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Objectives 

• Discuss universal pathogen detection by metagenomics 
• Summarize laboratory approaches 
• Discuss challenges and solutions for data analysis 
• Provide examples of applications for syndromic testing 
• Review promise and challenges for diagnostic use 



Applications of Metagenomics 

Environmental  Medical 
Surveillance &  

Discovery 
Microbiome  

Studies 

Metagenomics: Taxonomic, functional composition of microbial communities in toto  

Diagnostic 



Diagnostic Promise 
Limitations of current tests 
• Knowledge of expected pathogens 
• Usually targeted, specific tests 
• “Is the patient infected with X?” 

Advantages of Metagenomics 
• Universal pathogen detection 

• Expected and unexpected 
• Common and rare 
• Easy to grow and fastidious 
• Pretreated patients 

• “What is the patient infected with?” 
• More than just detection 

• Molecular typing 
• Drug resistance 
• Quantification 
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Laboratory Approach 
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Step 1: Presort Reads (‘Binning’) 

Flygare  …  Schlaberg; Genome Biology, In Press 
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Overlap Between kmer Databases is Minimal 

Flygare  …  Schlaberg; Genome Biology, In Press 



Flygare  …  Schlaberg; Genome Biology, In Press 

Step 2: Classify Reads 
Classification vs. Match Table 
Match tables require interpretive criteria for post hoc analyses 
Performance depends on reads length (pitfalls)  
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Accurate Bacterial Classification 

Flygare  …  Schlaberg; Genome Biology, In Press 
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Flygare  …  Schlaberg; Genome Biology, In Press 



Accurate Viral Classification 

Flygare  …  Schlaberg; Genome Biology, In Press 



Accurate Viral Classification 

Flygare  …  Schlaberg; Genome Biology, In Press 



Accurate Viral Classification 

Flygare  …  Schlaberg; Genome Biology, In Press 



RNA-seq, Plasma, Patient Ebola 






Sample applications 

• Detection of previously unrecognized pathogens in published data 
• Detection of pathogens in public health emergencies 
• Respiratory virus detection compared to PCR 
• Respiratory virus detection, children with pneumonia of unknown etiology 
• Respiratory pathogen detection in BAL samples 
• Host mRNA expression profiling 
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Unexpected Viral 
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Data from  Science,345,6202:1369-1372 Flygare  …  Schlaberg; Genome Biology, In Press 
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Unrecognized Pathogens, Plasma 

Unexpected Viral 
Infection 
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Data from  Science,345,6202:1369-1372 Flygare  …  Schlaberg; Genome Biology, In Press 



Taxonomer For Public Health Emergencies 

Ebola Disease 
EBOV Zaire 

Sierra Leone (2014) 

Filoviridae: 86% 

Science,345,6202:1369-1372; PLoS Pathog. 2012 Sep;8(9):e1002924;  
Lancet. 2013 Jun 29;381(9885):2273-9 

Data from  
Flygare  …  Schlaberg; Genome Biology, In Press 
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Taxonomer For Public Health Emergencies 

Ebola Disease 
EBOV Zaire 

Sierra Leone (2014) 

Filoviridae: 86% 

Hemorrhagic Fever 
Bas Congo Virus 

DRC (2012) 

Rhabdoviridae: 5% 

Avian Influenza 
H7N9 

China (2013) 

Influenza A virus: 61% 

Science,345,6202:1369-1372; PLoS Pathog. 2012 Sep;8(9):e1002924;  
Lancet. 2013 Jun 29;381(9885):2273-9 

Data from  
Flygare  …  Schlaberg; Genome Biology, In Press 



I. Positives (n=42) 
II. Unselected (n=67) 

NP Swabs (n=109) 

PCR Panel (RVP) 

RNA-seq (HiSeq) 

5-10 M reads/sample 

Respiratory Virus Detection (NP Swabs) 

RNA Composition 
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Etiology of Pneumonia often Unknown 

Children 

N Engl J Med 2015;372:835-45 



Putative Pathogens Detected in 30% of Children 
with Pneumonia of Previously Unknown Etiology 

Schlaberg et al., manuscript in preparation 



Etiology of Pneumonia often Unknown 

N Engl J Med. 2015;373:415-27 

Children Adults 

N Engl J Med 2015;372:835-45 
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Ideally Suited for Syndromic Testing 

• Lower Respiratory Tract Infections 
• Community-acquired pneumonia 
• Hospital-acquired pneumonia 

 

• Meningitis, Encephalitis 
 

• Sepsis 
 

• Diarrheal disease 



DNA and RNA-Seq Complementary 

RNA-seq 
• Metabolically active bacteria and fungi 
• Replicating DNA viruses, sole target for RNA viruses 
 
DNA-seq 
• Can increase taxonomic resolution for bacteria, fungi 
• Information on drug resistance genes 
• DNA virus genomes 



Extensive QC is Required 

External positive control 
• Complex process 
External negative control 
• Contamination from reagents/kit components, other samples 
Internal controls 
• Spiked into patient samples 
• Monitoring of sample preparation and sequencing 
• Monitoring of sample composition 



Sample Composition & Analytical Sensitivity 

Analytical sensitivity: sequencing depth 
• Number of sequencing reads 
• Sensitivity proportional to abundance and genome size 
• More sequencing reads = higher sensitivity 

 

Analytical sensitivity: sample composition 
• Pathogen nucleic acid competes with other nucleic acid  
• Sensitivity dependent on concentration of other nucleic acids 
• Read binning -> sample composition 
• Internal control to identify samples with low analytical sensitivity 

Higher Sensitivity 

Lower Sensitivity 



Universal Pathogen Detection in Pneumonia 

• List of 200+ relevant viruses, bacteria, fungi 
• Fully validated 

• Other potentially pathogens 
• Reported as incidental findings after review 

• 24-48 hour in lab turn-around time 
• Enhanced report 

• Sample composition 
• Qualitative results 
• Quantification of relevant pathogens 
• Select antimicrobial resistance genes 
• References for unusual pathogens 

Test Code Target 

2010775 M. tuberculosis PCR 

0060122 Bacterial culture 

0060093 Nocardia culture 

0060149 Fungal culture 

2004589 Fungal stain 

0065005 HSV by culture 

2007805 Resp. viruses by PCR 

0060040 CMV by PCR 

2006254 P. jiroveci by PCR 

0060715 C. pneumoniae by PCR 

0060256 M. pneumoniae by PCR 

2003150 Aspergillus antigen detection 



Summary 

• Data analysis is complex, solutions exist 
• Universal pathogen detection by NGS now feasible 
• Universal pathogen detection detects previously missed pathogens 
• Genomic characterization of pathogens provides valuable information 
• Analytical sensitivity is sample dependent 
• Promising for syndromic testing in vulnerable patients 

• Seriously ill 
• Immunocompromised 
• Elderly, young infants 
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