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UNDERSTANDING
THE UNKNOWN
BACTERIA FLOW
CHART: A GUIDE
TO MICROBIAL
IDENTIFICATION

I n  t h e  w o r l d  o f
microbiology, few tools
are  as  essential—and
as elegantly simple—as
the  unknown  bacteria
flow  chart.  Whether
you  are  a  s tudent
peer ing  through  a
microscope for the first
time  or  a  seasoned
laboratory  technician
processing  clinical
samples, the ability to

identify  an  unknown
bacterial  species  is  a
c o r n e r s t o n e  o f
scientific  practice.  The
process,  however,  can
feel  daunting.  With
thousands  of  bacterial
species  in  existence,
each  w i th  i t s  own
metabolic  quirks  and
structural traits, where
does one even begin?
This is precisely where
the  unknown  bacteria
flow  chart  comes  into
play.  It  serves  as  a
log i ca l  r oadmap ,
g u i d i n g  t h e
investigator  step  by
step  from  a  simple
o b s e r v a t i o n  t o  a
confident identification.
In  this  article,  we will
explore  what  these
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flow  charts  are,  why
they are indispensable,
h o w  t o  u s e  t h e m
effectively,  and  how
you  can  even  create
your own. By the end,
y o u  w i l l  s e e  t h a t
identifying an unknown
bacterium is less about
memorizing  facts  and
more about following a
clear, methodical path.

WHAT IS AN
UNKNOWN
BACTERIA FLOW
CHART?

At its core, an unknown
bacteria flow chart is a
visual  decision-making
tool .  I t  presents  a
sequence  of  tests,
observat ions,  and
questions that lead the
u s e r  t o w a r d  t h e
identification  of  a
bacter ia l  species.
Typically,  the  chart
begins  with  broad,
f u n d a m e n t a l
differentiators—such
as Gram stain reaction

o r  c e l l
morphology—and  then
narrows down to more
specific  biochemical  or
genetic  tests.  Each
d e c i s i o n  p o i n t
branches  into  two  or
more  paths,  and  by
following  the  correct
branch based on your
t e s t  r e s u l t s ,  y o u
eventually  arrive  at  a
single bacterial species
or  a  small  group  of
c l o s e l y  r e l a t e d
organisms.
These  flow  charts  are
used  extensively  in
teaching  laboratories,
clinical  microbiology
settings,  and research
environments.  They
transform  what  could
be a chaotic process of
trial  and  error  into  a
structured,  repeatable
methodology.  The
beauty of the unknown
bacteria  flow  chart  lies
in its simplicity: anyone
with  basic  training  in
m i c r o b i o l o g i c a l
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techniques  can  use  it
to  achieve  reliable
results.

THE IMPORTANCE
OF BACTERIAL
IDENTIFICATION

Identifying  unknown
bacteria is  not  merely
an academic  exercise.
It  has  profound  real-
world implications.

Clinical
Diagnosis and
Treatment:
When a patient
presents with an
infection,
knowing the
exact bacterial
species is often
critical for
selecting the
appropriate
antibiotic.
Misidentification
can lead to
treatment failure,
prolonged illness,
or even death.
Food Safety

and Quality
Control: Food
manufacturers
routinely test
their products for
pathogenic
bacteria such as
Salmonella or
Listeria. Rapid
and accurate
identification
helps prevent
outbreaks and
recalls.
Environmental
Monitoring:
Water quality
testing, soil
analysis, and air
sampling all rely
on identifying
bacterial
populations to
assess
contamination
levels or
ecosystem
health.
Biotechnology
and Research:
Scientists often
isolate novel
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bacteria from
natural
environments for
industrial or
pharmaceutical
applications.
Identifying these
unknowns is the
first step toward
harnessing their
potential.

In  all  these  contexts,
the  unknown  bacteria
flow  chart  provides  a
standardized,  efficient,
a n d  t e a c h a b l e
a p p r o a c h  t o
identification.  It
reduces  reliance  on
expensive  and  time-
c o n s u m i n g
technologies  like  DNA
sequencing,  especially
in  resource-limited
settings.

KEY COMPONENTS
OF A BACTERIAL
IDENTIFICATION
FLOW CHART

To understand how an

unknown  bacteria  flow
chart works, you need
t o  k n o w  i t s  b a s i c
building  blocks.  While
different  charts  may
emphasize  different
tests,  most  share  the
following elements.

Gram
Stain and
Cell
Morpholo
gy
This  is  almost  always
the  first  branch  point.
The Gram stain divides
bacteria into two major
groups:  Gram-positive
(purple)  and  Gram-
negative (pink or red).
At this stage, you also
note the shape of the
cells—cocci (spherical),
rods (bacilli), spirilla, or
vibrio.  This single test
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eliminates half or more
of all possibilities right
from the start.

Oxygen
Requirem
ents
B a c t e r i a  c a n  b e
ob l i ga te  ae robes
(require  oxygen) ,
obligate  anaerobes
( c a n n o t  t o l e r a t e
oxygen),  facultative
anaerobes  (can  grow
w i t h  o r  w i t h o u t
o x y g e n ) ,  o r
m i c r o a e r o p h i l i c
(require  low  oxygen
levels).  Determining
oxygen preference is a
powerful  differentiator,
especially  for  Gram-
negative  rods.

Biochemi

cal Tests
T h e s e  a r e  t h e
workhorses of bacterial
identification.  Common
examples  include:

Catalase test:
Distinguishes
staphylococci
(catalase-
positive) from
streptococci
(catalase-
negative).
Oxidase test:
Helps
differentiate
Pseudomonas
from other Gram-
negative rods.
Indole, MR, VP,
Citrate (IMViC)
series: Classic
tests for enteric
bacteria like E.
coli and
Klebsiella.
Coagulase test:
Key for
identifying
Staphylococcus
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aureus.
Lactose
fermentation:
Used on
MacConkey agar
to separate
lactose
fermenters from
non-fermenters.

Growth
on
Selective
and
Differenti
al Media
Media  like  MacConkey
agar,  Mannitol  Salt
agar,  or  Blood  agar
provide clues based on
growth  characteristics,
co lony  co lo r ,  and
hemolysis  patterns.
These  are  often  built

into  the  flow  chart  as
early  decision  points.

Motility
Testing
Some  bacter ia  are
motile  due  to  flagella,
while  others  are  non-
m o t i l e .  A  s i m p l e
motility  test  using  a
semi-solid medium can
qu i ck l y  sepa ra te
certain  genera.

STEP-BY-STEP
GUIDE TO USING
AN UNKNOWN
BACTERIA FLOW
CHART

N o w  t h a t  y o u
u n d e r s t a n d  t h e
components,  let  us
walk through a typical
identification  process
using  a  flow  chart.
Imagine  you  have
isolated  an  unknown
bacte r ium  f rom  a
clinical sample. Here is
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how  the  flow  chart
would  guide  you.

Perform a1.
Gram Stain.
You observe
purple, spherical
cells arranged in
clusters. This
means you are
dealing with
Gram-positive
cocci. Your flow
chart will now
direct you to the
Gram-positive
cocci section.
Check for2.
Catalase
Production. You
add a drop of
hydrogen
peroxide to a
colony. Bubbles
appear. This
indicates
catalase-positive.
Your chart now
points you
toward the
Staphylococcus
and related
genera, and

away from
Streptococcus
and
Enterococcus.
Perform the3.
Coagulase
Test. You test
for the enzyme
coagulase. The
result is positive.
Your flow chart
now narrows to
Staphylococcus
aureus with high
confidence. If it
had been
negative, you
would be looking
at other
staphylococci
like S.
epidermidis or S.
saprophyticus.
Confirm with4.
Additional
Tests. You might
perform a DNase
test or mannitol
fermentation test
to double-check.
The flow chart
may suggest
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these as
confirmatory
steps.

This  is  a  simplified
e x a m p l e ,  b u t  i t
illustrates the power of
the method. Each test
eliminates  possibilities
until only one remains.
The  flow  chart
prevents  you  from
gett ing  lost  in  the
countless  species  you
are not dealing with.

COMMON
EXAMPLES OF
UNKNOWN
BACTERIA FLOW
CHARTS

Depending  on  your
context, you might use
different  types  of  flow
charts. Here are a few
classic examples.

Flow

Chart for
Gram-
Positive
Cocci
This is one of the most
commonly used charts
in  c l in ica l  labs .  I t
typically  branches
based  on  catalase,
c o a g u l a s e ,  a n d
hemolysis  patterns  to
differentiate
S t a p h y l o c o c c u s ,
S t r e p t o c o c c u s ,
Enterococcus ,  and
Micrococcus species.

Flow
Chart for
Gram-
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Negative
Rods
This  chart  is  essential
for  identifying  enteric
b a c t e r i a .  E a r l y
branches  inc lude
oxidase  react ion,
lactose  fermentation,
a n d  I M V i C  t e s t s .
C o m m o n  s p e c i e s
identified  include
Esche r i ch ia  co l i ,
Klebsiella pneumoniae,
Proteus  mirabi l is ,
P s e u d o m o n a s
a e r u g i n o s a ,  a n d
Salmonella species.

Flow
Chart for
Anaerobi

c Bacteria
These charts are more
specialized  and  often
requ i re  growth  in
anaerobic  conditions.
Key tests include Gram
stain  morphology,
a n t i b i o t i c  d i s k
susceptibility  (e.g.,
v a n c o m y c i n ,
k a n a m y c i n ) ,  a n d
biochemical  profiles
us ing  spec ia l i zed
systems.

CHALLENGES AND
LIMITATIONS OF
FLOW CHARTS

While  the  unknown
bacteria flow chart is a
powerful tool, it is not
without  its  limitations.
Being  aware  of  these
will  make you a more
effective
microbiologist.
1.  Atypical  Strains:
Not all bacteria behave
a c c o r d i n g  t o  t h e
textbook. Some strains
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m a y  g i v e  f a l s e -
negat ive  or  fa lse-
positive results due to
genetic  variation,  age
o f  the  cu l tu re ,  o r
growth conditions. This
is  why  confirmatory
tests are so important.
2 .  I n c o m p l e t e
Charts:  A  single  flow
chart  cannot  cover
every  known  species.
Most  charts  focus  on
clinically  relevant  or
c o m m o n l y
encountered  bacteria.
If you encounter a rare
or  env i ronmenta l
isolate,  the chart  may
lead you to a dead end.
3 .  S u b j e c t i v e
Interpretation:  Some
tests  rely  on  visual
interpretation—color
c h a n g e s ,  c o l o n y
m o r p h o l o g y ,  g a s
production.  Different
o b s e r v e r s  m a y
in te rp re t  resu l t s
differently,  leading  to
divergent paths on the
chart.

4 .  T i m e  a n d
R e s o u r c e
C o n s t r a i n t s :
Biochemical tests take
time—often  24  to  48
hours .  I n  c l i n i ca l
settings where speed is
critical,  flow  charts
may be supplemented
with  rapid  test ing
methods  or  genetic
identification.
5 .  M i s l e a d i n g
Similarities:  Some
bacteria are so similar
in  their  biochemical
profiles  that  the  flow
chart  cannot  reliably
separate  them.  In
these cases,  you may
need  to  consu l t  a
second  chart  or  use
molecular techniques.
D e s p i t e  t h e s e
challenges,  the  flow
c h a r t  r e m a i n s  a
valuable  first-line  tool.
The  key  is  to  use  it
critically—treating it as
a guide rather than an
absolute authority. If a
r e s u l t  s e e m s
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inconsistent,  repeat
the  test,  check  your
controls,  and  consider
a l t e r n a t i v e
possibil it ies.

TIPS FOR
CREATING YOUR
OWN UNKNOWN
BACTERIA FLOW
CHART

If you are a teacher, a
s t u d e n t ,  o r  a  l a b
manager,  you  might
w a n t  t o  c r e a t e  a
custom  flow  chart
tailored to your specific
needs. Here is how to
approach it.

Know Your1.
Scope. Decide
which bacteria
you want to
identify. A chart
designed for
clinical isolates
will look different
from one
designed for soil
bacteria or food
pathogens.

Start with2.
Broad
Differentiators.
Begin with the
Gram stain and
cell morphology.
These are the
most reliable and
easiest tests to
perform.
Use the Most3.
Discriminatory
Tests Early.
Tests that split
your list of
possible bacteria
in half are ideal
for early
branches. For
example, the
catalase test is
highly effective
for Gram-positive
cocci.
Keep It Logical4.
and Linear.
Each branch
should lead to a
smaller group of
possibilities.
Avoid creating
loops or
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redundancy.
Include5.
Confirmatory
Steps. At the
end of each
branch, list one
or two
confirmatory
tests that solidify
the identification.
For example, if
you arrive at E.
coli, a positive
indole test and
lactose
fermentation on
MacConkey agar
offer
reassurance.
Test Your6.
Chart. Before
putting it into
regular use, run
it against known
bacterial strains
to ensure it leads
to the correct
identification
every time.
Keep It7.
Updated. As
new species are

discovered and
new testing
methods become
available, revise
your chart
accordingly.

Creating a flow chart is
an  excellent  learning
exercise. It  forces you
to think critically about
which  traits  are  most
u s e f u l  f o r
differentiation and how
to  structure  a  logical
decision pathway.

BEYOND THE FLOW
CHART: MODERN
APPROACHES TO
BACTERIAL
IDENTIFICATION

While  the  unknown
bacteria  flow  chart  is
rooted  in  traditional
microbiology,  the  field
is  evolving.  Today,
many  laboratories
supplement or replace
biochemical  charts
w i t h  a d v a n c e d
technologies.
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MALDI-TOF  Mass
Spectrometry:  This
technique analyzes the
protein  profile  of  a
bacterial  colony  and

m a t c h e s  i t  t o  a
d a t a b a s e .  I t  c a n
identify  hundreds  of
species in minutes with
high accuracy.


