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The Germ 

Theory of 

Diseases

Microorganisms 
cause diseases.



Limitation of Koch’s Postulates

Koch’s postulates is 

sufficient but not necessary 

to establish causation

Complex Interactions

Asymptomatic Carriers

Inability to Culture

Ethical Concerns

Koch’s Postulates cannot be universally 

applied, especially to viral diseases.



Infectious diseases diagnostic approaches 

Traditional 
methods

Molecular methods



Laboratory Failure to Identify Pathogens: Inadequacy of 
Current Tools

Culture

▪ Labor intensive

▪ Need for special media

▪ Prolonged period of time to culture

▪ Some organisms are uncultivable on 

artificial media

▪ Potential health hazards

Antigen Detection

▪ Negative tests require confirmation

▪ Effected by poor specimen collection

▪ Low microbe burden

Serology

▪ Unhelpful during early stage of 

infection

Chiu et al. Nature Reviews Genetics volume 20,  (2019) 



• Pathogen emergence

• Disease dynamics

• Global spread

Nat Rev Microbiol (2021)

A changing world 
requires changing 
science





Next generation sequencing (NGS)



Microbial 
Genomics 
and Tool 
Development

N Engl J Med 2011; 365:347-357 
DOI: 10.1056/NEJMra1003071



Metagenomics allows pan-nucleic acid 
detection directly from specimens

Metagenomics studies the 

structure and function of 

nucleotide sequences from all 

organisms in a sample.

v

https://www.genome.gov/genetics-glossary/Metagenomics



Molecular method vs Metagenomics

Molecular Method:
• Analyzes specific genes from 
cultured organisms.
• Requires prior knowledge of the 
target.

Metagenomics:
• Analyzes all genetic material from 
environmental samples.
• No culturing or prior knowledge



A typical workflow of mNGS

• Viral phylogeny and 
taxonomy

• Proviral metagenome
• Viral community 

structure and ecology
• Snapshot of microbiome
• Investigation of possible 

co-infection



When to use the 
“Metagenomics” approach”?



Clinical applications of metagenomic sequencing in 
infectious disease diagnosis

Nature Reviews Genetics volume 20, pages341–355 (2019)

https://www.nature.com/nrg


Therapeutic Perspectives

Drugs 81, 1453–1466 (2021)



Transmission chain tracking during outbreaks 
using virus genomics

Nature Microbiology volume 4, pages10–19 (2019)



Outbreak detection: 
Real-time genomic investigation of Disease X

• SARS
• Pandemic 

influenza
• MERS
• Ebola
• Zika
• COVID19

Nature Microbiology volume 4, pages10–19 (2019)



Figure 1 

Major zoonotic 
pandemic 
outbreaks in the 
recorded history

DOI: https://doi.org/10.1016/j.tree.2020.06.001



Major Emerging and Re-emerging Infectious Disease Outbreaks

The most problematic EIDs were caused by RNA viruses

Gerald T. Keusch, et al PNAS 2022 



Metagenomics in the identification of SARS-CoV-2



Discovery and identification of SARS-CoV-2

• Metagenomics
• Complete genome sequence
• Primers design for the diagnosis
• Development of mRNA vaccine
• Phylogenetic analysis, Tracking the origin and transmission
• Disease surveillance and control



Interval time between an outbreak and 
pathogen identification is shorter after mNGS



Milestones in the Discovery of the Hepatitis C Virus

1960

- AustralianAntigen  
discovered

--Two types of hepatitis 
classified:A and B

. - Australian antigen
linked to hepatitis B

1970 1980s

-NANBH discovered to 
have lipid envelope

-- NANBH discovered to 
be 30–60 nm

-HCV cloned, 
sequenced, classified

-Anti-HCV assays 
developed

1990s

-Use of 1st generation 
HCV screening assay

-Use of 2nd -generation 
HCV screening assay

-Cultured the first 
infectious clone HCV

2000-2020

- Hepatitis A identified

- Determination that 75% 

of TAH caused by 

NANBH virus

- NANBH transmitted to 

chimpanzees

- Serologic tests for HAV 

antibody developed

Drug development

A curable disease

Harvey James Alter Michael Houghton Charles Moen Rice



Major challenges when applying NGS in 
clinical diagnostics

• Complexity in workflows, instruments and data 
analysis

• Lack of established pipelines for clinical use 
• Cost and turnaround time
• Sensitivity and specificity

• Technical challenge
• Host background
• Contamination
• Extraction efficacy
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Approaches to reduce host background

1. Nucleic acid depletion 2. Target amplification 3. Host background 
subtraction

4. Hybridization-based 
enrichment 

❖ Physical depletion/ 
Chemical depletion

❖ Ex: rRNA depletion 
by probes

❖ Expensive, Deplete 
homologous non-
target sequences, 
Strand specific bias 

❖ Multiplexed PCR

❖ Sequence-
independent single 
primer amplification

❖ Limited number of 
viruses that can be 
detected 

❖ Computational 
subtraction of 
known human 
sequences

❖ Require high 
computational 
power

❖ Use probes covering a 
multitude of  viruses 
or potentially all 
viruses

❖ High reproducibility 

❖ Comparatively more 
uniform genome 
coverage



(Nooji et al., 2018)

27

BIOINFORMATICS ANALYSIS



Human Pegivirus-1 in Pediatric 
Hematopoietic Stem Cell 
Transplantation Recipients

Natali Ludowyke,et al Viruses 2022, 14(4), 796



Entourage: all-in-one sequence analysis, software for genome assembly, virus 

detection, virus discovery, and intrasample variation profiling

Phumiphanjarphak and Aiewsakun BMC Bioinformatics (2024) 25:222https://codeberg.org/CENMIG/Entourage

https://codeberg.org/CENMIG/Entourage


Entourage’s features 
compared to other 
currently available virus 
discovery software

Phumiphanjarphak and Aiewsakun BMC Bioinformatics (2024) 25:222



Call, Nayfach, and Kyrpides, Annual Review of 
Biomedical Data Science, 2021

Several pipelines have been 

developed to support viral 

detection and discovery



Metagenomics-
enabled microbial 
surveillance

Nature Microbiology volume 7, pages486–496 (2022)



Environmental 
issues that lead to 
the pandemic



Distribution of metagenome-assembled viral genomes 
across Earth’s biomes

Call, Nayfach, and Kyrpides, Annual Review of Biomedical Data Science, 2021



Potential Solutions and Future Directions

• Improved Methods
• Comprehensive Databases
• Interdisciplinary Collaboration
• Standardization



Summary

• Clinical metagenomics is slowly becoming part of today's 
clinician’s tool to identify infectious diseases.

• Challenges in NGS are being overcome in clinical microbiology 
laboratories.

• Many challenges remain to the routine use and implementation 
of these methods.

• Importance of interdisciplinary collaboration for success.



‘Next pandemic 
could be more 

lethal than Covid’
Sarah Gilbert
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