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Conventional microbiologic tests

Front. Cell. Infect. Microbiol., 15 July 2020

Direct



Novel diagnostic tech. for Microbes

Microscopy

Smear & stain

Culture/Identification

selective media

biochemical/immunological

MALDI-TOF

NAAT

Antimicrobial susceptibility test

Disk diffusion

Dilution

Quantitative/Qualitative PCR

Full automated multiplex PCR 

ddPCR

Metataxonomic/metagenomic analysis

NGS

Antimicrobial susceptibility test

Microfluidics assay

Molecular assay

Culture based Direct (non-culture based)



Antimicrobial susceptibility test

Phenotypic AST (Classic methods)

Rapid phenotypic AST (Growth-based assay) ≤8 hr

Rapid Molecular Diagnostics ≤4 hr
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Novel technology for AST

Phenotypic AST (Classic methods)

Rapid phenotypic AST (Growth-based assay)

Rapid Molecular Diagnostics

Clin Microbiol Infect. 2019 Nov;25(11):1347-1355.

• Growth-based assay

• Mechanism-independent

• e.g. Microfluidic chip technology, 

morphokinetic cellular analysis 

•Rapid detection of particular 

resistance mechanisms

• DNA amplification methods

•Targeting resistance genes or 

sequences

Rapid phenotypic AST Rapid molecular diagnostics



Novel technology for AST

Clin Microbiol Infect. 2019 Nov;25(11):1347-1355.



Novel technology for AST

QuantaMatrix dRAST

Scientific Reports | 7: 1148 | DOI:10.1038/s41598-017-01278-2 Sci Transl Med. 2014 Dec 17;6(267):267



Novel technology for AST

J Antimicrob Chemother. 2018 May 1;73(5):1267-1271.

J Med Microbiol . 2018 Mar;67(3):325-331



Antimicrobial susceptibility test

QuantaMatrix QDST

• first and second line agents

• susceptibility results in 7 days

Appl Microbiol Biotechnol. 2021 Aug;105(14-15):6059-6072.



PCR

Sensors (Basel). 2018 Apr 20;18(4):1271



PCR (conventional PCR)

Sensors (Basel). 2018 Apr 20;18(4):1271



Quantitative PCR

Realtime PCR

Sensors (Basel). 2018 Apr 20;18(4):1271



Fully automated realtime PCR

APMIS Volume 127, Issue 6 p. 462-467

https://onlinelibrary.wiley.com/journal/16000463
https://onlinelibrary.wiley.com/toc/16000463/2019/127/6


Fully automated realtime PCR



Fully automated realtime PCR

Pathogen detection

Yoo IY et al. Int J Infect Dis. 2020;95:326-331. 



Fully automated realtime PCR

Carbapenem : KPC, NDM, OXA-48, VIM, IMP

3rd generation Cephalosporin : CTX-M

Oxacillin: mecA/mecC and MREJ



Fully automated realtime PCR

/Qualitative PCR

Yoo IY et al. Int J Infect Dis. 2020;95:326-331. 



Fully automated realtime PCR

a Growth up to the second quadrant of the plate.
b Growth up to the third or fourth quadrant of the plate

Yoo IY et al. Int J Infect Dis. 2020;95:326-331. 



Fully automated realtime PCR

Yoo IY et al. Int J Infect Dis. 2020;95:326-331. 



Fully automated realtime PCR

Dhesi et al. ACS Pharmacol Transl Sci. 2020. 12;3(3):401-417



Fully automated realtime PCR

Translating quicker tests into antibiotic savings

: is antibiotic (de)-escalation safe? 

Detection of colonizing flora 

Interpreting genotypic resistance results 

Practical issues: costs

Poole et al. J Infect. 2020. 80(1):1-7.



Digital PCR

Digital PCR

Sensors (Basel). 2018 Apr 20;18(4):1271

Poisson distribution -> absolute quantification w/o standard curve
Higher analytical sensitivity
Droplet, microwells, chamber ……



Digital PCR

Digital PCR for SARS-CoV-2

Emerg Microbes Infect. 2020 Dec;9(1):1259-1268.



Digital PCR

Digital PCR for Tuberculosis

Clinical Microbiology and Infection 26 (2020) 942.e1e942.e5



Digital PCR

Digital PCR for Tuberculosis

(Circulating TB DNA)

Front Cell Infect Microbiol. 2017 Aug 11;7:369.

A: control
B: pul. TB
C: extrapul. TB
D: healthy



Digital PCR

Digital PCR for Pneumocystis jirovecii

Front Med (Lausanne). 2021 Dec 22;8:761788.

Targeted Microbiome



Microbiome analysis

NGS_Microbiome

L. Ciuffreda et al. Computational and Structural 
Biotechnology Journal 19 (2021) 1497–1511



Metataxonomic

Bacteria – 16s rRNA
Fungus – ITS region

Metagenomic

Non-targeted



Microbiome analysis

NGS_pathogen detection

Infect Drug Resist. 2020 Feb 19;13:567-576.



Microbiome analysis

NGS

Journal of Clinical Virology 69 (2015) 96–100



Metataxonomic/metagenomic analysis

NGS

Song et al. BMC Medical Genomics 2021, 14(Suppl 6):289



Microbiome analysis

NGS_microbiome of colonization

Engen et al. Biol Proced Online (2021) 23:10



Microbiome analysis

NGS

Not published



Microbiome analysis

•Upper and Lower Respiratory Tract Infection by Streptococcus pneumoniae Is Affected by 

Pneumolysin Deficiency and Differences in Capsule Type ( Kadioglu et al., 2002)

•Corynebacterium accolens releases Antipneumococcal Free Fatty Acids from Human Nostril and 

Skin Surface Triacylglycerols (Bomar et al., 2016)



Microbiome analysis

NGS

Lancet Respir Med. 2021 Jun;9(6):601-612.



Take Home Message

1. Novel technology for Antimicrobial susceptibility test

1. Phenotypic vs genotypic

2. Interpretation genotype based AST

3. Unavailable antibiotics / unavailable pathogen

2. Full automated Quantitative/Qualitative PCR for respiratory infection (pneumonia / respiratory 

viral infection) 

1. Easy & fast & safe from contamination

2. Colonizer vs Pathogen

3. Cost

3. Digital PCR

1. High analytical sensitivity

2. Cost & targeted PCR

4. Metataxonomic/metagenomic analysis (microbiome)

1. Higher analytical sensitivity -> higher cost

Culture -> Direct
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