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Modern and rapid diagnostics: focus on individual patient care

Accurate diagnostics for detection and identification of bacterial species

Diagnostic Stewardship

Culture methods

Molecular tests
- PCR
- 16S rDNA Sanger sequencing

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

Dik et. al. Future Microbiol. 2016

Patient care

AID stewardship model



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



• Next Generation Sequencing (NGS)

• Benchtop sequencers Diagnostic tool

• Metagenomics

• Targeted NGS 16S-23S rDNA NGS

culture/PCR
culture/PCR

16S-23S rDNA NGS

culture/PCR

16S-23S rDNA NGS

metagenomics

2018 - 2020 2021 - xxxx2005 - 2017

Culture independent diagnostic method for detection
and identification of bacterial species in clinical
materials

Modern diagnostics



16S rRNA gene (appr. 1,5 kb)

- highly useful in regards to bacterial classification

- poor discriminatory power for some genera

ITS region

- highly variable in size and/or sequence composition 

23S rRNA gene (appr. 2,9 kb)

- highly useful in regards to bacterial classification

- high sequence variation 

Challenge: sequencing whole 16S-23S rRNA region  

Hunt et. al. Appl. Environ. Microbiol. 2006

Patel et. al. Mol. Diag. 2001

E. coli: García-Martínez et. al. J Bacteriol. 1996 
Campylobacter spp: Man et. al. Appl Environ Microbiol. 2010



Advantages of Next Generation 16S-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

Short reads

Contig
assemblyPCR amplification of 

16S-23S rRNA region
NGS of amplicons
on MiSeq (Illumina)

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


1. To develop an  easy-to use culture free diagnostic method 

based on 16S-23S rDNA NGS to improve the resolution of

bacterial species identification. 

2. To compare 16S-23S rDNA NGS with 4 commonly used 

identification methods. 

3. To evaluate the feasibility of 16S-23S rDNA NGS to detect 

and identify bacterial species in clinical specimens.

Aims



Species identification using 16S-23S rDNA NGS
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Species Genus

Ion 16S 
Metagenomics kit 
(Thermo Fisher)

16S rDNA
sequencing

16S-23S rDNA
sequencing

Vitek MS 
(BioMérieux)

Microflex MS 
(Bruker)

73 difficult to identify clinical isolates were subjected to five methods.

16S-23S rDNA NGS: higher discriminatory power

The discriminatory power of species level identification using 16S-23S NGS is significantly higher 

than 16S rDNA Sanger Sequencing, Ion 16S Metagenomics kit, Vitek MS and Microflex MS 

(p=0.0001, p=0.0003, p=0.0001 and p=0.0002, respectively).  



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

- 16S-23S rDNA NGS

16S-23S rDNA NGS: clinical materials



Species ID from clinical samples using 16S-23S rDNA NGS

Sabat et al., Sci Reports 2017



Sabat et al., Sci Reports 2017



Sabat et al., Sci Reports 2017



NGS of the 16S-23S rRNA region enables culture-independent 
detection and identification of multiple bacteria in complex 
polymicrobial samples.



PCR fragment detection and
purification

NGS library preparation

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

Illumina sequencing

(MiSeq Reagent kit v3 600 cycle (Illumina))

Data analysis

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

Day 
3-5

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

DNA extraction
&

16-23S rDNA PCR amplification

(Purelink genomic DNA minikit (Invitrogen)
Phire hot start II DNA polymerase)

Clinical material/cultured bacteria

Day 
1

Day 
2-3

Day 
5-7

Friday to
Monday

Clinical sample:
1-2 million reads/sample

Primers: 
- 27F (5’AGAGTTTGATCMTGGCTCAG-3’)
- 2490R (5’-GACATCGAGGTGCCAAAC-3’)

GenBank



Patient Age 
(year)

Clinical symptoms Clinical
sample

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

A 68 - fever: temp 395

- ill
- necrotizing fasciitis

pus negative Streptococcus pyogenes
(99.7 %)

B 63 - speaking is more 
difficult
- fever
- Paresis of left arm 
and leg

MRI: 
Brain abscess

pus Streptococcus 
anginosus

Aggregatibacter
aphrophilus

Streptococcus intermedius
(89.4 %)  

Parvimonas micra
(9.0 %)

Fusobacterium hwasookii
(1.6 %)

C 30 - confused
- nauseous and 
vomiting
- cardiac arrest on 
admission

CT-scan: 
Brain abscess

pus

Porphyromonas
asaccharolytica

Porphyromonas
somerae

Parvimonas
micra

Fusobacterium necrophorum
(96.0 %)

Porphyromonas asaccharolytica
(3.0 %)

Porphyromonas somerae
(0.5 %)

Parvimonas micra
(0.1 %)

*%=percentage of identified reads



validation
time-to-result

data storage
data analysis

database 

contaminating
background 

reads

interpretation 
within a 
clinical 
context

increase
diagnostic

yield of 
bacteria

Challenges Opportunities

overcomes
limitations

current tests

16S-23S 
rDNA NGS



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 16S-23S rDNA sequences
database 



➢ 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

Challenges 16S-23S rDNA NGS for diagnostic microbiology



• The 16S-23S rDNA NGS method proved to be superior to 
commonly used identification methods. 

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

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

• 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 16S-23S rDNA NGS in a 
report that meets the needs of treating physicians. 

Conclusions
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