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Introduce

microbiological
methods for studying
microorganisms, particularly
those found in oral cavity

Department of
Oral Microbiology

In

Jinthana Lapirattanakul

medicine, the major
responsibility of the
microbiological laboratory is to
provide the information, the
presence or absence of the
microorganism causing infectious
diseases.
Results lead to the accurate
diagnosis and treatment

Mostly

are endogenous infections;
caused by oral microflora
 Dental

caries
 Periodontal diseases
 Endodontic infection
 Dental abscesses
 Oral candidosis
 Oral lesions: Herpes simplex
infections
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Dynamic Environment
 79%

of population
infected
 Annual dental
spending $85 billion
 Plaque is a complex
microbial community

 Multi-species

community
 More than 700+distinct oral species /
more than 1014 bacteria/mouth
 Most have never been cultured
 Many oral species produce substance that
can kill closely related competitors
 Gram+, Gram-, cocci, rods, filament,
spirochete, etc
 Fungi and viruses are all in the mix

 The

mouth – a unique microhabitat
 Abundance of nutrients
 Wide variety of nutrients
 Moisture
 Very hospitable temperature
 Variation of oxygen tension so aerobic,
facultative anaerobic and obligate
anaerobic organisms could exist

 Both

culture and DNA/RNA – base
techniques are used for identification and
quantification of oral microorganisms
 Overall, there are  700 species existing in
the oral cavity
  20% of these 700 species have been
cultured
Gram+ and Gram- exist
 Most anaerobic or facultative anaerobic
 Both
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 Microbes

vary in requirement for or tolerance
of oxygen
 The broad classification of bacteria as
anaerobic, aerobic or facultative is based on
the types of reaction they employ to generate
energy for growth
Aerobes (obligate aerobes, strict aerobes)
Facultative anaerobes
Obligate anaerobes(strict anaerobes, anaerobes)
Aerotolerant
Microaerophiles
Capnophiles

Obligate anaerobes (Strict anaerobes,
Anaerobes)
 Cannot

survive in the presence of oxygen
 Use anaerobic metabolism
 Lack of enzymes that decompose toxic
oxygen compounds such as superoxide and
hydrogen peroxide (Enzymes; superoxide
dimutase and catalase)

Aerobes
(Obligate aerobes, Strict aerobes)
 Require

oxygen
 Capable of growth at full oxygen tensions
(21%O2- Atmosphere)
 Undergo aerobic respiration
 Use oxygen as final electron acceptor
 Can tolerate elevated O2 (hyperbaric O2)

Facultative anaerobes
 Under

appropriate nutritional and culture
condition can grow under either aerobic or
anaerobic condition
 Prefer oxygen
 Types of metabolism
– aerobic respiration
- anaerobic respiration
- fermentation
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Aerotolerant anaerobes
 Can

tolerate O2 and can grow in its
presence even though they can not use it
 Can grow either in the presence or
absence of O2
 Never used aerobic metabolism
 Have enzymes to neutralize toxic O2
compounds (superoxide dimutase,
catalase)

Microaerophiles
 Can

use O2 only at levels lower than that
present in air (from 2-10%)
 Undergo aerobic respiration
 Contain oxygen sensitive molecules such
as oxygen sensitive enzymes
Limit ability to detoxify hydrogen
peroxide and superoxide radicals

Capnophiles
 Grow

better in the presence of CO2
 Require CO2 for growth
 Aggregatibacter actinomycetemcomitans
(Actinobacillus actinomycetemcomitans)aggressive juvenile periodontitis
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Since
1. Obligate aerobic bacteria gather at the top of the test tube
in order to absorb maximal amount of oxygen.
2. Obligate anaerobic bacteria gather at the bottom to avoid
oxygen.
3. Facultative bacteria gather mostly at the top, since aerobic
respiration is the most beneficial one; but as lack of
oxygen does not hurt them, they can be found all along the
test tube.
4. Microaerophiles gather at the upper part of the test tube
but not at the top. They require oxygen but at a low
concentration.
5. Aerotolerants gather at all part of the tube. They can grow
either the presence or absence of oxygen.

Genera

Anatomic Site

Bacilli (rod)
Gram-negative

Bacteroides
Fusobacterium

Gram-positive

Colon
Mouth, Colon

Tannerella

Mouth

Prevotella

Mouth

Porphyromonas

Mouth

Actinomyces

Mouth

Lactobacillus

Mouth, Vagina

Propionibacterium
Eubacterium, Bifidobacterium
and Arachnia
Clostridium

Cocci (spheres)
Gram-positive

Peptostreptococcus, Peptococcus

Gram-negative

Veillonella, Acidominococcus

Skin
Mouth, Colon
Colon, also found in the soil
Colon

oral infections contain a
great variety of possible
pathogens, diagnostic oral
microbiology should have the
potential to identify a wide range
of organisms, particularly
anaerobic microorganisms.

In

medicine, the major
responsibility of the
microbiological laboratory is to
provide the information, the
presence or absence of the
microorganism causing infectious
diseases.
Results lead to the accurate
diagnosis and treatment

Mouth, Colon
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A

number of methods and techniques
are used :Sample (specimen) collection
Transportation to laboratory
Laboratory analysis
- definitive diagnosis
- decision on antimicrobial
therapy

Sample (specimen) collection

The

- Always collect appropriate
specimens
- Specimen should be as fresh
as possible
- Special techniques are
required for collecting
specimens from oral cavity.

The

site for sample collection

 Supragingival

plaque
 Subgingival plaque
 Lesion

method of sample
collection

 Scraping
 Swabbing
 Impression
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- Saliva
- Dental plaque
-

- supragingival
- subgingival

Oral rinse
Tongue
Swabbing
Impression

Sample collection



Non-stimulated saliva
Stimulated saliva

- Saliva contains all planktonic oral
bacteria.
- Paraffin wax is used to stimulate and
obtain bacteria from plaque.
- Good sample for caries activity test
- Specific bacteria such as lactobacilli and
mutans streptococci can be cultured,
identified and counted.

Sample collection
Dental Plaque:
Composition of plaque bacteria from
each area can be studied.
Supragingival plaque
- Toothpick, curette, dental floss are used
to collect plaque.
- Those cariogenic bacteria such as
lactobacilli and mutans streptococci can be
cultured, identified and counted.
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Sample collection
Dental plaque:
Subgingival plaque
- Paper point, curette, dental floss,
periodontal strip are used to collect sample.
- Those periodontal pathogen such as
Porphyromonas, Prevotella, Tannerella,
Fusobacteria etc. can be isolated.
- Most of bacteria form subgingival plaque
are anaerobes and facultative anaerobes.

Sample collection
Tongue and Oral rinse
- Dorsum of tongue is the habitat of
Candida species.
- Imprint culture technique is used to
study Candida species in oral cavity.
- Oral rinse with 10 ml of phosphatebuffered saline (PBS) for 60 sec
- Can be used for the quantification of
yeast growth
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Transportation to laboratory
- Specimens are transported from clinic to the
laboratory in transport medium.
- Transport medium helps to maintain the viability of
the organisms during transit.
- Speed is also important especially for anaerobes.
- Medium contains reducing agent with resazurin
as an indicator. (A redox sensitive dye is usually
included in media used for culturing anaerobes to
monitor the redox potential.)
- Tube with soft agar (semisolid) and reducing
agents designed to maintain viability of anaerobic
organisms.





Amie’s transport medium
- These transport tubes are ideal for maintaining survival during
transport of most aerobic bacterial agents.
Stuart’s transport medium
- Transport Medium Stuart is recommended for the preservation
and transportation of Neisseria species and other fastidious
organisms.
- This medium is semisolid, non-nutrient medium which prevent
microbial proliferation. The medium provides an adequate
degree of anaerobiosis which can be monitored by means of the
redox indicator methylene blue.




V.R. medium
RTF (reduced transport medium)

 Transport

media are special media
formulated to preserve a specimen and
minimize bacterial overgrowth from the
time of collection to the time it is received
at the laboratory to be processed.
 Depending on the types of organisms
suspected in the sample, transport media
may vary.
 However, in general, transport media are
classified on the basis of physical state as
semisolid or liquid forms, and also in basis
of their utility, such as bacterial or viral
transport media.




Amie’s transport medium
Stuart’s transport medium



V.R. medium
- Venkatraman Ramakrishnan medium
- Used to transport feces from suspected cholera patients



RTF (reduced transport medium)
- RTF is recommended its use for transportation of dental plaque
specimens.
- This medium contains Ethylenediaminetetraacetic acid (EDTA),
which enhances cell dispersion and eliminates possible toxic
effects of trace heavy metal ions.
- It also contains dithiothreitol (DTT) as a reducing agent.
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Laboratory analysis
(Laboratory methods)
A large number of methods and techniques
are used.
 Can be categorized into :

Non-cultural methods:
- Microscopic methods (light microscope,
electron microscope)
- Detection of microbes by probing for
their genes using molecular tools

Laboratory analysis
(Laboratory methods)

Cultural methods:
Classical methods of diagnosis in which
- Solid or liquid media are used for
bacterial and fungal growth.
- Culture cells derived from animal
and human are used for viral growth.

Microscopic methods
Light microscopy:
Laboratory analysis
(Laboratory methods)

Immunological methods:
These are used to
- Identify organisms
- Detect antibodies in a patient’s
body fluid (e.g. serum, saliva),
especially when the organisms
cannot be cultured in laboratory media

Routinely used in diagnostic microbiology
- Staining of smear from lesions or
specimens
- Gram stain is the most commonly used.
- Visualized bacteria clearly
- Categorize them according to stain
properties and morphology
- By these smearing and staining, these help yielding
almost immediate information of direct clinical value.
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Microscopic methods

Microscopic methods

Dark-ground (Dark-field) microscopy:
The specimen is illuminated obliquely by a
special condenser.
 Brightfield microscopes that have a condenser
with a filter holder can be easily converted to
darkfield by placing a patch stop filter into the
filter holder.
 The organisms appear bright against the dark
background.
 The organisms appear bright, because they
reflect the light from the microscope into the
objective.
 Fresh-specimen can be illuminated.
 The bacteria can be categorized according to
cell morphology and motility.


Phase-contrast/
Dark-field microscopy:
 Identification

of specific

species: No
 The key method for the
determination of total
spirochete counts
 Required viability to
determine motile bacteria

Phase contrast microscopy:
Phase contrast microscopy requires special
phase contrast objectives and a special phase
contrast condenser.
 This technique is useful for observing
unstained specimens that lack a color.
 Phase contrast microscopy takes advantage of
fact that structures with different refractive
indexes bend the light differently.
 The optics will convert the
differences in refractive index of
the specimen into brightness
differences.


Cultural methods
 Bacteria

grow well on artificial media.
 Media containing blood is the most widely
used as enriched, non selective media.
 Most of oral bacteria are fastidious, they
need growth-enrich constituent: e.g. yeast
extract, meat extract (contain
carbohydrates, proteins, inorganic salt
vitamins and growth factors for bacterial
growth).
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Cultural methods


Selective media are widely used to diagnose oral
bacteria
 Mitis

Salivarius agar (MS) for oral
steptococci
 Mitis Salivarius Bacitracin agar (MSB) for
mutans streptococci







Rogosa agar for Lactobacilli
Saboraud dextrose agar for Candida
TSBV for A. actinomycetemcomitans (or Aa.)
P. gingivalis agar (PGA) for P. gingivalis

Various atmospheric conditions are required for
oral bacterial growth
aerobic
anaerobic
capnophilic

Cultural methods
Anaerobic conditions can be produced by :1. The anaerobic jar - is the most common
- It can be set up by 2
methods
A
Using a commercial
available hydrogen and
CO2 generated envelope
(GasPack) that is placed in
the jar along with the
culture plates

Cultural methods
 Atmospheric

requirement and incubation

- Aerobic:
but additional supplying 5-10% CO2
enhances growth of most human pathogens
- Anaerobic:
most bacteria, especially oral pathogens,
are strict anaerobes and only grow in the
absence of oxygen

Cultural methods
Anaerobic conditions can be produced by :B
Achieving anaerobiosis in the jar
consists of evacuation and
replacement.
 Air is evacuated from the seal jar
containing the culture plates and
is replaced with an O2–free
mixture of 80% nitrogen, 10%
hydrogen and 10% CO2.


48
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Cultural methods
Anaerobic conditions can be produced
by :2.The Roll-tube method
- More sophisticated procedures
- Use for isolate extremely oxygensensitive microorganism that cannot
recovered by using anaerobic jar

Anaerobic glove box or chamber

Cultural methods
Anaerobic conditions can be produced
by :3.The anaerobic glove box or chamber
- Innovation developed for isolating and
working with anaerobic bacteria
- It is essentially a large clear-vinyl
chamber, with attached gloves
- Containing a mixture of 80% nitrogen,
10% hydrogen and 10% carbon dioxide

Cultural methods
Anaerobic conditions can be produced
by :1. Anaerobic jar
2. Roll tube
3. Anaerobic glove box
 Studies have shown that the anaerobic jar is
adequate to recover clinically significant
anaerobes.
 The extremely oxygen-sensitive bacteria of
the microflora apparently are not associated
with infectious process.
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1. They are often derived from the normal
flora. One must be confident that the
organism isolated is not a contaminant.
2. If air gets into the sample during
sampling or transportation to the clinical
laboratory, then the organism may not
be isolatable.
3. Slow growth of the organism due to
inefficiency of fermentation  isolation
takes several days or longer

 When

the putative pathogen from clinical
specimen is isolated as pure culture, it is
important to identify the organism.
1. Inspection of colony characteristics
(size, shape, elevation, margin, color,
smell and texture, effect of blood)
2. Examination of microscopic morphology
and staining characteristics
a stained film from colony helps
identification
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3. Identification of growth conditions
aerobic, anaerobic, capnophilic,
growth on selective and enrichment
media
These will indicate the major group
of organisms (e.g. streptococci,
staphylococci, clostridia)
However, definitive identification
to species level  biochemical tests

Laboratory investigations related to
antimicrobial therapy
 Once

the putative pathogen has been identified
from a specimen, its antimicrobial sensitivity
can be predicted with some degree of accuracy.
 The action of an antimicrobial drug against an
organism can be measured :
qualitatively: disc diffusion tests
quantitatively:
minimum inhibitory concentration (MIC)
minimum bactericidal concentration (MBC)

Disc diffusion test
- The most commonly used method.
- The isolate to be test is seeded
over the entire surface of an agar
plate.
- Drug-impregnated filter paper
discs are applied.
- Observe the zones of growth
inhibition around each disc
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Assessment of MIC and MBC
A

range of two-fold dilutions of an
antimicrobial agent can be incorporated
into a suitable broth in a series of tubes
 The broth is inoculated with a
standardized suspension of test organism
 The minimum concentration of the drug
that inhibit growth in the tube is
recorded as the MIC.
 Subsequently, a standard inoculum from
each of the tube which no growth are
subcultured on blood agar to determine
the MBC.

Assessment of MIC and MBC
The MIC

Minimum Inhibitory Concentration
The minimum concentration of the drug
that inhibit growth of the microorganism
in the tube.

The MBC
Minimum Bactericidal Concentration
The minimum concentration of drug
that kill 99.9% of the test
microorganism in the original inoculum.
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Inhibit growth

Minimal bactericidal/fungicidal
concentration (MBC/MFC)

MIC is the lowest concentration of an
antimicrobial agent that inhibits the visible
growth of a particular microorganism.

Low
conc. of
drug

High
conc. of
drug

MIC

MBC
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Conclusion

The end

Clinical request
Collection and transport of specimen
Laboratory analysis
Smear of specimen
Gram stain
Microscopy

Culture
Aerobic

Anaerobic

Identification and antimicrobial
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