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History of microbiology and
bacterial culture
As proposed by Robert Koch, a pure culture is the foundation of all research in infectious
diseases. In 1877, Koch began his studies of wound infections in animals. With his new
techniques for identifying bacteria, he distinguished various disease states – septicemia,
gangrene, abscess – at the microscopic level.

The current methods for how we view wound
infections from clinical perspective.
1. A patient attends with a wound and clinical features
of infection.
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What happens to your swab when
it arrives at the pathology lab?
• A microbiological culture, or microbial culture, is
a method of multiplying microbial organisms by
letting them reproduce in predetermined culture
medium under controlled laboratory conditions.
• It is often essential to isolate a pure culture of
microorganisms. A pure (or axenic) culture is a
population of cells or multicellular organisms
growing in the absence of other species or types.
• Isolated bacteria are then tested for sensitives
against antibiotics.

The presence
of bacteria in
a wound does
not insinuate
an infective
process?

• Visual clues/observations may not be reliable?
• Where bacteria are cultured and in the presence
of infective symptoms, we assume whatever
cultured is the culprit/pathogen?
• How to determine from a polymicrobial mix of
“who is really doing what” ?
There has been minimal development in the area of
better understanding wound infections.
= Diagnostics ? Targeted therapeutics ?

3

1/09/2020

Why do we need or want to better
understand wound infections?
Its unlikely we can ever prevent wound infections
thus the aim would be to enhance:
- Early detection? Initiate prevention methods,
start treatment earlier
- Targeted therapies? to reduce burden of AB
resistance, precision medicine
- Acute or Chronic? Determine physiology i.e
biofilm or planktonic to help drive treatments
pathway.
- To develop novel / new therapeutics? Little
advancement in wound area with regards to
anti-infectives
- To map infective outcomes? Allocation of
resources

Molecular “genomic” era
“The only way to manage an infection is to understand
the process;
• Who (microorganisms) is there
• What are they or it capable of doing
• Who (microorganisms) is actually doing what
• What is the host doing
• What is the best therapeutic approach
“The only way to understand the process is by having
appropriate tools”
“Conventional culture has taken us far but can
genomics can lead us into the future”.
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Molecular approaches
16S rDNA sequencing
Whole genome sequencing (Shotgun
sequencing)
RNA Transcriptome
Nanopore sequencing

16S sequence work flow

Genome analysis relies heavily on bioinformatics
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UNDERSTANDING WHAT THIS ALL
MEANS?

The future

How have molecular studies been employed for wound infection ?

Year

Author

Title

2019 Malone et al

Analysis of proximal bone margins in
diabetic foot osteomyelitis by conventional
culture, DNA sequencing and microscopy.

2018 Johani et al

Understanding the microbiome of diabetic
foot osteomyelitis: insights from molecular
and microscopic approaches

2017 Shurko et al

Next Generation DNA Sequencing of Tissues
from Infected Diabetic Foot Ulcers
Identification of Pathogens Directly From
Diabetic Foot Infections by Shotgun
Metagenomic Sequencing

2015 van Asten

The microbiome of diabetic foot
osteomyelitis

2018 Crisologo

Are We Misdiagnosing Diabetic Foot
Osteomyelitis?

2017 Malone et al
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Strain- and
SpeciesLevel
Variation in
the
Microbiome
of Diabetic
Wounds

Staphylococcus aureus Strain Diversity Is Associated
with Clinical Outcomes
• several strains of S. aureus
that are exclusively
associated with unhealed
wounds, such as S. aureus
10757 (SA10757), detected
in 6.2% (12/195) of all
specimens.
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Poor Outcomes Are Associated with Biofilm- and Virulence-Related
Genetic Pathways in the DFU Metagenome

How to understand the information?
Patient had infection resolution
Non-infected

Infected

Patient had infection failure and had
Amputation

1. Why do some people with same bacteria develop infection and others don’t ?
2. Why do some people who develop infection and have the same bacteria have different
Outcomes?
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So why do some wound develop infection and
others don’t? Why do some wounds have greater
infection severity?

• Primary
Immunodeficiencies?
• Acquired
Immunodeficiencies?

Microbial

• Diabetes
• Arterial Disease
• Nutrition

• Type of bacteria –
species or strain?
• Virulence and
pathogenicity ?
• Colonizers vs known
pathogens?
• Antibiotic resistance?

A multi-omics approach identifies host-microbe alterations
associated with infection severity in diabetic foot infections.
Taxonomic composition of active microbial
communities within DFI

Community composition of microbiomes
associated with DFIs
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Acinetobacter

Other

Escherichia

Salmonella

Chlamydia

Staphylococcus

Lactobacillus

Porphyromonas

Firmicutes

Lachnoclostridium

Clostridioides

Enterococcus

Sanguibacteroides

Fusobacterium
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Photorhabdus

9

1/09/2020

PEDIS
potassium−transporting ATPase subunit KdpA
MULTISPECIES: multidrug efflux RND transporter permease subunit
K(+)−transporting ATPase subunit B
RNA polymerase sigma factor RpoE
formate C−acetyltransferase, partial
MULTISPECIES: aspartate ammonia−lyase
MULTISPECIES: nitrite reductase large subunit
MULTISPECIES: zinc ABC transporter ATP−binding protein ZnuC
HAAAP family serine/threonine permease
MULTISPECIES: phage shock protein PspA
sodium/glucose cotransporter
MULTISPECIES: major fimbrial subunit
MULTISPECIES: ubiquinone biosynthesis regulator y protein kinase UbiB
twin−arginine translocase subunit TatB
two−component system sensor histidine kinase KdbD
SM−20 protein
staphopain cysteine proteinase
DNA topoisomerase II
MULTISPECIES: lanthionine synthetase C−like protein
LPXTG cell wall anchor domain−containing protein
type II deoxyribonuclease
cytolysin
cell envelope biogenesis protein LolA
outer membrane autotransporter barrel domain protein
TonB−denpendent receptor
S−layer protein
SusC/RagA family TonB−linked outer membrane protein
peptidase M56
recombinase RecG
L−asparaginase 2
MULTISPECIES: heat−shock protein
PTS mannose transporter subunit IID
NADPH−dependent butanol dehydrogenase
MULTISPECIES: biopolymer transporter ExbD
MULTISPECIES: protein VraX
MAP domain−containing protein
MAP domain−containing protein, partial
immunoglobulin−binding protein sbi
metal ABC transporter substrate−binding protein, partial
foldase PrsA
N−acetylmuramidase
immunoglobulin G−binding protein G
MULTISPECIES: type II toxin−antitoxin system mRNA interferase toxin, RelE/StbE family
DUF1827 domain−containing protein
serine protease HtrA
heat−inducible transcriptional repressor HrcA
arsenate reductase
filamentous hemagglutinin
cytosine deaminase
fimbrial protein

Differences in
the microbial
transcriptomes
(RNA) of PEDIS
infection
severities
Top 50 enriched
microbial genes in all
infection
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Large amount of virulence factors for adhesion and cell invasion
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The host transcriptome
PEDIS
ALAS1
SLC25A44
OSBPL2
GZF1
MAP2K3
RGPD2
GADD45B
KIF21B
CYSTM1
DDIT3
PPP1R15A
EIF4A3
FAM53C
EHD1
RAB11FIP1
IL6R
SOCS3
NFKBIA
FAM126B
ADIPOR1
TRIM25
SEC14L1
XPO6
IFRD1
PELI1
ROPN1L
AL031123.3
AL355864.2
AL022313.2
AL512378.1
GCM1
SAG
AL138963.3
AL118508.3
SLC22A1
KLLN
GADD45G
LINC01619
AL358473.1
RAB3A
MSRB1
FRAT2
ARID3B
NCF4
AC016876.2
AL353625.1
VNN1
RGPD1
TG
CEACAM1
LSMEM1
CDKN2D
LRP5L
CST7
AC099343.3
RGL4
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Correlation of
clinical variables
with host gene
expression

Heatmap outlining alterations in gene expression relative to
white cell counts
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New areas for Diagnostics?
Biomarkers?

Bioinformatics –
Network analysis
•

Key stones (Circles are microbial taxa, lines are statistical
correlations in taxa abundance (edges).

•

In the context of the microbiome, networks have emerged as
a sophisticated tool to visualise the interactions between
species and to determine the drivers of microbial community
patterns.

•

Network analysis may identify key-stone organism/s central
to structuring the microbiome and indicative of particular
states. Removal of these taxa tends to lead to failure of the
system as a whole – or wholesale shifts on microbiome
structure and function.

•

i.e. This could be a polymicrobial community in a DFI with S.
aureus identified as key-stone taxa. Instead of using a broadspectrum antimicrobial (because sequencing or conventional
culture identify a polymicrobial infection) adoption of a
targeted antimicrobial for S. aureus such as flucloxacillin,
could destabilise the community leading to resolution of an
infective process.

Relationships

11

1/09/2020

THE FUTURE PATIENT GENOME FLOW

Future Pharmacological Targets?
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Thank you
“Before I came to this lecture, I was
confused.
After hearing it I am still confused, but
on a higher level”

Resources available for download
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Reminder...
• Please help us by completing a short survey at the end of
this webinar, if you are accessing the webinar on demand
please click on yellow provide feedback icon.

• You will receive your participation certificate upon survey
completion via email.

Stay tuned for S+N Closer to Zero Podcast !
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To receive your participation certificate via
email please complete our short survey
If you have any questions contact us at
ProfEd.ANZ@smith-nephew.com
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