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POTENTIAL ISSUES WITH EXISTING 

MICROBIOLOGY TECHNIQUES

– RARE/UNEXPECTED ORGANISMS

– MORE THAN ONE PATHOGEN PRESENT

– HARD TO CULTURE/DETECT ORGANISMS



POTENTIAL ISSUES WITH EXISTING 

MICROBIOLOGY TECHNIQUES

– RARE/UNEXPECTED ORGANISMS

– MORE THAN ONE PATHOGEN PRESENT

– HARD TO CULTURE/DETECT ORGANISMS

NGS may facilitate identification of new infectious organisms



Ocular Microsporidiosis



ATYPICAL MYCOBACTERIA, M. CHELONAE

Ziehl-Neelsen stain 



Acanthamoeba + Crystalline 

Keratopathy



• Whole Genome NGS – sequence ALL of the DNA in a sample 

then use bioinformatics to analyze human vs. organisms 

• No need to design specific PCR primers

• Potential to identify virus, bacteria, fungi and other pathogens 

with a single test

• Limitation - need to recognize non-pathogenic organisms in 

sample
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KrHow to differentiate human and non-human DNA sequences?
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KRAKEN DATABASE
• Human and mouse genomes

• 4,111 bacterial genomes (representing 1,818 distinct 

species)

• 5,412 viral reference genomes plus 84,272 viral strain 

genomes

• 202 archaeal genomes

• 255 selected genomes of eukaryotic pathogens. 

• In total, the Kraken database was based on 24 billion 

base pairs (Gbp) of sequences compiled into a 154 

gigabyte (GB) index.
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Kr
The Kraken program will match non-human DNA sequences 

to databases of viral, fungal, bacterial and other organisms
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Kr
The Kraken program will match non-human DNA sequences 

to databases of viral, fungal, bacterial and other organisms

It will not tell us whether the organisms are pathogenic or not. 



A C E

B D F

Gram PAS PAS

Bacterial                        Fungal                   Acanthamoeba

We examined old paraffin embedded specimens 

from 16 cases of infectious keratitis and 4 controls 



• 20 to 46 million reads per sample

• 96% classified as human. 

• 0.3% classified as known vectors or contaminants

• 1.7% represented microbial sequences

• 2.4% could not be classified



20 CORNEAL SPECIMENS ANALYZED BY NGS 

“METAGENOMICS” AT JOHNS HOPKINS

Histopathological/Culture NGS

Fungal (Fusarium/Candida/Aspergillus) 4/5

Acanthamoeba 3/3

Bacterial (Gram + and Gram -) 2/2

Mycobacterial 2/2

Microsporidia 1/1

HSV 1/3

No known infection 0/4



20 CORNEAL SPECIMENS ANALYZED BY NGS 

“METAGENOMICS” AT JOHNS HOPKINS

Histopathological/Culture NGS

Fungal (Fusarium/Candida/Aspergillus) 4/5

Acanthamoeba 3/3

Bacterial (Gram + and Gram -) 2/2

Mycobacterial 2/2

Microsporidia 1/1

HSV 1/3

No known infection 0/4

We have subsequently analyzed 20 more cases with similar results



ISSUES WE ENCOUNTERED

• Infectious organisms not present in database

• Contamination 

• Lack of knowledge regarding endogenous microbiome 



POTENTIAL CONTAMINATION DURING 

PATHOLOGY PROCESSING



POTENTIAL SOURCES OF DNA/RNA 

CONTAMINATION

• Contamination at the time of specimen collection

• Contamination during processing of tissues before DNA/RNA 

extraction

• Contamination during DNA/RNA extraction

• Contamination during multiplexed sequencing



EXAMINATION OF PAIRED FRESH (STERILE) AND 

FFPE PROCESSED CONTROL SAMPLES

• While some background contaminating reads are present, 

they are far outnumbered by the reads in true positive cases

• Threshold values are needed to account for background



ANOTHER SEARCH PROGRAM WITH SIMILARITIES 

TO CENTRIFUGE 









DIFFERENT PROCESSING, EXTRACTION, 

AMPLIFICATION, AND SEQUENCING METHODS 

CAN AFFECT RESULTS

• Examined 10 CSF samples with known standard-of-care testing 

(SoC) results

• Each sample was subjected to nine different methods by varying the 

sample processing protocols

• Supernatant, pellet, neat CSF

• Sample pretreatment (with or without bead beating)

• DNA sequencing with or without whole-genome amplification

• No single method was optimal for all organisms



CONCLUSIONS

• NGS combined with advanced bioinformatics can identify a wide 

range of organisms on the ocular surface

• Routine formalin fixed samples are suitable for analysis, but 

may also contain greater numbers of contaminating sequences

• Before this approach can be used as a routine clinical test, 

handling procedures and threshold levels will need to be 

established. 

• In addition to diagnostic testing, metagenomics will likely 

provide insights into how changes to the host microbiome alter 

disease phenotype for a range of infectious and non-infectious 

ocular diseases
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