Study Guide for Microbiology Exam 4

I.  Antimicrobial Drugs-Used to eliminate microorganisms after infection has occurred.

1. Resistance to antimicrobial drugs-When penicillin was first used-late 1940’s-only about 3% of Staphylococcus aureus were resistant-today, greater than 90% are.

2. Mechanisms of resistance:

a. Drug-inactivating enzymes-these render the drug inactive.  Ex. penicillinase.

b. Alteration of target molecule-an example would be a change in bacterial ribosomal RNA so that an antimicrobial could no longer bind and interfere with protein synthesis.

c. Decreased uptake of drug-the antimicrobial drug is excluded from entering the bacterial cell.

d. Increased elimination of drug-Some bacteria have efflux pumps that can eliminate the antimicrobial drug from the cell.

3. Acquisition of resistance:

a. Vertical evolution-resistance results from spontaneous mutations (occur at a low rate) that are passed from parent to daughter bacterial cells through binary fission:

i. A change in a single base pair can convey resistance to Streptomycin.

ii. Newer generation antimicrobials are designed to bind to several sites in bacterial cells-harder for bacteria to develop resistance through spontaneous mutation.

b. Horizontal evolution-resistance is passed to bacterial cells in the same generation through gene transfer:

i. Conjugation-R plasmids that contain genes conveying resistance to several different antimicrobial drugs can be passed to many different kinds of bacteria, even those that are not closely related.

4. Emerging antimicrobial resistance
a. Enterococci-A group of Gram + bacteria that are part of the normal intestinal flora:

i. Common cause of nosocomial infections

ii. Some are resistant to Vancomycin-known as Vancomycin resistant enterococci (VRE)


Ex.  Enterococcus (formerly Streptococcus) faecalis-causes about 
80% of enterococcal nosocomial infections-urinary tract infections 
(UTI), bacteremia, intra-abdominal infections, endocarditis.  Ranks 
second to E. coli as a causal agent of nosocomial infections.

b. Staphylococcus aureus-A Gram + bacterial species that is part of the normal flora:

i. Until recently, many could be treated with penicillinase-resistant penicillins such as methicillin.  Now, many strains are methicillin resistant (MRSA).  These have been treated successfully with Vancomycin, but now some strains are Vancomycin intermediate (VISA).  This means that they no longer respond to normal concentrations of the antibiotic.  So far, the spread of these strains has been successfully contained.

c. Streptococcus pneumoniae-some strains of this bacterium are no longer susceptible to penicillin.

d. Mycobacterium tuberculosis-An acid-fast bacterium that is the causal agent of tuberculosis:

i. Treatment of this disease has always been difficult-administration of 2-3 drugs over a six month time period-often, patients do not comply with the regimen in that they skip doses or stop treatment too soon.  This can lead to the development of populations of resistant bacteria-known as multiple drug resistant Mycobacterium tuberculosis (MDR-MT).

5. Methods to slow development of resistance

a. Use the right antibiotic at the proper concentration.

b. Use antibiotics only when absolutely necessary.

c. When prescribed, take antibiotics for the required length of time (compliance).

d. Use combinations of antibiotics whenever possible.

II.  Microbes, Health, and Disease-human skin and mucous membranes form the foundation for an ecosystem-an interacting biological community.  Although we are sterile in the amniotic sac, at birth we are inoculated with microorganisms.  They remain with us throughout our lives.  The majority of these we consider to be:


1.  Normal flora-the populations of microorganisms found growing on or in the 
body of healthy individuals.  One person’s mouth can contain more bacterial cells 
than there are people on the planet (> 6,000,000,000).  The normal flora can serve 
a protective role.  They:



a.  cover potential binding sites of pathogens.



b.  consume available nutrients, so little remains for potential pathogens.



c.  produce compounds toxic to other bacteria.



d.  exercise the immune system, keeping it primed.



Exs.  In normal females, Lactobacillus spp.predominate in the vagina and 


suppress growth of the yeast Candida albicans.  Treatment with 



antibiotics can reduce the bacterial population, allowing the yeast to 


overgrow and cause an infection.  In hospital situations, suppressed 


normal flora can be replaced by antibiotic resistant strains of 



Pseudomonas and Staphylococcus, creating reservoirs of nosocomial 


infection causing agents.


2.  Principles of infectious disease


a.  Colonization-term used to describe the growth and establishment of a 


microorganism of the normal flora on a body surface.



b.  Infection-term used to describe the establishment of a parasitic 



relationship between a microorganism and a host.  Can be:




i.  subclinical-symptoms do not appear, or are mild.




ii.  disease-a noticeable impairment of body function.  Associated 



with the disease will be:





1.  symptoms-effects of the disease experienced by the 




patient, such as pain and nausea.





2.  signs-effects of the disease that can be observed by 




examining the patient, such as a rash or swelling.



Infections are referred to as being:



a.  primary-these types of infections are caused by pathogens-microbes 


that can cause disease in healthy individuals.



b.  secondary-additional infection that occurs as a result of the primary 


infection.  These are caused by opportunistic pathogens-can be members 


of the normal flora or common in the environment-do not normally cause 


disease in healthy individuals.



Virulence-a quantitative term that is used to describe the degree of 



pathogenicity.  Factors considered include:



a.  proportion of infected people who have symptoms.



b.  the severity of symptoms.


3.  Characteristics of infectious disease


a.  Communicable or contagious disease-can be spread from one host to 


another in a variety of ways.



b.  Infectious dose-the number of microbes necessary to establish an 


infection-expressed as ID50-the number of microbes that results in disease 


in 50% of a population.



c.  Course of disease-consists of 3 stages:




i.  Incubation period-the interval between introduction of a microbe 


and the onset of illness.  The time can vary widely:





1.  Common cold-a few days.





2.  Hepatitis A-a few weeks.





3.  Rabies-many months.





4.  Leprosy-years.




ii.  Illness-the stage in which signs and symptoms appear.  Illness 



can be:





1.  Acute-characterized by a rapid onset that lasts a short 




period of time.





2.  Chronic-characterized by a slow onset that lasts for 




months or years.





3.  Latent-disease-causing microbe is never completely 




eliminated.




iii.  Convalescence-recuperation and recovery.



It should be noted that spread of infection can occur during any one of the 


three stages.



d.  Distribution of pathogen-can be:




i.  localized-limited to a defined area, such as a patch of skin.




ii.  systemic-infection throughout the body-disseminated.  Types of 


systemic infections include:





1.  Bacteremia-bacteria in the blood.





2.  Toxemia-toxins in the blood.





3.  Viremia-virions in the blood.





4.  Septicemia-infectious agents and/or their products in the 



blood.


4.  Establishing the cause of infectious disease


1876-Robert Koch offered convincing proof of the germ theory of disease.  

He determined that Bacillus anthracis was the causal agent of the disease 


known as anthrax by formulating and satisfying four criteria that have 


become known as Koch’s Postulates.  They are:



1.  The microorganism must be present in every case of the disease.



2.  The microorganism must be isolated in pure culture from the diseased 


host.



3.  When a pure culture of the microorganism is introduced into a 



susceptible host, the same disease must be produced.



4.  The microorganism must be recovered in pure culture from the 



experimentally infected host.



Sometimes, these criteria cannot be fulfilled:



1.  The microorganism cannot be cultured on artificial media in the 


laboratory.



2.  It is not ethical to test the postulates on human hosts.



3.  A suitable experimental animal host is not available.



Molecular postulates-these are a set of criteria that can be used in addition 


to, or in place of Koch’s postulates.  They can be used to determine the 


cause of an infectious disease by employing molecular techniques.  These 


postulates deal with the virulence factors of microorganisms.


5.  Mechanisms of pathogenesis-methods used by disease causing microbes to 

evade host cell defenses or cause cell damage.



1.  Virulence determinants or factors-the arsenal that an individual 



pathogen possesses that allows it to cause disease.  The pathogen only 


needs to overcome the innate and adaptive immune systems temporarily-


long enough to reproduce and exit the host.  A pathogen that kills its host 


is considered to be more primitive than one that can coexist with the host.  


Pathogens and hosts evolve over time to achieve a state of balanced 


pathogenicity-the pathogen becomes less virulent, and the host becomes 


less susceptible.



2.  Major mechanisms by which microorganisms cause disease:




a.  Production of toxins that are ingested-the microorganism does 



not grow on or in the host-foodborne intoxication.  Ex.  




Clostridium botulinum-botulism.




b.  Colonization of a host surface, followed by toxin production.





i.  Pathogen must first adhere to a body surface, such as the 




respiratory or intestinal tract.





ii.  Pathogen multiplies to large numbers.





iii.  Pathogen produces a toxin that interferes with cell 




function or causes cell damage.





Exs.  Vibrio cholerae-cholera, E. coli O157:H7-bloody 




diarrhea, Corynebacterium diphtheriae-diphtheria.




c.  Invasion of host tissues-the pathogen penetrates the body’s first 



line defenses and multiplies within tissues.  Some avoid 




destruction by macrophages and detection by antibodies.  Exs.  



Mycobacterium tuberculosis-tuberculosis, Streptococcus 




pyogenes-strep throat, Yersinia pestis-bubonic plague.




d.  Invasion of host tissues, followed by toxin production-similar to 


c above, but toxins are also produced.  Exs.  Shigella dysenteriae-



dysentery (Shiga toxin), some strains of Streptococcus pyogenes 



(not those that cause strep throat)-scarlet fever, toxic shock 




syndrome, flesh eating fasciitis-produces streptococcal pyrogenic 



exotoxins (SPEs) that act as superantigens-overstimulate T cells to 



produce uncontrolled amounts of cytokines-can be life threatening.

