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Terminal Learning Objective (TLO). 

CONDITION:  Discuss basic concepts of microbiology

ACTION:  The five categories of microorganisms, the  
    
characteristics of each, and the spread and control of  
   
infections.

STANDARD:  IAW cited references.

NOTES
A.
Terminology.


Condition:  Given a list of terms and definitions


Action:  Match the correct definition with each term


Standard:  IAW Tabors.


What are microbes?  


Microbes are those organisms that are commonly called germs.  They are organisms that cannot be seen with the naked eye.  A microscope is usually required to see the individual organisms, so they are referred to as microorganisms.  Included in this category are:




Bacteria




Viruses




Fungi (Molds and yeasts)




Protozoa




Algae

*This mimeo supersedes M NONZ113B-2, 0100

Because we are most concerned about those microorganisms that we may encounter in the operating room, we will focus on the first three categories: bacteria, viruses, and fungi.

The science that deals with the study of all of these microorganisms is known as the field of microbiology.  Each type of microorganism may also be studied separately, for example:




Bacteriology - the study of bacteria.




Virology - the study of viruses.




Mycology - the study of fungi.


Microorganisms exist everywhere, including some environments that we would consider as hostile.  For example, microorganisms have been found in hot springs, in the ocean depths, in the desert, and even in polar ice caps.  


In the environment in which we live, microorganisms are present in large numbers and are responsible for many essential processes, such as: the breakdown of organic matter and wastes into usable nutrients for plants; waste water treatment; production of antibiotics and vaccines; insect control; fermentation of wine and beer; and cheese, bread, and yogurt production. 


Microorganisms are also present on and in our bodies.  The microorganisms that are normal inhabitants of the human body are referred to as resident microorganisms or normal flora.  They exist on the parts of the human body that are constantly exposed to the environment - the skin, gastrointestinal (GI) tract (mouth to anus), upper respiratory tract (nose, pharynx, and larynx), outer ears, eyes, and external opening of the urethra.  Other parts of the body that are not exposed to the environment - the peritoneal cavity, the central nervous system, the blood stream, the kidneys, etc. - are sterile areas and should not have resident microorganisms. 


Resident microorganisms that live on or in the human body  do not usually cause any problems.  They may exist in a variety of relationships with their human host, including commensalism, mutualism, or parasitism.  


In commensalism, one of the parties benefits from the relationship and the other party is neither benefited or harmed.  Most of the resident microorganisms in and on the human body exist in a commensal relationship - they get nourishment and a place to live in our bodies, but do not effect our health or welfare.  Examples of commensal microorganisms: staphylococci, streptococci, diphtheroids, etc.   


A mutualistic relationship exists when both parties benefit from the association.  One example of mutualism is the relationship between the Escherichia coli (E. coli) bacteria in the human intestines and the human host.  The E. coli bacteria get nutrients from the human digestive tract, and then secrete substances that the human host uses to synthesize vitamin K - an essential component of the blood clotting process.  Other microorganisms live on our skin and secrete substances that help prevent harmful bacteria from invading our bodies.  And you thought microorganisms were all bad! In reality, very few microorganisms are bad.


Microorganisms that are parasites fall into this bad category.  In parasitism, one of the parties benefits from the relationship at the expense of the other.  Some parasites are multi-cellular - for example ticks, lice, and tapeworms - and normally cause only minor harm to humans.  The presence of these multi-cellular parasites in or on a human host is referred to as an infestation.  Others parasites are unicellular (single cell) microorganisms.  These parasites can damage cells and cause infections in human hosts and are more commonly called pathogens. The virus that causes the common cold is one example of a pathogen.


Pathogens vary in their degree of virulence, or ability to cause disease.  A very virulent pathogen is like an elite commando team - it can invade the body in small numbers and cause a lot of harm.  Pathogens that are less virulent may need to be present in large numbers in order to cause disease or infection. 


Opportunistic microorganisms are a middle-of-the-road type of organism.  They normally do not cause disease, but may if conditions are right (if they are given the opportunity).  An example: bacteria of the Staphylococcus species (Staph.) normally live on our skin without causing us harm, but may cause an infection if they get into a wound.
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Another category of microorganisms are the transient microorganisms.  These are the organisms that may temporarily hitch a ride on our body.  Whenever we touch a door knob or elevator button, or take a patient’s blood pressure, we may pick up some transient microorganisms on our hands.  When we wash our hands or perform the surgical hand and arm scrub, we wash off these transient microorganisms.

The word infection has appeared in this section a couple of times already.  Infection means that a pathogen has entered the body and has been able to establish itself there.  Just because an organism gets into the body does not mean that an infection will always occur.  Conditions must be right for this to happen.  The organisms must first get past the body’s defensive barriers - the skin, mucous membranes, tears, etc.  If organisms get past the defenses, they must get to a place where they can get nutrients and where the temperature and pH are favorable for growth.  Finally, if they find such a place, they must survive an attack by the body’s immune system.  If successful in all these steps, an infection will probably occur.


There are many different types of infections.  Acute infections occur quickly, but normally do not last very long.  Examples of acute infections are small infected cuts, measles, and influenza.  Chronic infections are infections that come about slowly and usually last a long time, such as tuberculosis (TB) and leprosy.  A latent infection is an infection that may die down and then flare up again.  Examples are herpes infections and syphilis.  An infection may be asymptomatic, meaning that the person has the infection but does not have any obvious signs or symptoms.  Infections may be local and confined to a specific site, or may be systemic and dispersed throughout the body.  They may be primary and the result of the original invading organism, or secondary and a result of a second microorganism taking advantage of an already weakened person to attack.


Diseases caused by these infections may be discussed in terms of their prevalence, or number of cases that are present in a population (for instance, in the United States) at any given time.  Some diseases are endemic meaning that they are always present, but usually involve only a small number of the people (common cold, chickenpox, TB, staph infections, etc.).  There may be epidemics of diseases when unusually large numbers of people become ill at once (AIDS, Legionnaires’ disease, cholera, measles, etc.).  Diseases may be pandemic if they are present as a worldwide epidemic.  There have been several pandemics of influenza (the flu) throughout history (as recent as 1978) that have killed millions of people.  Diseases that occur only rarely in a population are called sporadic or nonendemic diseases.


This section has introduced many new terms and concepts.  When you feel that you know the information, turn to the questions on the following pages.  Try to complete the questions without looking up the answers.  Review the section if you don’t feel comfortable with the information.

Exercises for Section One
Fill in the blanks:

1.
What are five categories of microorganisms?


______________________
__________________________    


______________________
​__________________________


______________________

2.
What three categories are we most concerned with in the OR?


______________________
__________________________


______________________


3.
The study of microorganisms is known as ___________________.

4.
Where do microorganisms exist?__________________.

5.
Microorganisms that are normal inhabitants of the human body 
are known as _________________________ microorganisms.

True or False:

6.
In terms of the human body, microorganisms are normally 
found in or on:


T
F
The skin.


T
F
The cerebrospinal fluid.


T
F
The intestines.


T
F
The nose.


T
F
The blood.


T
F
The muscle tissue.


T
F
The kidneys.


T
F
The mouth.

7.
T
F
Infections always occur when microorganisms get 
into the body.

Fill in the blanks/short answers:

8.
Microorganisms that are known to cause disease are called 
___________________.

9.
Hand-washing and the surgical hand and arm scrub remove 
______________________ microorganisms from the skin.

10.
______________________ microorganisms may cause disease if 
the conditions are right.

11.
Name two examples of acute infections:


___________________________
___________________________


12.
Name two examples of chronic infections:


___________________________
___________________________

13.
What is the difference between a local infection and a 
systemic infection?


_________________________________________________________


_________________________________________________________


_________________________________________________________

14.
A worldwide epidemic is known as a ______________________.

Word Search puzzle:

15.
Use the clues below to find the words in the puzzle on the 
next page.


Opportunistic - a microorganism that usually does not cause 


infection, but may if given the opportunity.


Resident - A microorganism that is a is a normal resident of 


the human body.


Virulence - the ability of a microorganism to cause disease.


Pathogens - microorganisms that are capable of causing 



disease.


Virology - the study of viruses.


Bacteriology - the study of bacteria.


Mycology - the study of fungi.


Systemic - an infection that is dispersed throughout the 



body.


Local - an infection that is limited to a specific area of 



the body.


Acute - an infection that comes about quickly but usually 



does not last very long.


Chronic - an infection that comes about slowly and lasts a 



long time.


Parasite - a microorganism that benefits in a relationship 



with a host and causes harm to the host.


Microorganisms - microscopic organisms, commonly called 



germs.


Infection - a pathogen has entered the body and established 


itself there.


Transient - a microorganism that has been picked up on the 



body temporarily; it is not part of the normal 



resident microorganisms.
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B.
Class of Microorganisms.


Condition:  Given the appropriate information


Action:  Identify the different class of bacteria


Standard:  IAW Alexander’s.


In this section, you will be given information about the class of microorganisms known as bacteria.  Included will be information about the bacterial cells, their requirements for growth, and their pathogenicity (ability to cause disease).


Bacterial cells usually fall into one of three categories based on their shape:

cocci (spherical/round),
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bacilli (rods),
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or spirochetes (spirals or comma-shaped).  



Some bacteria may be a cross between two cell types (for example, coccobacilli), and others do not fall into any of these categories.  Only the first three types of bacteria will be discussed in this lesson.


The shape of bacterial cells is maintained by the cell wall.   Some bacteria have a capsule in addition to a cell wall.  The capsule is an outer covering that plays a role in the pathogenicity of bacterial cells.  How?  In some species, the capsule is sticky which helps the bacteria to stick in place and become established.  The capsule is also resistant to digestion by white blood cells, so allows the bacterial cell to withstand an attack by the immune system.
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Some bacterial cells have the ability to form spores in response to adverse conditions (heat, freezing temperatures, lack of moisture and nutrients, etc.).  

[image: image5.png]



Bacterial spores.

If confronted with these conditions, the bacterial cell may enclose itself in several layers of protein coating and become dormant.  They can remain in this state and survive adverse conditions for years. If conditions again become favorable for their growth (available nutrients, moisture, and the right temperature), they may start to grow again.

Spores may get mixed up with common dust and float around our houses and operating rooms (O.R.).  That is why it is important to damp-dust the operating room before the first procedure of the day - to get rid of any spore-containing dust that may have settled on the furniture overnight. If we didn’t damp-dust, air currents caused from people walking around the O.R. could cause dust particles and spores to become airborne.  These spores could settle into someone’s surgical wound where conditions for their growth are favorable.  Possible result - a post-operative wound infection!


In the previous paragraphs, we have mentioned favorable conditions for growth of bacteria. What are these conditions?  First of all, bacteria need moisture and certain nutrients, such as nitrogen, sulfur, hydrogen, vitamins, organic substances, etc., to grow.  Different bacteria need different nutrients.  That is why different bacteria grow only in certain places under certain conditions.  


Bacteria also have specific oxygen requirements.  Bacteria that need oxygen to survive are called aerobes.  Bacteria that grow in the absence of oxygen are called anaerobes.  There are two categories of anaerobic bacteria: facultative anaerobes, meaning they are able to grow without oxygen but may also grow in the presence of oxygen; or obligate anaerobes, meaning they will not survive in the presence of oxygen.  These terms (aerobic and anaerobic) will come up again later in the module when we discuss detection and diagnosis of infection.


In addition to moisture, nutrients, and oxygen, bacteria have specific temperature and pH requirements.  


Bacteria are divided into three categories depending on their temperature preference. They do best in the middle of the stated range; they slow their growth or stop growing at the lower limit; and may be destroyed if temperatures rise above the upper limit.  


Psychrophiles are bacteria that grow at cool or cold temperatures (30-68 F); those that do best at moderate temperatures (body temperature, for example - 68-104 F) are called mesophiles; and those that can grow at high temperatures (above 113 F) are called thermophiles.  Most of the bacteria that are pathogenic for humans are mesophiles, so can usually be destroyed by heat (steam sterilization, boiling, etc.).  That is important for us in the O.R. since we often rely on steam and heat for sterilization.


The last requirement that will be discussed is pH.  Most microorganisms prefer a neutral pH (around 7), but some may live in the acidic environment in the stomach, and others live in the alkaline environment in the intestines.


What makes some bacteria pathogenic?  Some, as mentioned earlier, have sticky capsules that allow them to stick to tissues, get established, and resist digestion by white blood cells.  Others have substances, called endotoxins, in their cell walls that make them harmful.  If these bacteria get into the blood stream, the cells of the immune system attack and destroy them, causing the endotoxins in the cell walls to be released.  The presence of these endotoxins can cause fever, shock, and even death in severe cases.  Examples of diseases/conditions that may result due to the presence of  endotoxins are meningiococcemia, Gram negative septicemia, endotoxic shock, and disseminated intravascular coagulation (DIC - altered blood coagulation). 


Some bacteria secrete substances that cause harm to tissues.  These substances fall into two types: enzymes and exotoxins.


Bacteria use enzymes to help them get into or spread throughout the body.  For example, one type of enzyme dissolves clots in wounds and gives the organism an opening into the body.  Other enzymes break down collagen or connective tissue and allow the bacteria to spread throughout the body.  Examples of enzyme-secreting bacteria are staphylococci, streptococci, and anaerobic clostridia (several clostridia species cause gas gangrene).


Exotoxins, or toxins that are secreted by some bacteria, are often classified according to the organ that they target - for example neurotoxins affect the nervous system; nephrotoxins affect the kidneys; and enterotoxins affect the vomiting center of the brain and the fluid transport ability of the GI tract.  Diseases that are a result of exotoxins include botulism, diphtheria, tetanus, toxic shock, and cholera.


This section has covered bacterial cells.  The next section will cover viruses.  Be sure to complete the questions/exercises at the end of this section before moving on to the next section.

Exercises for Section Two
Answer the following questions as indicated (fill in the blanks, short answer, true and false):
1.
Name the three main bacterial shapes:


__________________
__________________
_________________

2.
Bacterial cell shape is maintained by the ________ ________.

3.
The capsule may play a role in the pathogenicity of a 
microorganism.  How?


____________________________________________________________


____________________________________________________________

4.
T
F
We don’t have to worry about spores in the OR.

5.
Bacteria that need oxygen to survive are called ____________


bacteria.

6.
Bacteria that do not need oxygen to survive are called 
__________________ bacteria.

7.
What are the two types of anaerobic bacteria?


_______________________
__________________________

8.
Most human pathogens are _________________________ meaning 
that they do best at around body temperature.

9.
Spores are ________________________________________________


___________________________________________________________.

10.
What are three diseases/conditions that may result due to 
the presence of bacterial toxins (endotoxins or exotoxins)?


___________________
___________________
____________________

C.
Viruses.


Condition:  Given the appropriate information


Action:  Identify the different categories of viruses


Standard:  IAW Alxander’s.


This section will discuss the category of microorganisms called viruses.  Viruses are quite different from most microorganisms, including the bacterial cells that were discussed in the last section.  They are very small, simple particles and are not classified as living cells.  


Living cells are complex machines.  They may have many components: cell walls to maintain their shape and provide protection; cell membranes to control what moves into and out of the cell; nuclei that contain the nuclear material (DNA and RNA) and control the functions of the cell; mitochondria to produce energy; flagella to move around; structures to synthesize proteins and excrete wastes; etc.  Viruses, in contrast, consist of only a few components - a protein core that contains nuclear material (either DNA or RNA; not both) surrounded by a protein coat known as a capsid.  They may also be surrounded by a protective envelope and have a tail.  They have no structures to produce their own energy; they depend on the cells that they invade for energy to live and multiply.
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Viruses can get into living cells in two ways.  Some virus particles attach to the surface of cells and inject their DNA or RNA into the cell (picture a mosquito landing on your arm and piercing your skin).
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The virus attaches to a cell (top picture) and then injects it’s DNA or RNA into the cell (bottom picture).

Viruses may also get into cells by phagocytosis.  Living cells use the process of phagocytosis to engulf and get rid of foreign particles (bacteria, cell debris, dust, etc.) by digesting them.  When viruses are phagocytized, only the outer protein coat is digested.  Once the coat is digested, the viral DNA or RNA is released into the cell.  The cell is now infected with the virus.  


The viral genetic material that is in the cell may be dormant for a period of time or may “take over” the cell and begin to produce more virus particles.  An example of this is the herpes simplex virus that causes “cold sores”.  The virus is always present in the cells once a person is infected, but it is not always in an active state.  If it is triggered (heat, ultraviolet light, and certain chemicals may act as triggers), it may become active and begin to multiply.  After many new viruses are produced, the host cell may burst, releasing the virus particles to infect other cells.  The result is a cold sore.  Fortunately, the immune system is usually able to fight back and the virus will return to the dormant state.    
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Virus particles “take over” the cell in response to a trigger and  begin replication.
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After may replicas of the virus are made, the host cell may burs

and release the virus into the body.  It is now able to infect other cells.


Examples of diseases that are caused by viral infections include: smallpox, chickenpox, shingles, warts, the common cold, hepatitis, mumps, polio, influenza (the “flu”), measles, AIDS, mononucleosis, croup, yellow fever, and rabies.  This is only a small list - viruses cause many diseases.


Research indicates that some human cancers, such as cervical cancer and some leukemias, may be associated with viral infections.  The theory is that viruses may infect the cells, change the genetic structure, and cause the cells to multiply in an uncontrolled manner, producing the cancer.  


This section has provided a general overview of viruses.  Answer the questions on the next page and then move on to the next section to learn about fungi.

Exercises for Section Three
Answer the following questions as indicated (fill in the blank, short answer, or true and false):
1.
T
F
Viruses are complex living cells.

2.
The outer protein coat around a virus is called a 
________________.

3.
What are the two ways that a virus can get into a cell?


______________________________________________________


______________________________________________________

4.
What is the purpose of phagocytosis?


_______________________________________________________


_______________________________________________________


_______________________________________________________

5.
Name six diseases that are caused by viruses.


_________________________
__________________________


_________________________
__________________________


_________________________
__________________________

D.
Fungi.


Condition:  Given the appropriate information


Action:  Identify the 3rd category of bacteria fungi


Standard:  IAW Microbiology for the Health Sciences.


In the beginning of this module, we stated that we would be discussing the three categories of microorganisms that we were concerned with in the Operating Room - bacteria, viruses, and fungi.  Bacteria were covered in Section 2 and viruses were discussed in Section 3.  In this section we will discuss the last category of microorganisms - the fungi.
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Bacteria and viruses are invisible to the naked eye, but everyone has seen a sample of a fungus (pleural is fungi)- mushrooms, mold on bread, that mysterious fuzz that covers food that was left in the refrigerator after the Christmas party, etc.  Fungi are divided into two categories - molds and yeasts.


Molds are beneficial to humans in most instances.  As fungi, they break down decaying organic material and return nutrients to the soil, a very important process for farming and food production. Molds are responsible for the distinctive flavors of bleu and limburger cheeses.  They also have other commercial uses, including something very important for medicine - antibiotic production (penicillin is derived from the Penicillium mold).  

Harmful molds can destroy crops (for example potato blight and mold on grain or corn) and may be toxic for humans who eat the crops (for example, Aspergillus mold on peanuts or ergot on wheat).  

Yeasts, like molds, are also normally beneficial. They are used in the fermentation of wine and beer and in bread making.


Even though molds and yeasts are normally beneficial, they may be pathogenic for humans. Some fungi are opportunistic - they live on the skin and mucous membranes without harm until something occurs which changes the body’s normal microbiological balance.  For example, antibiotics may reduce the number of resident bacteria in/on the body.  A reduced number of bacteria provides the opportunity for fungi to flourish, and a fungal infection, such as oral thrush or vaginal candidiasis, may result.  Fungi are also responsible for athlete’s foot, ringworm (not a worm at all!), and fungal infections of fingernails, toenails, or hair.  


Molds and yeasts are present in the environment and can enter the body in two ways: they can enter the body through cuts or wounds, or they may be inhaled into the lungs.  For example, bird or bat feces may contain types of fungi that are pathogenic to humans.  As the feces dries, the fungal spores are released and get mixed with dust.  Wind and air currents cause the dust and spores to be blown around, making it possible for them to be inhaled by people.  These inhaled fungi may lead to lung diseases such as histoplasmosis and blastomycosis.  These diseases may also be spread to other parts of the body besides the lungs.
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Molds and yeasts have recently received more attention as human pathogens because of the increased numbers of people who have weakened immune systems due to disease (such as AIDS or cancer) or due to disease treatment (such as chemotherapy or immunosuppression after organ transplantation).  For people with suppressed immune systems, even fungi that have never been known to cause human disease before - like plain old bread mold - may be harmful.


How are you doing so far?  You are two-thirds of the way finished!  Keep up the good work!  Answer the questions on the following page and then move on to Section Five.

Section Four Exercises
Answer the following questions as indicated (fill in the blank, short answer, or true and false):



1.
T
F 
Most molds and yeasts are beneficial to man.

2.
Name at least one commercial use for molds or yeasts.


________________________________________________________


________________________________________________________

3.
Some fungi are ____________________________, meaning that 
they may become pathogens if the conditions are right.

4.
Molds and yeasts are present in our environment.  How can 
they get into the body?


_________________________
___________________________

5.
Molds and yeasts are gaining increased attention as human 
pathogens.  Why?


_________________________________________________________


_________________________________________________________

E.
Cause of Infection.


Condition:  Given the appropriate information


Action:  Identify how pathogens are prevented, spread, and 
     detected


Standard:  IAW Microbiology for the Health Sciences.


In previous sections you have learned about the categories of microorganisms.  In this section you will read about how an infection is caused by these microorganisms, how pathogens are spread, how the spread may be prevented, and how microorganisms are detected.


As was mentioned earlier, infections occur only if certain conditions are met.  First, the microorganisms must be able to get through the body’s barriers and defenses - skin, mucous membranes, tears, etc. - and into the body.  After that, they must be able to get established in a place with appropriate moisture, nutrients, and temperature.  Finally, they must be able to survive an attack by the immune system.  If all these conditions are met, an infection may occur.        


Where do the microorganisms that cause disease come from?  Sources of pathogenic microorganisms are called reservoirs.  A reservoir is anything - person, animal, or object - that the pathogen can survive on or in until it gets the opportunity to get into a host.  

Humans are major reservoirs of human disease pathogens. Humans who harbor pathogens but do not have the disease are known as carriers.  As carriers, they may contribute to the spread of diseases such as staphylococcal infections, hepatitis, meningitis, etc. 
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Other reservoirs are animals (living or dead, their meat, or their bite); fleas, mosquitoes, flies, ticks, etc.; and inanimate objects such as counter tops, surgical instruments, or respiratory therapy devices. 
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Pathogens may be transmitted in a number of ways: 

direct person-to-person contact - hand-shaking, patient care activities in the hospital. 

direct mucous membrane-to-mucous membrane contact - kissing, sexual intercourse.

indirect contact - inhalation of droplets or dust in the air, eating contaminated food, drinking contaminated water.

parenterally - by needlesticks (a risk for workers in the O.R.), kidney dialysis, or blood transfusions.  


Prevention of disease is vital for everyone who works in the hospital.  We are especially concerned with disease prevention in the operating room.  Surgical incisions go through the body’s main barrier - the skin - and provide large portals of entry for microorganisms to enter the body.  We must work to reduce the number of microorganisms that are present in the OR environment to reduce the chance of surgical wound infections.  Reduction of microorganisms is done in many ways.  Methods of infection control will only be mentioned here; you will have classes on the methods later in the course.


Operating room sanitation - O.R.s are cleaned in specific ways at specific times using disinfectants that are known to kill or control the microorganisms that are known to be present in the O.R..   


O.R. environmental control - Operating room design; traffic patterns; climate control (heat, air conditioning, humidity controls); air exchanges; etc.  


Preparation of supplies, instruments, and equipment - Includes proper cleaning and decontamination; proper assembly and packaging; high level disinfection or sterilization as appropriate for the item; proper storage methods; proper transportation method to the OR.


Preparation of the patient - Awareness of overall health status; preoperative showers using antiseptic soap; bowel preparation; surgical skin preparation; use of sterile draping materials; preoperative antibiotics as appropriate; etc.


Preparation of operating room staff - Good personal hygiene; minimal use of jewelry or nail polish; awareness of health; proper wear of OR attire; frequent hand-washing; proper surgical hand and arm scrubs; use of sterile gowns and gloves; use of Universal Precautions; control of traffic and talking; etc.


After the procedure - Proper care of waste products (trash, linen, contaminated wastes, liquid wastes, sharps, etc.); proper cleaning and terminal sterilization of instruments; proper cleaning of the O.R.


After all these procedures and techniques, how do we know that we are controlling the microorganisms?  How do we know that we are doing a good job?


First of all, if few or no post-operative wound infections are occurring in the hospital, that is a good sign.  Keep up the good work!  If infections are occurring, the infection control committee will probably look at several factors.


What is the patient population?  Does your facility do mainly elective, fairly minor surgical procedures (breast biopsies, hernia repairs, etc.) or does it do a lot of long, complicated procedures and trauma?  A high infection rate in a facility that does mostly minor procedures is a major problem.


Are all the members of the team practicing good aseptic technique or are they being careless?  (How is your surgical conscience?) 


$$ - Are personnel washing their hands? - $$  The dollar signs ($$) mean that a lot of money could be saved if everyone in health care simply washed their hands properly.  Hand-washing is the number one method of infection control.   


Are sterilizers maintained and are quality control checks done on a regular basis?


Are sterile supplies stored properly?


Is the appropriate disinfectant being used and is it being used properly?


These are just a few of the questions that may be asked.


Prevention of infection in ourselves and in our patients is extremely important.  Do not fail to take advantage of methods to protect yourselves in the O.R. (double-gloving, wearing goggles, hands-free technique for passing sharps, etc.).  And for the patient, work to develop a very good surgical conscience.  


Turn to the next page and complete the exercises.  You are almost finished!

Section five Exercises
Answer the following questions as indicated:

1.
There are three conditions that must be met before an 
infection can occur.  What are they?


1.
_______________________________________________________


2.
_______________________________________________________


3.
_______________________________________________________

2.
Humans who harbor pathogens but do not have the disease are 
known as _____________________.

3.
Pathogens may be transmitted in a number of ways.  What is one way that O.R. personnel can get pathogens from a patient?


____________________________________________________________

4.
Discuss three procedures or practices that we use in the O.R.
to reduce the microorganisms in the environment.


1.
_______________________________________________________


____________________________________________________________


____________________________________________________________
2.
_______________________________________________________


____________________________________________________________


____________________________________________________________


3.
_______________________________________________________


____________________________________________________________


____________________________________________________________

5.
You are the NCOIC of an O.R.  If you find out that the 
infection rate is high in your O.R., what are some questions 
that you may ask yourself or someone may ask you?


1.
_______________________________________________________


____________________________________________________________


2.
_______________________________________________________


____________________________________________________________


3.
_______________________________________________________


____________________________________________________________

F.
Treatment of Infection.


Condition:  Given the appropriate information


Action:  Discuss the detection and treatment of infection


Standard:  IAW Microbiology for the Health Sciences.


This section will discuss detection and treatment of infections.  The information will be very general; if you would like to know more, there are good references available.


Patients who have wound infections may have several signs or symptoms - fever, pain, redness and swelling at the site, presence of discharge, poor healing, etc.  Some infections are obvious, some are only suspected.


If a surgeon suspects that a patient has an infection, they may request a laboratory test called a culture (there are other possible tests, but the culture is the most common and will be the only one discussed in this lesson).  Cultures are done mainly to detect infections by bacteria.  Surgeons will frequently  request two different cultures - one to look for aerobic bacteria and one to look for anaerobic bacteria.

To do a culture, the surgeon takes samples of tissue or fluid from the suspected area of infection.  The samples are placed into appropriate containers and sent to the lab to be processed.  It is very important to use sterile technique when taking a culture!  Accidental contamination from someone’s hands or from an unsterile container may lead to a misdiagnosis.  

As mentioned in the previous paragraph, culture specimens must be placed into the correct containers.  Aerobic cultures may be sent to the lab in three ways: in sterile syringes (without needles!), in sterile specimen cups, or in special culture swabs that contain a preservative.  Anaerobic cultures must be placed in special containers.  These containers are usually filled with a gel and are designed so that oxygen is eliminated from the container when it is closed.  


Once the specimen is collected and placed into the proper container, it is transported to the laboratory for processing.  The first test done on the specimen is a Gram Stain.  For this test, a bit of the sample is smeared onto a microscope slide, dyed with a primary stain (purple), rinsed, stained with a counter-stain (red), rinsed again, dried, and then viewed with a microscope.  Some bacteria, based on the makeup of their cell walls, will absorb some of the primary (purple) stain into their cell walls.  These bacteria are referred to as Gram-positive.  Bacteria that retain the counter-stain (red) in their cell walls are called Gram-negative.  

If bacteria are present on the slide, the result of the Gram-stain (positive or negative) may be used, along with the shape of the bacteria (single cocci; cocci in pairs, chains, or clusters; single rods; rods in chains; spirochetes; etc.), to make a general diagnosis.  For example, if the lab worker observes that bacteria are present, and that they are rod-shaped and are stained red, the report would state that there are Gram-negative rods present in the specimen. 

Remember: A Gram Stain does not produce a specific diagnosis (name a specific organism); it is used only to help narrow the possibilities.  Using the above example of a Gram-negative rod, which bacteria listed on the table below could be eliminated from the general diagnosis?

	Bacterium
	Diseases it causes
	Shape
	Gram-stain

	Bacillus anthracis
	Anthrax
	Rod
	+

	Clostridium botulinum
	Botulism
	Rod
	+

	Clostridium perfringens
	Gas gangrene
	Rod
	+

	Clostridium tetani
	Tetanus
	Rod
	+

	Escherichia coli
	Urinary infections
	Rod
	-

	Haemophilus influenzae
	Meningitis; pneumonia
	Rod
	-

	Mycobacterium tuberculosis
	Tuberculosis
	Rod
	+/-

	Neisseria gonorrhoeae
	Gonorrhea
	Cocci in pairs
	-

	Pseudomonas aeruginosa
	Respiratory and urinary infections
	Rod
	-

	Rickettsia rickettsii
	Rocky Mountain spotted fever
	Rod
	-

	Shigella species
	bacillary dysentery
	Rod
	-

	Staphylococcus aureus
	Boils; pneumonia; speticemia
	Cocci in clusters
	+

	Streptococcus pyogenes
	Strep throat; scarlet fever; rheumatic fever; septicemia
	Cocci in chains
	+

	Treponema pallidum
	Syphilis
	Spirochete
	-

	Vibrio cholerae
	Cholera
	Curved rod
	-

	Yersinia pestis
	Phague
	Rod
	-

	Salmonella species
	Gastroenteritis
	Rod
	-


If necessary, the physician could begin antibiotic therapy using a drug that is known to be effective against the general bacterial type detected on the Gram stain (i.e. Gram-negative rods).  But to chose the best treatment for the infection, a culture is necessary.  


For a culture, samples of the specimen are streaked onto culture plates or injected into vials containing culture media.  More than one type of media will be used to increase the likelihood that the microorganism will grow.  If the organism does not grow, it cannot be identified!  If the lab worker used only one type of media and no microorganisms grew, would that indicate that there were no microorganisms present in the sample?  Or would it indicate that the microorganisms that were present in the sample died because they did not have the nutrients that they required for growth? 


After the culture is prepared, it is placed into an incubator where it is maintained at body temperature (37 C) for two or more days.  The culture will be checked periodically (at 24 hours, 48 hours, etc.) to see if any bacterial colonies are forming.  Cultures must be checked more than once because bacteria grow at different rates - some types will reproduce and form colonies quickly, and others may take several days to produce visible growth.

NOTE: If you are the person filling out the paperwork to request 
      a culture, do not order a “STAT” culture!  Cultures must 
      grow for at least 24 hours before they are even checked for 
      growth, so they cannot be done “STAT”.  

Final bacterial identification is based on many observations - what the growth on the culture media looks like (the color, consistency, shape of colony, whether is has an odor, whether it is shiny or dull, etc.), which type of media it grew on best, and what the microorganisms look like when observed with a microscope.


When cultures are done in the O.R., surgeons will often request a culture and sensitivity (C&S) instead of just a culture.  They want to know what the microorganism is, but they also want to know what will kill it.  To determine sensitivity, the lab worker places an assortment of small antibiotic-impregnated paper discs onto culture plates with microorganisms growing on them.  The disks are about the size of a pencil eraser and each one contains a different antibiotic.  The culture plates are returned to the incubator for another 24-48 hours, and then checked again.  If clusters of the microorganism are growing close to the antibiotic disc, the microorganism is not sensitive to that antibiotic.  If there is a ring of no growth around the disc, then the antibiotic is preventing growth of the microorganism and could be used to treat the infection in the patient.    
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It is essential to use antibiotics properly and wisely!  Improper use of antibiotics, such as failing to take all of the antibiotics that are prescribed for an infection, or by using antibiotics when they are not necessary or appropriate (for example, to treat a viral infection), has contributed to the appearance of antibiotic-resistant microorganisms (organisms that are not sensitive to antibiotics).  Antibiotic-resistant microorganisms are a major concern in the operating room and in the hospital in general.


Turn to the next page and complete the exercises.

Exercises for Section Six
Answer the following questions as indicated:

1.
Name three signs or symptoms that a patient may have a wound 
infection.


1.
___________________________________________________


2.
___________________________________________________


3.
___________________________________________________

2.
What is the main method used in the O.R. to detect infections?


________________________________________________________

3.
List three acceptable containers for aerobic cultures.


1.
_________________________________________


2.
_________________________________________


3.
_________________________________________

4.  In what type of container should anaerobic cultures be sent? 

_________________________________________________________

5.  Does a Gram Stain produce a specific diagnosis or a 

general diagnosis? ______________________________________

6.
Why would a surgeon order a sensitivity test as well as a 
culture?


____________________________________________________________


____________________________________________________________
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