From Genome to Action:
Detecting CPO Outbreaks
in Oregon
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What are CPOs?



Many types of multidrug-resistant organisms
(MDROs)




Public health focuses mainly on reportable MDROs,
high-priority MDROs, and outbreaks of any MDRO
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Two most common (but still rare) high-priority MDROs:

Carbapenemase-producing organisms (CPOs) Candida (Candidozyma) auris

Carbapenem-resistant Klebsiella pneumoniae
source: CDC

Candida auris
source: CDC
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Carbapenemase producing organisms (CPO) are a
type of carbapenem-resistant organism (CRO)

» Carbapenems are a class of antibiotics

Carbapenem-resistant « Ertapenem, Meropenem, Imipenem
organisms (CROs)

» “Last line of defense”
« Often used to treat resistant infections

e Can be difficult to treat

Carbapenemase
-producing

organisms : :
(%pc'ps) * Organisms that develop carbapenem resistance:

« Gram negative bacteria

 Enterobacterales: E. coli, Enterobacter

» Acinetobacter species

* Pseudomonas aeruginosa




Carbapenemase producing organisms (CPO) are a
type of carbapenentargsistant-organism (CRO)

Carbapenem-resistant
organisms (CROs)

Carbapenemase
-producing
organisms

(CPOs)

« enzymes that degrade carbapenem antibiotics

« one of the ways bacteria can be resistant to

carbapenem antibiotics

 easily spread among bacteria

 Most common: KPC, NDM, OXA-48, VIM, IMP
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CPOs are rare,

but increasing in Oregon

Carbapenemase Type
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The 5 W’s of WGS in Oregon

(who, what, when, where, and why)
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Whole Genome Sequencing (WGS)

A technological tool to identify the unique sequence of DNA bases

INn an organism




Who does WGS for Oregon?

Oregon State Public Health Lab (OSPHL) Antimicrobial Resistance Laboratory Network (ARLN)
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What is sequenced?

 All CPO isolates undergo WGS
either at OSPHL or ARLN




Steps of WGS

@ Library preparation
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When are isolates sequenced

« Sequencing began in 2017 with foodborne bacteria
» Retroactive sequencing of all CP-CRA, NDM isolates since 2023

* All isolates are sequenced moving forward

* Most isolates are sequenced within 10 days of arrival at OSPHL

« Anonymized and uploaded to international database: NCBI Pathogen
Finder




Why WGS?

* identify rare carbapenemase genes not detected by phenotypic or
molecular based testing

* discover of novel/emerging carbapenemases

* support epidemiological investigation

* |dentify isolates that are closely related




Why WGS?

* identify rare carbapenemase genes not detected by normal testing

* discover of novel/emerging carbapenemases

* support epidemiological investigation

* Identify isolates that are closely related




Why WGS?

== An official website ot the United States government Here's how you know

« NCBI Pathogen Finder NI National Library of Medicine

National Center for Biotechnology Information

P I nte rn ati O n a I d ata base Health > Pathogen Detection > Isolates Browser

Search

* Anonymized data

Matched Isolates

Page |1 of 146373 | b bl _—:—‘ Records per Page 20 | v | [T] Choose columns & Download  Hide plus AMR genotypes ™ Expand all

# Sdentific name Collection date Host Strain Isolate identifiers Isolate Location

1 Legionella pneumophila = 2026-09-10 Homo sapiens =~ MDH-26-000053 MDH-26-000053 PDT003410753.1 | USA
SRS30922774

2 Candidozyma auris 2026 Homo sapiens CA-OCPHL-CAU-00859 PDTO03410751.1 | USA
SR530924419

3 Candidozyma auris 2026 Homo sapiens CA-OCPHL-CAU-00862 POTO03410749.1 | USA
SRS530924422

4 Candidozyma auris 2026 Homo sapiens CA-OCPHL-CAU-00864 POT003410747.1 | USA
SR530924432

5 Candidozyma auris 2026 Homo sapiens CA-OCPHL-CAU-00861 POTO03410750.1 | USA
SRS530924420

6 Candidozyma auris 2026 Homo sapiens CA-OCPHL-CAU-00876 POT003410739.1 | USA
SR530924446

7 Candidozyma auris 2026 Homo sapiens CA-OCPHL-CAU-00873 PDTO03410742.1 | USA
S5R530924442

8 Candidozyma auris 2026 Homo sapiens CA-OCPHL-CAU-00871 PDT003410743.1 | USA
SRS530924440

9 Candidozyma auris 2026 Homo sapiens CA-OCPHL-CAU-00842 PDTO03410736.1 | USA
SR530924450

10 Candidozyma auris 2026 Homo sapiens CA-OCPHL-CAU-00858 PDT003410737.1 | USA

SR530924448




Oregon MDROs tend to be closely related to
out-of-state or international isolates

119 from 107 patients isolates sequenced (09/2026) — 50% of cases

79% (n=94) clustered with isolates from other US states or abroad

18% (n=21) did not cluster with any other Pathogen Finder isolates

3% (n=4) matched with known Oregon cases

* 1 instance of household transmission, isolates collected years apart
» 3 outbreaks with 2 cases each, without clear epi links
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Examples of WGS Application
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Example 1:
WGS found that 75% of CRA carry carbapenemases

O Prior to 2023 CRA was not Select laboratories participated in
regional or sentinel surveillance from

0 reportable in Oregon 2011-2023
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Example 1:
WGS found that 75% of CRA carry carbapenemases

O Prior to 2023 CRA was not Select laboratories participated in
ol . regional or sentinel surveillance from
reportable in Oregon 2011-2023

‘o)

s=sd  WGS study found that 75% of CRA carried carbapenemases

= Based on this study, CRA was made reportable and all isolates are
now required to be sent to public health for carbapenemase testing




Example 2:
WGS found suspected Cefiderocol Resistance in NDM+ isolates

\
Cefiderocol is one

of only a small
number of
antibiotics that can

treat CPOs
\ )




Example 2:
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Example 2:
WGS found suspected Cefiderocol Resistance in NDM+ isolates
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Examples 3-6: Outbreak identification & investigation

* |dentification of OXA-235 CRAB outbreak; including a cat

 NDM outbreak in a skilled nursing facility

* Linking cases without usual CPO risk factors




Examples 3-6: Outbreak identification & investigation

* |dentification of OXA-235 CRAB outbreak; including a cat
 NDM outbreak in a skilled nursing facility

* Linking cases without usual CPO risk factors

141




10-case multi-facility outbreak of OXA-235+ CRAB

| 1Y =Y , tum, PDT001001287.4
SR ulum PDT001001286.4

5cl|n|cal 2021-03-03, USA, sputum PDT001001333.4
c||n|ca| 2021-03- 22 USA sputum, PDT001001293.4

clinical, 2021-03-17, USA, sputum, PDT001001295.4 Isolates Selected
clinical, 2021-03-29, USA. swab, PDT001019428.4 By [ —
clinical, 2021-03-08, USA. sputum, PDT001001348.4 ‘ | _
clinical, 2021-03-22, USA. sputum, PDT001001284.4 ~ | minimum = 0 SNPs, maximum = 21 SNPs, ‘

clinical, 2025, USA, sputum, PDT003037181.1 average = 10 SNPs

clinical, 2025, USA, urine, PDT002770026.1 Target creation date range :

clinical, 2024, USA, Tissue, PDT002129692. 1 L .

clinical’ 2024’ USA  Rectal. PDT002403265.1 kil oo |
clinical, 2024, USA. Tissue, PDT002559033.1
clinical 2025, USA. urine, PDT002943286.1
clinical. 2025, USA. urine, PDT002719999. 1

—Q clinical, 2026, USA, urine, PDT003195268.1
) clinical, 2026, USA, Rectal, PDT003195331.1
NULL, 2026, USA, skin, PDT003298587.1

NULL, 2026, USA, skin, PDT003297634.1

—@ clinical, 2024, USA, Blood, NOS, PDT002559028.1

— O clinical, 2019, USA, PDT001788153.1

clinical, 2025-06-16, USA, Wound/Abscess, PDT002834931.1
clinical, 2024-12-30, USA, other, PDT002565661.1

clinical, 2025-05-01, USA, Tissue, PDT002778934.1

clinical, 2022-03-25, USA, Wound/Abscess, PDT001287817 .4

clinical. 2025-06-22. USA. urine. PDT002834940.1
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Examples 3-6: Outbreak identification & investigation

* |dentification of OXA-235 CRAB outbreak; including a cat

 NDM outbreak in a skilled nursing facility

* Linking cases without usual CPO risk factors




9-case NDM+ E. coli outbreak at a single SNF

10

e A

| Isolates Selected

Distance between selected isolates :

minimum = 0 SNPs, maximum = 15 SNPs,
. average = 7 SNPs

clinical, 2026, USA, Rectal, PDT003272766.1
clinical, 2026, USA, Rectal, PDT003272762.1
clinical, 2026, USA, urine, PDT003272759.1

clinical, 2026, USA, Rectal, PDT003272763.1
clinical, 2026, USA, Rectal, PDT003272764.1

clinical, 2026, USA, Rectal, PDT003272765.1

clinical, 2026, USA, Rectal, PDT003272760.1
clinical, 2026, USA, Rectal, PDT003272767.1
clinical, 2026, USA, Rectal, PDT003272761.1
clinical, 2026, USA, urine, PDT003272768.1
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Examples 3-6: Outbreak identification & investigation

* |dentification of OXA-235 CRAB outbreak; including a cat

 NDM outbreak in a skilled nursing facility

 Linking cases without usual CPO risk factors




Closely related isolates with no known epi links

O clinical, 2024, USA, wound, 2024HL-01119, PDT002421288.1 ‘
clinical, 2025, USA, PDT002944455.1
clinical, 2025, USA, PDT002965813.1
—O clinical, 2026-07-06, USA: Florida, Homo Sapiens clinical, PDT003303716.1
————0 clinical, 2025, USA, urine, 2025HL-00615, PDT002893455.1
clinical, 2024-06-04, Netherlands, not collected, RIVM_C077800, PDT003326275.1
—¢ clinical, 2024-04-04, USA, urine, PDT002174564.1
-:'; clinical, 2026, USA, urine, PDT003290696.1
clinical, 2024, USA, urine, PDT002256351.1
clinical, 2024, USA, synovial fluid/joint fluid, 2024HL-00630, PDT002228726.1
{E gclinical, 2024, USA, aspirate, 2024HL-00646, PDT002231178.1
clinical, 2026, USA, urine, PDT003126162.1
—Ochmcal 2024 USA wound abscess, 2024HL-00749, PDT002277004 .1
(EOclmmal 2026, USA 2026GO- 00212 PDT003240414.1
linical, 2023, USA 2023GO- 0337, PDTO01962687.2

—O clinical, 2()24, USA, sputum, 2024EL-DD160, PDT002182404.1
O clinical, 2024-05-25, USA: California, wound, LACPHL-BACT-2024-00214, PDT002262417.1

| Isolates Selected

Distance between selected isolates :

minimum = 2 SNPs, maximum = 2 SNPs,
| average = 2 SNPs

Target creation date range :

| 2024-07-17 to 2026-07-17




Thank you!

Evelyn Donahoe, MPH, CIC
MDRO Epidemiologist
evelyn.donahoe2@oha.Oregon.gov

Public Health Division

Center for Public Health Practice

Acute and Communicable Disease Prevention Section
Healthcare-Associated Infections Program

800 NE Oregon Street, Suite 370

Portland, OR 97232

HAl@odhsoha.oregon.gov

(971) 673-1111

A,
I

OREGON
A HEALTH

AUTHORITY



mailto:evelyn.donahoe2@oha.Oregon.gov
mailto:HAI@odhsoha.oregon.gov

	Evelyn
	Slide 111: From Genome to Action: Detecting CPO Outbreaks in Oregon
	Slide 112: What are CPOs?
	Slide 113: Many types of multidrug-resistant organisms (MDROs)
	Slide 114: Public health focuses mainly on reportable MDROs, high-priority MDROs, and outbreaks of any MDRO
	Slide 115: Public health focuses mainly on reportable MDROs, high-priority MDROs, and outbreaks of any MDRO
	Slide 116: Public health focuses mainly on reportable MDROs, high-priority MDROs, and outbreaks of any MDRO
	Slide 117: Two most common (but still rare) high-priority MDROs:
	Slide 118: Two most common (but still rare) high-priority MDROs:
	Slide 119: Carbapenemase producing organisms (CPO) are a type of carbapenem-resistant organism (CRO)
	Slide 120: Carbapenemase producing organisms (CPO) are a type of carbapenem-resistant organism (CRO)
	Slide 121: Carbapenemases can spread antibiotic resistance among bacteria
	Slide 122: CPOs are rare, but increasing in Oregon
	Slide 123: The 5 W’s of WGS in Oregon (who, what, when, where, and why)
	Slide 124: Whole Genome Sequencing (WGS)
	Slide 125: Who does WGS for Oregon?
	Slide 126: What is sequenced?
	Slide 127: Steps of WGS
	Slide 128: When are isolates sequenced
	Slide 129: Why WGS?
	Slide 130: Why WGS?
	Slide 131: Why WGS?
	Slide 132: Oregon MDROs tend to be closely related to out-of-state or international isolates
	Slide 133: Examples of WGS Application
	Slide 134: Example 1:  WGS found that 75% of CRA carry carbapenemases
	Slide 135: Example 1:  WGS found that 75% of CRA carry carbapenemases
	Slide 136: Example 1:  WGS found that 75% of CRA carry carbapenemases
	Slide 137: Example 2:  WGS found suspected Cefiderocol Resistance in NDM+ isolates
	Slide 138: Example 2:  WGS found suspected Cefiderocol Resistance in NDM+ isolates
	Slide 139: Example 2:  WGS found suspected Cefiderocol Resistance in NDM+ isolates
	Slide 140: Examples 3-6: Outbreak identification & investigation
	Slide 141: Examples 3-6: Outbreak identification & investigation
	Slide 142: 10-case multi-facility outbreak of OXA-235+ CRAB
	Slide 143: Examples 3-6: Outbreak identification & investigation
	Slide 144: 9-case NDM+ E. coli outbreak at a single SNF
	Slide 145: Examples 3-6: Outbreak identification & investigation
	Slide 146: Closely related isolates with no known epi links
	Slide 147: Thank you! 


