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Diagnostic Stewardship

Modern and rapid diagnostics: focus on individual patient care

Accurate diagnostics for detection and identification of bacterial species

AID stewardship model

ASP DSP
Culture methods

Molecular tests
Patient care - PCR

- 16S rDNA Sanger sequencing

ISP

ASP: Antimicrobial Stewardship Program
<waam DSP: Diagnostic Stewardship Program
ISP: Infection Prevention Stewardship Program

Dik et. al. Future Microbiol. 2016




Limitations

Culture methods - slow-growing or fastidious bacteria

- antibiotic treatment
- Maldi-TOF

Molecular tests
PCR a priori knowledge of likely pathogenic species
16S rDNA Sanger sequencing
- polymicrobial samples

- high sequence similarities in some species
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Culture independent diagnostic method for detection
and identification of bacterial species in clinical
materials

* Next Generation Sequencing (NGS)
* Benchtop sequencers Diagnostic tool
* Metagenomics

* Targeted NGS 16S5-23S rDNA NGS

2021 - xxxx
culture/PCR

16S5-23S rDNA NGS

2005 - 2017

2018 - 2020
culture/PCR

culture/PCR
16S-23S rDNA NGS

metagenomics

Modern diagnostics



Campylobacter spp: Man et. al. Appl Environ Microbiol. 2010

23S rRNA gene (appr. 2,9 kb)
- highly useful in regards to bacterial classification

- high sequence variation Hunt et. al. Appl. Environ. Microbiol. 2006

Challenge: sequencing whole 165-23S rRNA region

16S rRNA gene |—| 23S rRNA gene
ITS

16S rRNA gene (appr. 1,5 kb)
- highly useful in regards to bacterial classification
- poor discriminatory power for some genera Patel et. al. Mol. Diag. 2001
ITS region
- highly variable in size and/or sequence composition

E. coli: Garcia-Martinez et. al. J Bacteriol. 1996
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Advantages of Next Generation 165-23S rDNA sequencing
for culture-free infectious disease diagnostics

Culture-independent assay enables detection of organisms which are:
- fastidious - viable not culturable
- slow-growing

Identification bacterial species within complex polymicrobial samples

Community DNA PCR amplification of NGS of amplicons — — Bt — ] assembly
16S-23S rRNA region on MiSeq (lllumina)



https://www.ksre.ksu.edu/igenomics/p.aspx?tabid=40
http://www.bio-rad.com/en-us/product/t100-thermal-cycler

Aims

To develop an easy-to use culture free diagnostic method
based on 165-23S rDNA NGS to improve the resolution of

bacterial species identification.

To compare 165-23S rDNA NGS with 4 commonly used
identification methods.

To evaluate the feasibility of 165-23S rDNA NGS to detect

and identify bacterial species in clinical specimens.
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Species identification using 165-23S rDNA NGS

73 difficult to identify clinical isolates were subjected to five methods.
16S-23S rDNA NGS: higher discriminatory power

lon 16S
16S rDNA 16S-23S rDNA Metagenomics kit Vitek MS Microflex MS
. . . . ;.
sequencing sequencing (Thermo Fisher) (BioMérieux) (Bruker)
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The discriminatory power of species level identification using 165-23S NGS is significantly higher
than 16S rDNA Sanger Sequencing, lon 16S Metagenomics kit, Vitek MS and Microflex MS
(p=0.0001, p=0.0003, p=0.0001 and p=0.0002, respectively).



16S-23S rDNA NGS: clinical materials

Proof of principle

Materials:

- urine samples from patients suspected for urinary tract
infection (n=60)

- positive blood culture samples (n=23)

- biopsies and punctates from orthopedic patients (n=21)

Methods:
- conventional culture

- 165-23S rDNA NGS




Species ID from clinical samples using 165-23S rDNA NGS

TABLE 1. Bacterial identification results from 60 urine samples based on culture and NGE of 163-238 rRIVA region,

Reporied canseof UT1hy . . .
Sarple cu%ﬁgfﬁ :lgi:,m'e g;%‘j::ll ::Eﬁﬁ?;’:ﬂltu;ajdlm] nadls Species content by NG5S of 165-235 rRN A region (% of total reads)
UR1 Preudomongs aerugtnosa 100 Lactobacillus gasseri (97 2%, Freudomonas aeruginosa (2.4%), Corpnebacizrium
arape olaturn (0. 4%)
UR2 Fratews mirabilis 1o Frotews valgaris (F0.3%) Froteus mirabilis (29.7%)
UR3 Fscherichia coli 1 Escherichia eoli (99.1%0), Lactobacillus dalbrueckii (0.9%)
UR4 Fscherichia coli 1 Escharichia eoli (99 1%, Feptoniphilus leerivacldis (0.3%0, Bacteroides sp. (0.6%)
o . 5 Ascherichia coli (9325, Unaibacterium oligocarbonipnilum (6. 3% Fieudomanas
VRS fscherichia coli 1o saecharophila (0.3%0, FPhenylobacteriur sp (0.2%)
UEA Mo clitdcal significance 10’ Lificlobacterium sp Actinobasulurm schaalii (100%)
UER7 Hscherichia coli 10 Escherichia coli (80.7%0), Lactobacillus crispatus [19.3%)
URS Focharichia coli 10 (Ensgfﬁ;fchm eoli (98 7%, Enierococcus fecalis (1.0%), Aevococous sanguimic ol
. [«)
URD Hscherichia coli 1 Escharichia coli (5377%0, Klebsiellg oxptoce (43.6%), Staphylococeus auraus
Staphylococcus qurens 10 (2.4%0, Bnterococens frecalis (0.3%0)
Ezgide lla peruensis (28 8%, Fenollaria massiliensis (4,1%), Helcococcus sp.
[2.6%0, Feptoniphilus duerdenii (2,0%), Mobiluneus curtisii (2.4%0, Faribaculum
cambriense (2,3%), Feptoniphilus haved (1 3% Actinobaculum urinale (0,8%),
. L. 7 Peptoniphilus lacyivaalis (0.8%0, Propionimicrobium sp. (0,7%0) Facklaraic sp.
VRID Mo clinical significance 10 (Dﬁ%),‘fﬁnego!a‘ia magnfz (D,lﬁg{:} Aia‘emcocaus obesi:n(.si.s (D}ﬁ%} Anaemcﬁccus
ravatii (0.4%0, Anaarococeus degenarii (0 4% Actinabaculur g (0.4%0),
Aarococcus wringa (0,3%0), Fastidiosipila senguinis (02%), Fastidiosipila sanguinis
10,2%0, Bacteroides coagulams (0,2%) Unidentified species (50,2%)
UR11 Mo clinical significance 10 Staphylocaccus epidermidis Mo PCE. product
Frotews mirabilis (75.5%) Proteus valgaris (17 5%, Undibacterium
. L. 3 i oligocarboniphilim (4 8%, Aerococous wringe (1.2%00, Corpnebacterivr styriqtum
VR1Z Mo clinical significance 10 Froteus mivabilis (EI.%%), Reuﬁomona(s sacc)hamphﬂa(ﬂj%), E!n(l.‘emco)ccus ;'aeca!fs (0.2%0,
Fetlstonia pickeitii (0.1%)
UR13 Mo clinical significance 1 Mo PCE. product
Undibacterium oligocarboniphilurn (30 4% Fenollavia massiliensis (15.6%0),
Mokiluncus curid sii (10.6%), Peptoniphilus lacrimalis (5.9%), Unidentified species
[5.3%0, Feplostreptococcus anaerabius (4 4%, Feploniphilus oencenanice (4.1%0),
. L. 7 Freudormongs sace harophile (3.1%0), Afopobiur dellee (37%0), Comeidatus
VR14 Mo clinical significance 10 Paptoniphilus mass:’!fe:fs:lfs [2.(6%), inae:icoccus . (1F8%}, }onqueieﬂa anthropd
(1.1%), Reptoniphilus havei (1.1%0), Streptocaccus anginosus (0.8%), Ralstonie
picketii (0.7%) Dialister propionicifaciens (0.6%0), Adethylobacterium oryze
(0.6%), Asinibacterium lactis (0.5%), Methplobacterium jectgali @.4%)

Sabat et al., Sci Reports 2017




TABLE 2. Bacterial identification results from 23 positive blood culture bettles based on culture and NGS of 165-238 tRITA region.

Sample | Patient Eotile Culture (Maldi-TOF B 5) NGS of 165-235 rRNA region (%o of total reads)
BCO1 Fatient & anaerobic Escherichia coli Eseheric hice coli (100%)

BCOZ Fatient B aerobic atreptococcus dysgoalar tive atreptococeus drsgalae tice (100%)
BCO3 Fatient C anaetobic Klebsiella onyloca Klebsialla oxptoca (100%)

BCOS Fatient & aerobic ataphylococous hearmolyticus ataphylococous haermolpticus (100%)
B C04 FatientE anaetobic ataphylococous howminis ataphylococous homings (100%)
BCO7 FatientF aerobic Staphylococcus capitis Staphylococouws capitis (100%)
BCO8 Fatient G anaerobic Streptococous preumonias Streptococeus preumonice (100%)
BCO9 Fatient H aerobic Staphylococcus epidermidis Staphylococeus epidermidis (100%0)
BC10 Fatient H anaerobic Staphylococcns howmings Staphylococens hominis (100%0)
BCLL Fatient anaerobic Bacteroides sp. Bacteroides Fagilis (100%)

BCl12 Fatient J aerobic Staphy lococcus hominis astaphylococcus horainis C100%0
BC13 Fatient K aerobic Staphplococcus Uy eus astaphylococcus aureus (100%)
BCl4 Fatient L. aerobic Klebsiella oxploca Klebsiella oxptoca (100%)

BClS Fatient W | anaerobic Streptococcus preumonias Streptococcus preumonice (100%s)
BCld Fatient M | aerobic Escherichia coli Bsrherie hice coli (100%0)

BC17 Fatient O anaerobic Staphplo cocous auyeus ataphylococeus aureus (100%)
BC18 Patient P atiaerobic Straptococsus BHeLFIORice Streptococcus prauronice (100%6
BC1S Fatient ) aerobic Escherichia coli, Sreptococcus infimtis | Escheric hia coli (69.3%0), Streptococous lutatiensis (30.7%)
BCZ0 Fatient ) anaerobic Escherichia coli Eseheric hice coli (100%)

BCI1 Fatient R aerobic Escherichia coli Eseheric hice coli (100%)

BC2 Fatient R anaerobic Sacteroides vulgatus Sacteroides dovei (100%0)

BC13 Fatient & aerobic Staphylococous howinis Staphylococeus hominis (100%)
BC24 Fatient & aerobic staphylococcus epidermidis ataphylococcus epidermidis (100%)

Sabat et al., Sci Reports 2017




TABLE 3. Bacterial identification results from 21 clinical orthopedic samples based on culture and NGS of 163-233 rENA region.

Sample | Patient Material Culture | NGS of16-235 rRN A region (%o of total reads)
KL Fatient & hiopsy (tissue) Megative | Propionibacterium acnes (9. 1%y Hoermophilus paraimfluensae (2.3%)), eukaryotic DINA (85.6%%)
K2 Fatient & punctate (fluid) Megative | eulsaryotic DINA (100%%)
EW3E Patient & punctate [fluid) Megative | Sediminibacterium m!moneum (0. 3%}, mka.tynhc DHMA (89.7%)
EIvI4 Patient A munctate Cfluid) Megative | Gemelly sanauing Haemonh parainfuenzoe (1 0% eulearyotic DRA (97 7%

. . . Herminiimongas sp. (10 5%) H’op:ombacrer:um acnes (0.7% Y. Morerella catarvhalis (7 5%)
KIS Patient & punctate (fluid) Megative eukaryotic DNA (77, 3%)
KN Fatient B pus Megatiwe | Streptococcus itermedins (100%)
K7 Fatient C biopsy (tissue) Megatiwe | eulsaryotic DA (10020
T Fatient C biopsy (tissue) Megative | Moidentification

Enhydrobacter aerosaccus (4989008 Acimetobacter septicus (131908 Moraella osloensis (14.0%)

. . . . Saphplococous sp. (5.8%0, Fheinheimera soli (3. 1% Staphyioc occus epidermidis (2.6%0),

KM Patient D joint puncture (fluid) | Negative Fspchrabacter sp. (2 4%)% Fropionibacterium acnes (1. 3% Alamindizes sp (116%),
Acingtobactar sp. (0.4%) L Chypseobactariur sp. (D.B%}B

End10 Patient D joint puncture (fluidy | Megative | Moidentification.

. . . . Fropionihacterium acnes (9 8% Bacillus nealkonii (67%)2 Preudomonas fucrescens (0.6%)
KNl1 Fatient I biopsy (tissue) Megative eularyotic DNA (82.9%)
K12 Fatient I biopsy (tissue) Megative | eulsaryotic DINA (100%%)

: : ; 0 Y] — : YRy :
K13 Patient T biopsy (tissue) Negative grsld;i%crenum oligocar boniphilumn (3.5%07, Propionibacterium acnes (0.7%0)°, eukaryotic DA
K14 Fatient I biopsy (tissue) Megative | Fropionibacteriur acnes (1 4% eulsaryotic DNA (98, 6%)
KIS Fatient I biopsy (tissue) Megative | Feillonella porviia (0.9%), eularyotic DMA (99, 1%
ENIl6 Fatient I biopsy (tissue) Megative | eulmaryotic DINA (100%%)
KL Fatient £ blood n.d. Bacillus cereus (D.S%}B, eulcaryotic DA (99.5%0)
. — . = . T o —
KIS Obduction matedal & fqrmah_na captured, nd Hopion;bacrer:um acnes (64.4%° Staphylococcus epidermicis (25.4%), Faracoccus sanguinis
biopt (tizsue) (10 1%
. . o o — . o
KIV10 Obduction material B fnrmal_ine ca_ptured, nd .S‘Iaphay!ococcus epiderridis (36 0%, Propionibacterium aones (34 6% Pseudomonas fluorescens
lung tiopt (tissue) (20 45t
K20 Patient F joint puncture (fludy | MNegative | ewlsaryotic DMNA (100%%)
i o0 E ; 0 - ; o

K31 Datient F biopsy (tissue) Negative Acinetabacter sp. (18.6%7, Faucibacter sp. (12.8%), Hermmiimonas arsenicoxpdans (5.2%)

eulcaryotic DA (63.4%)

Adpecies present in negative control( $) and regarded as contarm nation introduced during sample preparation.
Htenus absent in negative controls but previously reported as contamination of DMNA extraction kits, PCR and other labomtory reagents™.

23

Sabat et al., Sci Reports 2017







WORKFLOW 16S-23S rDNA NGS (n= 21 samples, 3 controls)

Clinical material/cultured bacteria

DNA extraction

&
16-23S rDNA PCR amplification _
Primers:
(Purelink genomic DNA minikit (Invitrogen) - 27F (5’AGAGTTTGATCMTGGCTCAG-3’)
Phire hot start Il DNA polymerase) - 2490R (5’-GACATCGAGGTGCCAAAC-3’)

PCR fragment detection and
purification
NGS library preparation

(Nextera XT DNA Sample Prep. kit (Ilumina))

Friday to lllumina sequencing Clinical sample:

1-2 million reads/sample
Monday (MiSeq Reagent kit v3 600 cycle (lllumina))

Data analysis GenBank

(de novo assembly, CLCbio (Qiagen), nt BLAST)



68

63

30

Clinical symptoms Clinical

sample

- fever: temp 39° pus
-ill
- necrotizing fasciitis

- speaking is more pus
difficult

- fever

- Paresis of left arm

and leg

MRI:
Brain abscess

- confused pus
- nauseous and

vomiting

- cardiac arrest on

admission

CT-scan:
Brain abscess

*%=percentage of identified reads

Culture

negative

Streptococcus
anginosus

Aggregatibacter
aphrophilus

Porphyromonas
asaccharolytica

Porphyromonas
somerae

Parvimonas
micra

16S-23S rDNA NGS
Species (fraction %*)

Streptococcus pyogenes
(99.7 %)

Streptococcus intermedius
(89.4 %)

Parvimonas micra
(9.0 %)

Fusobacterium hwasookii
(1.6 %)

Fusobacterium necrophorum
(96.0 %)

Porphyromonas asaccharolytica
(3.0 %)

Porphyromonas somerae
(0.5 %)

Parvimonas micra
(0.1 %)



Challenges , , Opportunities
interpretation
within a
clinical
context
validation O.VE.rCO.mes
time-to-result limitations

current tests

165-23S
rDNA NGS

data storage i.ncrease:

data analysis dlz:!gnostnc
database yield of
bacteria

contaminating
background
reads




Challenges 16S-23S rDNA NGS for diagnostic microbiology

» validation of the method
- efficiency of extraction methods-depletion of human DNA
- use of an internal control and a mock sample
- NGS: read length, sequence depth
- reproducibility

> time to results

» data storage, analysis and databases
- development of a software-pipeline for data-analysis (track
and trace!) to obtain data in a meaningful timeframe
- development of a curated 165-23S rDNA sequences
database



Challenges 16S-23S rDNA NGS for diagnostic microbiology

» contaminating background reads (specimen collection,
laboratory reagents)

> colonization versus infection
how to discriminate between the two?

» interpretation within a clinical context
multidisciplinary teams

prospective studies
é’;@@@’@‘



Conclusions

* The 165-23S rDNA NGS method proved to be superior to
commonly used identification methods.

e 16S-23S rDNA NGS has the potential to increase the
diagnostic yield of bacteria involved in complex infections.

e 16S-23S rDNA NGS needs further validation.

e Studies focusing on clinical relevance are necessary to
determine the applicability of this NGS-based approach in
routine diagnostics.

* Multidisciplinary teams are needed to share their knowledge,
in order to translate the results of 165-23S rDNA NGS in a
report that meets the needs of treating physicians.
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