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MASTERING MICROBIAL IDENTIFICATION: THE ULTIMATE DICHOTOMOUS KEY
TEMPLATE FOR GRAM POSITIVE BACTERIA

In  the  intricate  world  of  microbiology,  the  ability  to  accurately  identify  bacterial  species  is  a
cornerstone of both clinical diagnostics and scientific research. Among the many tools available to
microbiologists,  the  dichotomous  key  stands  out  as  a  time-tested,  logical,  and  highly  effective
method  for  classification.  When  focusing  on  one  of  the  most  clinically  significant  groups  of
microorganisms—Gram positive bacteria—having a reliable and well-structured dichotomous key
template  for  Gram  positive  bacteria  can  transform  a  complex  identification  process  into  a
straightforward, step-by-step journey. This article provides a comprehensive guide to understanding,
creating, and utilizing such a template, ensuring that both novice students and seasoned laboratory
professionals can navigate the diverse landscape of Gram positive organisms with confidence.

WHAT IS A DICHOTOMOUS KEY AND WHY DOES IT MATTER?

A dichotomous key is a systematic tool used to identify organisms based on a series of choices
between two alternative  characteristics.  The word "dichotomous"  comes from the Greek word
meaning "cut in two," which perfectly describes the key's structure:  at  each step,  the user is
presented with a pair of contrasting statements. By selecting the statement that best describes the
unknown organism, the user is directed to the next pair of choices, gradually narrowing down the
possibilities until a final identification is reached. This method is widely used in fields such as botany,
zoology, and, of course, microbiology.
For microbiologists, the dichotomous key template for Gram positive bacteria is particularly
valuable  because  it  streamlines  the  identification  of  organisms  that  share  a  common  staining
characteristic—the retention of crystal violet dye in their cell walls. By focusing on this foundational
trait, the key then branches out to consider other distinguishing features such as cell morphology,
arrangement, metabolic capabilities, and enzymatic activities. This structured approach reduces
guesswork and enhances accuracy, making it an indispensable resource in clinical, environmental,
and industrial microbiology.

THE SIGNIFICANCE OF IDENTIFYING GRAM POSITIVE BACTERIA

Gram positive bacteria represent a diverse group of microorganisms that include both harmless
commensals  and  dangerous  pathogens.  The  ability  to  distinguish  between  species  like
Staphylococcus aureus and Streptococcus pyogenes or between Bacillus anthracis and Lactobacillus
is crucial for several reasons:

Clinical Diagnosis and Treatment: Accurate identification guides antibiotic therapy. For
example, knowing whether an infection is caused by Enterococcus or Streptococcus can
influence the choice of antimicrobial agents.
Infection Control: Identifying pathogenic strains like methicillin-resistant Staphylococcus
aureus (MRSA) helps hospitals implement appropriate isolation and control measures.
Food Safety and Quality: Many Gram positive bacteria are involved in food spoilage or
foodborne illness, while others are essential for fermentation processes.
Research and Bioprospecting: Understanding the diversity of Gram positive bacteria in
various environments aids in discovering new enzymes, antibiotics, and biotechnological
applications.

Given  these  applications,  having  a  robust  dichotomous  key  template  for  Gram positive
bacteria  is  not  just  an  academic  exercise—it  is  a  practical  necessity  for  anyone  working  in
microbiology.

KEY CHARACTERISTICS USED IN GRAM POSITIVE BACTERIAL IDENTIFICATION

Before diving into the template itself, it is essential to understand the key characteristics that are
typically used to differentiate Gram positive bacteria. These features form the basis of the decision
points in the dichotomous key.

Cell Morphology and Arrangement
Gram positive  bacteria  can appear  under  the  microscope as  spheres  (cocci),  rods  (bacilli),  or
filaments.  Their  arrangement  is  equally  informative:  cocci  may  appear  in  clusters  (like
Staphylococcus), chains (like Streptococcus), or pairs (like Enterococcus). Bacilli may appear singly,
in  pairs  (diplobacilli),  or  in  chains  (streptobacilli).  Some  may  form  filaments  or  show  branching,
which  is  characteristic  of  Actinomyces  and  related  genera.

Catalase Test
The  catalase  test  is  one  of  the  first  biochemical  tests  performed.  It  detects  the  presence  of  the
enzyme  catalase,  which  breaks  down  hydrogen  peroxide  into  water  and  oxygen.  A  positive
result—immediate bubbling—distinguishes Staphylococcus and Micrococcus from Streptococcus and
Enterococcus, which are catalase-negative.

Oxidase Test
While  more  commonly  used  for  Gram negative  bacteria,  the  oxidase  test  can  be  useful  for
identifying certain Gram positive genera.  It  detects  cytochrome c oxidase activity.  Most  Gram
positive bacteria are oxidase-negative, but some, like Pediococcus, may be variable.

Growth on Selective Media
Growth characteristics on specialized media such as Mannitol Salt Agar (MSA), Bile Esculin Agar
(BEA), and Blood Agar provide critical clues. For example, Staphylococcus aureus ferments mannitol,
turning MSA yellow, while Staphylococcus epidermidis does not. Enterococcus species hydrolyze
esculin in the presence of bile, turning BEA black.

Hemolysis Patterns
When grown on Blood Agar, bacteria may produce one of three hemolysis patterns: alpha (partial
hemolysis, greenish discoloration), beta (complete hemolysis, clear zone), or gamma (no hemolysis).
This is a key feature for differentiating Streptococcus species.

Endospore Formation
Some Gram positive bacilli, particularly the genera Bacillus and Clostridium, form highly resistant
endospores.  The  presence  of  spores  is  a  definitive  characteristic  that  narrows  down  identification
possibilities significantly.

Motility
Motility can be assessed using a hanging drop preparation or motility agar. Most Gram positive cocci
are non-motile, while some bacilli, such as Bacillus cereus, are motile.

Biochemical Tests
A  range  of  biochemical  tests  is  used  to  further  differentiate  species.  These  include  the  coagulase
test (for Staphylococcus), bile solubility (for Streptococcus pneumoniae), optochin sensitivity (for S.
pneumoniae),  and  sugar  fermentation  tests.  Modern  identification  systems  such  as  API  strips  and
VITEK automate many of these tests but still rely on the same underlying principles.

BUILDING A DICHOTOMOUS KEY TEMPLATE FOR GRAM POSITIVE BACTERIA

Creating  a  dichotomous  key  template  for  Gram  positive  bacteria  requires  a  logical
progression  from broad,  general  characteristics  to  more  specific,  narrow traits.  The key  should  be
hierarchical,  with  the  most  stable  and  easily  determined  features  at  the  top.  Below  is  a
comprehensive template that covers the major groups of Gram positive bacteria.

Step 1: Gram Stain and Basic Morphology
Start  with  the  most  fundamental  observation.  Confirm  that  the  organism  is  Gram  positive.  Then,
determine its basic shape and arrangement.

Gram positive cocci → Go to Step 21.
Gram positive bacilli (rods) → Go to Step 52.
Gram positive branching filaments → Go to Step 83.

Step 2: Catalase Test for Cocci
The catalase test is the first branching point for Gram positive cocci.

Catalase positive → Go to Step 31.
Catalase negative → Go to Step 42.

Step 3: Catalase-Positive Cocci
This group primarily includes Staphylococcus and Micrococcus.

Coagulase positive → Staphylococcus aureus1.
Coagulase negative → Consider Staphylococcus epidermidis, Staphylococcus saprophyticus,2.
or Micrococcus (perform modified oxidase test to differentiate)
Growth on MSA: yellow pigmentation → S. aureus3.
Growth on MSA: no color change → S. epidermidis4.

Step 4: Catalase-Negative Cocci
This group primarily includes Streptococcus and Enterococcus.

Growth on Bile Esculin Agar (BEA): positive (blackening) → Enterococcus (also PYR1.
positive)
Growth on BEA: negative → Consider Streptococcus → Go to hemolysis pattern2.
Alpha hemolysis on Blood Agar → Perform optochin sensitivity test:3.

Optochin sensitive → Streptococcus pneumoniae
Optochin resistant → Viridans group streptococci

Beta hemolysis on Blood Agar → Perform bacitracin sensitivity test:4.
Bacitracin sensitive → Streptococcus pyogenes (Group A)
Bacitracin resistant → Check for Group B or other groups

Gamma hemolysis (no hemolysis) → Consider Enterococcus or nutritionally variant5.
streptococci

Step 5: Gram Positive Bacilli (Rods)
For rod-shaped bacteria, endospore formation is a critical distinguishing feature.

Endospore-forming → Go to Step 61.
Non-endospore-forming → Go to Step 72.

Step 6: Endospore-Forming Bacilli
This group includes Bacillus (aerobic or facultative anaerobic) and Clostridium (strictly anaerobic).

Aerobic or facultative anaerobic growth → Bacillus species1.
Large, boxcar-shaped cells with central spores → Bacillus anthracis
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Motile, with ellipsoidal spores that do not swell the cell → Bacillus cereus
Strictly anaerobic growth → Clostridium species2.

Note: identification at species level requires additional biochemical and toxin testing

Step 7: Non-Endospore-Forming Bacilli

This diverse group includes Listeria, Corynebacterium, Lactobacillus, and others.

Catalase positive → Consider Listeria monocytogenes (also motile at 25°C, produces beta1.
hemolysis, positive for the Christie-Atkins-Munch-Petersen [CAMP] test)
Catalase negative → Consider Lactobacillus (usually non-spore-forming, Gram2.


