Mara Couto-Rodriguez!, David C. Danko'!, Heather L. Wells', Xavier Jirau Serrano’!, John Papciak!, Gabor Fidler!,

SUNY Contact us!

OWNSTATE

Health Sciences University

{ Biotia
Highly Accurate and Reliable Next-Generation
Sequencing-Based Urine Assay Overperforms

Conventional Diagnostics

P. Ford Combs!, Adam Nagyhazy-Horvath'!, Eszter Szollosi', Patrik Blik!, Taylor Paisie!, Christopher Mason'-5,

Caitlin Otto!, Niamh O'Hara'¢, Dorottya Nagy-Szakal!¢ Mara Couto-Rodriguez

couto-rodriguez@biotia.io

Biotia Inc., New York, NY, USA
2Tri-Institutional Computational Biology & Medicine Program, Weill Cornell Medicine of Cornell University, New York, NY, USA

Weill Cornell

Q
QI

Dorottya Nagy-Szakal

3The HRH Prince Alwaleed Bin Talal Bin Abdulaziz Alsaud Institute for Computational Biomedicine, Weill Cornell Medicine, New York, CORNELL HOME OF THE JACOBS MD PhD
NY, USA TECH INSTITUTE

4 e - - . . nagy-szakal@biotia.io
The WorldQuant Initiative for Quantitative Prediction, Weill Cornell Medicine, New York, NY, USA Lo
>The Feil Family Brain and Mind Research Institute, Weill Cornell Medicine, New York, NY, USA biotia.io

SSUNY Downstate Health Sciences University, The Department Cell Biology /College of Medicine, New York, NY, USA

BIOTIA-ID PERFORMANCE CHARACTERISTICS

BIOTIA-ID NGS Metrics of Specimens and Controls

ABSTRACT HIGH QUALITY CLINICAL-GRADE METAGENOMICS
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Antimicrobial resistance is a leading cause of death globally, and by the year 2050, increasing rates of 0_81

i : i HIH i i Next-generation sequencing (NGS) offers the opportunity
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contributing to increasing rates of antimicrobial resistance. Precision infectious disease diagnostics using 7 S

to identify important species, resistance markers, and

controls to ensure validity, sensitivity, accuracy and performance for diagnosis of urinary pathogen evolution, at a scale unmatched by existing
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tract infection. Our assay contains the following Quality Checks (QC): technologies, and can alter clinical care to provide insight

into pathogens beyond presence or absence.
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next-generation sequencing (NGS)-based metagenomic tools present an opportunity to mitigate this
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trend by helping to target the use of appropriate antibiotic therapeutics and promote overall Validity

Positive Control (PC) — External control containing two yeasts, three Gram negative, COMPREHENSIVE

polymicrobial infections

including  anaerobes and
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antimicrobial stewardship. Here, we have built and validated a clinical-grade sequencing-based Clinical specimens tested
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Reactions completed for
extensive validation

Negative Extraction Control (NEC) — Negative urine matrix used to evaluate extraction «/ RAPID turnaround time of 36-48 hours
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De-identified clinical UTI specimens and spike-in samples were processed with a novel end-to-end NGS
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reagent performance and cross contamination.

assay including QIACube-MDx extraction, metagenomic library preparation and Illlumina NextSeq 550

Internal Positive Control (IPC) — Spike in control to assess clinical specimen integrity ACCURATE AND SENSITIVE compared to standard

Performance
of care (culture)

sequencing. A bioinformatic pipeline that uses a multiple decision tree-based machine learning Quality and performance fo minimize false negative results due fo inhibition.
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Figure 1. The assay performance of clinical validation specimens and controls based on

Sensitivity and specificity
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approach was developed and trained using data from culture- and qPCR-validated UTI samples.
Internal controls and other quality control measures were incorporated into the process to provide

No Template Control (NTC) — Negative control for monitoring reagent purity and total number of microbial reads obtained (A) and the detection of IPC in clinical specimens

o library preparation cross contamination. and controls tested (B). As expected, the PC, the clinical and contrived specimens generated OP.TIMIZED ﬂ:ropy SR C [t el Gl CITe
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similar microbial read depth, while the NEC and NTC had little microbial reads. The IPC resistance profile

was detected in all specimens and controls at expected range (1-5% abundance), thus

validating our process and the integrity of samples tested. IPC reads represented the
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rigorous and standardized clinical-grade results.

Clinical validation of the Biotia-ID assay, performed using a unique set of 300 clinical UTI specimens,

reached 99% specificity and 97% sensitivity in predicting microbial organisms within each sample. Limit Precision infectious disease diagnostics and UTIl patient management is an urgent need for immunocompromised patients at high

majority of the reads detected in NEC and NTC controls. risk of developing sepsis.

INTER/INTRA REPRODUCIBILITY

of detection (LoD) was assessed on five of the most prevalent uropathogens demonstrating an overall
LoD of <10,000 CFU/mL, which is lower than culture. Specifically, we achieved LoDs of 1,000 CFU/mL

for S. aureus; 7,500 CFU/mL for E. coli, K. pneumoniae and P. mirabilis; and 10,000 CFU/mL for E.
faecalis. Apparent false positive and false negative results, where the ML classification differed from

Annually, 11 million people in the United States and 404 million people worldwide are diagnosed with a UTIl (Yang et al.,
2022). Immunocompromised patients are at higher risk to develop complicated and/or recurrent UTI as well as to progress to
urosepsis, which has significantly higher morbidity and mortality as well as a much higher cost of care. In hospitalized patients,

SPECIFICITY STUDIES ACCURACY IN CLINICAL SPECIMENS

the original lab culture result, were additionally tested by qPCR or Sanger sequencing, and 85% of
these NGS results were ultimately supported and considered true positives. Overall, these results
demonstrate that Biotia-ID is a highly accurate clinical grade diagnostic tool with notable advantages
over current culture-based diagnostics.

STUDY DESIGN
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Library Prepurefhon BIOTIA-DX
and Sequencing

Sample collection and extraction De-identified left-over urine specimens were collected and processed under the IRB

numbered ProO0038083 (Advarra). Midstream clean-catch urine specimens were preserved in Urine Transport Tube (UTT).
Genomic DNA was isolated from clinical specimens and spike ins using a QlAcube-MDx extraction and were quantified with
Qubit-Flex.

Culture Clinical isolates and reference strains used in this validation study were cultured in Blood Agar at 37C.

BIOTIA-ID Urine NGS Assay Metagenomic libraries were prepared using Illumina DNA Prep Library preparation kit.
Libraries were quality checked for size and concentration using Tapestation 4200 and Qubit-Flex, respectively. Libraries
were pooled in 24-plex reactions and sequenced on an lllumina NextSeq 550 platform using a NextSeq 500/550 Mid
Output kit (Illumina, San Diego, CA) set to 150bp single-end reads with i5 and i7 indexes.

BIOTIA-DX The BIOTIA-DX pipeline included removal of low-quality reads and human reads. The remaining reads were
pseudo-aligned to a large database of microbial genomes in a coarse classification step. Organisms identified from coarse
classification were filtered for identification quality and the remaining candidates were sent to a fine classification step.
Reads were aligned to curated pangenomes (Hyun, J.C., et al. 2022) for each organism and summary statistics were

generated. These statistics were fed into a machine learning classifier which assigned a confidence score for whether the
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ANALYTICAL SENSITIVITY

Detection

CFU/mL

Analyte Limit
(CFU/mL)

1x10° | 1.25x10°

Staphylococeus aureus | 1,000

6/6

Escherichia coli 5,000
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UTls are associated with an attributed mortality rate of 2.3% and an estimated annual cost of $340 to $450 million in the
United States alone (Yang et al., 2022). For high-risk patients, it is critical to rapidly identify the urogenital pathogens causing
UTls to provide appropriate treatment and reduce the use of broad-spectrum antibiotics.

Urine culture is the standard of care (SOC) for identification of urogenital C Biotia

pathogens causing UTls. However, this method has several limitations, including: il bl GeRsnTT

(1) an inability to identify hard-to-grow microbial organisms, such as SroeG T FATENT

Name: Joe Doe
Name: Jane Doe Specimen Type: specimen DOB: 10/28/1981
Address: oll Date: 4/1/2020 Sex: Male

Phone Number: 612-345-6789 Received By Lab: 4/2/2020 IDHHN/MRN: XX
Run Date: 4/5/2020

Report Date: 4/10/2020

Institution: Test Institution ID:

anaerobic bacteria; (2) a long diagnostic turnaround time; (3) limitations in
identifying rare pathogens or organisms that are not routinely cultured; and
(4) false negative results for patients being treated with antibiotics. Long

Email: test@test.com

DISCLAIMER: Th,
software. This test w

diagnostic TATs or inconclusive results can lead to the treatment of suspected
infections with broad-spectrum antibiotics that are often inappropriate and

the U.S. Food and
1988 (CLIA'88) and is accredited to perform high-complexity

may contribute to increased rates of drug resistance.

Detected: Proteus mirabilis
Species Detected: Species Not Detected: & ; Reference

Gram-Negative Enterobacteriaceae

BIOTIA-ID is a highly accurate diagnostic assay that can accurately and
rapidly identify pathogens in clinical urine specimens from patients with
recurrent and complicated UTI. Selected use cases:

s/ Recurrent UTls \/
v v

Complicated UTls

Culture negative symptomatic patients
Immunocompromised patients
Women’s health

«/ Drug Resistant UTIs
«/ Drug Resistant STls

Interstitial cystitis, Prostatitis
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LIMITATIONS AND FUTURE WORK

We will expand our clinical validation for antimicrobial resistance (including markers for extended spectrum beta-lactamase
resistance) and virulence factor detection. Future studies are needed to collect clinical metadata, standard of care and disease
management specifics in relation to culture and NGS data in high-risk patient population (cancer, transplant and other
immunocompromising conditions) to enable monitoring disease outcome, hospital admission/stay, and sepsis development.

organism was present or absent.

False Positive Rate
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Klebsiella pneumoniae | 7,500

Proteus mirabilis 7,500

Comparator testing Genomic DNA from urine specimens were used to perform confirmatory qPCR or Sanger Sequencing

tests. A total of 8 gPCR and 7 Sanger (taxa or group specific) assays were used.

Enterococcus faecalis 10,000

BIOTIA-ID VALIDATION PERFORMANCE

Method TP N FN Total
Clinical 210 8078 7 8330
in 5 pools in clinical specimens Contrived 275 6897 0 7501
(3-day, 15 replicates) + Total of 143 clinical specimens in silico 8115 272778 4 281044
and 47 contrived samples Total 8900 287753 11 296875

ANALYTICAL VALIDATION

in silico

Sensitivity | Specificity
96.77% 99.57%
100.00% 99.58%
99.95% 99.95%
99.88% 99.93%

Specificity Sensitivity Reproducibility Accuracy

* Contrived clinical isolates
in dilution series

Reference organisms
and clinical isolates

* Large scale cross-
reactivity (FastQ files,
100k read depth, 0.5%
mutation rate

* Contrived specimens * Urogenital pathogen detection

* Total of 323 samples
5 microbial species/strains

Total of 80 samples
60 microbial species
80 strains

* Total of 45 specimens
* Total of 8115 RefSeq and 6 controls
genomes from 5340 5 microbial species
strains 25 strains

Comparator

* Total testing of 104 gPCR
and19 Sanger Sequencing




