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MICROBIAL PATHOGENESIS

General Rules

The microorganisms used for instruction in this course are pathogenic for humans or animals.  The safety of every student depends upon the conscientious observation of rules that must be followed by all who work in the laboratory.  Certain precautions must be followed to avoid endangering  well being, that of  neighbors and those who clean the laboratory.  Any student who is in doubt about how to handle infectious material should consult an instructor.  The following rules must be observed at all times.

 1.
Always wear a laboratory coat when working in the laboratory classroom.

 2.
Put nothing in  mouth which may have come in contact with infectious material.

 3.
Smoking, eating and drinking in the laboratory are not permitted at any time.

 4.
Mouth pipetting is not permitted under any circumstances.  Use the safety pipetting devices which are provided.  Dispose of used pipettes in the appropriate receptacle.  Any infectious material which may accidentally fall from pipettes to the laboratory bench or floor should be covered with a disinfectant and reported to any instructor immediately.

 5.
Any spilled or broken containers of culture material should be thoroughly wet down with a disinfectant and then brought to the attention of an instructor.  There are no penalties for accidents, provided they are reported promptly.

 6.
Report at once an accident which may lead to a laboratory infection.

 7.
The microscope issued to you is both an expensive and delicate instrument--treat it accordingly.  Always, at the end of each laboratory period, carefully clean oil from the objective and condenser lenses, align the low power dry objective with the condenser and rack condenser up and body tube down.  You will be held personally responsible for any defect found on  microscope when it is recalled at the semester's end.

 8.
When finished for the day, dispose of all used glassware and cultures in the appropriate receptacle, clear  workbench and wash the top with a disinfectant.  Wash  hands thoroughly with soap and water before leaving the laboratory.

 9.
Do not throw refuse of any kind into the sink.  Use the containers provided.

10.
Be sure all burners are turned off at the end of the laboratory period.  Double check to be sure that handles on all gas outlets are in the off position.

General Rules (cont.)
11.
The inoculating needle should be heated until red hot before and after use.  Always flame  needle before you lay it down.

12.
Always place culture tubes of broth or slants in an upright position in a rack.  Do not lay them down on the table or lean them on other objects.  They may roll onto the floor and break.


All culture containers which are to be incubated should bear the following notations:  1) initials (or last name of the student), 2) specimen (name of organism or number of unknown) and 3) date.  When using Petri plates, these notations should be entered on the bottom half, not the lid.  Unless otherwise directed, all plates are to be inverted, all plugged tubes should have the plugs firmly set into the tubes, and all screw cap tubes should have the caps loosened one-half turn to permit gas exchange.

13.
Laboratory attendance is mandatory.  There will be no way to make up missed work.

((((((((((((((
INTRODUCTORY INFORMATION

NOTES ON ASEPTIC TECHNIQUES

You will be working with many pathogenic species of bacteria in the laboratory.  Therefore, you must learn to use careful aseptic technique at all times, both to protect self, and  classmates, and to avoid contaminating  cultures.


Remember that bacteria are in the air as well as on  skin, the counter, and all objects and equipment that have not been sterilized.


The most important tool for transferring cultures is the wire inoculating needle or loop.  It can be quickly sterilized by heating it to red hot in a bunsen burner flame.  Adjust the air inlets of the burner so that there is a hotter inner cone  and the outer, cooler flame.  A dry needle may be sterilized by holding it at a 30o angle in the outer part of the flame.  A wet loop with bacteria on it should first be held in the inner part of the flame to avoid spattering, and then heated until red hot in the outer part of the flame.  Always flame the loop immediately before and after use!  Allow it to cool before picking up an inoculum of bacteria.  If the loop spatters in the agar or broth, it is too hot.  Hold the loop or wire handle like a pencil.

HANDLING TUBES OF BROTH OR AGAR MEDIA


Never lay tubes down on the counter.  Always stand tubes in a rack.  If you are right-handed, pick the tube up with  left hand, and remove the plug or cap with the little finger of  right hand, leaving the thumb and other fingers free to hold the inoculating loop or pipette.  Do NOT lay the plug down, or touch anything with it.  Holding the tube at about a 45o angle, pass the open end of the tube through the bunsen burner flame, remove the growth required with the loop or pipette, flame the lip of the tube again, and replace the plug which you are still holding in the crook of the little finger of  right hand.


Dispose of all old cultures in the proper containers.  (See General Rules).  Agar plates should not be left in the incubator for more than two days, or they will dry up.  When you must save them for a few days, store them in the cold room (see Lab Coordinator).  Do not leave old cultures lying about the room.

HANDLING AGAR PLATES


Do not remove the lid unnecessarily or for prolonged periods of time.  Do not lay the lid down on the counter or put the bottom of the Petri dish into the inverted lid.  While inoculating the agar plate, you may either:

           1.
Set the covered plate upside down on the counter.  When you are ready to inoculate it with the loop, lift the bottom half (with the media in it), and hold it up vertically for a moment while streaking it.  Replace it into the lid while re-flaming the loop.  Lift bottom again to continue streaking, etc. 

Or

            2.
Set the plate right side up on the counter.  Lift the lid slightly ajar and hold it at an angle, while you are streaking the plate.  While this prevents contaminated dust from falling on  plate, it may be difficult to see what you are doing.

Note:  Method No. 1 is recommended for examining a plate which has been incubated in an inverted position.  Otherwise, water may condense on the lid and drip down onto the medium, causing the colonies to coalesce.

HANDLING STERILE PIPETTES


Remove the sterile pipette carefully from its container (can or paper) when you are ready to use it.  Do not put it down.  Hold the upper third of the pipette in  right hand, and insert into pipetting device, which is used to control the flow of liquid to be measured.


The top of the pipette must not be chipped, or wet, or it will be hard to control.  Leave the little finger free to remove and hold cotton plugs, etc.  Contaminated pipettes must be placed in a container of disinfectant solution (lysol), and should be submerged.

STREAKING TECHNIQUE


Bacteria in natural circumstances are almost always found as mixtures of many species.  For most purposes, it is necessary to isolate the various organisms in pure culture before they can be identified and studied.  The most important technique for this purpose is "streaking out" on the surface of a solid nutrient medium, the principle being that a single organism, physically separated from others on the surface of the medium, will multiply and give rise to a localized colony of descendants.  It is extremely important that you master this technique:

1.
Sterilize a wire loop by heating it until red hot in a flame; allow it to cool for

   
several seconds.  Test for coolness by touching the agar at the edge of the plate.

 
2.
Pick up a loopful of liquid inoculum or bacterial growth from the surface of an

 
agar plate and, starting about one inch in from the edge of the plate, streak lightly back and forth with the loop flat, making close, parallel streaks back to the edge of the plate. 

 
3.
Sterilize the loop and cool again, then with the edge of the loop, lightly make

 
another set of nearly parallel streaks about 1/8 inch apart, in one direction only, from the inoculated area to one side of the uninoculated area, so that about 1/2 the plate is now covered.  

 
4.
Flame and cool the loop again, and make another set of streaks in one direction,

 

perpendicular to and crossing the second set of streaks, but avoiding the first set.  

Note:  A culture taken with a cotton swab (e.g., throat swab) can be rolled and rubbed back and forth across the plate.  Streaking from this area is then continued with a wire loop, as above.  Alternatively, material from the swab can be suspended in 1 ml of sterile broth, which is then cultured as above.  To sample a dry surface (skin, dish, table, etc.), moisten a swab with sterile broth, and then use it to rub the surface.  Solid material (soil, food, etc.) should be suspended in a small amount of sterile broth or peptone water, which is then streaked out; or, a dilution series may be made for an accurate count, as in food and water testing.

TYPES OF MEDIA COMMONLY USED IN THE LABORATORY


The media used in the laboratory have to be chosen to suit the nutritional requirements of the species of organism to be grown.  Isolation from a mixture can sometimes be facilitated by the use of media designed for a special purpose.


Nutrient Agar:  contains 0.5% gelysate peptone, 0.3% beef extract, and 1.5% agar, and will support the growth of many organisms which are not nutritionally fastidious (e.g., staphylococci, and enterics).  (Note:  Agar is a substance which melts at 100o C and solidifies at about 42o C; it has no nutritional benefits, but is only a stabilizer to allow for solidification of the medium.)


Trypticase Soy Agar (TSA):  contains 1.5% trypticase peptone, 0.5% phytone peptones, 0.5% NaCl, 1.5% agar and supports the growth of many of the more fastidious organisms:  e.g. streptococci, and some members of the genera Neisseria, Brucella, Corynebacterium, Listeria, Pasteurella, Vibrio, Erysipelothrix, etc.


Mueller Hinton Agar:   a rich medium consisting of 30% beef infusion, 1.75% acidicase peptone, 0.15% starch and 1.7% agar that supports the growth of most microorganisms.  It is commonly used for antibiotic susceptibility testing.


Blood Agar (BAP):  consists of a base such as TSA enriched with 5% defibrinated sheep blood.  This is the most commonly used medium, and supports the growth of most of the usual fastidious organisms as well as all the less fastidious organisms (e.g., coliforms).  It also permits the study of various types of hemolysis.


Chocolate Agar:  consists of TSA enriched with 5%  defibrinated sheep blood heated to 56o C.  This releases growth factors which are required for the growth of most species of Haemophilus and also Neisseria gonorrhoeae; these organisms must be incubated in 10% CO2.  Note that all of the previously mentioned organisms will grow luxuriously on "Chocolate agar" as well as the other media described above.


Nitrate Broth:  Some bacteria (e.g., Pseudomonas aeruginosa) have respiratory enzyme systems that can use nitrate as a terminal electron acceptor.  The product of the reaction is nitrite.  Some of the organisms that reduce nitrate to nitrite will then reduce the nitrite further.  In the scheme below, first test for nitrite by a colorimetric test.  If this test is negative, it can mean either that nitrite was not reduced, or that it was reduced beyond the nitrite stage.  This can be resolved by the addition of zinc dust; if nitrate is still present, the zinc will reduce it chemically to nitrite, which will then by revealed by the colorimetric reaction.

Procedure:  To the nitrate broth, after 48 hours of incubation, add 0.2 ml of acid reagent 

(Solution A), a mixture of acetic acid and sulfanilic acid, and then 0.2 ml of dimethyl-

alpha-napthylamine reagent (Solution B).  If nitrite is present you will get a red color: 

TYPES OF MEDIA COMMONLY USED IN THE LABORATORY (cont.)
this is a positive test for nitrate reduction.  If there is no color, pick up some zinc dust on 

the end of an applicator stick, and add it to the tube. ZINC DUST SUSPENDED IN AIR

CAN BE EXPLOSIVE; KEEP AWAY FROM FLAMES!  If you get a red color at this

stage, what can you conclude?  What if no color is obtained?


Selective Media:  In the broadest sense, all media are selective, in that there is no universal medium on which all species of bacteria can grow.  This term, however, is generally restricted to situations where an ingredient is added which allows the growth of a particular organism, while inhibiting to a considerable extent the growth of other organisms which might be found in the same environment.  Inhibitors such as dyes in low concentration, bile salts, high NaCl concentration and other substances such as phenylethyl alcohol are often used.  Examples include PEA agar (phenylethyl alcohol) which inhibits the growth of gram-negative enteric bacilli and facilitates the isolation of gram-positive organisms such as staphylococci in aerobic cultures.  In anaerobic culture, it is additionally selective for certain gram-negative anaerobic bacilli such as Bacteroides spp..  MacConkey agar, containing bile salts and dyes, inhibits gram-positive organisms and Thayer-Martin agar, containing small quantities of the antimicrobial agents vancomycin, colistin, and nystatin, inhibits the common microbiota of the genital area, while selecting for Neisseria spp.

Differential Media:  These are media in which some metabolic activity of an organism can be detected by inspection of the growth of the organism on the medium.  This is often accomplished by observing changes in the color of a pH indicator.  Examples include Triple Sugar Iron agar, Simmon’s citrate agar, urea agar, carbohydrate broth tubes, amino acid decarboxylase or dihydrolase tubes, MIO medium (for motility, indole, and ornithine decarboxylase), and MacConkey agar.  

Note:  Some media can be both selective and differential.

DESCRIPTION OF COMMON pH INDICATORS

 
Bromcresol purple 

Yellow at pH < 5.2;  

Purple at pH > 6.8

 
Bromthymol blue 

Green at acid pH;  

Deep blue at pH > 7.6

 
Neutral red


Red at pH < 6.8;  

Colorless at pH > 6.8
 
Phenol red


Yellow at pH < 6.8;  

Red at pH > 6.8

THE GRAM STAIN


The Gram stain is the most important and universally used staining technique in the bacteriology laboratory.  It is used to distinguish between gram-positive and gram-negative bacteria, which have distinct and consistent differences in their cell walls.  Gram-positive cells may become gram negative through mechanical damage, conversion to protoplasts, or aging, in which autolytic enzymes attack the walls.


In the Gram stain, the cells are first heat fixed and then stained with a basic dye, crystal violet, which is taken up in similar amounts by all bacteria.  The slides are then treated with an I2-KI mixture (mordant) to fix the stain, washed briefly with 95% alcohol (destained), and finally counterstained with a paler dye of different color (safranin).  Gram-positive organisms retain the initial violet stain, while gram-negative organisms are decolorized by the organic solvent and hence show the pink counterstain.  The difference between gram-positive and gram-negative bacteria lies in the ability of the cell wall of the organism to retain the crystal violet.

Technique:  Transfer a loopful of the liquid culture to the surface of a clean glass slide, and spread over a small area.  Two to four cultures may be stained on the same slide, which can be divided into 2-4 sections with vertical red wax pencil lines.  To stain material from a culture growing on solid media, place a loopful of tap water on a slide; using a sterile cool loop transfer a small sample of the colony to the drop, and emulsify.  Allow the film to air dry.  Fix the dried film by passing it briefly through the Bunsen flame two or three times without exposing the dried film directly to the flame.  The slide should not be so hot as to be uncomfortable to the touch.

  
1.
Flood the slide with crystal violet solution for up to one minute.  Wash off briefly

 

with tap water (not over 5 seconds).  Drain.

  
2.
Flood slide with Gram's Iodine solution, and allow to act (as a mordant) for about

 

one minute.  Wash off with tap water.  Drain.

  
3.
Remove excess water from slide and blot, so that alcohol used for decolorization 

 
is not diluted.  Flood slide with 95% alcohol for 10 seconds and wash off with tap water.  (Smears that are excessively thick may require longer decolorization.  This is the most sensitive and variable step of the procedure, and requires experience to know just how much to decolorize).  Drain the slide.

  
4.
Flood slide with safranin solution and allow to counterstain for 30 seconds.  Wash

 

off with tap water. Drain and blot dry with bibulous paper.  Do not rub.

 
5.
All slides of bacteria must be examined under the oil immersion lens.

 
Note:  To remove immersion oil from a slide without damaging the smear, lay a piece of lens tissue on the slide, add a drop or two of xylene and draw the lens tissue across the slide.  Repeat if necessary.

EXERCISE 1:  Review of Microbiology Techniques
((((((((((((((
Objectives:
1.
To provide practice in isolating, in pure culture, single microorganisms 

from a culture.

2.
To review the Gram stain.

3. To provide instruction in microscopy required for observing bacteria on a routine basis.

Cultures:
Staphylococcus aureus


Escherichia coli



ß-hemolytic streptococci


Bacillus subtilis



Corynebacterium xerosis



Mixed culture

Media:
Blood Agar Plates (BAP):  an enriched medium to be used to practice streaking

technique for isolating colonies and to observe differences in colony morphology and hemolysis

Trypticase Soy Agar (TSA):  an enriched medium to be used to practice streaking technique and to observe differences in colony morphology, as well as, for recovery of microorganisms from skin

MacConkey agar:  an inhibitory and differential medium to be used to distinguish lactose-fermenting gram-negative organisms from nonfermenters

· Crystal violet, bile salts and neutral red are inhibitory agents. 

· Neutral red is the pH indicator.

((((((((((((((
SESSION ONE

Gram Staining and Subculturing:

1.1.1.  Streaking agar plates


Broth mixtures of Staphylococcus aureus, Escherichia coli and ß-hemolytic streptococci are provided on the supply table.  Each student should streak this mixture onto each of the following media:

1. BAP

2. TSA

3. MacConkey agar


Use the streaking procedure described in the introductory section.  After you have streaked the plates, invert them and place them in the 37oC incubator designated by  Lab Coordinator.

1.1.2.  Gram stain


Prepare a Gram stain of the bacteria from each culture.  Follow the Gram stain procedure described in the introductory section.  Examine  stained smears with the oil immersion lens of the microscope after first placing a drop of oil on the slide.  With the assistance of  instructor, identify the bacterium in  preparation.


The Microscope
General Rules to Remember While Using the Microscope:

 
1.
Use light from a microscope lamp unless  microscope has internal

 

illumination.

 
2.
Adjust the condensor so that it is flush with, but not above, the stage.

 
3.
Place the specimen to be observed directly over the lens of the condensor.

 
4.
Focus first with low power.  Bring down the objective to its lowest point

 
(without touching the slide) and observe the slide as the objective is raised by rotating the course adjustment knob in a counter-clockwise direction.

1.1.3  Isolation of bacteria from skin


Throughout the semester, you will be asked to isolate various species of bacteria from different parts of  body.  Subsequent biochemical testing will demonstrate the variability seen among the different microbiota.  In this session, you will isolate bacteria from the skin, and demonstrate the effects of washing on normal skin microbiota.


Each student is to make a wax pencil mark on the bottom of a TSA plate that will divide the plate into two equal halves.  Press the fingertips of one hand lightly against the agar on one side of the plate--label "before".  Wash hands thoroughly with ordinary soap and hot running water; dry by waving in the air.  Then lightly press the fingertips on the other half of the plate--label "after".  Incubate at 37oC. 

SESSION TWO

1.2.1.  Gram stain


Each student will prepare gram-stained smears of the mixed culture (S. aureus, E. coli, and ß-hemolytic Streptococcus).  A control mixture of formalin fixed cells of S. aureus and E. coli also is provided.  Gram-positive cocci and gram-negative rods should be apparent in the gram-stained smears of this control mixture, which will be available on the supply table throughout the course.


Follow the Gram stain procedure described in the introductory section.  Examine  stained smears with the oil immersion lens of the microscope after first placing a drop of oil on the slide.  With the assistance of  instructor, identify the bacteria in  preparation.  The streptococci should appear as gram-positive (purple) cocci in pairs and chains.  It is common with this bacterium to observe occasional gram-negative (red) cocci among the chains of gram-positive cells.  These gram-negative cells were probably non-viable members of the population.  S. aureus cells are gram-positive in grape-like clusters, which may also have some gram-negative members.  E. coli cells are gram-negative (red) rods; none of them should appear to be gram-positive.

1.2.2.  Plate observation and Gram stain


Observe the plates you streaked from the mixture; you should have a number of well-isolated colonies, at least two or three millimeters from the nearest neighboring colony.  Since this technique is basic to much of the work to follow, you should master it now; consult with  instructor, and if  isolation is less than satisfactory, streak another BAP with a similar mixture.

1. Examine BAP for hemolysis.  

2. Examine MacConkey plate for lactose-fermenting colonies and/or nonfermenters.

3. Gram stain colonies with different macroscopic characteristics.  

NOTE:  A description of macro- and microscopic observations of these and other bacteria is provided in Table 1 (see Exercise 2). 

1.2.3.  Fingertips isolates

1. Observe the plate and note any differences between the “before” and “after” halves of the plate.  

2. Record and select four well-isolated colonies of distinctive appearance for further study and streak for isolation onto a single TSA plate divided into sections.  Incubate at 37oC.  Be sure to identify clearly each culture on the agar plate.

1.2.4.  Complete the Laboratory Results Worksheet.

EXERCISE 2:  Common Microbiota of the Skin and Respiratory Tract
The variety of organisms living on the skin and mucosal surfaces of the upper respiratory tract is altered by host activities and external conditions.  It thus fluctuates from time to time and from person to person.  Microorganisms to be expected from the common microbiota of healthy individuals include species of Staphylococcus, Streptococcus, Corynebacterium (diphtheroids), Neisseria, and Moraxella.  Some potential pathogens may be present, but the majority of organisms isolated are harmless commensals.

See Flowchart 1 for an overview of basic biochemical tests for differentiating the various genera and species.  Flowcharts A1 and A2 in Appendix A provide a more detailed differentiation scheme.  Table 1 gives additional information on some commonly isolated groups of bacteria from these sites.

((((((((((((((
Objectives:
1.  
To isolate pure cultures of bacteria from various parts of  body in 

order to become acquainted with the "common microbiota" residing there and to practice the isolation of bacteria from collected specimens.  

2. The ability to perform certain biochemical reactions is one of the criteria commonly employed to discriminate between different bacteria.  Another is susceptibility to certain antibiotics (see Exercise #7) .  You will learn how to perform the catalase, oxidase, coagulase and fibrinolysin tests.  Positive controls are to be used in each experiment.

3. To observe and distinguish between types of hemolytic activity.

Cultures:
Staphylococcus aureus 

Staphylococcus epidermidis
Streptococcus pyogenes (Group A)



Moraxella catarrhalis
Finger isolates on TSA from Exercise #1
Media:
Blood Agar (BAP):  to culture skin isolates and to observe colony morphology

 

and hemolysis

((((((((((((((
SESSION ONE

2.1.1.  Skin culture


Subculture the finger isolates from Exercise #1.  Streak the four isolates onto a single BAP divided into sections.  Incubate the plates in an inverted position at 37oC.

2.1.2.  Make a Gram stain of each of the cultures provided and examine microscopically.

2.1.3.  Catalase Test

Catalase is an enzyme found in most bacteria.  It catalyzes the breakdown of hydrogen peroxide to release free oxygen.  You will test Staphyloccus aureus and Streptococcus pyogenes and  fingertips isolates for the presence of this enzyme.

2 H2O2 ---------> 2 H2O + O2

Procedure:  Add one drop of H2O2 to a glass slide with a loopful of growth from each culture to be tested.  The development of an immediate froth of bubbles is indicative of a positive catalase test.  The test is performed on a blood-free medium.

2.1.4.  Oxidase Test

A positive oxidase reaction reflects the ability of a microorganism to oxidize certain aromatic amines, such as tetramethyl-p-phenylene diamine (TPD), producing colored end products.  This is due to the activity of cytochrome oxidase (a.k.a., indophenol oxidase) in the presence of atmospheric oxygen.

One use of the test is for the preliminary identification of Neisseria and Moraxella species, which are both oxidase positive gram-negative diplococci.  You will test cultures of Moraxella catarrhalis and Staphylococcus aureus in addition to  unknown(s) for oxidase activity.


Procedure: Using a sterile wooden stick, remove 2-3 colonies from each culture to be tested and smear on a piece of filter paper.  Add a drop of the spot test (TPD) reagent to each spot.  If the organism has oxidase activity, it will turn purple within 30 seconds. 

2.1.5.  Coagulase Test

The coagulase test is used to differentiate the potentially pathogenic species Staphylococcus aureus from the usually non-pathogenic species Staphylococcus epidermidis.  The presence of coagulase results in the formation of a clot in a tube of citrated platelet-rich plasma (~ >150 x 106 platelets/cc plasma).  The citrate is an anticoagulant that is added to avoid autoclotting.


Procedure:  Perform a coagulase test on Staphylococcus aureus and S. epidermidis taken from slant cultures.  Add a generous loopful of the organism to be tested to a tube of citrated rabbit plasma.  Thoroughly homogenize the inoculum with the loop and incubate the tube at 37o C for one to four hours.  Examine the tube at 30 minute to hourly intervals for the first couple of hours for the presence of a clot by tipping the tube gently on its side.  A test that shows any degree of clotting within 24 hours is considered coagulase positive.

Reincubate the tube until the next session to see if the clot subsequently lyses.  In strains that produce fibrinolysin (see below), the clot will be slowly digested. This illustrates the importance of reading the coagulase results within 24 hours.  Thereafter, the lack of clotting could be a false negative reaction with a coagulase-positive strain.

2.1.6.  Fibrinolysin Test (Optional Demo only)

The fibrinolysin test is used to determine the presence of a fibrinolytic enzyme which can dissolve fibrin clots.  The fibrinolysin (a.k.a., staphylokinase) produced by most strains of Staphylococcus aureus, as well as, the streptokinases produced by virulent group A

-hemolytic Streptococcus (Streptococcus pyogenes) are examples of fibrinolytic enzymes, but are antigenically and enzymatically distinct from each other.  The group C streptococci also produce an antigenically distinct fibrinolytic streptokinase and it is this particular enzyme that has been exploited commercially as the source of a thrombolytic (clot-busting) enzyme for clinical use in humans.

Procedure:  Staphylococcus epidermidis from a plate culture will be tested by  Lab Coordinator to demonstrate the effects of a non-fibrinolysin producer.   Two tubes will be prepared, one without any bacterial inoculum and the other with S. epidermidis.  These tubes will be compared to the results obtained with the S. aureus strain, following prolonged incubation of the coagulase test, which will serve as an example of a positive fibrinolysin producer (see above).

In the first tube, CaCl2 (40 mol/cc plasma) is added to ~0.5cc of platelet-rich plasma    (~ >150 x 106 platelets/cc plasma) to produce a fibrin clot. The second tube is prepared identically, except that a generous loopful of the S. epidermidis strain is resuspended in the CaCl2-treated plasma. Thoroughly homogenize the inoculum with the loop and incubate the tube at 37o C for one to four hours.  Examine the tube at 30 minute to hourly intervals for the first couple of hours for the presence of a clot by tipping the tube gently on its side.  Reincubate the tube until the next session to see if the clot subsequently lyses.  In strains that produce fibrinolysin (see below), the clot will be slowly digested.

SESSION TWO

2.2.1.
Record any changes in the sheep red cells of the BAP (see Exercise #4 for more detail).  Total clearing of the red blood cells is referred to as beta () hemolysis.  Incomplete clearing results in a greenish color, designated alpha () hemolysis.  No clearing is called gamma () hemolysis.  The common streptococci usually produce alpha or gamma hemolysis. In addition, record each colony morphology on the worksheet at the end of this exercise.  At least one of these should be a hemolytic colony suggestive of Staphylococcus aureus.  If you did not isolate such a colony, check with  the Lab Coordinator.

2.2.2.
Make Gram stains of  finger isolate subcultures from the BAP.  

2.2.3.
Coagulase and Fibrinolysin Tests


Observe the tubes and note whether the clots, previously produced by the inoculated organism or by the addition of CaCl2, have been liquefied.

2.2.4.  Complete the Laboratory Results Worksheet (see Flowchart 1, Flowcharts A1 and A2 and Table 1).

INSERT

FLOWCHART 1

INSERT

TABLE 1

INSERT

TABLE 1
 EXERCISE 3:  Family Micrococcaceae
Staphylococcus
Nonmotile gram-positive cocci 

Microscopically cells grown on agar media occur singly, or in pairs and irregular grape-like clusters and cells from clinical specimens occur singly, in pairs or short chains 

Strongly catalase positive

S. aureus is coagulase positive and ferments mannitol; All others are coagulase negative and most are mannitol negative

Facultative anaerobes

Halotolerant (grow in medium containing < 10% NaCl)

Wide temperature range for growth (18oC – 40oC)

Both respiratory and fermentative metabolism

Usually oxidase negative;  Nitrate often reduced to nitrite

Micrococcus
Aerobic cocci in irregular clusters

Catalase positive 

Respiratory metabolism

Oxidase positive

The micrococci are spherical, gram-positive, catalase positive, non-motile organisms which usually occur in clusters.  The principle pathogen in this group, Staphylococcus aureus, produces coagulase and ferments mannitol.  Staphylococcus epidermidis, although morphologically indistinguishable from Staphylococcus aureus, has neither of these properties and is rarely pathogenic.  The staphylococci grow in the presence of 7.5 to 10% NaCl, which is frequently incorporated as a selective constituent in media used for the isolation of these organisms.  Strains of staphylococci vary in pigmentation and susceptibility to antibiotics.

((((((((((((((
Objective:
To differentiate pathogenic from non-pathogenic members of the family 

 

Micrococcaceae. 

Cultures:
Staphylococcus aureus



Staphylococcus epidermidis



Micrococcus luteus


Unknown(s) for Each Group

Media:
Coagulase Test Medium:  citrated rabbit plasma which clots in the presence of the 

enzyme coagulase.

Blood Agar (BAP):  determine hemolytic patterns.

Mannitol Salt Agar (MSA):  for selective isolation of coagulase-positive, mannitol-fermenting Staphylococcus.  Mannitol fermentation by pathogenic staphylococci is indicated by a yellow halo surrounding the colonies.

· Sodium chloride is the inhibitory agent.

· Phenol red is the pH indicator.

Phenylethyl Alcohol Agar (PEA):  for the isolation of Staphylococcus and inhibition of gram-negative bacilli (particularly Proteus).

· Phenylethyl alcohol is the inhibitory agent.

Glucose Broth (overlaid with mineral oil after inoculation):  for anaerobic fermentation.

· Phenol red is the pH indicator.

Trypticase Soy Agar (TSA):  for catalase test.

((((((((((((((
Each Group of Students Should Perform the Following Procedures:
SESSION ONE 

3.1.1.  Media Inoculation


1.  Make a Gram stain of each culture.

2.  Inoculate tubes of glucose broth with each organism.  Overlay broth with sterile mineral oil (one-inch layer).

3.  Streak each of the cultures onto two BAP divided into sections.  Add a -lactam disk to each inoculated area of the plate.  Incubate at 37oC.

4.  Streak MSA and PEA plates.  Inoculate one plate divided into sections with the control cultures.  Individually inoculate unknown culture(s) onto both MSA and PEA plates.

5.  Inoculate a TSA plate with each unknown culture(s) (for catalase test).

6.  Perform the tube coagulase test only on the unknown culture(s).  If the test is negative at the end of the laboratory period, continue incubation.  The Lab Coordinator will place the tube in the refrigerator after a suitable incubation time for observation next laboratory period.  Control reaction tubes may be provided by the Lab Coordinator

7.  Optional:  The Lab Coordinator will demonstrate the slide coagulase test.

3.1.2.  Culturing Respiratory Microbiota


Using the swabs provided, have one person culture his or her anterior nares and streak the swab onto MSA and PEA plates.

SESSION TWO

3.2.1.  Perform a catalase test on each culture grown on TSA.

3.2.2.   If colonies resembling S. aureus are obtained from the nasal swab, make a Gram stain.  gram-positive cocci resembling staphylococci should be tested for catalase production and -lactamase production.  If deemed necessary, perform the coagulase test.

3.2.3.  Observe tubes of glucose for acid production anaerobically.

3.2.4.  Observe BAP for hemolysis, colony morphology and pigment production (if any).

SESSION THREE

3.3.1.  Observe BAP from Session Two (if any) for lactamase activity.

3.3.2  Complete the Laboratory Results Worksheets (see Flowchart 2, Flowchart A1 and      Table 1).

Flowchart 2:  Basic Biochemical Tests for Differentiating Staphylococci 



 EXERCISE 4:  Streptococcus & Enterococcus spp.
Nonmotile gram-positive cocci in pairs or chains

Catalase negative

Most are facultative anaerobes

Complex nutritional requirements (blood or serum required)

Fermentative metabolism (carbohydrates to lactic acid)
Group A streptococci are susceptible to bacitracin (Taxo A Disk)

Group B streptococci are CAMP test positive and hydrolyze hippurate

Enterococci are halotolerant and bile resistant (adapted to intestinal environment)
Streptococcus pneumoniae (pneumococcus or diplococcus)

Virulent strains encapsulated (Neufeld-Quellung);  Avirulent strains nonencapsulated

Cells are typically oval or lancet-shaped

Colonies rapidly lyse when exposed to bile (presence of autolysins)

Colonies are -hemolytic under aerobic conditions;  May be -hemolytic under anaerobic conditons (presence of pneumolysin)

Sensitive to optochin (Taxo P Disk)
The streptococci are gram-positive cocci which are spherical or oval and grow as chains because of cell division in only one plane.  Chain length may vary from doubles to several hundred cocci.  This cellular arrangement and the failure to produce catalase are particular properties of the streptococci which differentiate this organism from the staphylococci.  

Differentiation of the streptococci on the basis of hemolytic patterns:  Based on their activity on blood agar, the streptococci may be divided into three groups.

Differentiation of Hemolytic Patterns

Alpha () Hemolytic:  ("Viridans streptococci"), whole small, translucent colonies are surrounded by a greenish zone of discoloration consisting of erythrocytes releasing a green derivative of hemoglobin.  Streptococcus viridans are usually found as common microbiota of the upper respiratory tract, but sometimes cause bacterial endocarditis.  S. viridans are sensitive to Taxo P disks.

Beta () Hemolytic:  ("beta hemolytic streptococci"), whose small, translucent colonies are surrounded by a sharply defined and relatively broad clear zone of complete hemolysis.  Most are pathogenic.  (See below).

Gamma (Hemolytic: ("non-hemolytic streptococci"), which have no effect on erythrocytes.  Commonly found in the upper respiratory tract and other mucoid surfaces, including the intestinal tract.

Differentiation of the streptococci on the basis of antigenic structure (Lancefield Groups):  Pathogenic -hemolytic streptococci may be classified into groups and types on the basis of their antigenic composition.  They are separated into Lancefield groups A-H and K-O using the precipitin test conducted with a group-specific carbohydrate "C" substance extracted from the cell wall, with the exception of group D.  These groups are then further subdivided into types.  Group D antigen is associated with streptococci that are typically -hemolytic or nonhemolytic and with the genus Enterococcus (formerly Streptococcus). 

S. pyogenes:  This species constitutes Lancefield's group A and is the Streptococcus most commonly encountered in human infections, causing streptococcal sore throat, scarlet fever, erysipelas, puerperal fever, sepsis, impetigo, acute bacterial endocarditis, rheumatic fever, and acute glomerulonephritis.  Colonies (surface and subsurface) of S. pyogenes on BAP are surrounded by a large zone (~2mm) of -hemolysis.  All group A streptococci are susceptible to penicillin, and may also be presumptively identified in the laboratory by the fact that they are susceptible to two units of bacitracin, unlike the other streptococci.  A Taxo A (bacitracin) disk is placed on a blood agar plate that has been heavily inoculated with beta-hemolytic Streptococcus, and incubated overnight.  A pronounced zone of inhibition is indicative of S. pyogenes.  It grows best on media enriched with whole blood or tissue fluids, and utilizes carbohydrates for energy.  Growth and hemolysis are aided by 10% CO2.

S. agalactiae:  This species constitutes Lancefield's group B and is an important cause of  neonatal infections in humans.  Colonies (surface and subsurface) of S. agalactiae on BAP are surrounded by a much narrower zone of -hemolysis than observed with group A streptococci. The hydrolysis of sodium hippurate by the group B streptococci distinguishes them from the other streptococci. 
Viridans Streptococci:  These streptococci do not produce a Lancefield group-specific antigen and are rarely isolated from clinical specimens.   S. mutans is particularly associated with dental caries.  These strains are a heterogeneous collection of and nonhemolytic streptococci of poorly defined taxonomy. 

S. pneumoniae (pneumococcus):  Pneumococci have no Lancefield group-specific antigen on their surfaces.  Cells usually appear in pairs and are often elongated.  They grow poorly on artificial media and are bile soluble.  Pneumococci are the most common cause of community-acquired lobar pneumonia, as well as, bacterial meningitis.  These organisms  are isolated from sputum, blood, and exudates with pneumonia and from spinal fluid with meningitis.  S. pneumoniae is also responsible for mastoiditis, otitis media, peritonitis, empyema, pericarditis, endocarditis, arthritis and can be isolated from the saliva and secretions of the respiratory tract in normal persons. 

The organisms occur as oval or spherical forms, typically in pairs, occasionally singly or in short chains.  The distal ends of each pair of cells are gram positive.  Over 80 serological types are known, each with a different polysaccharide structure in the capsule.

On blood agar, the colonies are depressed at the center with concentric elevations and depressions; usually mucoid and translucent; alpha hemolytic (a greenish zone around the colony); grow poorly on artificial media unless enriched with whole blood or serum; autolyze readily.  They are differentiated from other alpha streptococci by their solubility in bile salts and susceptibility to Taxo P (optochin) disks, and by the Neufeld-Quellung reaction; i.e., capsular swelling caused by the addition of a specific antiserum.

Enterococci and Group D Streptococci:  Enterococcus faecalis and Enterococcus faecium are clinically important intestinal species in humans that produce a Lancefield group D specific teichoic acid antigen on their cell surfaces.  Enterococci are salt tolerant and bile resistant, attributes that account for their environmental niche.  They inhabit the intestines of humans and animals, and may cause food poisoning, urinary tract infections, subacute endocarditis, and meningitis.  Streptococcus bovis and Streptococcus equinus are group D nonenterococci of animal origin that are only occasionally of clinical significance in humans.  

The group D organisms may be ,  or slightly  hemolytic and colonies of enterococci are surrounded by extra large zones of hemolysis (3-4 mm). Most enterococci and group D streptococci are capable of growing from 10o to 45o C, in 0.1% methylene blue milk, in 40% bile, or in 6.5% NaCl concentration; resist heat (60o C for 30 minutes) and most antibiotics; are not fibrinolytic; may be readily distinguished from other  or  Streptococcus spp. by growing on BEA slants with blackening of the medium by the hydrolysis of esculin to esculetin; produce acid from several sugars, including glucose, maltose and lactose; grow in SF broth with production of acid.

((((((((((((((
Objective:  
To demonstrate the culture characteristics of certain species of streptococci.

Cultures:
Streptococcus pyogenes (group A)



Streptococcus agalactiae (group B)



Enterococcus faecalis



Streptococcus pneumoniae


Unknown(s) for Each Group

Media:
Blood Agar (BAP):  test for hemolytic properties;  CAMP TEST.

Bile Esculin Agar (BEA):  selective medium for the detection of fecal streptococci (group D) and enterococci;  test ability of the organism to hydrolyse esculin to esculetin.  Brownish-black colonies surrounded by a black zone are positive.

· Oxgall (bile) is inhibitory agent.

· Ferric citrate is indicator.

SF Broth  (Streptococcus [Enterococcus] faecalis broth):  selective medium for the detection of fecal streptococci (group D) and enterococci from water, milk and other materials of sanitary importance.  Growth of all other cocci is inhibited.  Fermentation of glucose is indicated by a color change in the broth.

· Sodium azide is the inhibitory agent. 

· Bromcresol purple is the indicator.

Trypticase Soy Agar (TSA):  growth for catalase test.

((((((((((((((
Each Group of Students Should Perform the Following Procedures:

SESSION ONE

4.1.1.  Perform a Gram stain on each culture and observe the microscopic appearance.

4.1.2.
Divide a BAP into sections and streak each culture onto a separate section.  Stab the inoculating loop into the agar once while streaking the plate.  Place a Taxo A (bacitracin) disk in the area where the most dense growth is expected for S. pyogenes and a Taxo P (optochin) disk on the S. pneumoniae culture.

4.1.3. Obtain a second BAP, divide into sections and streak the unknown culture(s) onto separate sections.  Place a Taxo A and Taxo P disk onto the separate streaks of each unknown.

4.1.4.  CAMP Test


Procedure:  Using an inoculating needle or the edge of a loop, streak S. aureus in a straight line down the center of a BAP.  The strains of streptococci are to be streaked at right angles to the S. aureus 2-3 cm apart.  Use each of the lab test strains plus the unknown(s).


Be careful to streak the streptococcal strains close to, but not touching, the S. aureus streak.  Label and incubate at 37o C.

4.1.5.
Inoculate each culture onto BEA plates divided into sections and into SF broths.

4.1.6.
Inoculate each organism onto TSA divided into sections (to be used for the catalase test next period).

SESSION TWO
4.2.1.
Perform a catalase test on the growth of each culture from the TSA plate.  

Note:  This test can produce false positive results with cells grown on BAP because of the catalase enzyme present in red blood cells.

4.2.2.
Observe results of the CAMP test.

4.2.3. Examine all other plates

4.2.4. Complete the Laboratory Results Worksheet (see Flowchart 3, Flowchart A1 and      Table 1). 

INSERT

FLOWCHART 3

EXERCISE 5:  Corynebacterium spp.
Small nonmotile gram-positive irregularly staining pleomorphic rods with club-shaped swelled ends but no spores

Palisade arrangement of cells in short chains (“V” or “Y” configurations) or clumps resembling “Chinese letters”

Internal densely staining metachromatic granules

Facultative anaerobes or aerobes

Fermentative metabolism (carbohydrates to lactic acid)

Fastidious;  Slow growth on enriched medium

Catalase positive

Cell walls containing unusual lipids:  meso-diaminopimelic acids;  Arabino-galactan polymers;  Short-chain mycolic acids (member of CMN group)

Corynebacterium urealyticum strongly urease positive

Members of the genus Corynebacterium are aerobic, non-motile, non-sporeforming, gram-positive rods which may vary greatly in dimension, from 0.3 to 1 um in diameter and 1.0 to 8.0 um in length.  They do not form chains but tend to lie parallel to one another (palisades) or at acute angles (coryneforms), due to their snapping type of division.  They form acid but not gas in certain carbohydrates.  Corynebacterium spp. may be straight or slightly curved, often possesses club-shaped ends, and may show alternate bands of stained and unstained material (giving the appearance of septa).  They may also contain inclusion bodies, known as metachromatic granules, which are composed of inorganic polyphosphates (volutin) that serve as energy reserves and are not membrane bound. These metachromatic granules stain ruby red while the rest of the bacillus stains blue, when stained with an aniline dye such as toluidine blue O or methylene blue.

This group is widely distributed in nature.  Several species form part of the common microbiota of the human respiratory tract and other mucous membranes, the conjunctiva, and the skin.  The non-pathogenic species are called "diphtheroids"; two species commonly found in humans are Corynebacterium xerosis and Corynebacterium pseudodiphtheriticum.  The pathogenic type species is Corynebacterium diphtheriae, which produces a powerful exotoxin and causes diphtheria in humans.  The diphtheroids may be distinguished from C. diphtheriae by means of CTA sugar fermentation reactions (see below) and tests for toxigenicity.  A confirmed diagnosis of diphtheria can only be made by isolating toxigenic diphtheria bacilli from the primary lesion (in the throat or elsewhere).  Exudate from the lesion should be inoculated on a blood agar plate, Loeffler's slant, and blood tellurite agar.  C. diphtheriae (also Staphylococcus) produces gray to black colonies on the latter because the tellurite is reduced intracellularly to tellurium.  

Three varieties of C. diphtheriae colonies may be recognized:

var. gravis:  large, flat, rough, dark-gray colonies; not hemolytic; very few small metachromatic granules; form a pellicle in broth.

var. mitis:  smooth, convex, black, shiny, entire colonies; hemolytic; prominent metachromatic granules; diffuse turbidity in broth.

var. intermedius:  dwarf, flat, umbilicate colony with a black center and slightly crenated periphery; not hemolytic; fine granular deposit in broth.

The various types may be either virulent or avirulent depending on their ability to produce toxin.  Toxin production occurs only in those strains which carry a lysogenic phage.  Also, optimum toxin production in vitro occurs in the presence of 100 mg iron per liter.  Any colonies which appear on the three media should be stained with toluidine blue O or methylene blue.  Any typical Corynebacterium colonies would be subcultured on a Loeffler's slant, and tested for toxigenicity, either by the guinea pig virulence test or by the in vitro gel diffusion method of Elek.  Optioanlly, a demonstration of this technique will be made available by the Lab Coordinator

Elek Test:  Antitoxin which has been impregnated in a strip of sterile filter paper is placed on the surface of the agar medium after a heavy inoculum is streaked at right angles to the position of the paper strip, and allowed to incubate for 24 hours.  If the organism is toxigenic, a visible line of Ag-Ab precipitate will form.  Optionally, a demonstration of this test will be made available by the Lab Coordinator 

Schick Test:  The intracutaneous skin test introduced by Schick in 1913 enable us to distinguish between individuals who are susceptible and those who are resistant to diphtheria.  The test is based on the following empirical findings:

   1.
Intracutaneous injection of 1/50 MLD (minimal lethal dose) (for a guinea pig) of diphtheria toxin produces a strong, but tolerable, reaction in individuals having no antitoxin.

   2.
Individuals having 1/30 unit or more of antitoxin per ml of blood neutralize this test dose and show no reaction.  Such individuals are also usually resistant to diphtheria.

((((((((((((((
Objective:
To understand the identifiable characteristics of members of the

Corynebacteriaceae family when grown on specific media.

Cultures: 
C. diphtheriae



C. xerosis



C. pseudodiphtheriticum


Unknown(s) for Each Group

Media:
Cystine Tellurite Blood Agar:  both a differential and selective medium for the 

isolation of C. diphtheriae; however, a few strains of streptococci and staphylococci are able to grow on this medium.

Cystine Trypticase Agar (CTA):  Carbohydrate-supplemented CTA medium dispensed in tubes is used to detect fermentation of the various carbohydrates and can be used for detemination of motility.

· Phenol red is pH indicator.

((((((((((((((
Each Group of Students Should Perform the Following Procedures:
SESSION ONE

5.1.1.
Inoculate each culture to each of the following media:

1. Tellurite blood agar (divide plate into sections)

2. CTA glucose

3. CTA sucrose

5.1.2.
Staining Cultures


Make a duplicate set of slides from the broth cultures.  Stain one set of slides with Gram stain and another set with toluidine blue O stain as follows:



1.  Smears are fixed with heat and allowed to cool.

2.  Stain with the methylene blue (homologue of toluidine blue O) solution two to seven minutes.



3.  Wash slide and blot dry.

Results:  By this method, the intracellular metachromatic granules stain a ruby-red to black color;  with the remainder of the cell staining a pale blue color.

SESSION TWO

5.2.1.
Observe the morphological appearance of the growth and the biochemical reactions for each organism on the various media.

5.2.2.
Staining Cultures


Make a duplicate set of slides from each of the agar cultures.  Stain one set of slides with Gram stain and another set with methylene blue (toluidine blue O homologue) stain as described in Session 1.  Observe microscopically.

5.2.3.  Complete the Laboratory Results Worksheet (See Tables 1 and 2 and Flowchart A2).

Table 2:  Distinguishing Characteristics of Corynebacterium
    



    CELLULAR


         
           SUGAR FERMENTATION:                                                                                                                                          

   ORGANISM       

MORPHOLOGY
 
HEMOLYSIS
 GLUCOSE
   SUCROSE
     TOXIN
         

   C. diphtheriae

Slender pleomorphic


+

     +
      -
      +




rods;  often club-shaped; 

 



often banded or beaded 

 



with irregularly staining 

 



granules.

   C. pseudodiphtheriticum  
Short rods; no granules;     
 
-

     -

      -

-



clubs rare.

   C. xerosis


Polar staining rods;     

-

     +
      +

-




few club forms.    

EXERCISE 6:  Enterobacteriaceae
Heterogeneous family of gram-negative bacilli

Motile (by peritrichous flagella) or nonmotile (Shigella, Klebsiella)

Facultative anaerobes 

Oxidase negative;  Catalase positive  

Simple nutritional requirements;  Respiratory and fermentative metabolism

Ferment glucose and other carbohydrates

Reduce nitrates to nitrites

True pathogens (Salmonella, Shigella, Yersinia) are lactose negative

True pathogens (Salmonella, Shigella, Yersinia) resistant to bile salts;  Others sensitive

Klebsiella have prominent capsule;  Others have diffusible slime layer

IMViC (Indole, Methyl red, Voges-Proskauer, Citrate)=key differential tests for coliforms

Serological classification:  O antigens (somatic polysaccharide side chain of LPS); 

        H antigens (flagella);  K antigens (Vi antigen on Salmonella typhi) (capsule) 

Escherichia
Indole positive (usually);  Methyl red positive

Voges-Proskauer negative;  Citrate negative

Gas from glucose and other carbohydrates;  Lactose fermenter

ONPG and lysine decarboxylase (usually) positive

Hydrogen sulfide, urease, lipase, malonate and KCN negative

Ornithine decarboxylase and arginine dihydrolase negative

Hydrolysis of MUG (Defined fluorogenic substrate of  -glucuronidase useful for detection of E. coli)
Klebsiella
Indole negative;  Methyl red usually negative

Voges-Proskauer positive;  Citrate positive

Gas from glucose;  Ferment lactose and most other common carbohydrates 

Urease (slowly), KCN and malonate positive

Lysine decarboxylase positive 

Hydrogen sulfide negative

Ornithine decarboxylase and arginine dihydrolase negative

Proteus
Proteus vulgaris and Proteus mirabilis swarm (hypermotile) on moist agar media

Indole positive (P. mirabilis negative);  Methyl red positive

Voges-Proskauer negative;  Citrate variable

Gas from glucose and other carbohydrates;  Lactose nonfermenter 

Urease (rapidly), hydrogen sulfide(usually), phenylalanine deaminase & KCN positive 

Lysine decarboxylase, arginine dihydrolase and malonate negative

Only P. mirabilis ornithine decarboxylase positive

Salmonella
Indole negative;  Methyl red positive

Voges-Proskauer negative;  Citrate usually positive

Gas from glucose and other carbohydrates;  Lactose nonfermenter

Lysine and ornithine decarboxylase and arginine dihydrolase (usually) positive

Hydrogen sulfide positive

Urease, KCN, ONPG and malonate negative
Shigella
Indole variable;  Methyl red positive

Voges-Proskauer negative;  Citrate negative

Glucose & other carbohydrates catabolized without gas(usually); Lactose nonfermenter

Lysine & ornithine (usually) decarboxylase and arginine dihydrolase (usually) negative

Urease, hydrogen sulfide, KCN and malonate negative

Yersinia
Indole negative;  Methyl red positive

Voges-Proskauer variable;  Citrate negative (at 37oC)

Nonmotile at 35-37oC;  Motile at <30oC

Glucose and other carbohydrates catabolized without gas

Optimal temperature 28-30oC

Hydrogen sulfide, KCN and malonate negative

Yersinia pestis requires amino acids for growth;  Others do not

Y. pestis encapsulated

Y. pestis coagulase and fibrinolysin positive
The members of the family Enterobacteriaceae are a diverse group of gram-negative, asporogenous, rod-shaped bacteria which are aerobic or facultatively anaerobic.  These organisms ferment glucose with the formation of acid or acid and gas.  Nitrates are reduced to nitrites while the indophenol oxidase test is negative.  Species may be non-motile or motile, occasionally giving rise to non-motile variants.

((((((((((((((
Objective:
To acquaint you with the biochemical tests which are routinely used in the

identification of the genera and species in the family Enterobacteriaceae.

Cultures May Include:


Arizona hinshawii 

Morganella morganii

Citrobacter freundii 

Proteus mirabilis;  Proteus vulgaris

Edwardsiella spp.

Providencia rettgeri

Enterobacter aerogenes 
Salmonella paratyphi; Salmonella spp. Group B
Escherichia coli 

Serratia marcescens

Klebsiella pneumoniae 

Unknown(s) for Each Group
Non-Enterobacteriaceae: Alcaligenes faecalis;  Pseudomonas aeruginosa
Other Pathogenic Enterobacteriaceae Not Provided:  

Salmonella typhi;  Shigella spp.;  Yersinia pestis;  Yersinia enterocolitica
Media: 
Trypticase Soy Agar (TSA):  for isolation of fingertip organism(s) for Exercise 7.

Triple Sugar Iron Agar (TSI):  This is a key medium for use in beginning the

identification of a gram-negative bacillus of the enteric group.  It contains glucose (0.1%), lactose (1%), sucrose (1%) and peptone (2%) as nutritional sources. Sodium thiosulfate serves as the electron receptor for reduction of sulfur and production of H2S.  

· Phenol red is pH indicator;  ferric ammonium citrate is H2S indicator

Explanation of TSI Reactions:  Many of the enteric organisms will ferment glucose with the production of acids which will change the color of the medium in the butt and along the slant from red to yellow because of a reduction in the pH (within the first few hours).  However, since the glucose is present in small amounts (0.1%), the supply is soon exhausted  and the organisms growing on the surface of the slant in the presence of oxygen are forced to catabolize peptones and amino acids for their energy supply.  Alkaline end-products are produced from these substances which revert the pH of the slant to an alkaline pH and thus change the color of the agar slant back to red (after 18-24 hours). Organisms such as Salmonella spp. or Shigella spp. and other organisms which attack glucose but do not ferment lactose or sucrose will produce an alkaline slant and acid butt in TSI slants in 18 to 24 hours.  Since metabolism is progressing at a slower rate in the butt, this reversion does not usually take place in the butt until 48 hours or longer.

If the glucose is metabolized to CO2, the gas will be seen as bubbles or cracks in the agar butt.  If hydrogen sulfide is formed during growth, a gray or black streak of iron sulfide is seen originating where the inoculating needle entered and throughout the agar butt.

Organisms which attack lactose and/or sucrose, such as the Escherichia, will produce acid slants and acid butts usually with the formation of gas.  In these cases, the acid slants do not revert to an alkaline status because lactose (1%) and sucrose (1%) are being fermented and are present in concentrations ten times that of glucose.

Some organisms (e.g., Pseudomonas, Acinetobacter) fail to ferment even glucose, and because they are strictly aerobic, they fail to grow in the butt of the tube.  In these cases, the butt will be unchanged in color, and the slant either alkaline or unchanged.

SUMMARY OF POSSIBLE TSI REACTIONS
K = alkaline = Red;  A = acid = Yellow;  NC = No change;

G = gas produced;  H2S = hydrogen sulfide produced

Acid or alkaline results in the slant are reported first, followed by the butt results (e.g., K/A would br read as “K over A” or “alkaline over acid” and refers to an alkaline slant and acid butt).

 
K/A  
           (  
Glucose only fermented;  Peptone utilized

 
A/A  
           ( 
Glucose and lactose/sucrose fermented

 
K/K  
           (  
Peptone utilized;  No carbohydrates fermented

 
K/NC  
           (  
Peptone utilized aerobically only;  No sugars fermented


NC/NC           (  
No or little growth; Neither sugars nor peptone catabolized


A/A, G
           (  
A/A + gas produced


A/A, H2S        ( 
A/A + H2S produced


A/A, G, H2S   ( 
A/A + gas + H2S produced


K/A, G           ( 
K/A + gas produced


K/A, H2S        ( 
K/A + H2S produced


K/A, G, H2S   ( 
K/A + gas + H2S produced

Urease Broth or Urea Agar Slant:  Prompt hydrolysis of urea by Proteus species is indicated by a deep pink color appearing in the medium within eight hours.  At 18 hours, this color will have spread throughout the whole tube.  Many strains of Klebsiella, Enterobacter and Citrobacter will yield a positive reaction, but usually the pink color will be limited to the slant in 24 to 48 hours.  Do not reincubate tubes that show any evidence of color change.

Simmons Citrate Agar: Utilization of citrate as the sole source of carbon is indicated by the medium turning a deep blue color because of an alkaline reaction.  Non-utilizers will leave the green color of the slant unchanged.  

· The indicator is bromthymol blue.  

Motility-Indole-Ornithine Agar:  Motility is indicated by the character of the growth in the butt of this tube.  Motile organisms will produce a general clouding of the medium or a fuzzy stab line.  Non-motile organisms will give a sharply delineated stab line.  The ornithine reaction is indicated by the color in the butt of the tube.  Yellow indicates a negative test (failure to decarboxylate ornithine); purple is a positive test (decarboxylation of ornithine). Kovac's reagent is added to the tube to determine the indole reaction. Red indicates a positive reaction (indol production);  yellow is a negative test (failure to produce indol from tryptophan).

Lysine Decarboxylase Medium:  A yellow color indicates a low pH and that the test is negative (failure to produce an amine by decarboxylation of lysine). 

· Bromcresol purple is the pH indicator. 

Sugar Utilization Media:   Supplemented with glucose (with Durham tubes to determine gas production), sucrose, mannitol, or lactose.  

· Phenol red is the pH indicator.

Use of Differential and Selective Media:

MacConkey Agar:  to differentiate gram-negative lactose fermenters from nonfermenters

· Crystal violet, bile salts and neutral red are inhibitory agents. 

· Neutral red is the pH indicator.

XLT-4 Agar:  Selective media for the isolation of Salmonella developed at and patented by investigators at the University of Maryland and the USDA.  It contains peptone, yeast extract, lysine, lactose, sucrose, xylose as nutritional sources.  Sodium thiosulfate acts as electron receptor for reduction of sulfur to H2S. The medium is highly inhibitory for non-salmonellae. Tergitol-4 also may be inhibitory to S. typhi and S. choleraesuis.

· Tergitol-4 (surfactant) is the inhibitory agent.
· Phenol red is the pH indicator and aluminum-iron (III) citrate is the H2S indicator.

Brilliant Green Agar:  Selective media for the isolation of Salmonella, except S. typhi.  

· Brilliant green is the selective agent.

· Phenol red is the pH indicator.

((((((((((((((
Each Group of Students Should Perform the Following Procedures:
SESSION ONE

6.1.1. Gram stain each culture.

6.1.2. Inoculate each culture to the following media:

1.  Triple sugar iron agar (TSI).  Stab the inoculating needle through the agar into the butt (bottom of the tube).  While raising the needle from the tube, streak the surface of the agar slant.

2.  Urease broth or urea agar slant.

3.  Motility-indole-ornithine agar (MIO):  Stab to the bottom of the butt with an inoculating needle and screw the cap on tightly.  Take care to remove needle in same line as inoculated.

4.  Simmons citrate agar:  Steak surface of the slant and replace cap loosely.

5.  Lysine decarboxylase (LDC) media: Inoculate and overlay with mineral oil.

6.1.3.  Use of Differential and Selective Media


Streak the following agar plates for isolation of each culture:

1.
MacConkey 



2. 
XLT-4 

3.
Brilliant green

SESSION TWO

6.2.1.  Biochemicals Data Collection

1.  TSI:  To summarize, read the results of the TSI tube by noting the color of the butt and the slant (alkaline, unchanged, or acid), the presence or absence of bubbles or cracks because of gas formation, and the presence or absence of a black precipitate of iron sulfide.  (NOTE:  A doubtful test for gas in the TSI tube can be best resolved by inoculation of a glucose fermentation tube and overnight incubation).

2.  Urease Test Medium:  Examine the medium for hydrolysis of urea as evidenced by the formation of a dark pink color.

3.  Citrate Agar. Examine the medium for utilization of citrate as the sole source of carbon as evidenced by formation of a deep blue color (alkaline reaction).  Non-utilizers will leave the green color of the slant unchanged. 

4.  Motility-Indole-Ornithine Agar:  

Examine the growth along the stab line in the butt of the tube for motility as evidenced by general clouding of the medium or a fuzzy stab line.  Nonmotile organisms will produce a sharply delineated stab line.  

Examine the tube for decarboxylation of ornithine as evidenced by a purple color in the butt of the tube.  Yellow indicates a negative test (failure to decarboxylate ornithine).  

Finally, add 0.3 ml of Kovac's reagent to the tube to determine whether indole has been produced from tryptophan as evidenced by the production of a red color on the surface of the tubed medium. Yellow is a negative test. (CAUTION!  Do not get Kovac's reagent on self,  clothing,  lab partner, or  instructor!).

5.  Lysine Decarboxylase Test Medium:  Examine the tube for decarboxylation of lysine and production of an alkaline amine as evidenced by the appearance of a purple color.  A yellow color indicates a low pH and that the test is negative.


By comparison of  results with Table 3 and Flowchart A2, you should be able to identify each organism directly.  Since nontoxigenic, non-EPEC (enteropathogenic) Escherichia coli, Citrobacter, Enterobacter, and Klebsiella are doubtful diarrheal causing agents, the identification of these organisms can be considered as complete at this stage.

6.2.2.
Determine what sugar utilization tubes will provide you with further information that is necessary to complete the identification.  Media containing an indicator and the following sugars are available:  glucose, sucrose, mannitol, and lactose.  Inoculate tubes for detection of sugar utilization and gas production from glucose and incubate at 37oC.

SESSION THREE

6.3.1. Record results of sugar utilization test.  On the basis of these tests, complete the identification of the test organism(s).

6.3.2. Several methods that are used for the rapid identification of Enterobacteriaceae will be discussed by the Lab Coordinator.

6.3.3. Inoculate a fingertip culture, as per Exercise #1, onto a TSA plate for use in Exercise 7.

6.3.4. Complete the Laboratory Results Worksheet (see Tables 1 and 3, Flowchart A2).

INSERT

TABLE 3

EXERCISE 7:  Antibiotic Susceptibility Tests
Although the identification of a bacterial isolate from a patient provides guidance in the choice of an appropriate antibiotic for treatment, many species are not uniformly susceptible to a particular anti-bacterial compound.  This is particularly evident among the Enterobacteriaceae, Staphylococcus spp., and Pseudomonas spp.  The wide variation in susceptibility and high frequencies of drug resistance among strains in many bacterial species necessitates the determination of levels of resistance or susceptibility as a basis for the selection of the proper antibiotic for chemotherapy.

((((((((((((((
Objectives:
1.
To demonstrate methods to determint microbial resistance to antibiotics.

2.
To determine the variability of antibiotic susceptibility of common microbiota.

3.
To demonstrate how serum levels of antibiotics are measured.

Cultures:
Staphylococcus aureus



Skin isolate (unknown)

Media:
Mueller-Hinton Broth:  culture medium for broth tube antibiotic MIC assay

Mueller-Hinton Agar: culture medium for disk diffusion antibiotic susceptibility, antibiotic serum level measurements and MBC determination

((((((((((((((
Each Group of Students Should Perform the Following Procedures:

SESSION ONE

7.1.1.  Broth Tube MIC (Minimal Inhibitory Concentration)

The tube dilution test is the standard method for determining levels of resistance to an antibiotic.  Serial dilutions of the antibiotic are made in a liquid medium which is inoculated with a standardized number of organisms and incubated for a prescribed time.  The lowest concentration of antibiotic preventing appearance of turbidity is considered to be the minimal inhibitory concentration (MIC).  Additionally, the minimal bactericidal concentration (MBC) can be determined by subculturing the contents of the tubes onto antibiotic-free solid medium and examining for bacterial growth.  Although the tube dilution test is fairly precise,  the test is laborious because serial dilutions of the antibiotic must be made and only one isolate can be tested in each series of dilutions.


This test will be used to determine the susceptibility of a Staphylococcus aureus isolate to tetracycline.  Perform the following test on a control culture of S. aureus and on the unknown skin isolate.

Procedure:

1.  Number sterile capped test tubes 1 through 9.  All of the following steps are carried out using aseptic technique.



2.  Add 2.0 ml of tetracycline solution (100 ug/ml) to the first tube.



3.  Add 1.0 ml of sterile broth to all other tubes.

2. Transfer 1.0 ml from the first tube to the second tube.

3. Using a separate pipette, mix the contents of this tube and transfer 1.0 ml to the third tube.

4. Continue dilutions in this manner to tube number 8, being certain to change pipettes between tubes to prevent carryover of antibiotic on the external surface of the pipette.

5. Remove 1.0 ml from tube 8 and discard it.  The ninth tube, which serves as a control, receives no tetracycline.

6. Suspend several colonies of the culture to be tested in 5.0 ml of Mueller-Hinton broth to give a slightly turbid suspension.  Consult the Lab Coordinator for the appropriate turbidity of the suspension.

7. Dilute this suspension by aseptically pipetting 0.2 ml of the suspension into 40 ml of Mueller-Hinton broth. (Label B - “Bacteria” to avoid confusion)

8. Add 1.0 ml of the diluted culture suspension to each of the tubes.  The final concentration of tetracycline is now one-half of the original concentration in each tube.  Incubate all tubes at 35oC.

7.1.2.  Disk-diffusion Method (Kirby-Bauer Method)

The disk-diffusion method (Kirby-Bauer) is more suitable for routine testing in a clinical laboratory where a large number of isolates are tested for susceptibility to numerous antibiotics.  An agar plate is uniformly inoculated with the test organism and a paper disk impregnated with a fixed concentration of an antibiotic is placed on the agar surface.  Growth of the organism and diffusion of the antibiotic commence simultaneously resulting in a circular zone of inhibition in which the amount of antibiotic exceeds inhibitory concentrations.  The diameter of the inhibition zone is a function of the amount of drug in the disk and susceptibility of the microorganism.  This test must be rigorously standardized since zone size is also dependent on inoculum size, medium composition, temperature of incubation, excess moisture and thickness of the agar.  If these conditions are uniform, reproducible tests can be obtained and zone diameter is only a function of the susceptibility of the test organism.  Zone diameter can be correlated with susceptibility as measured by the dilution method.  Further correlations using zone diameter allow the designation of an organism as "susceptible", "intermediate", or "resistant" to concentrations of an antibiotic which can be attained in the blood or other body fluids of patients requiring chemotherapy.


Procedure:

1.  Make a suspension of the S. aureus culture and the unknown skin isolate in

     Mueller-Hinton broth.

2. Consult the Lab Coordinator for the appropriate turbidity for the suspension.

3. Place a sterile cotton swab in the bacterial suspension and remove the excess fluid by pressing and rotating the cotton against the inside of the tube above the fluid level.  The swab is streaked in at least three directions over the surface of the Mueller-Hinton agar to obtain uniform growth.  A final sweep is made around the rim of the agar.  Be sure to streak for confluency.

4. Allow the plates to dry for five minutes.

5. Using sterile forceps, place disks containing the following antibiotics on the plate:  penicillin G, ampicillin, cephalothin, erythromycin, tetracycline, methicillin, streptomycin.

6. Incubate the plates within 15 minutes after applying the disks.  The plates should be incubated soon after placing the disks since the test is standardized under conditions where diffusion of the antibiotic and bacterial growth commence at approximately the same time.

7.1.3.  Assay of serum levels of an antibiotic

This exercise demonstrates a technique for assay of antibiotic levels in blood of patients undergoing antibiotic therapy.  Blank paper disks are allowed to absorb sera containing known concentrations of an antibiotic, and then are placed on agar plates previously inoculated to give confluent growth.  The diameter of the zone of inhibition is plotted against antibiotic concentration to give a standard curve.  The diameter of the zone of inhibition around the serum sample containing an unknown amount of antibiotic is measured and the antibiotic concentration in this sample is then calculated by reference to the standard curve.  Each student will determine the concentration of tetracycline from a serum sample.


Procedure:

1. The assay solutions consist of four vials with known concentrations of tetracycline (Tet) and a sample with an unknown concentration of Tet.  Each sample will be tested in duplicate.


Using sterile forceps, place ten paper disks in an empty Petri dish in five rows with two disks per row.  Using a micropipette, place 0.02 ml of a solution containing 24µg of Tet on the disks in the first row of two.




Continue as follows:




2nd row--0.02 ml with 12µg of Tet




3rd row--0.02 ml with 6µg of Tet




4th row--0.02 ml with 3µg of Tet




5th row--0.02 ml with an unknown concentration of Tet

2. Add 0.1 ml of a culture of indicator bacteria (Staphylococcus) to molten Mueller-Hinton medium.  After thorough mixing, pour two agar plates and allow them to harden on the bench top.  (Note:  only one student/group is required to pour the agar plates).

3. Make a reference mark on the bottom of the seeded agar plates.  Using the template provided, place the disks on the surface of the agar plates using sterile forceps.  Gently press the disks onto the agar surface and record the position of each disk in relation to the reference mark.  After all disks have been placed on the agar, incubate the two plates at 35oC.

SESSION TWO

7.2.1.  Broth Tube MIC 

1.  Observe all tubes for visible growth (turbidity) or lack of growth.

2. Record results on the Laboratory Results Worksheet and on the blackboard.

7.2.2 MBC (Minimal Bactericidal Concentration) (Optional at discretion of Lab Coordinator)

1. From each MIC broth tube without visible growth, aliquot a 100 l volume of the

broth onto Mueller-Hinton agar and spread across the entire surface of the plate.

2. Record the dilution of the subcultured MIC tube on each plate and incubate at 35oC

until the next lab session.

7.2.3.  Disk-diffusion Test


1.  Measure the diameter of growth inhibition around each disk to the nearest whole mm.  Examine the plates carefully for well-developed colonies within the zone of inhibition.


2.  Using the table provided by your Laboratory Coordinator, determine if the S. aureus strain and the common microbiota skin isolate are resistant, intermediate, or susceptible to each of the antibiotics tested.


3.  Record results on the Laboratory Results Worksheets and on the blackboard.

7.2.4.  Assay of serum levels of an antibiotic

1. Measure the diameter of each zone of inhibition to the nearest whole mm.

2. Record the average zone of inhibition diameter for each of the disks on the Laboratory

 
Results Worksheets.

Session Three

7.3.1.  MBC

1. Examine the MBC plates for colony growth or lack of growth for each dilution

 subcultured.

2. Record results on the Laboratory Results Worksheets and on the blackboard.

7.3.2.  Complete the Laboratory Results Worksheets.
EXERCISE 8:  Clostridium spp.
Usually motile (by peritrichous flagella) gram-positive rods 

Rapid growth under nutritionally-enriched oxygen-deprived conditions

Clostridium perfringens nonmotile, but rapid growth on agar has appearance of motility 

Most obligate anaerobes (some aerotolerant)

Endospores produced (rare in C. perfringens);  Multiple exotoxins produced

Heterogeneous biochemical characteristics

Gas produced in cooked meat media

Most utilize carbohydrates;  Many are proteolytic;  Liquefy gelatin

Usually catalase, oxidase and peroxidase negative

C. perfringens produces characteristic double zone of hemolysis on blood agar

C. perfringens Nagler reaction positive on egg yolk medium (lecithinase = Alpha toxin)
The clostridia are gram-positive, spore-forming bacilli that are anaerobic or tolerate only low concentrations of oxygen.  The facultative Bacillus species, unlike the clostridia, do not sporulate under anaerobic conditions and are usually catalase positive.

Clostridia should be cultured immediately or held in an anaerobic environment until cultured due to the lability of the bacteria in environments containing oxygen.  Species identification is based on colony and cellular morphology, hemolysis patterns, sugar fermentations, motility, and shape and position of spores.  Spores, which can readily be seen in a routine Gram stain, may be spherical or oval and within a sporulating cell may be terminal, subterminal, or central depending on the Clostridium species.  Observation of lecithinase activity on egg yolk agar and of a double zone of hemolysis on blood agar are properties which are useful for the identification of C. perfringens.

Final identification of C. perfringens, C. tetani, and C. botulinum, the principal pathogens in this genus, is based on specific toxin neutralization tests.

((((((((((((((
Objective:
To establish methods for differentiating Clostridium spp, and to review the

principle and use of the anaerobe jar.

Cultures:
C. perfringens



C. bifermentans



C. sporogenes


Unknown(s) for Each Group

Media:  
Chopped (cooked) Meat Medium: cultivation and maintenance of Clostridium and

to evaluate proteolysis.

Blood Agar (BAP):  to determine hemolytic properties.

Trypticase Sucrose Agar:  to determine motility and sucrose fermentation by anaerobes.

· Phenol red is pH indicator.

Trypticase Lactose Agar:  to determine motility and lactose fermentation by anaerobes.

· Phenol red is pH indicator.

Trypticase Salicin Agar:  to determine motility and salicin fermentation by anaerobes.

· Phenol red is pH indicator.

Trypticase Nitrate Broth:  to determine indole production and nitrate reduction.

((((((((((((((
Each Group of Students Should Perform the Following Procedures:

SESSION ONE

8.1.1.  The use of the anaerobic jar will be demonstrated.

8.1.2.
Make a Gram stain of each of the cultures.  Record the shape of the spore and the position of the spore within the cell.  Examine cells for the presence of swollen spores.  


The unknown culture(s) have been grown in cooked meat medium.  Examine the medium for blackening and dissolution of the meat particles, indicating proteolysis.  Compare inoculated media with uninoculated control media.

8.1.3.
Inoculate one blood agar plate with each organism.  Incubate the plate anaerobically.

8.1.4.
Tubes of trypticase agar media containing either sucrose, lactose or salicin are provided.  These tubes have been recently heated to expel oxygen.  Do not shake the tubes because shaking will result in more rapid introduction of air into the medium.  Allow the media to cool and solidify at room temperature. 

Note:  The results of this test should be read before 18 hours (The tubes will be removed from the incubator at 12- 15 hr.) since some Clostridium spp. may destroy the indicator after prolonged incubation 

8.1.5.
Inoculate two trypticase nitrate broth tubes for each culture.  Incubate in an anaerobe jar.

SESSION TWO
8.2.1.
Observe the media inoculated last period and record your observations on the Laboratory Results Worksheets

8.2.2.
Indole Test


Add 0.5 ml of Kovac’s reagent to one trypticase nitrate broth tube for each culture.


Interpretation:

1.
Positive test:  Red, pink or fuchsia ring in the upper organic layer within ten minutes.



2.
Negative test:  Yellow ring in the organic layer.

8.2.3.
Nitrate Reduction Test


1. To the remaining trypticase nitrate culture tube add 3 drops of reagent A (0.8% wt/vol in 5N acetic acid) and 3 drops of reagent B (0.5% wt/vol alpha-naphthylamine in 5N acetic acid).


2.  If no red color develops, add a small amount of zinc dust.


Interpretation:

1.
Red color after addition of reagents A + B = reduction of nitrate to nitrite.

2.
No red color after addition of reagents A and B = reduction of nitrate to nitrogen or no reduction at all (Go to step 3).

3.
A red color after addition of reagents A and B and zinc dust = nitrate has not been reduced.

4.
No red color after addition of reagents A and B and zinc dust = nitrate has been reduced past nitrite.

Anaerobic respiration in the form of denitrification (a.k.a., dissimilative nitrate reduction) is catalyzed by nitrate reductase, an enzyme that is synthesized only in the absence of oxygen.  It generally follows one of two possible pathways.


Nitrate        
Nitrite        
      
     Ammonia

 

  NO3-   ------>   NO2   ------> ------> ------>  NH3  (NH4+) 

      

 




       Nitric
      Nitrous  Nitrogen
 
         Nitrate
         Nitrite 
       Oxide
       Oxide 
Gas
      

 
  
NO3-   ------>   NO2   ------>   NO  ------>    N2O   or   N2   
8.2.4.  Complete the Laboratory Results Worksheets (see Flowchart 4).

INSERT

FLOWCHART 4
EXERCISE 9:  Nonfermentative Gram-Negative Aerobic Bacilli
Pseudomonas (also see Table 3)
Motile (by single or multiple polar flagella) gram-negative rods; 

P.aeruginosa is monotrichous

Obligate (strict) aerobes (most strains);  K/NC on TSI (often misinterpreted as K/K) 

Oxidase (usually) and catalase positive
Nonfermentative chemoheterotrophic respiratory metabolism 

Some strains can use nitrate in place of oxygen as terminal electron acceptor

May accumulate poly--hydroxybutyrate (PHB) inclusions (carbon reserves)

Many monomeric organic compounds used as C and N sources, but only a few carbohydrates by oxidative metabolism

Glucose used oxidatively;  Lactose negative on MacConkey
Some strains produce diffusible pigments:  

pyocyanin (blue);  fluorescein (yellow);  pyorubin (red) 

P. aeruginosa produces characteristic grape-like odor and blue-green colonies

P. aeruginosa is arginine dihydrolase and citrate positive

Indole and lysine (usually) and ornithine decarboxylase negative 

Broad antibiotic resistance
Stenotrophomonas (formerly Xanthomonas  and Pseudomonas)
Motile (by polar monotrichous flagellum) gram-negative rods

Obligate aerobes;  K/NC on TSI 

Oxidase negative (or weak positive);  Catalase positive

Nonfermentative chemoheterotrophic respiratory metabolism

No PHB inclusions;  No nitrate reduction (except S. maltophilia)

Use variety of carbohydrates (e.g., maltose, glucose) and organic acids oxidatively, 

but lactose negative on MacConkey
Colonies are usually yellow (xanthomonadin pigments except S. maltophilia)

Strong odor of ammonia from S. maltophilia growth on blood agar

Optimum temperature 25-30oC 

Indole and ornithine decarboxylase negative

Lysine decarboxylase, ONPG and citrate (slow) positive

Hydrolyze DNA (DNAse positive), esculin and gelatin
Alcaligenes (also see Table 3)
Motile (by peritrichous flagella) gram-negative rods 

Obligate aerobe;  K/NC on TSI

Oxidase (may be weak) positive;  Catalase positive

Strictly nonfermentative chemoheterotrophic respiratory metabolism 
Some strains can use nitrate in place of oxygen as terminal electron acceptor

Use organic and amino acids as C sources; Carbohydrates usually not used oxidatively 
Citrate and usually phenylalanine deaminase positive

Indole, urease, lysine and ornithine decarboxylase negative

Acinetobacter
Nonmotile gram-negative diplobacilli (may be coccoid to coccobacilli)

Obligate (strict) aerobes;  K/NC on TSI

Oxidase negative;  Catalase positive

Nonfermentative respiratory metabolism;  Lactose negative on MacConkey

Do not reduce nitrate;  Utilize few carbohydrates;  No PHB inclusions

Urease (usually) and citrate positive

Indole, ornithine and lysine decarboxylase, dihydrolase and deaminase negative

Moraxella (formerly Branhamella, Neisseria and others)
Nonmotile short, plump gram-negative diplobacilli or coccobacilli 

Aerobic (usually);  Oxidase positive;  Usually catalase positive

Nonfermentative (Lactose negative on MacConkey) respiratory metabolism
Fastidious;  Carbohydrates not used oxidatively (usually) 

Usually indole, decarboxylase, dihydrolase and deaminase negative

Susceptible to penicillin and variety of other common antibiotics
Burkholderia (formerly Pseudomonas)

Motile (by polar tuft of flagella) slow-growing gram-negative bacilli

Oxidase variable;  Nonfermentative respiratory metabolism

Oxidative use of carbohydrates (e.g., mannitol, maltose, sucrose, lactose) with acid 

Many produce nonfluorescent water-soluble yellow-green pigment 

Lysine and ornithine decarboxylase positive (most)

Hydrolyze gelatin, ONPG and esculin

Multiple antibiotic resistance

Aeromonas (used only as fermentative positive control)
Motile (by single polar flagellum) gram-negative rods

Facultative (an)aerobes;  K/A,g on TSI

Oxidase positive;  Catalase positive 

Both respiratory and fermentative metabolism;  Reduce nitrates

Utilize carbohydrates fermentatively with production of acid or acid and gas, 

but lactose negative (usually) on MacConkey

Arginine dihydrolase (usually) and lysine decarboxylase positive

Indole (usually), citrate and ONPG positive

Urease, ornithine decarboxylase (usually) and phenylalanine deaminase negative

Hydrolyze gelatin and DNA (DNAse positive)

Differentiated from Vibrio and Plesiomonas by resistance to vibriostatic agent O/129 (2,4 diamine-6,7-diisopropyl pteridine)
The oxidative gram-negative bacilli, including Pseudomonas spp. and Acinetobacter spp., produce acid from glucose or other carbohydrates only in the presence of oxygen (nonfermenters), whereas Enterobacteriaceae, Aeromonas and Vibrio are fermentative and can utilize carbohydrates in the absence of oxygen.  Pseudomonas aeruginosa oxidizes but does not fernment glucose.  Alcaligenes faecalis neither ferments nor oxidizes glucose.

Gram-negative bacilli which do not give a strong acid reaction in the butt of a TSI slant should be tested in OF medium to confirm the presumptive identity as a nonfermenter.  Although numerous tests may be necessary to identify the species of a nonfermenter, a few of the more important differential tests are presented in this exercise.

Oxidative-fermentative Medium

Oxidative-fermentative (OF) medium is designed to detect small quantities of acid produced by oxidation of carbohydrates and for differentiating oxidative from fermentative activity.  In this test, two tubes of OF medium containing glucose are inoculated and one tube is sealed to provide an anaerobic environment.  Fermentative bacteria produce acid in both the open and sealed tubes while oxidative organisms produce acid only in the open tube.  In this medium, the amount of peptone is reduced to avoid the problems encountered with TSI (see Exercise 6) when carbohydrate is consumed and the initial acid reaction reverts to alkalinity as the protein substrate is utilized.

((((((((((((((
Objective:
To distinguish between bacteria that ferment carbohydrates in the absence of 

oxygen and those that oxidize carbohydrates in the presence of oxygen.

Cultures:
Pseudomonas aeruginosa



Stenotrophomonas maltophilia



Alcaligenes faecalis



Aeromonas hydrophila(included as an aerobic fermentative control)



Unknown(s) for Each Group

Media:
Triple Sugar Iron Agar (TSI):  detects fermentation of sucrose, lactose, glucose, as

well as production of hydrogen sulfide and/or gas (see Exercise 6).




OF Glucose Medium:  to detect fermentation or oxidation of glucose (see above).

· Bromthymol blue is pH indicator.



OF Maltose Medium:  to detect fermentation or oxidation of maltose (see above).

· Bromthymol blue is pH indicator.



Trypticase Nitrate Broth:  to detect the ability of the bacterium to reduce nitrates.


Blood Agar:  to determine hemolytic patterns.

((((((((((((((
Each Group of Students Should Perform the Following Procedures:

SESSION ONE
9.1.1.
Make a Gram stain of all cultures.

9.1.2.
Media Inoculation


1.  Stab the butt and streak the slant of a TSI agar tube with growth from each culture.


2.  Inoculate two tubes of OF glucose and two tubes of OF maltose media with each organism by stabbing the media with a needle no closer than one inch from the bottom of the tube.  Seal one of the tubes of each set with sterile mineral oil.

3.  Inoculate a trypticase nitrate broth with growth from each culture (for nitrate reduction).


4.  Streak a BAP for isolation with growth from each culture.

SESSION TWO

9.2.1.
Observe the colony morphology, hemolysis (if any) and pigment production on the BAP.

9.2.2. Perform the nitrate reduction test.  

1. To each of the trypticase nitrate cultures add 3 drops of reagent A (0.8% wt/vol in 5N 

 
acetic acid) and 3 drops of reagent B (0.5% wt/vol alpha-naphthylamine in 5N acetic acid).


2.  If no red color develops, add a small amount of zinc dust.

Interpretation (see also Exercise 8):

1.
A red color after addition of reagents A and B = reduction of nitrate to nitrite.

2.
No red color after addition of reagents A and B = reduction of nitrate to nitrogen or no reduction at all (Go to step 3).

3.
A red color after addition of reagents A and B and zinc dust = nitrate has not been reduced.

4.
No red color after addition of reagents A and B and zinc dust = nitrate has been reduced past nitrite to nitrogen.

9.2.3. Perform the oxidase test.  

1. Collect 2-3 colonies on the end of a sterile wooden stick and smear on filter paper.

2. Add 1 drop of oxidase reagent and observe for color change.

9.2.4.
Complete the Laboratory Results Worksheet (see Flowchart 5 and Flowchart A2).

INSERT

FLOWCHART 5

EXERCISE 10:  Serology
A variety of serologic tests have been used to:  1) identify the genus of a bacterium; 2) identify the species or 3) to detect the presence of antibodies in a patient's serum against a particular organism.  One of the more common serological tests is the slide agglutination test.

The clumping or agglutination of bacterial cells in the presence of specific antisera is a fundamental serological reaction.  This reaction is used to measure antibody levels (titer) to a known bacterial species or to identify unknown bacterial species using antisera of known specificity.  The highest dilution of the serum which causes agglutination of the bacteria is a measure of the amount of antibody to that antigen and the serological titer is expressed as the reciprocal of this dilution.  In this exercise the agglutinating titer of a serum sample to both "H" and "O" antigens of a Salmonella species will be determined using the tube dilution test.

The slide agglutination test is also used to measure specific serological reactions.  The technique is more rapid and requires smaller amounts of reagents than the tube test; however, the slide test is less precise in determining antibody titers.  In addition, an unknown organism can be identified using antisera of known specificity.  Routinely a polyvalent antiserum (containing pooled individual antisera), with agglutinating activity against several species within a genus, is used first.  If a positive reaction is obtained, individual antisera are then used to identify the species or serotype.

((((((((((((((
Objectives:
To perform serological titrations and tube and slide agglutination serological tests.
Cultures:
Group B Salmonella spp. 
Materials:
Salmonella O and H antigens

Anti-Salmonella sera

((((((((((((((
SESSION ONE

10.1.1.
Titration of Sera for Antibodies Against Salmonella "O" and "H" Antigens

1.  "O" antigen has been prepared by heating Group B Salmonella spp. in a boiling water bath.  Using the serum labeled test serum, perform the single serial dilution test described below.

a.
Set up ten test tubes, label 1-10.

b.
Add 4.0 ml saline to tube #1.

c. Add 2.5 ml saline to tubes #2-10.

d. Add 1.0 ml serum to tube #1, mix.

e. Remove 2.5 ml from tube #1 and add this to tube #2, mix.

f. Continue through tube #9, remove 2.5 ml from this tube and discard.

g. Add 0.25 ml of the appropriate antigen to each tube.

2.  Repeat the above test using the same sera and the “H” antigen.  The “H” antigen was prepared by treatment of whole cells with 0.3% formaldehyde.

3.  Incubate all tubes in a 50oC water bath and examine for agglutination after one hour.  Indicate degree of agglutination from 0 to 4+ on Laboratory Results Worksheet.  Replace tubes in water bath.  The Lab Coordinator will save tubes for examination during the next laboratory period.

10.1.2.
Slide Agglutination Test


1.  Place a drop of antisera to be tested in a square on a glass slide.  Place a drop of normal sera in another square to be used as a control.


2.  Add a small drop of Salmonella whole cell  antigen to each drop of sera and tilt the slide back and forth to produce an even suspension of organisms.

3. Observe the suspension against a dark background.  A rapid clumping of the organism indicates a positive test, whereas a mixture remaining as a smooth, even suspension indicates a negative test.

SESSION TWO

10.2.1. Reexamine the tube agglutination series that the Lab Coordinator saved from Session 1.

10.2.2 Complete the Laboratory Results Worksheet.

EXERCISE 11:  Neisseria spp.
Nonmotile gram-negative cocci often occur in pairs with adjacent sides flattened

Aerobic;  Oxidase positive;  Most are catalase positive

Chemoheterotrophic;  Carbohydrates used oxidatively (not fermented)

Iron required for growth;  N. gonorrhoeae & N. meningitidis (fastidious) require enriched media; Growth enhanced in presence of 3% - 10% CO2 in a moist environment 

Pathogenic species are encapsulated (usually)

Carbonic anhydrase produced;  Most reduce nitrite (not N. gonorrhoeae)

Mucosal surfaces are the common niche for both commensal and pathogenic members of this genus.  Several members of the genus are common in the nasopharyngeal microbiota of normal individuals; examples are Neisseria sicca and Neisseria subflava.  N. meningitidis, commonly called meningococcus, is also found in the nasopharyngeal microbiota, but is a potential pathogen, causing bacteremia and severe meningitis in both adults and children. N. gonorrhoeae, commonly called gonococcus, produces an acute inflammatory urethritis in males and frequently asymptomatic cervicitis in females.  A closely-related organism, Moraxella catarrhalis (see also Exercise 9), a common member of the nasopharyngeal microbiota, can grow in simple media.

Neisseria spp. are gram-negative cocci which frequently are arranged in pairs with adjacent sides flattened.  These organisms produce the enzyme indophenol oxidase which, in the presence of air, oxidize certain aromatic amines to products with a purplish-black color.  The two principle pathogens in this genus, Neisseria meningitidis and Neisseria gonorrhoeae, will not grow at 22o and require a more complex medium, usually containing blood or blood products, for growth.  Unlike some nonpathogenic Neisseria spp., gonococci and meningococci do not produce a yellow pigment.  N. gonorrhoeae produces acid from only glucose, whereas N. meningitidis utilizes glucose and maltose.  Confirmation of the identification of N. gonorrhoeae may be made by immunofluorescence test. The identity of N. meningitidis can be confirmed by immuno-

fluorescence, slide agglutination tests, and for certain serogroups, the Neufeld-Quellung reaction.

((((((((((((((
Objective:
To study the methods of isolation, culture and identification of pathogenic 

Neisseria spp.

Cultures:
N. gonorrhoeae (colony type 4)



N. sicca



N. subflava



M. catarrhalis


Unknown(s) for Each Group

Media:
Cystine Trypticase Agar (CTA) Media:  supplemented with either glucose, maltose or sucrose;  test for utilization of carbohydrates.

· Phenol red is pH indicator.

Chocolate Agar: blood agar prepared by heating blood until medium becomes brown or chocolate in color and supplemented with IsoVitalex enrichment;  supports characteristic growth of Neisseria spp. 



Blood Agar (BAP):  to observe characteristic colony types of Neisseria

Thayer-Martin Agar: chocolate agar supplemented with antibiotic inhibitors for selective isolation of pathogenic Neisseria

· Vancomycin inhibits gram-positive organisms;  Colistin inhibits gram-positive enteric organisms;  Nystatin inhibits yeast.
((((((((((((((
Each Group of Students Should Perform the Following Procedures:
SESSION ONE

11.1.1.
Make a Gram stain of each culture.

11.1.2.
Media Inoculation

1.  Inoculate CTA media containing glucose, maltose, or sucrose by stabbing the needle no closer than 1 inch from the bottom of the tube.  Replace caps without tightening and  incubate tubes at 37o C in a CO2 incubator.

2.  Divide plates into sections using a wax marker or felt tip pen, and inoculate two chocolate, two Thayer-Martin, and two BAP with N. gonorrhoeae, the unknown(s), and the other Neisseria spp. and incubate at 37o C with one of each of the media in ambient air and the other in a CO2 incubator.

SESSION TWO

11.2.1
Perform an oxidase test on growth from each agar culture.

11.2.2.
Examine the sugar utilization tubes.  Observe the tubes for growth and carbohydrate utilization, which is indicated by a yellowing of the medium due to acid production.

11.2.3.
Examine the culture plates incubated in the CO2 incubator, and in air.  Compare the colony morphology of the various organisms and Gram stain each.

11.2.4. Optional at discretion of Lab Coordinator:  Examine demonstration slides of intracellular gonococci in a smear of urethral exudate.

11.2.5. Complete the Laboratory Results Worksheet (see Tables 1 and 4 and Flowchart A1).

Table 4:  Distinguishing Characteristics of Neisseria and Moraxella











          PREFERRED



              SUGAR UTILIZATION (Acid):  
            CO2
        
   Agar
       
    Colony

    Organism     Glucose   Maltose   Sucrose      Required
 MeDIUM
 
Morphology

   N. meningitidis
  +

 +

-
        Enhanced        Thayer-Martin,
 Smooth, glistening, 

 





         Growth
       Blood or Chocolate 
     translucent


   N. gonorrhoeae
  +

 -

-

  +
        Thayer-Martin
 
As above, smaller
 





  



    
           or Chocolate
  
more opalescent

   N. sicca

  +

 +

+

  -
        TSA (or blood)
 
Large, opaque, dry

 












 
& wrinkled (48 hrs)

   N. subflava

  +

 +

-

  -
        TSA (or blood)
 
Smooth, cream-colored,

 












 
slowly
hemolytic (48 hrs)

   M. catarrhalis
   -

 -

-

  -
        TSA (or blood)
 
Smooth, shiny,opaque

EXERCISE 12:  Haemophilus and Bordetella spp.
Bordetella 
Minute nonmotile (except B.bronchiseptica by peritrichous flagella) gram-negative coccobacilli usually arranged singly or in pairs

Strict aerobes;  Nonfermentative chemoheterotrophic respiratory metabolism

Oxidize amino acids with production of NH3 and CO2;  Do not ferment carbohydrates

Require nicotinamide, organic sulfur and organic nitrogen 

B. pertussis requires complex growth medium (e.g., Bordet-Gengou) containing charcoal, blood, starch or albumin to absorb toxic components of agar

Possess genus-specific O antigen and strain-specific heat labile K antigens

Haemophilus (Family Pasteurellaceae)
Small nonmotile pleomorphic gram-negative obligately parasitic bacilli (or coccobacilli)
Facultatively anaerobic;  Oxidase and catalase reactions vary among species

Respiratory and fermentative metabolism;  Nitrates reduced to nitrites or beyond 

Require X and/or V factors found in blood
Strain- and species-specific outer membrane proteins

Polysaccharide capsule on many strains of H. influenzae;  Others nonencapsulated

H. influenzae biotyped on basis of indole, urease, and ornithine decarboxylase
Pasteurella (Family Pasteurellaceae)
Small nonmotile pleomorphic gram-negative coccobacilli often bipolar staining

Facultative anaerobes;  Respiratory and fermentative metabolism;  

Glucose fermented with acid but no gas;  Nitrates reduced to nitrite

Methyl red and Voges-Proskauer negative

Lysine decarboxylase and arginine dihydrolase negative

Does not hydrolyze gelatin

P. multocida produce large buttery colonies with musty smell due to indole production
This is a heterogeneous group of small, gram-negative, aerobic bacilli (or facultative coccobacilli) which are nonmotile and non-sporeforming and which require enriched media containing blood or its derivatives for isolation.  Some are among the common microbiota of the mucous membranes; others (Haemophilus influenzae, Bordetella pertussis) are important human pathogens.

Identification of Haemophilus spp. depends partly on demonstrating the need for certain growth factors; i.e., the heat stable X factor, or hemin (hematin), and the heat labile V factor, NAD (nicotinamide adenine dinucleotide) or NADP (phosphorylated NAD).

B. pertussis requires Bordet-Gengou medium for primary isolation.  This is an enriched medium containing blood, potato starch and glycerol.  This organism will not grow on ordinary laboratory media.  Most laboratories today depend on immunofluorescent procedures to confirm a diagnosis of whooping cough rather than attempting to culture.

Haemophilus influenzae:

These are very small, short, gram-negative bacilli, occurring occasionally in short chains, and are encapsulated in young cultures.  Older cultures may autolyse and/or produce long, pleomorphic forms.  Capsular swelling and other capsular serologic tests are used to type H. influenzae.  While Types a-f do occur, Type b is the most pathogenic, producing suppurative respiratory infections and, in young children, meningitis.  Non-encapsulated forms can be  regular members of the common respiratory microbiota of humans.

H. influenzae is most readily isolated from blood, sputum, spinal fluid, or the nose and throat by plating out specimens on chocolate agar, which contains both X and V factors, and then incubating the plates in an atmosphere of 10% CO2, although the organism may also grow in the presence of air only.

The required, heat-labile V factor may also be obtained by the action of other organisms, notably hemolytic Staphylococcus aureus, resulting in the "satellite phenomenon".  For example, if a blood agar plate is heavily seeded with H. influenzae and lightly seeded or spotted with S. aureus, small translucent colonies of H. influenzae may be seen to grow in a small area surrounding each colony of S. aureus.  Paper strips containing X, V, or X + V factors are available for use in determining growth requirements.  

Bordetella pertussis:

The three species in the genus Bordetella are aerobic, gram-negative coccobacilli, which require a complex medium for growth.  Although these organisms are frequently grown on media containing blood, Bordetella spp. require neither "X" nor "V" factors.  Identification of Bordetella spp. is made by immunofluorescence or slide agglutination tests using specific antisera, or by biochemical tests.

((((((((((((((
Objective:
To differentiate between Haemophilus and Bordetella species.

Cultures:
H. hemolyticus



H. parahemolyticus


B. bronchiseptica



Unknown(s) for Each Group

Media:
Blood Agar (BAP):  to determine hemolytic patterns, if any.

Chocolate Agar:  blood agar prepared by heating blood until medium becomes brown or chocolate in color and supplemented with IsoVitalex enrichment;  supplies special nutrient requirements for growth.   Heating the blood releases both X and V factors and also destroys the inhibitors of V factor.

Trypticase Soy Agar (TSA):  enriched agar to test requirements for X and/or V factors.

((((((((((((((
Each Group of Students Should Perform the Following Procedures:

SESSION ONE

12.1.1.
Make a Gram stain of each culture.

12.1.2.
Media Inoculation


1.  Streak the cultures onto a single BAP and a single chocolate agar plate divided into sections.


2.  Streak a TSA plate divided into sections for confluent growth of each culture.  Place X and V factor disks on the plate.  


3.  Inoculate a single BAP divided into sections with each of the cultures streaked for confluent growth.  Streak a single line of Staphylococcus aureus across each inoculated section.

SESSION TWO

12.2.1. Examine BAP for growth and hemolysis and chocolate agar for growth. Compare growth.

12.2.2. Determine the requirement of each culture for X and/or V factor(s).

12.2.3. Observe the co-culture plate for satellite growth around the S. aureus streak line.  

12.2.4. Complete the Laboratory Results Worksheet (see Tables 1 and 5).

Table 5:  Distinguishing Characteristics of Haemophilus and Bordetella


 





              Requires:


    Organism                       Hemolysis   X Factor   V factor       Capsule        

  Haemophilus influenzae

-

+
       +

  +
  H. parainfluenzae


-

-
       +

  +
  H. haemolyticus


+

+
       +

  +
  H. parahaemolyticus

+

-
       +
 
  ±
  H. suis



-

+
       +

  +
  H. haemoglobinophilus

-

+
       -

  -
  Bordetella pertussis


+

-
       -

  +
  Bordetella bronchiseptica

+

-
       -

  ±


Note:  Use TSA as a base agar for X and V factor tests.
EXERCISE 13:  Respiratory Unknown

The proper bacteriologic evaluation of infections in the respiratory tract of humans depends first on obtaining a suitable sample of exudate originating from the anatomical region showing pathology (e.g., nasopharynx, throat, sputum).  The second major aspect in the evaluation of respiratory tract organisms involves the inoculation of various types of media and their incubation under conditions designed to encourage growth of the various, potentially pathogenic organisms responsible for respiratory tract disease.  Finally, the interpretation of results depends on the knowledge of the common microbiota of the respiratory tract which is nearly always isolated along with the possible pathogen (see Table 1).  In some instances, a pathogenic organism can be present without producing overt disease.

((((((((((((((
Objective: 
To identify an unknown organism(s) of respiratory origin. 

Cultures:       Unknown specimens may contain mixtures of organisms selected from the following genera:  Corynebacterium, Bacillus, Haemophilus, Klebsiella, Neisseria, Moraxella, Staphylococcus, and Streptococcus.
Materials per student:

1.        Each student is provided with a tube containing unknown organism(s).

2.        Media to be used will be determined by the student, depending upon the type of specimen and suspected organism(s).

((((((((((((((
SESSION ONE

13.1.1. Resuspend the settled organism(s).  Prepare a Gram stain and try to determine the type(s) of microorganism(s) which are either more or less predominant.  

13.1.2. Streak the unknown specimen for isolation onto a BAP and a chocolate agar plate, the latter to be incubated in a 5% to 10% CO2 atmosphere.  

13.1.3. If you detected gram-negative rods, inoculate a MacConkey agar plate also.  

13.1.4. Store the remainder of the unknown in the cold room.

13.1.5. Incubate the plates at 37o C for 24 to 48 hours, until satisfactory growth is obtained.  Some colonies, such as Neisseria spp. or Corynebacterium spp., may not be obvious until they have been incubated for 48 hours.

SESSION TWO

13.2.1. Examine each plate macroscopically for colony morphology and pigment production (if any), as well as the presence and type of hemolysis. 

13.2.2. Gram stain each representative colony type and record the observations.

13.2.3. Perform an oxidase test.  

13.2.4. Pick well-isolated representative colonies of  each type and subculture each onto one-half of either a chocolate agar or BAP.  Streak-out to obtain isolated colonies.  

Note:  While any organism that will grow on blood agar will also grow readily on chocolate agar, the converse is not true, because a few organisms require chocolate agar for growth; e.g., Haemophilus influenzae and usually Neisseria meningitidis.

13.2.5. Optional at discretion of Lab Coordinator:  Pick well-isolated representative colonies of  each type and subculture each onto one-half of a TSA plate.  Streak-out to obtain isolated colonies.  Growth from this culture may be used to perform a catalase test, if necessary.    

13.2.6. Incubate the plates at 37o C for 24 hours as described previously and in an atmosphere of 10% CO2, if appropriate.  

SESSION THREE
13.3.1.  Observe all media and perform any further tests deemed necessary.

13.3.2 Complete the Laboratory Results Worksheet.

13.3.3 On the basis of growth requirements, colony type, Gram stain, hemolytic reaction, oxidase test (and optional catalase test), presumptively identify the organism(s) present, at least to the genus level and further if possible.

EXERCISE 14:  Clinical Unknown
((((((((((((((
Objectives:
To presumptively identify unknown organism(s) in a clinical specimen using the breadth of knowledge that you have acquired during this course.

Cultures:       Unknown specimens may contain mixtures of organisms.

Materials per student:

1. Each student is provided with a tube containing unknown organism(s) of clinical origin (actually laboratory stock cultures).  

2. At the discretion of the Lab Coordinator:  A brief case history of the patient may be provided.   Specimens have been matched to the case histories as typical microbiota that might be found in a patient with the symptoms described.

3. Media to be used will be determined by the student, depending upon the type of specimen and suspected organism(s).

((((((((((((((
SESSION ONE

14.1.1.  If provided, read the case history and empirically determine a preliminary identification.

14.1.2. Select the media appropriate to the specimen which you have received.  Inoculate media and incubate under appropriate conditions (CO2 jar if applicable).  

Note:  You will be expected to know which media to use and will have points deducted for using the wrong media.

Important:  Make sure to streak well for isolation.  The ability to grow out isolated colonies will be imperative for any further testing required.

SESSION TWO/THREE

14.2.1. Observe all media and perform any further tests deemed necessary.

14.2.2. Complete the Laboratory Results Worksheet.

14.2.3. The Lab Coordinator will provide the guidelines for the format of the Final Unknown Report.
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APPENDIX B

Microbiological Cybersites of Interest
About.com Microbiology/Bacteriology/Virology Links

http://biology.about.com/science/biology/msubmicro.htm
American Society for Microbiology


http://www.asmusa.org/
American Type Culture Collection (ATCC)

http://www.atcc.org/
BioOnline

http://www.bio.com/os/start/home.html
Centers for Disease Control and Prevention (CDC)

http://www.cdc.gov/
CDC National Center for Infectious Diseases (NCID)


http://www.cdc.gov/ncidod/
CDC NCID Division of Bacterial and Mycotic Diseases (DBMD) 


http://www.cdc.gov/ncidod/dbmd/
CDC NCID DBMD Foodborne and Diarrheal Diseases Branch


http://www.cdc.gov/ncidod/dbmd/foodborn.htm
FoodNet --- Foodborne Diseases Active Surveillance Network

CDC's Emerging Infections Program


http://www.cdc.gov/ncidod/dbmd/foodnet/
Morbidity & Mortality Weekly Report

http://www2.cdc.gov/mmwr/mmwr.html
MMWR Guidelines for Confirmation of Foodborne-Disease Outbreaks


http://www.cdc.gov/epo/mmwr/preview/mmwrhtml/ss4901a3.htm
The CDC Prevention Guidelines Database 


http://aepo-xdv-www.epo.cdc.gov/wonder/PrevGuid/PrevGuid.htm
The CDC Health Resource Directory

http://www.kirkwood.cc.ia.us/health-resource/cdc.htm
Digital Learning Center for Microbial Ecology

Home of the Microbe Zoo

http://commtechlab.msu.edu/sites/dlc-me/
Microbiological Cybersites of Interest (cont.)
International Code of Nomenclature of Bacteria

http://infoseek.go.com/?win=_search&sv=M6&lk=noframes&nh=10&ud9=IE5&qt=ICSB&oq=&url=http%3A//www.york.biosis.org/zrdocs/codes/icnb.htm&ti=International+Code+of+Nomenclature+of+Bacteria&top=
Medical/Health Sciences Libraries on the Web 


http://www.lib.uiowa.edu/hardin-www/hslibs.html
Miracle Drugs vs. Superbugs

Preserving The Usefulness Of Antibiotics (U.S. FDA)
http://infoseek.go.com/?win=_search&sv=M6&lk=noframes&nh=10&ud9=IE5&qt=%22National+Antimicrobial+Resistance+Monitoring+System%22+&oq=&url=http%3A//www.fda.gov/fdac/features/1998/698_bugs.html&ti=Miracle+Drugs+vs.+Superbugs+(Antibiotics)&top=

National Center for Biotechnology Information (NCBI)

http://www2.ncbi.nlm.nih.gov/
National Foundation for Infectious Diseases

Virtual Library of Disease

http://www.nfid.org/library/
National Institutes of Health (NIH)

http://www.nih.gov/

NIH Institutes & Offices



http://www.nih.gov/icd/

NIH National Institute of Allergy and Infectious Diseases (NIAID)




http://www.niaid.nih.gov/
Photo Gallery of Bacterial Pathogens


http://www.geocities.com/CapeCanaveral/3504/gallery.htm

http://164.119.202.40/steinbeck/micro/micro.html
State of Maryland 

Department of Health & Mental Hygiene


http://www.dhmh.state.md.us/
Texas A&M University College of Veterinary Medicine

Department of Veterinary Pathobiology 
 
http://vtpb-www.cvm.tamu.edu/vtpb/vtpb911/bacteria/default.html
The Grapes of Staph Doc Kaiser’s Microbiology Web Page
http://www.cat.cc.md.us/%7Egkaiser/goshp.html
Microbiological Cybersites of Interest (cont.)
The Internet Pathology Laboratory for Medical Education

http://telpath2.med.utah.edu/WebPath/webpath.html#MENU
General Pathology Images


http://telpath2.med.utah.edu/WebPath/GENERAL.html
The Microbiology Network

http://microbiol.org/INDEX.HTM
Mid-Plains Community College

http://164.119.202.40/steinbeck/micro/syllabus.html
University of Kansas 

Department of Microbiology, Molecular Genetics, and Immunology
http://www.kumc.edu/AMA-MSS/study/micro3.htm
University of Maryland (UM)


http://inform.umd.edu/
University of Maryland Department of Cell Biology & Molecular Genetics (CBMG)


http://www.life.umd.edu/CBMG/specializations.html


University of Texas-Houston Medical School

Introduction To Clinical Microbiology

The Cell  ---  Lab Methods  ---  Taxonomy

http://medic.med.uth.tmc.edu/path/00001455.htm
http://medic.med.uth.tmc.edu/path/00001450.htm
U.S. Department of Agriculture (USDA)
Food Safety and Inspection Service (FSIS)
http://www.fsis.usda.gov/index.htm
USDA FSIS

Pathogen Reduction/HACCP & HACCP Implementation


http://www.fsis.usda.gov/OA/haccp/imphaccp.htm
USDA FSIS Baseline Data Collection Program


http://www.fsis.usda.gov/OPHS/baseline/contents.htm
U.S. Department of Health & Human Services (HHS)

http://www.os.dhhs.gov/
U.S. Food & Drug administration (FDA)


http://www.fda.gov/
Microbiological Cybersites of Interest (cont.)
FDA Bacteriological Analytical Manual (BAM)



http://vm.cfsan.fda.gov/~comm/bam-mi.html
FDA Center for Food Safety & Applied Nutrition (CFSAN)


http://vm.cfsan.fda.gov/list.html
FDA CFSAN 

Foodborne Pathogenic Microorganisms and Natural Toxins Handbook
The "Bad Bug Book"

http://vm.cfsan.fda.gov/~mow/intro.html
FDA CFSAN

Strategies for Reducing Foodborne Diseases

http://infoseek.go.com/?win=_search&sv=M6&ud9=IE5&qt=%22National+Antimicrobial+Resistance%22+&oq=%22National+Antimicrobial+Resistance+Monitoring+System%22+&url=http%3A//vm.cfsan.fda.gov/%7Emow/hp2kstra.html&ti=Healthy+People+2000%3A+Strategies+for+Reducing+Foodborne+Disease&top=

U.S. National Agricultural Library's (NAL)

Web Gateway to AGRICOLA (AGRICultural OnLine Access).

http://www.nalusda.gov/ag98/
U.S. National Library of Medicine (NLM)
http://www.nlm.nih.gov/
National Library of Medicine

Internet Grateful Med (Database Search Engines,  e.g., MEDLINE)


http://igm.nlm.nih.gov/
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