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Typeability —)Theﬂpégbof:rit;: of isolates that can be
assigned a type

Reproducibility > The ability of the typing system to
assign the same type on repeat testing of the same
strain

Stability > The stability of clonal expression of
markers over time

Discriminatory power-> Discrimination index >0.95(s%
probability of assigning independent isolates to the
same type)

Epidemiological Concordance >The capacity of a

typing scheme to classify all epidemiologically related
isolates from an outbreak into the same clone

Microorganisms are identified to the genus level or
to sensitivity test ?2??
* Direct techniques such as staining (104 — 105 organisms)
¢ Culture techniques
(inoculation onto appropriate media/biochemical tests)
* Detection of microbial products — (14 CO, for M.tuberculosis)

*Molecular techniques — DNA probes, PCR, DNA sequencing

* Antibiogram

* Biotype

* Phage typing

* Bacteriocin typing

- Serotyping

*Protein profile (PAGE)

» Multilocus Enzyme Electrophoresis
(MLEE)

Genotype EEEEEP> (ene expression S>>




resistance/sensitivity

- Qualitative results - disk diffusion; breakpoint
assay

= ngn‘rimﬂve results - MIC determination; E-test
strip

+ Discrimination dependent upon
- the diversity and prevalence of resistance
=the antibiotics tested

- Limitations of the method

=Variable phenotypic expression of low level or
inducible resistance

+ Bacteriophage are viruses that
infect bacteria

« Susceptibility to lysis requires
presence of phage receptor

* A single phage can replicate 200
fold in 1s-20minutes and then
lyses the host cell - releases
phage particles

* Plaques of growth inhibition can
be seen on an indicator lawn of
sensitive cells

Phage plaques in bacteria lawn

- Based on subspecies diversity of

- Colony morphology

- Metabolic activity

- Toxin production

- Commercial systems now in use that generate
“biotype codes” automatically

“Limitations of the method

- Better for identification than typing

- Show poor discrimination and repeatability

Used in reference laboratories for typing some

important pathogens

- Salmonella/Shigella/S. aureus

* Susceptibility to lysis by a defined set of
bacteriophages

* One of the most discriminating phenotypic
typing systems

= Limitations of the method

= Incomplete typeability

- Poor reproducibility

- Genetic instability of phage typing
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Protein-antibiotics that kill sensitive indicator strains

- Bacteriocin typing is based upon;

- the ability of test strains producing bacteriocins to lyse a
standard set of indicator strains

- the sensitivity of test strains to bacteriocins produced by
a set of standard producing strains

* Originally used in reference laboratories for typing
Klebsiella pneumoniae, Pseudomonas aeruginosa
sLimitations of the method

- Difficult to standardise -

- Poor reproducibility

* Little used today

—

Technique Serotyping

Strain typing
Taxonomy
- Population genetics

Notes: antigenic variation often not
correlated with genetic variation

ntigens expressed on the microbial cell surface
can be characterised by species-specific
antibodies

- Agglutination; immunofluorescence

* Technically simple, reproducible, low cost
method

« Limitations of the method

_sLimited by.availability of specific antisera

- Errors in typing caused by antigen variation
~within a clone

- Evolutionary convergence of unrelated clones to
expression of identical epitopes

" Ah;d-l_)}_se variation in whole cell proteins
usinngolyacrylamide gel electrophoresis
(PAGE)

» Can combine with immunoblotting to give
more discrimination

» Can be applied to a number of pathogens
- Relatively cheap to perform

Limitations of the method

= Difficultto standardise
- Complex protein profiles are difficult to
interpret




Comparison of protein profiles of unidentified canine

Lanes 1, B. hyodysenteriae ATCC27164; 2, B. pilosicoli P43/6/78; 3, B. innocens ATCC29796;
4, B.aalborgi NCTC11492;5, B. avinipulli C1; 6, D3a/8/31; 7, D1a/10/25; 8, D2a/10/259, D1d/6/15

Immunobloiting

m— —

Prbtein rg{]n and = Search for electrophoretic variants of a set of
10=15 Standard “housekeeping enzymes"

* Many strains can be compared on one gel

Technique
Western blotting

* Detect the enzyme activity using chromogenic
substrates

* The data is then used to assign an
«electrophoretotype

- Widely used method for a number of pcn‘hogenic_
bacteria

Strain typing
Taxonomy
Population genetics

Notes: useful adjunctive technique but technique
difficult to interpret objectively.
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System Typeability |Discrimination [ Reproducibility | Stability |E C
Antibiogram | Excellent | Variable Good Variable |Good
Biotype Excellent | Variable Good Good Moderate
Serotype Good Moderate Good Good Good
Phage type [Moderate | Good Moderate Moderate | Good
Bacteriocin | Moderate | Good Moderate Moderate | Moderate
PAGE Excellent Moderate Moderate Moderate | Moderate
[mmuno- Excellent | Good Good Moderate | Good
blotting

MLEE Excellent Good Excellent Excellent | Good

Strain typing
Taxonomy
Population genetics  + + +

+ +

Notes: Technique of choice for population studies,
also useful for taxonomy and strain typing

Plasmid analysis
PCR
G+C content
165 rRNA/DNA
Gene sequencing
Hybridization
RFLP analysis
REA
PFGE
RAPD

o chromasomal
DkA

Genoty pe ===P Gene expression ===p> Phenotype
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Extrachromosomal genetic elements that replicate
independently of the chromosome

- Easily purified and separated by size on an agarose gel -
+ Encode useful properties to the host cell i ; {
- Antibiotic resistance; metabolic activities L3 b 4 " ) u o

* The first DNA-based typing method for epidemiological
studies of nosocomial infections (19s)

- Limitations of the method;

~ = Requires species to harbour multiple, diverse plasmids
- Can be difficult to accurately size the plasmids
="The presence of identical plasmids can be the result of
horizontal transfer rather than clonal relatedness

Plasmid.Res

Helps distinguish two dissimilar plasmids
of identical size

* Restrictionendonucleases cut the plasmid

DNA at defined sequences and generate

linear fragments

- i.e. EcoRi cuts at GAATTC ds sequences

* The size of fragments can be compared

directly on the agarose gel (sieving effect)
~+TImage capture and computer analysis of the
bands is possible o

“LCimitations of the method;

- Only works if plasmids are present

- Are plasmids missing a few bands identical? EcoRI Plasmid profile
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= The PCR is a powerful technique used to ainf»lify DNA
millions of fold, by repeated replication of a template,
Strain typing in a short period of time.
. Theﬁr‘ocess utilizes sets of specific in vitro
Taxonomy synthesized oligonucleotides to prime DNA synthesis.

; ; = The technique is carried out through many cycles
Population genetics usually 2095O> of melting the Tempqcn‘e cn‘yhigh
temperature, allowing the primers to anneal to
complimentary sequences within the femplate and then
replicating the template with DNA polymerase.

* The process has been automated with the use of
~ thermostable DNA polymerases isolated from bacteria
that grow in thermal vents in the ocean or hot springs.

Notes: whole genomal technique, large of
band interpretation hard.

dNTPs
cycle lTaq pol

-

- 2,097,152 copies M - -::.:;mg."*"l||lit"--lll=

copyright MW King 1996




+ Since PCR amplifies selective DNA Tarﬂlefs, the ultimate
Strain typing resolution would come by sequencing fhe amplified DNA

* This technology can be used for bacteria, viruses and fungi

Taxonomy * Easy to standardise between laboratories by using
Population genetics standard reference strains to assess the sequencing
accuracy
L « In bacteria it is usual to sequence a hypervariable region
oo of 16S RNA using PCR sequencing
—-0 *Limitations of the method:
3((;em):chiJ cu:em‘;o — = COST Of The pl"OCedur‘e
=How many bases can be different before two strains are
Notes: important taxonomic characteristic but not in the same typing group ??

of little discriminatory value.

the mean G+C content at the different codon positions

[ Technique 165 rRNA/DNA

s |

Strain typing
Taxonomy
Population genetics

Notes: technique of choice for phylogeny
and relationships at the genus level.
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_*» Kim et al report the use of PCR
sequencing of the rpoB gene of
Mycobacterial species

Aligned region —
{101 amino acids, 306 bp)

Primer design

Ph)«'lngs‘genetic tree

Strain typing
Taxonomy
Population genetics

Notes: antigenic variation often not
correlated with genetic variation

T3-2.56Q,Contig.19 TTECCACACAAGTOATACCACTTOACTTCAGATCCCCCOANGCCTET

W W

m

ARACCTA

Bh.Seq <= TTGCCACACAACTGAGAG CACTTOACTTCAGATCCCCCCARCCCTETCOAMAGCTA
1B.5eq - TTGCCACACARGTEAGACCACTTCACTTCAGATCCCCCCAACCCTCTCCARACCTA
.Seq <> TTGCCACACAAGTCAGAGEACTTGAGTTCAGATCCCCCCANCCCTCTCCARAGCTA

R M T T TR
T3-2.58Qontig.19. CATCCACTCCACTETCCETCACALTTCCCTTOTCTCARAGAAGETCAGATCCARA
' "

<= CATGCACTCCACTCTGGTTGACAGTTGCCTTGTCTCARAGRAGCTCAGATAGARAA
=> CATGCACTCCACTETCONTGACAGTTGCCTTCTCTCARAGAAVNTGAGATCARAA
=> CATGCACTCCACTETCCTTGACAGTTCCCTTETCTCARAGAACCTGAGATSCARAA

T - .

B 732,580, Cortig 19 AMACGCACATEGTTGCCCTCTACTTT ACTTTCCTCANTATTATCATACACACATC
B

<= ARACCCACATGCTTGCCCTCTACTTTCACTTTCCTGAATATTATCACACACACATC
> AMACCCACATCGTTACCCTCTACTTTGACTTTCATCAATATTATEACACACACATC
> AAACECACATAGTTGCC-TCTACTTTGACTTTCGTCAATATTATCACACACACATC

Technique

Strain typing ++
Taxonomy +++
Population genetics  + +

Notes: not routine used at present for
certain bacteria.

GCOON: RED PANDA GIANT PANDA

TTOTH SUN BUACK
BEAR  BEAR.  BEAR

DIVERGENCE
15-20 million years ago

arsago

COMMON ANCESTOR
(meat eater]

GIANT PANDA

DIVERGENCES
2million years ago

Evolutionary relationships among red pandas, giant pandas,

and bears, according to DNA-DNA hybridization studies




Basedtupon hybridization-of probes with genomic
restriction-digests

* rRNA probes provide a universal system for all
species - ribotyping
- High conservation of sequences within rRNA genes
- Multiple copies of rRNA operons
- Stable sequences

wnCanwuse rRNA or fragments of genes

"+ Comparison of the bands can be automated
+ Limitations of the method;

- Discrimination depends upon the restriction enzyme
and the probe used.

IRestriction Fragment Length Polymorphism (RFLP)
DNA Extracted from
blood cells

Strain typing ++
Taxonomy + +
' lnmﬂmmﬂ jeatiu Population genetics +++

toamembrane

(Southern blott)

DNA pattern is compared
with patterns from known
subjects

specific DNA

Notes: wide application for large populations
gene probe-dependent discrimination.

Ribotyping

£ - @ —

H2 —

Three Ent faecalizisolates |solate DNA
from emvironment

Run DNA on gel

Southern Blotting
The Basis of RFLP Analysis

B2

-~

Cut DNA

Probe membrane with labeled
DMA to give “Tingerprint™

Denatured
to single
stranded
fragments

—_—

@ & Double-stranded
= agments
,Q C& separated by
DNA Restriction electrophoresis
extracted enzyme
roduces

agments

v
E-e=—a

Develop film, Visualize Wash to
DNA banding remove
typing by exposure excess
pattern to X-ray film probe
appears

Transfer
from gel
to
membrane
Radioactively
labeled probe
in single
strand form

—@®

Cover
membrane
with probe,
incubate

Q2001 How Stuft Works
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Analysis of genomic DNA avoids requirement for plaémids - e,

+ Restriction-enzyme used must generate a useful number Technique PFGE <
of visible fragments ‘

« PFGE avoids this problem by using “rarecutters” that ruseo - /T-‘?-m

generate large fragments (sokb-12Mb) Strain typing CA—

gEsass

* These are resolved in a gel run with an alternating Taxonomy - i
electrical field. The change in direction of the DNA Population genetics + +  *tssmanta
leads to retardation of larger fragments

+ Limitations of the'method:
- Specialised apparatus, skill-intensive
- >4 hours to get a result

ARG L 23 405 67 8 91011 1213 14 15 16 1718 1920 21 22 23 24 25 R6 4 Based Upon Gmphf'CGTIon of geno-me DNX?Gr'geTS
= In PCR-RFLP typing a 1-2kB sequence known to
show polymorphism among strains of the species

of interest is specifically amplified and then cut
with restriction endonucleases

* Quicker than traditional RFLP because no
hybridization step is required

pg————— R L L T
- e -

- Limitations of the method:
='Knowledge of the polymorphic gene sequences and
selection of the restriction enzymes is critical
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Arbitrary-Primed PCR (Randomly
B  Amplified Polymorphic DNA

® Tdentity strain-species

variation in DNA

®  Arbitrarily-chosen primers

pairs to amplify

" DNA fingerprint

PCR-Ampilification
and
Gel electrophoresis

WﬁStraiijecific pattemsr |

A & *
TGACTACC T3
GACTGATCGACTITCCAG

EC

I
CTGACTAGCTGGG

GTCAAGGCTGACTGATCGACTTTCCAG

PCR primer sequence
location and orientation

Amplified PCR products
Chromosomes

axonomy
Population genetics + +

Notes: Good for within and between species
reproducibility not guaranteed.

DM@ 1 A9 DNA UY8IU8RaN Wiy laas DNA

VOIUIBIURAY
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Technique ? Any Explanation?

System Typeability | Discrimination | Reproducibilit | Stability |EC

y
Plasmid Variable Variable Moderate Moderate | Good
Plasmid Variable Variable Good Moderate | Good
REA
Genome Excellent Good Moderate Good Good
REA
Ribotyping | Excellent Moderate Excellent Excellent | Excellent
RFLP Excellent Variable Excellent Excellent | Excellent
PFGE Excellent Excellent Good Good Excellent
PCR-RFLP |Excellent Variable Excellent Excellent | Excellent
DNA Excellent Excellent Excellent Good Excellent
sequence

Comparison of Genomic Methods for Differentiating Strains of

TABLE 2. Description of isolate sources and genomic typing results
from the second potential outbreak with eight VRE strains

Type
REA

Nursing
unit
souree®

Isolate  Date isolated
code (mo/day/yr)

Specimen

SOUrCe FGE
HindIIl  Hgelll

EF20 32193 KE Urine
EF21 31593 BW Urine
EF22 4/7/93 Rectum®
EF23 477093 SIC Rectlum
EF24 4710093 Urine
EF26 422/93 S Blood
EF27 4/21/93 Rectlum
EF28 4/21/93 Rectlum

Currently
- Antimicrobial sensitivity testing
- Serotyping

- PCR

- PFGE for confirmatory genotypic analysis
gaelithe future

- Automated DNA sequence analysis both .
for identification and typing systems
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