and benign form of bacterial food poisoning.



(5)	Resistance:  spores of C. perfringens are resistant to all disinfectants and to boiling for brief periods.

(a)	They are susceptible to penicillin and many other antimicrobics, except the aminoglycosides (298)



b)	Clostridium tetani:

(1)	Morphology and staining:  it is a gram-positive rod

(a)	It may be predominantly gram-negative in very young or old cultures.



(2)	Cultural characteristics:  it requires strict anaerobic conditions.

(a)	The organism is flagellate and motile.



(b)	Because of its motility, it spreads over the surface of anaerobic blood agar plates in a thin veil of growth.

(i)	Definite identification depends on demonstrating its neurotoxic exotoxin.



(c)	It forms spores readily in culture and in nature.



(3)	Toxin production:  the most important product of C. tetani is its neurotoxic exotoxin, tetanospasmin.

(a)	Tetanospasmin is a large extracellular, heat labile protein.



(b)	It is antigenic an readily neutralized by antitoxin and rapidly destroyed by intestinal enzymes



(c)	Treatment with formaldehyde yields a nontoxic product, toxoid, that retains the antigenicity of the toxin and thus stimulates antitoxin.  (300)



c)	Clostridium botulinum: 

(1)	Morphology and staining:  gram-positive



(2)	Antigenic structure:  the major characteristic of medical importance is that strains of C. botulinum elaborate 1 of 7 antigenically distinct neurotoxins of extraordinary toxicity.

(a)	The strains are classified into types A through G, based on the antigenic specificity of these toxins.



(3)	Cultural characteristics:

(a)	Germination of spores and growth of C. botulinum can occur in a variety of alkaline or neutral foodstuffs when conditions are sufficiently anaerobic.



(4)	Toxins:  all of the toxins are heat labile but are resistant to the enzymes of the digestive tract.

(a)	They act on neuromuscular junctions by inhibiting release of acetylcholine, resulting in muscular paralysis  (302)



d)	Clostridium difficile:  medically important strains produce 2 distinct toxins, A and B (303)

(1)	Toxin A is primarily an enterotoxin that stimulates infiltration of neutrophils and release of inflammatory mediators, causing fluid secretion, altered membrane permeability, and hemorrhage necrosis.

(a)	It is responsible for the clinical colitis associated with this organism



(2)	Toxin B is a highly potent cytotoxin, which disrupts the microfilament system of cells and decreases cellular protein synthesis in a fashion similar to that of diphtheria toxin.  (304)



2.	Anaerobic Gram-Negative Rods and Anaerobic Cocci:  they are more common causes of disease than the clostridia, and are opportunists



a)	Bacteroides group:  B. fragilis group compromises the most common opportunistic  pathogens of the genus.

(1)	They are slim, pale-staining, capsulate, gram-negative rods that form colonies overnight on blood agar medium and are relatively tolerant atmospheric oxygen.



(2)	The implication of fragility in the name is misleading, because they are actually among the hardier anaerobes.



(3)	Its polysaccharide capsule confers resistance to phagocytosis. (306)



(4)	B. fragilis is almost always resistant to penicillin and many other �symbol 98 \f "Symbol" \s 10�b�-lactams.

(a)	Resistance to tetracycline is common



(b)	Most strains are susceptible to chloramphenicol, clindamycin, and metronidazole



(5)	Bacteroides species produce a number of  extracellular enzymes that may contribute to pathogenicity:  collagenase, IgA protease, heparinase, and DNase.



b)	Fusobacterium:  Fusobacterium nucleatum is the most common species of the genus in human infection.

(1)	It is a spindle-shaped, slow growing, gram-negative, anaerobic rod.



(2)	It is less virulent than the species of Bacteroides



(3)	It is susceptible to penicillin.



c)	Peptostreptococcus and Microaerophilic Streptococci:  anaerobic cocci

(1)	Gram-positive cocci that tend to occur in long chains and lose their gram positivity easily.



(2)	They are susceptible to penicllin and usually to other antibiotics active against gram-positive cocci, with the exception of aminoglycosides

(a)	Aminoglycosides enter cells via an oxygen dependent mechanism and are not effective on anaerobes.  (307)



d)	Lab diagnosis of anaerobes:  the key to detection and identification of anaerobes is a good specimen, preferably pus or fluid exudate directly from the infected site



(1)	Specimens should be collected in a special anaerobic transport tube or a syringe from which all air is excluded

(2)	Specimens should be taken quickly to the microbiology laboratory for prompt placement in culture (306)



E.	Neisseria:  the pathogenic species are Neisseria  meningitidis and gonorrhoeae.

1.	Morphology and staining:  

a)	They are gram-negative cocci that typically appear in pairs with the opposing sides flattened, imparting a kidney bean appearance.



b)	They are nonmotile, non-spore forming, and non-acid fast.



c)	Their cell walls are typical of Gram-negative bacteria with a peptidoglycan backbone and endotoxic lipopolysaccharide (LPS) complexed with protein in an outer membrane.



2.	Cultural characteristics:

a)	Gonococcus and meningococcus require an aerobic atmosphere with added carbon dioxide and enriched medium for optimal growth.

(1)	The gonococcus grows more slowly and is more fastidious than the meningococcus.



b)	All Neisseria are oxidase positive (309)



c)	See table 19-1, 310 do not memorize



3.	Diagnosis:

a)	The presence of multiple pairs of bean-shaped, gram-negative diplococci within a neutrophil is highly characteristic of gonorrhea when the smear is from a genital site.  (318)

(1)	Both gonococci and meningococci are readily phagocytosed by polymorphonuclear leukocytes (PMNs) (309)



b)	Attention to detail is necessary for isolation of gonococcus, it is a fragile organism, often mixed with hardier members of the normal flora.



c)	In men the best specimen is urethral exudate, in women cervical swabs are preferred.  (318)



4.	Neisseria Meningitidis:  

a)	Carbon dioxide enhances their growth but is not required.



b)	They are divided into 9 serogroups, largely on the basis of their polysaccharide capsules

(1)	Purified polysaccharides of all except group B are immunogenic and available as vaccines  (310)



5.	Neisseria Gonorrhoeae:  

a)	It grows well on chocolate agar and specialized, enriched medium. 



b)	Gonococci possess numerous pili that extend through and beyond the peptidoglycan and outer membrane.

(1)	Only gonococci expressing pili are able to establish infection.



c)	The gonococcal outer membrane is composed of several distinct outer membrane proteins (OMP)  (314)

(1)	OMP1 and the opacity or Opa proteins have the most importance.

(2)	Pili and Opa proteins have been shown to undergo antigenic variation to escape the immune response. (315)



F.	Enterobacteriaceae:  they are a diverse group of gram-negative rods

1.	Morphology:

a)	Large, gram-negative rods 



2.	Cultural characteristics:  enterobacteriaceae grow readily on simple media



a)	Their simple growth requirements and relative resistance to many substances, such as bile salts, are exploited in selective media and in identification methods



b)	Motile strains have peritrichous flagella



c)	Many strains have surface pili (321)



d)	All are facultative, all ferment glucose and reduce nitrates to nitrites, and are oxidase negative.

(1)	Facultative:  able to grow aerobically or anaerobically.



e)	Rapid fermentation of lactose, as demonstrated by acid (pink) colonies on MacConkey agar, is a useful characteristic for initial screening of Enterobacteriaceae.

(1)	The most common members of the intestinal flora (E. coli, Klebsiella, and Enterobacter) ferment lactose promptly in over 90% of cases.



(2)	Many other genera, including the intestinal pathogens Salmonella, Shigella, and Yersinia, are rarely positive.



3.	Antigenic Structure:  the cell wall, capsular slime layer, and flagellar antigens are variable in identification and in subtyping for epidemiologic purposes.

a)	The cell wall LPS is called the O antigen



b)	Cell-surface antigens are generally polysaccharides and are termed K antigens (from the Danish kapsel, capsule) regardless of whether or not they form a well defined capsule.



c)	Flagellar proteins are called H antigens.



d)	A hallmark of this group is its variability, which is enhanced by an ability to interchange genetic material.

(1)	This interchange causes changes in antigenic groupings, toxin production, invasiveness, etc.



4.	Toxins:

a)	All Enterobacteriaceae possess the LPS endotoxin.

(1)	Many effects of endotoxin (fever, leukopenia, and activation of blood coagulation pathways) are seen in human infections. (322)



b)	Some enterobacteriaceae also produce exotoxins, including enterotoxins.



5.	Escherichia Coli:  it is the most commonly encountered member of the Enterobacteriaceae in the normal colonic flora and a leading cause of opportunistic infection

a)	Morphology:

(1)	Pili are frequently present on the surface of E. coli strains and play a role in virulence as mediators of attachment of human epithelial surfaces.



b)	Cultural characteristics:

(1)	Most strains ferment lactose rapidly and produce indole



c)	Antigenic structure:

(1)	Serotyping systems have been established based on O K, and H antigens.

(a)	There are over 150 somatic O antigens (for example, O55)



(b)	The E. coli K and H antigens are also designated by number.



(i)	Antigenic structure of individual strains is described by designations such as O111:H7 or O18:K76



(2)	Capsular polysaccharide is associated with blocking activation of the alternate complement pathway, thus reducing the efficiency of opsonophagocytosis.  



d)	Toxins:

(1)	alpha-hemolysin:  A pore-forming cytolytic protein that disrupts plasma membranes



(2)	siderophores:  Iron-chelating proteins 

(a)	aerobactin, the most efficient of these siderophores, is able to bind iron with high affinity.  (323)



e)	See table 20.1, 324 do not memorize



6.	Shigella:  they are related to E. coli biochemically and antigenically

a)	Unlike V. cholera and most Salmonella, Shigella is acid-resistant and survives passage through the stomach to reach the intestine.

b)	It is non-lactose fermenting (unlike E. Coli) and does not produce H2S (unlike Salmonella)



c)	Invasion of the human colonic mucosa:  it is a multistep process

(1)	Invading bacteria induce their own endocytosis by epithelial cells that are not “professional” phagocytes

(a)	Entry of Shigella occurs through exposed basolateral surfaces of M cells.



(b)	All virulent Shigella carry a large plasmid that has several genes essential for the attachment and entry process.

(i)	This includes a family of invasion plasmid antigens



(2)	Shigella brought into cells are surrounded by a phagocytic vacuole, but they quickly escape and enter the cytoplasmic compartment of the host cell.



(3)	Almost immediately, short filaments of polymerized cytoplasmic actin accumulate at one extremity of a bacterium to form an actin-containing “tail” that drives the microbe forward in spurts through the cytoplasm.

(a)	A sphincter-like contraction of the tail is the driving force to propel the usually nonmotile Shigella through the cell.



(4)	Passage of Shigella into adjacent epithelial cells occurs through finger-like projections from the surface of an infected cell to the surface of an uninfected cell.  (329)

(a)	The tip of the protrusion penetrates the surface membrane of an adjacent cell and is then phagocytosed, thus placing the bacterium within a double membrane within the newly infected cell.



(b)	The bacterium then lyses these membranes and is released within the newly infected cell.



(5)	The characteristics of Shigella entry are similar to those observed for Listeria Monocytogenes 



(6)	Shigella, like certain other pathogenic bacteria and viruses, adhere selectively to M cells and can transcytose through them into the underlying collection of phagocytic cells.

(a)	Shigella have another useful property, they can kill phagocytic macrophages by activating normal programmed cell death (apoptosis).



d)	Some Shigella produce Shiga toxin.

(1)	Shiga toxin is not an essential element of the invasion process



(2)	It contributes to the severity of the disease  (331)



e)	Shigella organisms produce an acute inflammatory colitis and bloody diarrhea.



f)	Several antimicrobics are effective in treatment of shigellosis.  



7.	Salmonella:  they are motile (unlike Shigella)



a)	Antigenic analysis based on cell wall (O), capsular (K), and flagellar (H) antigens is employed in the serological classification of the 1500 distinct variants of Salmonella.



(1)	There are only 3 species of salmonella:

(a)	S. typhimurium (consisting of the typhoid bacillus), S. choleraesuis (containing just one organism), and S. enteritidis (which includes all of the remaining, about 2000, strains)



(b)	S. typhimurium and S. enteritidis are the major causes of disease.



b)	Their failure to ferment lactose and the ability to produce hydrogen sulfides from sulfur-containing amino acids are features used to differentiate them from coliform bacteria.

(1)	Coliform bacteria are a group of gram-negative rods that are normally found in the GI tract and have the ability to ferment lactose (Enterobacter, Escherichia, and Klebsiella)  (332)



8.	Yersinia:  

a)	They tend to be coccobacillary and to retain staining at the ends of the cells (bipolar staining)

b)	Y. pestis is antigenically homogenous, but Y. pseudotuberculosis and Y. enterocolitica have multiple O and H antigens that can be used for classification



c)	The enteropathic yersinia, y. enterocolitica and Y. pseudotuberculosis, invade the M cells of the Peyer’s patch.

(1)	Y. pestis enters the dermal lymphatics by the bite of an infected flea.



d)	Virulence factors produced by Yersinia:

(1)	Invasin: an attachment protein



(2)	An ST-like enterotoxin



(3)	AIL:  a complement resistance factor



(4)	Yops:  Yersinia outer membrane protein, they have a variety of actions



e)	Yersinia paralyze the phagocytic activity of defending macrophages and neutrophils and so nullify the host cellular immune response:  (338)

(1)	Yops have multiple antiphagocytic and toxic actions and can create their own entry pores into host cells.



f)	Systemic symptoms seen accompanying yersiniosis can be traced largely to the effects of endotoxin.



g)	Yersinia Pseudotuberculosis causes pseudotuberculosis:

(1)	The disease is characterized by lesions ranging from local necrosis to granulomatous inflammation in the lymph nodes, spleen, and liver.



h)	Y. pestis:  it causes the plague  (339)



i)	Y. enterocolitica:  it produces a wider variety of infections.

(1)	The most common infection is enterocolitis, characterized by fever, diarrhea, and abdominal pain



9.	Other Enterobacteriaceae:  they cause opportunistic infections

a)	Klebsiella:

(1)	The most distinctive bacteriologic features of the genus Klebsiella are the absence of motility and the presence of a polysaccharide capsule.

(a)	This gives colonies a glistening, mucoid character and forms the basis of a serotyping system.



(b)	Multiple pili are also present on the surface



(2)	Klebsiella are now among the most resistant to antimicrobics of all the Enterobacteriaceae.



(3)	K. pneumoniae is the most common species.



b)	Enterobacter:  

(1)	They generally ferment lactose promptly



(2)	They produce colonies similar to those of Klebsiella, although not as mucoid.



(3)	They are motile via peritrichous flagella:

(a)	These flagella are absent from Klebsiella



(4)	They are less virulent than Klebsiella



(5)	In addition to being resistant to ampicillin, most isolates are resistant to first-generation cephalosporins, but may also be susceptible to second- or third- generation cephalosporins (340)

(a)	A determining factor in whether Enterobacter are susceptible to second- or third-generation cephalosporins is whether the antibiotic is able to induce the production of �symbol 98 \f "Symbol" \s 10�b�-lactamase and is destroyed by it.



c)	Serratia:  they produce a distinctive bright-red pigment

(1)	They ferment lactose slowly



(2)	Although less common, this genus produces the same range of opportunistic infections seen with the rest of the Enterobacteriaceae



(3)	Serratia strains show consistent resistance to ampicillin and cephalothin



d)	Citrobacter:

(1)	Although it is biochemically and serologically similar to Salmonella, the genus does not cause enterocolitis or enteric fever.



e)	Proteus, Providencia, and Morganella:  they are opportunistic pathogens



(1)	Proteus mirabilis, the most commonly isolated member of the group, is one of the most susceptible of the enterobacteriaceae to the penicillins.

(a)	Other Proteeae are regularly resistant to ampicillin and the cephalosporins.



(b)	Proteus mirabilis and Proteus vulgaris share the ability to swarm over the surface of media, rather than remaining confined to discrete colonies.



(2)	Proteus and Morganella differ from other enterobacteriaceae in the production of a very potent urease, which aids their rapid identification

(a)	It also leads to the production of alkalinity and an ammoniac odor in urinary tract infections.  (341)



(3)	Providencia species do not produce urease, are the least frequently isolated, and are generally the most resistant of the group to antimicrobics. (342)



G.	Vibrio, Campylobacter, and Helicobacter:



1.	Vibrio:

a)	Morphology and staining:  they are curved, gram-negative rods commonly found in salt water.



b)	Cultural characteristics:

(1)	They are highly motile with a single polar flagellum.



(2)	They are non-spore forming and oxidase positive



(3)	They can grow under aerobic or anaerobic conditions (they are facultative)



(4)	Vibrio cholerae has a low tolerance for acid, but grow under alkaline conditions.

(a)	It is facultatively anaerobic, but grows best under aerobic conditions.



(b)	It produces a potent exotoxin.  (345)



c)	V. cholerae:  the organisms motility and a mucinase may help the organism to penetrate the surface mucus covering the intestinal mucosa

(1)	They possess long filamentous Pili (Tcp pili)



(2)	Cholera toxin:  a potent enterotoxin responsible for the disease cholera

(a)	Cholera toxin is an A-B type ADP-ribosylating toxin

(i)	Its molecule is an aggregate of multiple polypeptide chains organized into 2 toxic subunits (A1, A2) and 5 binding (B) subunits.



(b)	The B units mediate tight binding to a GM1-ganglioside receptor found on the surface of many types of cells.



(c)	After binding, the A1 subunit is released from the toxin molecule by reduction of the disulfide bond that binds it to the A2 subunit.

(i)	The A1 subunit enters the cell by translocation, where it exerts its effect on the membrane associated adenylate cyclase system at the basolateral membrane surface.



(d)	The target of the toxic A1 subunit is a guanine nucleotide (G) protein, Gs alpha, that regulates activation of the adenylate cyclase system.



(e)	Cholera toxin catalyzes the ADP ribosylation of the G protein, rendering it unable to dissociate from the active adenylate cyclase complex.

(i)	This causes persistent activation of intracellular adenylate cyclase.  (346)



(f)	The net effect is excessive accumulation of cAMP:

(i)	This causes hypersecretion of Cl, K, HCO3, and associated water molecules out of the cell.



(g)	Other enterotoxins such as the heat-labile toxin of E. coli use the same mechanism.  (347)



2.	Campylobacter:

a)	Morphology and staining:

(1)	They are motile, curved, oxidase-positive, gram-negative rods.

(a)	They are similar enough morphologically to vibrios for them to be classified together until recently.



(2)	The cells have a single polar flagella and are often attached in pairs to give a “seagull” appearance.



b)	Cultural characteristics:

(1)	Campylobacter grow well only on enriched media under microaerophilic conditions:

(a)	Microaerophilic:  reduced oxygen tension but not strict anaerobiosis.



(2)	In contrast to the vibrios and members of the enterobacteriaceae, campylobacters are biochemically inactive.  (349)



c)	Campylobacter Jejuni:  one of the most common causes of infectious diarrhea.

(1)	One of only a few organisms where flagella have been implicated in pathogenesis



(2)	It is generally susceptible to erythromycin, tetracycline, chloramphenicol, the aminoglycosides, and the quinolones, but not to penicillins and cephalosporins.  (350)



3.	Helicobacter:

a)	Morphology and staining:  

(1)	they are gram-negative bacilli uniquely adapted to take advantage of the ecological niche of the stomach.



b)	Cultural characteristics:

(1)	They are microaerophilic and grow slowly.



(2)	They have many similarities to Campylobacter

(a)	Helicobacter are grown under microaerophilic conditions on the same media used for campylobacters.



c)	H. pylori:  they are slender curved rods.

(1)	It produces a urease so potent that its action can be demonstrated within minutes of inoculation of urea-containing test media.



(2)	It is found in the most common form of gastritis, that occurring in the stomach antrum.

(a)	It is a prerequisite for peptic ulceration



(b)	Chronic gastritis is also a precursor of gastric adenocarcinoma



(3)	Urease allows H. pylori to survive the extreme acid conditions of the stomach by splitting ammonia from urea, thus creating its own relatively alkaline microenvironment.

(a)	Ammonia and other urease products may also be responsible for injury by disruption of mucosal permeability via a toxic effect on the tight cell junctions of gastric epithelial cells. (351)



(4)	Adhesion of H. pylori in the stomach is exclusive to the gastric pits and the luminal surface and with binding of fucose-containing carbohydrates.

(a)	Fucose is a terminal component of the human ABO(H) and Lewis blood group antigens..



(b)	It is striking that Lewis and blood group O antigens are associated with an increased risk of ulcer disease.  (352)







H.	Other Opportunistic Gram-negative Bacilli:



1.	Pseudomonas Aeruginosa: 

a)	Morphology and Staining:

(1)	It is a gram-negative rod



(2)	It is generally slimmer and more pale staining than members of the Enterobacteriaceae  family, but its length is comparable.



(3)	Its flagella are polar, but other morphologic differences from other gram-negative bacteria are not sufficiently consistent to be diagnostically useful



(4)	A mucoid exopolysaccharide slime layer may be present



(5)	Pili extend from the cell surface.



b)	Cultural characteristics:

(1)	P. aeruginosa are motile and aerobic



(2)	Their outstanding feature is the production of colorful water-soluble pigments  (354)



(3)	They are versatile in their growth requirements, they use simple molecules such as ammonia and carbon dioxide as sole nitrogen and carbon sources.  

(a)	Thus, it does not require enriched media for growth.



(b)	Also, it can survive and multiply over a wide temperature range, in almost any environment.



(4)	Most strains will multiply slowly in an anaerobic environment if nitrate is present as an electron acceptor.



(5)	They are oxidase-positive and produce non-lactose fermenting colonies

(a)	Its oxidase reaction differentiates it from the Enterobacteriaceae.



(6)	Its production of pigment differentiates it from most other gram-negative bacteria.



(7)	Hemolysis is usually produced on blood agar



(8)	Colonies are well developed and usually show a blue/green pigmentation and have a delicate, fringed edge



c)	Habitat:  the primary habitat of P. aeruginosa is environmental

(1)	They are found in soil, water, and vegetation



(2)	The organisms ability to proliferate with minimal nutrients can lead to heavy contamination of any unsterile water (humidifiers, respirators)

(a)	They can grow in medications, contact lens solutions, and even in some disinfectants



d)	Toxins and extracellular products:

(1)	Pigment production: 

(a)	Pyocyanin:  blue pigment only produced by P. aeruginosa



(b)	Pyoverdin:  yellow pigment that fluoresces under UV light.

(i)	It is also produced by other pseudomonas.



(c)	Pyorubrin:  rust colored pigment produced by some strains.



(2)	Toxins:

(a)	Exotoxin A:  it is 10,000 times more toxic than Pseudomonas endotoxin

(i)	It possesses separate domains for cell membrane binding, translocation, and catalytic activity, all of which are distinct from diphtheria toxin



(ii)	The toxin acts to inhibit protein synthesis by a mechanism identical to that of diphtheria toxin.

a.	It catalyzes the ADP-ribosylation of EF-2, thus inhibiting protein synthesis



(iii)	It is associated with a fatal outcome in bacteremic patients, unless antitoxin is produced



(iv)	Its cytotoxic action correlates with the primarily invasive and local destructive lesions seen in P. aeruginosa infections.



(v)	No diphtheria-like systemic effect has been demonstrated.



(b)	Exoenzyme S:  it is required for P. aeruginosa to disseminate from burn wounds and for tissue destruction in patients with chronic lung infection  (354)



(c)	Elastase:  it acts to inactivate a variety of biologically important proteins including elastin, IgA, IgG, complement components, and some collagens.



(3)	P. aeruginosa demonstrates the most consistent resistance to antimicrobics of all the medically important bacteria.

(a)	Although it is an opportunistic pathogen, it is one of particular virulence.



2.	Other Pseudomonads and opportunistic gram-negative bacilli:  most are normal colonizers that appear as contaminants and are of little pathogenic significance.  (just be familiar with the names of these organisms)



a)	P. cepacia is an opportunistic organism that has been found to contaminate reagents, disinfectants, and medical devices.  (358)

(1)	See table 22-1, 358 do not memorize.

b)	Acinetobacter:  they appear most frequently as colonizers and contaminants

(1)	Pneumonia is the most common infection, followed by urinary tract infection and soft tissue infection



c)	Moraxella:  their morphology, fastidious growth, and positive oxidase reactions can result in confusion with Neisseria.

(1)	M. catarrhalis is an occasional cause of otitis media and lower respiratory tract infection.  

(a)	It is present in normal oropharyngeal flora



d)	Aeromonas and Plesiomonas:  they have features similar to both the enterobacteriaceae and Pseudomonas  



e)	Other gram negative rods:  the terms “miscellaneous” or “nonfermenter” are used loosely to describe bacteria that do not ferment carbohydrates or that fail to react in the tests used to characterize other bacteria.

(1)	The clinical significance of all these organisms is essentially the same so they are generally identified  as a nonfermenter. (359)



(2)	See table 22-2, 359 do not memorize.



3.	Legionella pneumophila:  

a)	Morphology and staining:

(1)	It is a thin, pleomorphic, gram-negative rod



(2)	Elongated filamentous forms are common



(3)	The organisms stain poorly or not at all by gram stain or the usual histologic stains.



b)	L. pneumophila can be demonstrated by certain silver impregnation methods.



(1)	Most species of Legionella are motile.



(2)	Spores are not produced.



c)	Cultural characteristics:

(1)	Legionella species do not grow on common enriched bacteriologic media such as blood agar.

(a)	They require a medium containing amino acids supplemented with L-cysteine and a source of ferric ions.



(b)	They grow under aerobic conditions



(2)	Colonies have a surface resembling ground glass.  (379)



(3)	Growth in fluid media is generally poor.



(4)	Legionella possesses catalase, oxidase (weak), gelatinase, and �symbol 98 \f "Symbol" \s 10�b�-lactamase activity

(a)	They do not grow or react positively in most other taxonomic tests used to classify other bacteria.



d)	Legionella micdadei:  the most commonly encountered Legionella other than L. pneumophila  

(1)	It is distinctive in demonstrating acid-fastness in sputum and tissues

(a)	This characteristic is lost in culture.



e)	Epidemiology:

(1)	Legionella species are found in fresh water and soil and as parasites of protozoa.

(a)	Cases can almost always be linked with water habitats where amoebas act as the environmental reservoir for virulent legionellas. 



(b)	It is known to survive as long as a year in unchlorinated tap water.



(2)	Most outbreaks have occurred in or around large buildings

(a)	The water sources have involved cooling towers or some other part of the buildings air-conditioning system.



(3)	Person to person transmission has not been documented, and organisms have not been isolated from healthy individuals  (380)



I.	Haemophilus and Bordetella:  they are gram-negative rods that tend to assume a coccobacillary shape



1.	Haemophilus influenzae:  they are among the smallest of bacteria

a)	Morphology and staining:  

(1)	They are small gram-negative rods



(2)	The curved ends of the short bacilli makes many appear round, hence the term coccobacilli.



(3)	The tiny cells are usually of uniform shape except in cerebrospinal fluid (CSF), where some may be elongated to several times their usual length



b)	Cultural characteristics: 

(1)	In addition to the usual components of enriched culture media, Haemophilus (which means blood loving) species require added blood products for optimal growth.

(a)	This requirement is attributable to the need for hematin (also termed X factor) and NAD (V factor)

(i)	X and V factor are both present in erythrocytes but are made more available if the RBCs are lysed by gentle heat (chocolate agar)



c)	Capsule:  it is antiphagocytic and the most important determinant of virulence

(1)	H. influenza may have a polysaccharide capsule, but other species of Haemophilus are not encapsulated.

(a)	Capsulate H. influenzae are divided into 6 serotypes (a to f) based on the capsular polysaccharide antigen.



(b)	Polyribitol phosphate (PRP):  surface polysaccharides that are made up of ribitol (a polymer of ribose) and phosphate.

(i)	The type b capsule is made of PRP



(2)	Haemophilus influenza type b (Hib):  it is responsible for most cases of serious systemic infection.  (361)

(a)	Meningitis is the most common form of disease.



(b)	Systemic spread is typical only for encapsulated H. influenzae strains.  (362)



(3)	Diagnosis:  

(a)	Small coccobacillary gram-negative rods that grow on chocolate agar but not on blood agar suggest Haemophilus



(b)	Hib PRP is released into body fluids and can be demonstrated in CSF, blood, or urine (364)



2.	Other species of Haemophilus:

a)	Several other haemophilus species exist and are defined by their requirement for X and/or V factor, CO2 dependence, and other cultural characteristics.



b)	Most of these haemophilus species have been reported to cause systemic illness, including pneumonia, meningitis, arthritis, endocarditis, and soft tissue infections. 

(1)	These cases are rare.



c)	H. ducreyi:  it causes a chancroid, a common venereal disease in developing countries.

(1)	The typical lesion is a tender papule on the genitalia that develops into a painful ulcer.



(2)	The lack of induration (hardening) around the ulcer in chancroid has caused the primary lesion to be called “soft chancre” to distinguish it from the primary syphilitic chancre.



3.	Bordetella Pertussis:

a)	Morphology and staining:  

(1)	It is a tiny, gram-negative coccobacillus with gram-stain morphology similar to that of Haemophilus 



(2)	The surface exhibits pili and a rodlike protein called the filamentous hemagglutinin (Fha), which can bind to and agglutinate erythrocytes



b)	Cultural characteristics:

(1)	They have highly regular staining characteristics



(2)	The organism requires special medium for isolation:

(a)	It is very susceptible to environment changes and survives only briefly outside the human respiratory tract.  (366)



(3)	They produce tiny, glistening, compact colonies with the appearance of bisected pearls.



c)	Virulence factors:

(1)	Adhesins:  the most important is Fha.

(a)	The adhesins work in concert with toxins



(2)	Pertussis toxin:  the major virulence factor of B. pertussis.

(a)	It is a classic A-B toxin with 1 enzymatic subunit and 5 binding subunits.



(b)	Following binding, the enzymatic toxin is internalized and ADP-ribosylates a G-protein that affects adenylate cyclase activity.



(c)	Unlike cholera toxin which keeps cyclase activity turned on, pertussis toxin inhibits the cells ability to inactivate cyclase 



(d)	The toxin is unusual in that its binding subunits also act in concert with Fha as adhesins in binding to both ciliated cells and the CR3 receptor of macrophages.

(i)	When introduced into the respiratory tract, B. pertussis has a remarkable tropism for ciliated bronchial epithelium



(3)	Adenylate cyclase toxin:  B. pertussis produces its own adenylate cyclase.

(a)	It is a potent toxin that raises host cell cAMP levels.



(b)	It is hemolytic and interferes with chemotaxis and superoxide production by PMNs.



(c)	Remarkably, it is activated by calmodulin  (367)



(d)	It plays an antiphagocytic role



d)	The expression of virulence genes by B. pertussis is often used as a model for the coordinated control of bacterial pathogenicity:

(1)	B. pertussis regulates synthesis of pertussis toxin, the invasive adenylate cyclase, Fha, pili, dermonecrotic toxin, and many other genes through the pleiotropic bvg genetic locus

(a)	Expression is modulated by changes in specific environmental parameters, including temperature



(2)	Transcriptional regulation is controlled by a 2-gene operon consisting of BvgA and BvgS:

(a)	BvgS spans the bacterial cytoplasmic membrane

(i)	A periplasmic domain responds to temperature or ionic changes.



(b)	At 37�symbol 176 \f "Symbol" \s 10�°�C, BvgS autophosphorylates 2 domains and subsequently donates a phosphate to BvgA.



(c)	BvgA then binds to a DNA recognition sequence and promotes transcription of the genes. (368)



(3)	Understand Fig 23-3, 369.  Don’t memorize genes involved



J.	Gram negative bacilli transmitted through animals (Zoonoses):  Brucella, Francisella, Pasteurella

1.	They all have animal reservoirs and their mode of transmission involves contact with infected animals or on vectors that first feed on animals.



2.	Brucella:  

a)	Morphology and staining:  

(1)	They are small, coccobacillary, gram-negative rods that resemble Haemophilus and Bordetella morphologically



b)	Cultural characteristics:

(1)	They are nonmotile, non-acid fast, and non-spore forming



(2)	Growth requires an aerobic environment and enriched media such as blood agar.



(3)	All produce catalase, oxidase, and urease, but do not ferment carbohydrates.



(4)	Smooth colonies form on primary isolation, associated with the presence of a small capsule and virulence.

(a)	Smooth colonies types have LPS antigens with 2 distinct epitopes designated A (abortus) and M (melitensis)

(i)	They are present in different amounts in the 3 species:  B. melitensis, B. abortis, B. suis



(b)	Rough colonies tend to replace the smooth form on repeated subculture.

(i)	They are composed of mutants that have lost their capsules and most of their virulence.  (440)



c)	Brucellosis (sometimes called undulant fever or Malta fever):

(1)	The reticuloendothelial system is the primary target of infection, producing a prolonged febrile systemic illness.  



d)	Brucellosis is a genitourinary infection of sheep, cattle, pigs, and other animals.

(1)	Humans become infected directly by occupational contact with these animals or indirectly by consumption of contaminated animal products such as milk.  (440)



3.	Y. Pestis:  the plague is an infection in rodents and small mammals.

a)	It is transmitted to humans by the bite of infected fleas.



b)	The disease has 2 major cycles, urban and sylvatic (located in the woods), and 2 major clinical forms, bubonic and pneumonic.  (441)



c)	Epidemiology:

(1)	The 1st step is involves infection of urban rats by a sylvatic rodent source.

(a)	Under poor hygienic conditions, rat population in cities increases, which facilitates rat-to-rat transmission of Y. pestis by the rat flea.



(b)	These conditions also bring the rat reservoir into closer contact with humans.



(2)	As infected rats die, the hungry fleas seek a new host, which is usually another rat, but may be a human.



(3)	The bite of the flea is the first event in the development of bubonic plague.

(a)	Even if disease is serious enough to kill the patient, it is not normally contagious to other humans.



(b)	Some patients with bubonic plague, however, develop a secondary pneumonia by bacteremic spread to the lungs.

(i)	They can then transmit pneumonic plague directly to others by droplet spread.  (442)



(4)	See fig in margin, 442



4.	Francisella:  Francisella tularensis causes tularemia

a)	Tularemia is a disease of wild mammals caused by F. tularensis.

(1)	Humans become infected by contact with infected animals either directly or through the bite of a vector (tick or deer fly)



(2)	Clinical infection and its epidemiology are similar to those of plague



b)	Francisella tularensis:

(1)	Morphology and staining:

(a)	Small, facultative, gram-negative organisms with the same morphology as Brucella



(2)	Cultural characteristics:  

(a)	it is one of the few bacterial species of medical importance that does not grow on the usual enriched media.



(b)	it has a special requirement for sulfhydryl compounds.

(i)	Growth occurs best on a cysteine-glucose blood agar medium incubated aerobically.



(c)	They grow tiny transparent colonies.



5.	Pasteurella Multocida: 

a)	Morphology and staining:

(1)	It is a small, coccobacillary gram-negative organism.



b)	Cultural characteristics:

(1)	It grows readily on blood agar but not on MacConkey agar.



(2)	It is oxidase positive and ferments a variety of carbohydrates.



c)	P. multocida is one of many Pasteurella included in the normal respiratory flora of  some animals.



d)	Humans are usually infected by the bite or scratch of a domestic dog or cat.

(1)	Infection develops at the site of the lesion.

(a)	The typical infection is a diffuse cellulitis with a well-defined erythematous border.



(2)	It is by far the most common cause of an infected dog or cat bite.



e)	Infections are treated with penicillin.  (445)

(1)	Unlike most gram negative rods, it is susceptible to penicillin



K.	Mycoplasma and Ureaplasma:  they are the smallest of free-living microorganisms

1.	They differ from other bacteria in the following ways:

a)	They do not have a cell wall

(1)	Because of this, they do not stain well with the usual bacterial stains



b)	Their cell membrane contains sterols:

(1)	They do not synthesize sterols, but instead obtain them from the medium



2.	Cultural characteristics:

a)	They are highly plastic and pleomorphic and may appear as coccoid bodies, filaments, and large multinucleated forms



b)	They lack cell walls and are bounded only by a triple-layered membrane that contains sterols.



c)	They grow very slowly and produce minute colonies only after several days



d)	M. pneumoniae is an aerobe, but most other species are facultative anaerobic



e)	There may be an association between mycoplasmas and HIV in the pathogenesis of AIDS.



3.	Mycoplasma Pneumoniae:  accounts for 20% of all cases of pneumonia



a)	Hemadsorption is a feature of M. pneumoniae:

(1)	They bind RBCs onto the surface of agar plate cultures due to binding of the mycoplasma to sialic acid-containing oligosaccharides present on the red cell surface



b)	The center of their colonies grows into the agar and appear denser (373)



c)	Pathogenesis:

(1)	The organism attaches to the cilia and microvilli of the cells lining the bronchial epithelium.

(a)	The attachment is mediated by surface mycoplasmal cytadhesin (P1) protein which binds to complex oligosaccharides containing sialic acid.



(2)	The organisms interfere with ciliary action and initiate a process that leads to desquamation of the involved mucosa and a subsequent inflammatory reaction and exudate



d)	Clinical Manifestations:  a mild tracheobronchitis with fever, cough, headache, and malaise is the most common syndrome associated with acute M. pneumoniae.

(1)	The pneumonia is typically less severe than bacterial pneumonia.

(a)	It has been described as “walking” pneumonia because most cases do not require hospitalization.  (375)



e)	Treatment:  erythromycin and tetracycline are used for treatment.



4.	Mycoplasma Hominis:

a)	The major clinical condition associated with M. hominis infection is postabortal or postpartum fever.

(1)	Pelvic inflammatory disease syndromes in women may be associated with M. hominis infection of the fallopian tubes



b)	It can be differentiated from ureaplasma by demonstrating arginine breakdown and the absence of urease activity.



c)	It is sensitive to tetracycline but resistant to erythromycin.



5.	Ureaplasma Urealyticum:

a)	It is distinguished from mycoplasma by its production of urease.   



b)	On special ureaplasma agar, colonies are small and circular and grow downward into the agar



c)	It is present in the genital tracts of sexually active individuals.

(1)	Colonization occurs in 80% of individuals who have had 3 or more sexual partners



d)	Cases of non-gonococcal, nonchlamydial urethritis in men may be caused by U. urealyticum



e)	In women, it has been shown to cause chorioamnionitis and postpartum fever



f)	Tetracycline is the treatment of choice against urethritis because it is active against Chlamydia and ureaplasma (376)



L.	Spirochetes:  include the genera Treponema, Leptospira, and Borrelia.

1.	Their morphology differs from that of other bacteria in that they have a flexible, peptidoglycan cell wall around which several axial fibrils are wound

a)	These fibrils have the structure of flagella and are referred to as endoflagella.



b)	The cell wall and endoflagella are completely covered by an outer membrane



2.	Spirochetes are motile, exhibiting rotation and flexion resulting from movement of endoflagella



3.	They are gram-negative and very slim.



4.	Treponema pallidum:  the causative agent of  syphilis

a)	Morphology and staining:  

(1)	It is a slim spirochete with regular spirals.



(2)	It is not visible by transmitted light under the microscope, because its width is below the resolving power of the instrument (385)

(a)	It is readily seen by immunofluorescence techniques and by dark-field microscopy



(3)	It cannot be visualized with the usual bacteriologic stains

(a)	However, its width can be effectively increased by the use of techniques that deposit silver on its surface.

(i)	Silver impregnation techniques are used to demonstrate it in histologic preparations



(4)	T. pallidum shows characteristic slow, corkscrew motility



b)	Treponema pallidum dies rapidly on drying and is readily killed by a wide range of disinfectant agents.

(1)	It is exquisitely sensitive to penicillin and is inhibited by many other antibiotics.  (386)

(a)	No resistance appears to have developed



c)	The outer membrane of the spirochete contains few proteins and is only weakly antigenic.  (387)



d)	Nonvenereal Treponemal Diseases:  

(1)	These diseases include bejel (endemic syphilis), yaws, and pinta.

(a)	They all occur in developing countries in which hygiene has been poor  (390)



(2)	The major manifestations of pinta and yaws involve the skin, and infection is transmitted by direct contact.



(3)	In bejel , primary and secondary lesions usually involve the oral cavity, and spread may occur during suckling, by oral contact, or through fomites.



(4)	All 3 diseases have primary and secondary stages, and tertiary manifestations may develop.



(5)	All are susceptible to penicillin.



5.	Leptospira interrogans:  it is a worldwide disease of animals that can be transmitted to humans through water contaminated with animal urine.

a)	Morphology and staining:  

(1)	It is a slim spirochete with a single axial filament, fine, closely wound spirals, and hooked ends.



(2)	It is not visualized by the usual bacteriologic staining procedures:

(a)	Detection is most easily accomplished by dark-field or immunofluorescence microscopy.   (391)



(b)	It is an aerobe.



b)	It is highly sensitive to drying and to a wide range of disinfectants.

(1)	The organism is also susceptible to many antibiotics, including penicillin and tetracycline. (392)



6.	Borrelia recurrentis:  causes endemic or epidemic relapsing fever

a)	Morphology and staining:

(1)	It is a large spirochete containing 15-20 axial flagella



(2)	In contrast to Treponema and Leptospira, the spirals are irregular



(3)	Unlike most spirochetes, it is readily stained by aniline dyes.



(4)	It is gram-negative



(5)	The organism is microaerophilic and has been grown in cultures containing long-chain fatty acids.  (393)



b)	The most characteristic antigenic property of Borrelia is its variability:

(1)	The characteristic relapses of the disease are due to selection of variants with major surface protein antigens that do not react with the antibodies produced in response to the original infection.



(2)	Antigenic switching is thus an important mechanism for avoiding host defenses, resembling those used by gonococci and trypanosomes.



c)	Epidemic relapsing fever involves human-to-human spread by the body louse.



d)	Endemic relapsing fever is contracted from the bite of an infected tick and is ultimately derived from the rodent reservoir (394)



7.	Borrelia burgdorferi:  bacteria that causes Lyme disease

a)	Morphology and staining:

(1)	It is a large spirochete with loose and irregular spirals



(2)	It possess 7 to 11 flagella



(3)	It is gram-negative and microaerophilic



b)	Epidemiology:

(1)	The disease is transmitted by the Ixodes tick. 



(2)	The ticks attach to, feed, and mate on deer in the late fall and winter.



(a)	Tick larvae seek out and obtain blood from the white-footed mouse, the main reservoir of B. burgdorferi  (396)



M.	Mycobacteria:

1.	Morphology and staining:

a)	They are slim, rod-shaped, gram-positive bacilli



b)	Their cell wall is characterized by a very high concentration of lipids:

(1)	The lipids make the cell surface hydrophobic, rendering mycobacteria resistant to staining with basic aniline dyes unless they are applied with heat or for long periods



(2)	Once stained, however, mycobacteria resist decolorization with up to 3% HCl (a property called acid fastness), 95% ethanol (acid-alcohol fastness), or both.

(a)	Bacteria possessing acid fastness are called acid-fast bacteria (AFB)



2.	Cultural characteristics:

a)	They are nonmotile and do not form spores



b)	They are strictly aerobic and grow more slowly than most human pathogenic bacteria because of their hydrophobic cell surface:  (401)

(1)	The hydrophobic surface causes them to clump and inhibits permeability of nutrients into the cell



3.	Diseases caused by mycobacteria tend to develop slowly, follow a chronic course, and elicit a granulomatous response

a)	M. tuberculosis infection occurs exclusively in humans under natural conditions



b)	M. intracellulare can infect various species



4.	Mycobacteria do not produce classic exotoxins or endotoxins, and disease processes are largely a result of delayed-type hypersensitivity reactions to mycobacterial proteins



5.	Mycobacterium Tuberculosis:

a)	Morphology and staining:  

(1)	it is a slim, aerobic, strongly acid-fast, gram-positive rod



b)	Cultural characteristics:

(1)	It grows at 37�symbol 176 \f "Symbol" \s 10�°�C, but not at room temperature, and requires enriched or complex media for primary growth from clinical specimens.

(a)	Growth is enhanced by 5-10% carbon dioxide but is still very slow  (402)



(2)	Mycobacterium tuberculosis is unusually resistant to drying, to most disinfectants except formaldehyde and glutaraldehyde, and to acids and alkalis.

(a)	They are, however, quite sensitive to heat



c)	Antigenic structure:  M. tuberculosis has a complex antigenic structure

(1)	Humoral immune responses are mounted to many protein and polysaccharide antigens (403)



(2)	Cellular immunity and cell-mediated hypersensitivity, directed against an array of protein antigens, develop during the course of infection and contribute to both the pathology and immunity to the disease



(3)	Tuberculin is the most studied antigen

(a)	A purified protein derivative (PPD) of tuberculin is now used for skin testing for hypersensitivity



d)	Virulence Mechanisms:  they are largely unknown

(1)	Cell wall lipids have been studied for their contribution to virulence:



(a)	Sulfolipids inhibit lysosomal fusion to the phagocytic vacuole  and suppress the production of superoxide anion, permitting mycobacteria to survive and multiply within macrophages, even those activated by the cellular immune response.

(i)	This and the ability of mycobacteria to survive under the conditions (low pH) present in developing lesions appear to be central to their virulence (404)



6.	Other Mycobacteria:



a)	Mycobacterium kansasii: 

(1)	It is a photochromogenic mycobacterium:

(a)	It usually forms yellow-pigmented colonies after about 2 weeks of incubation in the presence of light.



(2)	Infections resemble tuberculosis and tend to progress slowly without treatment.

(a)	Cavitary pulmonary disease, cervical lymphadenitis and skin infections are most common, but disseminated infections also occur   (411)



(b)	They are important causes of disease in AIDS patients



(c)	Hypersensitivity  to proteins of M. kansasii develops and cross-reacts almost completely with that caused by tuberculosis.

(i)	Positive PPD tests may thus result from infection





b)	Mycobacterium avium:   

(1)	They are a group of related acid-fast organisms that grow only slightly faster than M. tuberculosis



(2)	They are second only to M. tuberculosis in significance and frequency of the diseases they cause.



(3)	The most common infection in humans is cavitary pulmonary disease, often superimposed on chronic bronchitis and emphysema 

(a)	Cervical lymphadenitis, chronic osteomyelitis, and renal and skin infections also occur



(4)	They are substantially more resistant to antituberculous drugs than most other species



(5)	Disseminated M. avium-intracellulare infections:  the most common systemic bacterial infection in patients with AIDS

(a)	The patient experiences progressive weight loss and intermittent fever, chills, night sweats, and diarrhea



(b)	The prognosis is grave



c)	Mycobacterium scrofulaceum:

(1)	It is an acid-fast scotochromogen:

(a)	It forms yellow colonies in the dark or light within 2 weeks



(b)	(Photochromogenic:  produce yellow or orange pigment in the light)



(c)	(scotochromogenic:  produce yellow or orange pigment in the light or dark)



(2)	it is a common cause of granulomatous cervical lymphadenitis in young children.

(a)	It is an indolent (persistent) enlargement of 1 or more lymph nodes with little if any pain or constitutional signs



(b)	Scrofula:  an old descriptive term for tuberculous cervical lymphadenitis



(3)	M. scrofulaceum does not cause PPD conversion



d)	Mycobacterium Leprae:

(1)	It is an acid-fast bacillus with low infectivity:

(a)	Most new cases have had prolonged close contact with an infected individual.  (412)



(2)	In vivo growth is very slow, so the incubation period is measured in years or decades



(3)	Transmission most commonly occurs by contamination of the nasal mucosa or minor skin lesion



(4)	Leprosy is a chronic granulomatous disease of the peripheral nerves and nasal mucosa and has 2 major forms:



(a)	Tuberculoid Leprosy:  because of the small number of organisms present, this form is usually noncontagious

(i)	There is strong delayed hypersensitivity and cell-mediated immunity



(ii)	Involves the development of macules or large, flattened plaques on the face, trunk and limbs.



(b)	Lepromatous Leprosy:  lesions show dense infiltration with leprosy bacilli

(i)	Cell-mediated immunity is deficient (413)



(ii)	Skin lesions are extensive, symmetric, and diffuse.



e)	Mycobacterium fortuitum complex:  rapidly growing, acid-fast bacilli

(1)	Abscesses at injection sites in drug abusers are probably the most common lesions

(a)	Occasional secondary pulmonary infections develop



(2)	Some cases have been associated with implantation of foreign material (breast prosthesis, artificial heart valves)



f)	Mycobacterium marinum:  it is widely present in salt and fresh water

(1)	It grows at 30�symbol 176 \f "Symbol" \s 10�°�C but not at 37�symbol 176 \f "Symbol" \s 10�°�C



(2)	It forms on rocks or on rough walls of swimming pools:

(a)	Classically, a swimmer who abrades his or her elbows or forearms climbing out of a pool develops a superficial granulomatous lesion that finally ulcerates.



g)	Mycobacterium ulcerans:  a more serious cause of superficial infection

(1)	Cases usually occur in the tropics



(2)	Children are most often affected



(3)	Those infected develop severe ulceration involving the skin and subcutaneous tissue that is often progressive unless treated effectively

(a)	Surgical excision and grafting are usually necessary



(b)	Antimicrobic treatment is usually unsuccessful 



(4)	M. ulcerans grows at 30�symbol 176 \f "Symbol" \s 10�°�C but not at 37�symbol 176 \f "Symbol" \s 10�°�C  (414)



7.	See appendix 27-1, 416:  do not memorize, be able to recognize which organisms  cause tuberculosis-like disease  



N.	Actinomyces and Nocardia:  gram-positive rods characterized by filamentous, treelike branching growth

1.	Actinomyces:  they are normal inhabitants of some areas of the gastrointestinal tract



a)	Morphology and staining:

(1)	They typically appear as elongated gram-positive rods that branch at right angles and often show irregular staining



(2)	In pus, the most characteristic form is the sulfur granule:  so-named because it is a yellow-orange granule.

(a)	The granule is a small colony of intertwined branching Actinomyces filaments solidified with elements of tissue exudate



b)	Cultural characteristics:

(1)	They grow after prolonged incubation under microaerophilic or strictly anaerobic conditions.



c)	Most human actinomyces is caused by actinomyces israelii

(1)	Other species of actinomyces have been associated with dental and periodontal infections



d)	Actinomyces are highly adapted to mucosal surfaces and do not produce disease unless they transgress the epithelial barrier under conditions that produce a sufficiently low oxygen tension for their multiplication.

(1)	Such conditions usually involve mechanical disruption of the mucosa with necrosis of deeper, normally sterile tissues (e.g. following tooth extraction)



e)	Actinomycosis:  

(1)	the lesion is composed of inflammatory sinuses which ultimately discharge to the surface.  

(a)	Sulfur granules are visible within the pus (417)



(2)	As the lesion enlarges, it becomes firm and indurated (hardened)



(3)	Infections typically become chronic and resolve only with the aid of antimicrobic therapy.

(a)	Case-to-case transmission does not appear to occur



f)	Infection of the cervicofacial area, the most common site of actinomycosis, is usually related to poor dental hygiene, tooth extraction, or some other trauma

(1)	Lesions in the submandibular region and the angle of the jaw give the face a swollen, indurated appearance



g)	Thoracic and abdominal actinomycosis are rare and follow aspiration or traumatic (surgical) introduction of infected material leading to erosion through the pleura, chest, or abdominal wall

(1)	Diagnosis is usually delayed, because only vague or nonspecific symptoms are produced until a vital organ is eroded or obstructed (418)



(2)	The firm, fibrous masses are often initially mistaken for a malignancy



h)	Penicillin G is the treatment of choice



2.	Nocardia:  found in the environment, particularly in soil

a)	Morphology and staining:  

(1)	Gram-positive, rod-shaped bacteria that show true branching



(2)	Unlike actinomyces, the species most common in human infection (N. asteroides, N. brasiliensis) are weakly acid fast

(a)	The acid-fastness of Nocardia species differs from that of mycobacteria in that they are less strongly acid fast



b)	Cultural characteristics:

(1)	In contrast to actinomyces, they are strict aerobes  (419)



(2)	Colonies initially have a dry, wrinkled, chalk-like appearance, are adherent to the agar, and eventually develop white to orange pigment



c)	Species of medical importance:  N. asteroides, N. brasiliensis, and N. caviae



d)	Nocardiosis:  begins with inhalation of Nocardia present in dust or soil

(1)	Nocardia are considered opportunists;  their infectivity is low, and there is no case-to-case transmission.



(2)	Organisms are found throughout the lesion rather than concentrated in a few colonies or granules



e)	Pulmonary nocardiosis:

(1)	The primary lesion in the lung show acute inflammation with suppuration and destruction of parenchyma.

(a)	Unlike actinomycosis, there is no tendency toward fibrosis and localization.



(b)	Dissemination to distant organs, primarily the brain, may occur

(i)	In the CNS, multifocal abscesses are often produced



(2)	N. asteroides causes the great majority of Nocardia pulmonary and brain infections



(3)	Pulmonary infection is usually a confluent bronchopneumonia that may be acute, chronic, or relapsing

(a)	Symptoms are those of any bronchopneumonia:  cough, dyspnea, and fever



(4)	Clinical signs of brain abscess depend on its location and size and can be confusing



f)	Skin and subcutaneous infections:

(1)	They are usually associated with some minor trauma, such as a thorn prick.

(a)	Infection produces a superficial pustule (pus-filled blister) at the site of inoculation

(2)	N. brasiliensis usually causes the infection:



(3)	The cutaneous syndrome typically involves a pustule, fever, and tender lymphadenitis in the regional lymph nodes  (420)



g)	Treatment:

(1)	Nocardia are usually highly sensitive to sulfonamides, but relatively resistant to penicillin

(a)	Combination of sulfonamides with drainage and surgery has been successful in treatment.



(b)	Nocardiosis is one of the few indications for systemic sulfonamide therapy (421)  



O.	Chlamydia:  obligate intracellular bacteria containing both RNA and DNA

1.	Morphology and staining:

a)	They are small, generally rounded organisms that show morphologic variation during their replicative cycle



b)	They are non-gram stainable



c)	The cell envelope consists of inner and outer membranes, similar to those of gram-negative bacteria, but there is no peptidoglycan layer between the membranes



2.	Differentiation from viruses and Rickettsia

a)	Chlamydia have both DNA and RNA, viruses only have one of the 2



b)	Chlamydia can never make its own ATP, Rickettsia under certain conditions can utilized oxidative phosphorylation.



3.	Cultural characteristics:

a)	They differ from mycoplasmas in that the latter can be cultured in cell-free media and have no cell wall



b)	Chlamydia are metabolically deficient because they are dependent on the host cell for energy generation and cannot synthesize ATP



4.	3 species cause disease:  C. psittaci, C. trachomatis, C. pneumoniae 

a)	they cause infection of the respiratory tract, genital tract, and conjunctiva



5.	Replicative cycle: 

a)	It involves 2 forms of the organism:

(1)	Elementary body:  a small, hardy infectious form



(2)	Reticulate body:  a larger, fragile intracellular replicative form



b)	Elementary body:

(1)	It attaches to glycoprotein or glycolipid receptors in the plasma membrane of susceptible target cells

(a)	Chlamydial adhesins:  proteins present on elementary but not reticulate bodies



(2)	The chlamydiae enter by endocytosis  (424)



(3)	The elementary body neither expend energy nor synthesize protein



(4)	Chlamydia may evade lysosomal killing by not provoking the fusion of lysosomes with the Chlamydia-laden phagosomes



(5)	Metabolic changes lead to the reorganization of the elementary body into the 10-100 times larger reticulate body

(a)	This involves protein synthesis and modification of crosslinked outer membrane proteins to a monomeric state



c)	Reticulate bodies:

(1)	Using the ATP-generating capacity of the cell, they divide by binary fission within the endocytic vacuole 



(2)	The newly formed organisms now occupy much of the infected cell

(a)	This produces a large cytoplasmic inclusion body characteristic of Chlamydia infections



(3)	After 24-72 hours, the reticulate bodies reorganize and condense to yield multiple elementary bodies with the capacity to infect other host cells when the infected cell ruptures



d)	See fig 29-1, 425



6.	Antigenic structure:

a)	Chlamydiae have common LPS antigens and specific cell envelope protein antigens by which they are divided into a number of serotypes  (424)



P.	Rickettsia, Coxiella, Ehrlichia, and Rochalimaea:

1.	All are gram-negative bacilli and all are strict intracellular pathogens



2.	The reservoirs are typically animals and transmission is often via an insect vector



3.	The diseases are typically fevers, often with a rash



4.	Rickettsiae:  they cause typhus and spotted fevers

a)	Morphology and cultural characteristics:

(1)	They are gram-negative, small coccobacilli 



(2)	They stain poorly with the usual bacterial stains



(3)	they grow slowly compared to most bacteria:

(a)	they are not as slow as mycobacteria



(4)	They grow freely in the cytoplasm of eukaryotic cells, it contrast to ehrlichia and coxiella, which replicate in cytoplasmic vacuoles 



(5)	They can only be grown in living host cells such as cell cultures and embryonated eggs

(a)	Failure to grow outside the cell is related to requirements for nucleotide cofactors (NAD) and ATP



b)	Spread and infection:

(1)	Infection of the host cell begins by an endocytic process:

(a)	this is analogous to phagocytosis, but requires energy expenditure by the rickettsiae



(2)	the organisms then escape the phagosome or endocytic vacuole to enter the cytoplasm  (431)

(a)	in the rickettsia-infected cytoplasm, host cell ATP is exchanged for rickettsial ADP



(3)	intracytoplasmic growth eventually produces lysis of the cell 



(4)	intracellular and intercellular spread involves directional actin polymerization and the use of the host cell cytoskeleton in a manner similar to Listeria and Shigella.



c)	Most rickettsiae have animal reservoirs and are spread by insect vectors



d)	Rickettsial disease:

(1)	Rickettsiae infect the vascular endothelium, usually after the bite of an infected arthropod vector



(2)	The primary pathologic lesion is a vasculitis in which rickettsiae multiply in the endothelial cells lining the small blood vessels



(3)	Rash and petechial lesions are caused by focal areas of endothelial proliferation and perivascular infiltration leading to thrombosis and leakage of RBCs into the surrounding tissues 

(a)	Vascular lesions occur throughout the body, producing the systemic manifestations of the disease



5.	Coxiella burnetii:  the cause of Q fever, it is an obligate intracellular parasite



a)	It has morphologic features similar to those of other rickettsiae, but differs in DNA composition and a number of other features



(1)	The organism is taken into host cells by a phagocytic process that does not involve expenditure of energy by the parasite.

(a)	The organism multiplies in the phagolysosome



(2)	C. burnetii is much more resistant to drying and other environmental conditions than rickettsiae, which substantially accounts for its ability to produce infection by the respiratory route



(3)	Q fever is primarily a zoonosis transmitted form animals to humans by inhalation rather than by anthropod bite  (436)



b)	Infection can occur from ingestion of animal products such as unpasteurized milk

(1)	It is not transmitted by an arthropod



c)	Coxiella burnetii has an affinity for the reticuloendothelial system



d)	Most human infections are inapparent.



e)	Q fever usually begins 9-20 days after inhalation, with abrupt onset of fever, chills, and headache



f)	There is no rash.



6.	Ehrlichia:  it includes many species of white blood cell-associated rickettsiae

a)	The vector is a tick



b)	Ehrlichiosis is similar to Rocky Mountain Spotted fever but there is no rash.



7.	Rochalimaea:

a)	They differ from rickettsiae in that they can be cultured on artificial media and they are not intracellular pathogens



b)	Rochalimaea quintana:  the best known species of this genus

(1)	It is the cause of trench fever



(2)	The disease has a reservoir in humans and it vector is the body louse



(3)	Most cases are mild or subclinical:

(a)	When symptomatic, the patient has sudden onset of chills, headache, relapsing fever, and a maculopapular rash on the trunk and abdomen  (437)



c)	Rochalimaea henselae:  

(1)	Most commonly associated with cat scratch disease

(a)	Cat scratch disease is a febrile lymphadenitis with systemic symptomatology 



(b)	Symptoms may include skin or eye rashes or even temporary blindness



d)	Bacillary angiomatosis, a proliferative disease of small blood vessels of the skin and viscera, seen in AIDS patients has been associated with Rochalimaea (438)



Q.	Medical Mycology:  the study of diseases caused by fungi

1.	Characteristics of Fungi:  they are a distinct class of microorganisms

a)	Fungi are eukaryotes with a higher level of biological complexity than bacteria



b)	The mycoses vary greatly in their manifestations:

(1)	They tend to be subacute to chronic with indolent, relapsing features



(2)	Acute disease such as that produced by many viruses and bacteria is uncommon in fungal infections



c)	The fungal cell has typical eukaryotic features



d)	Fungi are usually in the haploid state, although diploid nuclei are formed through nuclear fusion in the process of sexual reproduction.



e)	The cell structure includes a rigid cell wall and a cytoplasmic membrane:

(1)	Ergosterol is the predominant sterol in the cell membrane in contrast to cholesterol in mammalian membranes



(2)	The chemical and antigenic structure of the cell wall is markedly different from that of bacterial cells:

(a)	It does not contain peptidoglycan, glycerol, or ribitol teichoic acids, or lipopolysaccharide.



(b)	In their place are the polysaccharides mannan, glucan, and chitin.



f)	Fungi lack photosynthetic energy-producing mechanisms.



g)	Most fungi are strict aerobes, none are strict anaerobes



h)	Fungi may reproduce by either asexual or sexual processes:

(1)	Reproductive elements produced asexually are termed conidia, those produced sexually are termed spores.



2.	Growth and morphology:

a)	Initial growth from a single cell may follow either of 2 courses:  yeast or mold



(1)	Yeasts:  

(a)	they reproduce in the following manner

(i)	A bud, called a blastoconidia, extends out from a round or oblong parent, constricts, and forms a new cell.



(b)	On plates, yeasts form colonies that resemble those of bacteria



(2)	Molds:  

(a)	These fungi grow through the development of hyphae, which are tubelike extensions of the cell with thick, parallel walls.



(b)	Mycelium:  they are an intertwined mass of hyphae

(i)	A portion of the mycelium grows into the medium or organic substrate and serves as a collector of nutrients and moisture, like roots of a plant



(ii)	The more visible surface growth assumes a fluffy character as the mycelium becomes aerial.



b)	Dimorphic fungi:  species that can grow in either a yeast or a mold phase, depending on environmental conditions.

(1)	Several human pathogens demonstrate dimorphism:

(a)	They grow in yeast form in infected tissue, but in the mold form in their environmental reservoir or in culture.  (572)



(2)	Yeast phase growth requires conditions similar to those of the parasitic in vivo environment, such as 37�symbol 176 \f "Symbol" \s 10�°�C and enriched medium



(3)	Mold growth requires minimal nutrients and ambient temperatures



3.	Classification:

a)	Four classes of fungus are defined:  Zygomycetes, Ascomycetes, Basidiomycetes, and Deuteromycetes.

(1)	Most pathogenic species, because they lack a sexual reproductive cycle, have been allocated to the class Deuteromycetes

(a)	Some mycologists use the term fungi imperfecta, which is synonymous with Deuteromycetes



(2)	Some medically important species appear in the Zygomycetes and Ascomycetes (573)



b)	The superficial fungi, such as the dermatophytes, cause indolent lesions of the skin and its appendages, commonly known as ringworm and athlete’s foot



c)	The subcutaneous fungi characteristically cause infection through the skin, followed by subcutaneous spread, lymphatic spread, or both



d)	The opportunistic fungi are those found in the environment or in the normal flora that occasionally cause disease.



e)	The systemic pathogens are the most virulent fungi and may cause serious progressive systemic disease in previously healthy persons.



4.	Laboratory diagnosis:

a)	Because of their large size, fungi often demonstrate distinctive morphologic features on direct microscopic examination of infected pus, fluids, or tissues.

(1)	Fungi can be observed under the light microscope (575)



b)	Some yeasts stain with common stains such as the Gram stain, to which they are usually positive



c)	Many fungal  cultures require days to weeks of incubation for initial growth, bacteria present in the specimen grow more rapidly and may interfere with isolation

(1)	The culture procedures of diagnostic mycology are designed to favor the growth of fungi over bacteria  (576)
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