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AMR is one of the ten most severe global health threats

e Resistant infections leading to higher mortality and

morbidity due to delayed or inappropriate therapy

o0 2019: ~1.27M deaths specifically attributed to
bacterial AMR

o The highest all-age death rate in Western sub-
Saharan Africa, 27.3/100K individuals (20.9—
35.3)

=> Rapid and accurate identification of resistant
bacterial pathogens could facilitate the earlier

administration of appropriate therapy

10.1016/j.eclinm.2021.101221

Deaths From Drug-Resistant
Infections Set To Skyrocket

Predicted mortality from antimicrobial-resistant”
infections (AMR) versus today’'s common causes of deaths

W 2020 M 2050

Diabetes -1.5M

Diarrhoeal - 1.4M ~_X

Road traffic
Measles |13o,ooo

accidents

Tetanus | 60,000

* resistant to antibiotics, antivirals, antifungals and antiparasitics
Source: Bracing for Superbugs 2023 (UN Environmental Programme)

statista %a



Traditional Challenges in Combating AMR
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Clinically established workflow

Workflow comparing a culture-based and a nanopore-based approach.
ID: Identification, AST: antibiotic susceptibility testing, MALDI-TOF MS: Matrix-assisted laser desorption
ionization time-of-flight mass spectrometry.

Sauerborn, E. et al. Detection of hidden antibiotic resistance through real-time genomics. Nat Commun (2024).



Human Genome Project - HGP (Oct 1990 - April 2003)

1. In 2003, the Human Genome Project
produced a genome sequence that
accounted for over 90% of the human
genome (~3 GB).

2. It was as close to complete as the

. | Yig Rt Y,
technologies for sequencing DNA allowed at ¥ S ,‘

the time. : b GENOME o

3. Cost ~3 billion USS

=> Facilitating advancements in next-generation
sequencing (NGS) technologies

HGP Paper Venter/Celera Paper

https://www.genome.gov/human-genome-project
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Next-Generation Sequencing (NGS)

Human Genome Sequencing

Generating a Reference
Genome Sequence
(e.g., Human Genome Project)
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https://www.genome.gov/about-genomics/fact-sheets/Sequencing-Human-Genome-cost
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Break genome
into small pieces

Generate millions
of sequence reads

Align sequence reads
to established
reference sequence

Deduce starting
sequence and identify
differences from
reference sequence
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NGS: 2) Reference Genome

De novo assembly Mapping to reference
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https://www.genome.gov/about-genomics/fact-sheets/Sequencing-Human-Genome-cost



Alignment of short read to Reference Genome
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https://rosalind.info/media/point_mutation.png, https://en.wikipedia.org/wiki/Zygosity



Third Generation Sequencing (TGS): Oxford Nanopore Technologies
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Wang, Y. et al. Nanopore sequencing technology, bioinformatics and applications. Nat Biotechnol (2021)



Metagenomic sequencing workflow: MinlON vs MiSeq
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Greninger, A.L. et al. Rapid metagenomic identification of viral pathogens in clinical samples by real-time nanopore sequencing analysis. Genome Med (2015)



Artificial Intelligence (Al): a powerful tool to fight AMR

Leverage known data, such as genomic data, to predict potential organiam 1 E2SESE=D08 Ba00000a0000
resistance sites, corresponding resistant antibiotics and related organism 2L )-T)-T)-T— > §§§§§§§§§§§§
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Liu, GY. et al. Antimicrobial resistance crisis: could artificial intelligence be the solution?. Military Med Res (2024)



Public databases for resistance development prediction

BacMet (http://bacmet.biomedicine.gu.se): bacterial resistance gene database (753 bacterial
resistance genes confirmed by experiments, and it contains 155,512 potential predicted

resistance genes)

The Comprehensive Antibiotic Resistance Database (https://card.mcmaster.ca/):
curated bioinformatic database of resistance genes, their products, and associated phenotypes
(6627 ontology terms, 5010 reference sequences, 1933 single nucleotide polymorphisms,

3004 publications, and 5057 AMR detection models)

The Bacterial Diversity Metadatabase (https://bacdive.dsmz.de/about) is currently the
largest database with standardized bacterial phenotypic information (81,827 bacterial and

archaeal strains, including 14,091 strains which covers approximately 90% of species)
Plasmid ATLAS: plasmid-borne genetic factors

Virulence Factor Database: virulence factors
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Alcock, Brian P. et al. “CARD 2020: antibiotic resistome surveillance with the comprehensive antibiotic resistance
database.” Nucleic Acids Research 48 (2019): D517 - D525.


http://bacmet.biomedicine.gu.se/
https://card.mcmaster.ca/
https://bacdive.dsmz.de/about

Overcome Traditional Challenges for fighting AMR (1)

Real-time genomic workflow
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Clinically established workflow

Workflow comparing a culture-based and a nanopore-based approach.

ID: Identification, AST: antibiotic susceptibility testing, MALDI-TOF MS: Matrix-assisted laser desorption
ionization time-of-flight mass spectrometry.

Sauerborn, E. et al. Detection of hidden antibiotic resistance through real-time genomics. Nat Commun (2024).



Overcome Traditional Challenges for fighting AMR (2)
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Sauerborn, E. et al. Detection of hidden antibiotic resistance through real-time genomics. Nat Commun (2024).



Overcome Traditional Challenges for fighting AMR (3)

Article

Suppression PCR-Based Selective Enrichment Sequencing for
Pathogen and Antimicrobial Resistance Detection on Cell-Free
DNA in Sepsis—A Targeted, Blood Culture-Independent
Approach for Rapid Pathogen and Resistance Diagnostics in
Septic Patients

Mirko Sonntag 1%, Vanessa K. Elgeti 1-3(", Yevhen Vainshtein 1, Lucca Jenner !, Jan Mueller 14560,

Thorsten Brenner 7, Sebastian O. Decker 8 and Kai Sohn 1*
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Overcome Traditional Challenges for fighting AMR (4)

B FC_01: Read frequency over time
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Overcome Traditional Challenges for fighting AMR (5)

FL_04-single: Read frequency over time
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Precision microbiome testing: STI, HPV and AMR

's Health T
Women's Health Test Page Lof 4 Women's Health Test Page Lot
Patient Name: nan Provider: Many Sary, Yap Chew, Wendy Ulimer  Patient ID: VS8 Patient Name:  nan Provider: wap Chaw Patient 1D: nan
Gender: nan Provider NPI: nan Specimen ID: KH20.45474 Gender: nan Provider NPI: ran Specimen ID: 202122865
DOB: nan Order Date: nan Specimen Type: nan DOB: nan Order Date: nan Specimen Type: nan
Age: nan Health Status Reported: nan Collection Date: nan Age: nan Haalth Status Raportad: ran Callacion Date:  nan
. . Sexually Transitted Infections

Sexually Transitted Infections

Naime Associated Condition Result
Name Associated Condition Result Neisseria gonarrhosae (Gonor hea, urethnts, pelvic nflammatory disease, gonococcenmia, Mot Detectad
Nelsseria gonorThoese Gonorrhea, urethritis, pelvic inflammatory disease, gonococcemia, Detected > gonococcal ophthalmia neonalorum

gonococeal ophthalmia neonatorum Chiamydia rachomans Chlamydia, cenvicitts, urethritis, petvic inlammatory disease Nat Detecled

Chiamydia trachomatis Chlamydia, cervicitis, urethritis, pelvic inflammatory disease Mot Detected Mycophasma geniafum Urethritis, cenvicitis, pehic inflammatory disaase Mot Detected
Mycoplasma genitalium Urethritis, cervicitis, pelvic inflammatory disease Mot Detected Treponema palidum Syphilis Not Detectad
Treponema pallidum Syphilis Not Detected Haemophius ducrey Chancraid Not Detectad
Haemaophilus ducreyi Chancroid Mot Detected Trichamanas vaginalis Trichomaoniasis Nat Detected
Trichomonas vaginalis Trichomeniasis Mot Detected [Human papllomavius Cenvical and anogenital cancers, genital wars q Datected
Human papillomavirus Cervical and anogenital cancers, genital warts Detected 6 Herpes simplex vilus Genital herpes, oral herpes Not Detected
Herpes simplex virus Genital herpes, oral herpes Mot Detected

Viruses Detected
Viruses Detected Mame Associated Condition

Human papllomavius 52 (HPV 52) High-rigk lar carvical cancer
Name Associated Condition

Human papllomavius 68 (HPV 63) High-rigk lar carvical cancer
Human papillomavirus 62 (HPV 62) Unknown risk for cervical cancer Nole: Human papillomavirus (HPV) 16, 18, 31, 33, 35, 39, 45, 51, 56, 58, 59, and 68 are consderad high-rek ar probable high-nsk due 1o thair assocation wih

Naote: Human papillomavirus (HPV) 16, 18, 31, 33, 35, 30, 45, 51, 56, 58, 59, and 68 are considered high-risk or prabable high-risk due to their association with
cernvical cancer. HPV 6, 11, 42, 43, and 44 are considered low-risk for cervical cancer but may cause genital warts. Other HPV genotypes found in the sample may
have intermediate or unknown risk for cervical cancer.

Antimicrobial Resistance Genes Detected

AMR Gene Mame Function Drug Class

Neisseria.gonorhoeae folP Ditydropteroate synthase (mutated) Sulfanamide

canical cancer. HPY 6, 11, 42, 43, and 44 are considered low-nsk lor cervical cancer bul may cause genital wans, Other HPY genalypes lound in the sample may
have intermadiate or unknown risk for cervical cancer.
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Challenges and Future Directions

FL_04-single: Read frequency over time
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