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Objectives

• Understand the roles played by clinical labs, state and local public 

health labs, and the regional AR Lab Network Labs in antimicrobial 

resistance surveillance 

• Understand the primary functions of the Antimicrobial Resistance 

Laboratory Network

• Understand the importance of screening in mitigating the risk of 

transmission in health care facilities
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Outline

• History and structure of the AR Laboratory Network

• Overview of testing and screening activities

• The purpose of whole genome sequencing

• Expanded antimicrobial susceptibility testing

• Patient Safety Portal

• Case Studies
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AR Laboratory Network-History

• Antibiotic Resistance Threats in the US

• First published in 2013, updated in 2019

• Urgent Threats

• C. difficle

• Carbapenem Resistant Enterobacterales, 

• Drug resistant Neisseria gonorrhea

• Serious Threats

• Concerning Threats
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National Strategy for Combating Antibiotic Resistant Bacteria 2014

What CDC is Doing: Investments and Action | 

CDC

Objectives:

• Create a regional laboratory network that 

uses standardized testing platforms

• Link this data to existing PH 

surveillance networks so that AST 

data is readily available during 

investigations of outbreaks

• Create a repository of resistant 

bacterial strains, including a database 

that describes the characteristics of 

the strains

• Develop and maintain a national 

sequence database of resistant 

pathogens

https://www.cdc.gov/drugresistance/solutions-initiative/index.html


Analysis. Answers. Action www.aphl.org

Significant Investments
➢2015:  Congress provided $160 million to CDC to implement 2014 National 

Strategy 

➢2016: CDC established the Antibiotic Resistance (AR) Laboratory Network, 

including seven regional labs

➢2021: American Rescue Plan Act of 2021, Strengthening HAI/AR Program 

Capacity’ (SHARP) supplement

➢ Additional $385M additional critical support to recipients as they continue to address COVID-19 

within their communities

https://www.cdc.gov/drugresistance/pdf/carb_national_strategy.pdf
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AR Lab Network

About-ARLN-Map-H.pdf 

(cdc.gov)

https://www.cdc.gov/drugresistance/pdf/About-ARLN-Map-H.pdf


Analysis. Answers. Action www.aphl.org

Core testing by all regional labs
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AR Lab Network:  The System in Action

10

• Carbapenemase
detection, 
resistance markers, 
WGS

• Work with state epi, 
HAI

• WGS, 
colonization 
screening

• Coordinate and 
communicate 
with state lab, 
HCF, CDC

• Primary culture, 
Organism ID, AST

• Work with IP and hospital 
epi

• Long term or Acute 
care

• specimens 
collected for illness 
or surveillance

Healthcare 
Facility

Clinical Lab

State/Local 
PHL

ARLN 
Regional 
Lab (or 
CDC)
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Molecular detection of resistance
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Whole Genome Sequencing
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SURVEILLANCE

• Detection of novel 
resistance mechanisms 
which could represent 
new or emerging HAI/AR 
threats

RESPONSE

• Genomic epidemiology; use to 
determine relatedness between 
cases

• Can determine if transmission 
occurred in a facility or even 
between facilities



Analysis. Answers. Action www.aphl.org



Analysis. Answers. Action www.aphl.org

Colonization screening

CPO at 
HCF

Resistance 
target 

identified in 
patient

PCR 
screening 
of adjacent 

patients

CPO 
identified

PCR 
screening 
of adjacent 

patients

CPO 
identified
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Expanded Antimicrobial Susceptibility Testing
(ExAST)

➢CLIA compliant testing

➢At no cost to clinical labs

➢Performed at Regional labs 

➢Antimicrobial Resistance 
Laboratory Network | New York 
State Department of Health, 
Wadsworth Center

➢By request and prior approval

➢ARLNcoreNY@health.ny.gov

https://www.wadsworth.org/antimicrobial-resistance-laboratory-network
mailto:ARLNcoreNY@health.ny.gov


ExAST Drugs 
Tested

• Drug/ Drug combinations tested

• Ceftazidime/avibactam

• Aztreonam

• Aztreonam/avibactam

• Aztreonam/ceftazidime/avibactam

19
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FDA-CDC Antimicrobial Resistance Isolate Bank | Antimicrobial Resistance Isolate Bank | 

Antibiotic/Antimicrobial Resistance | CDC

https://wwwn.cdc.gov/ARIsolateBank/
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Antimicrobial Resistance and Patient Safety Portal

21

Carbapenem-resistant Enterobacterales (CRE): An urgent public health threat | A.R. & Patient Safety Portal (cdc.gov)

https://arpsp.cdc.gov/story/cre-urgent-public-health-threat
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Percentage of Carbapenem Resistance Among 
Enterobacteriaceae

22
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Carbapenem Resistance Identified Among 
Enterobacteriaceae Infections, 2011-2019 (NHSN 
PSC)
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Key Takeaways 

➢Communication between partners is crucial

➢Submitting CRE and CP-CRE to your state lab quickly can help 

to identify resistant organisms

➢Screening and WGS both work to identify risks and reduce 

transmission between patients

➢AR Isolate Bank is a great service provided by CDC

➢Expanded AST (Prior approval needed)

➢Visit the patient safety portal to see AR data from your own state

25



Case Studies



Detection of a novel carbapenemase

27
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• RI DOH

• 65-year-old male with a 

complicated medical 

history but no travel

• Foot wound
Pseudomonas aeruginosa
• mCIM and MBL Positive (carbapenemase 

production)

• PCR Negative (the Big 5)

• AST testing by BMD at CDC showed resistance to 

imipenem and meropenem and non-susceptible to 

most other drugs



Analysis. Answers. Action www.aphl.org



Analysis. Answers. Action www.aphl.org

• RI DOH

• 65-year-old male with a 

complicated medical 

history but no travel

• Foot wound

Pseudomonas aeruginosa
• mCIM and MBL Positive (carbapenemase

production)

• PCR Negative (the Big 5)

• AST testing by BMD at CDC showed resistance to 

imipenem and meropenem and non-susceptible to 

most other drugs

WGS blasim-1



NDM-positive Klebsiella pneumoniae in a LTCF in MA

31
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Background

• Increasing local transmission of the NDM gene in MA

• Two NDM-positive K. pneumoniae identified in LTAC unit 

• Follow up investigation and screening revealed 7 additional colonized 

patients on the same unit
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Onsite Investigation at LTAC

• Most cases associated with a small, 12-bed unit

• Many ventilator-dependent and had wounds requiring a high 

level of care

• Non-compliance observed with:

• PPE use and hand hygeine

• Cleaning and disinfection of shared medical equipment

• Lack of staff knowledge about carbapenemase-producing 

organisms
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WGS Methods

31 NDM-positive K. pneumoniae isolates collected between May 

2018- November 2019 were sequenced
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DISCLAIMER: These results are preliminary and subject to change. The identification methods used and the results reported are for public health surveillance or investigational 
purposes. These test results may not be used for diagnosis, treatment, or for the assessment of a patient’s health.

Further analysis
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A lot more analysis…

36

MA_KP19-00001 MA_KP19-00002 MA_KP19-00003 MA_KP19-00004 MA_KP19-00005 MA_KP19-00006 MA_KP19-00008 MA_KP19-00009 MA_KP19-00010 MA_KP19-00012 MA_KP19-00015 MA_KP19-00019 MA_KP19-00022 MA_KP19-00023 MA_CS19-00001 MA_CS19-00002 MA_CS19-00003 MA_CS19-00004 MA_CS19-00005

MA_KP19-00001 0 9 444 443 11 21 444 440 19 21 444 15 11 10 444 445 440 444 447

MA_KP19-00002 9 0 436 435 10 18 436 432 18 19 437 14 11 8 436 437 431 436 439

MA_KP19-00003 444 436 0 2 416 444 5 3 435 435 3 450 428 433 3 3 1 1 3

MA_KP19-00004 443 435 2 0 415 443 5 3 434 434 3 449 427 432 3 3 1 3 5

MA_KP19-00005 11 10 416 415 0 15 416 413 13 13 417 10 8 5 416 416 412 416 419

MA_KP19-00006 21 18 444 443 15 0 441 438 24 26 443 19 16 12 444 445 440 444 447

MA_KP19-00008 444 436 5 5 416 441 0 4 435 432 5 449 427 433 6 4 4 5 7

MA_KP19-00009 440 432 3 3 413 438 4 0 431 428 4 446 425 429 3 4 2 4 5

MA_KP19-00010 19 18 435 434 13 24 435 431 0 25 436 18 16 13 435 435 431 435 438

MA_KP19-00012 21 19 435 434 13 26 432 428 25 0 435 18 13 13 435 436 431 435 438

MA_KP19-00015 444 437 3 3 417 443 5 4 436 435 0 450 428 434 4 4 2 4 6

MA_KP19-00019 15 14 450 449 10 19 449 446 18 18 450 0 4 8 450 451 448 449 453

MA_KP19-00022 11 11 428 427 8 16 427 425 16 13 428 4 0 6 428 429 423 427 431

MA_KP19-00023 10 8 433 432 5 12 433 429 13 13 434 8 6 0 433 434 432 433 436

MA_CS19-00001 444 436 3 3 416 444 6 3 435 435 4 450 428 433 0 1 2 4 6

MA_CS19-00002 445 437 3 3 416 445 4 4 435 436 4 451 429 434 1 0 2 4 6

MA_CS19-00003 440 431 1 1 412 440 4 2 431 431 2 448 423 432 2 2 0 2 4

MA_CS19-00004 444 436 1 3 416 444 5 4 435 435 4 449 427 433 4 4 2 0 2

MA_CS19-00005 447 439 3 5 419 447 7 5 438 438 6 453 431 436 6 6 4 2 0

LyveSET hqSNP Analysis K.pneumoniae Cluster 01 (contig00026 removed)

MA_KP19-00001 MA_KP19-00002 MA_KP19-00003 MA_KP19-00004 MA_KP19-00005 MA_KP19-00006 MA_KP19-00008 MA_KP19-00009 MA_KP19-00010 MA_KP19-00012 MA_KP19-00015 MA_KP19-00019 MA_KP19-00022 MA_KP19-00023 MA_CS19-00001 MA_CS19-00002 MA_CS19-00003 MA_CS19-00004 MA_CS19-00005

MA_KP19-00001 0 9 14 14 11 21 16 12 19 21 14 15 11 10 15 15 13 15 17

MA_KP19-00002 9 0 13 13 10 18 15 11 18 19 14 14 11 8 14 14 11 14 16

MA_KP19-00003 14 13 0 2 9 19 5 3 17 19 3 13 10 8 3 3 1 1 3

MA_KP19-00004 14 13 2 0 9 19 5 3 17 19 3 13 10 8 3 3 1 3 5

MA_KP19-00005 11 10 9 9 0 15 11 8 13 13 10 10 8 5 10 9 8 10 12

MA_KP19-00006 21 18 19 19 15 0 18 15 24 26 18 19 16 12 20 20 18 20 22

MA_KP19-00008 16 15 5 5 11 18 0 4 19 18 5 14 11 10 6 4 4 5 7

MA_KP19-00009 12 11 3 3 8 15 4 0 15 14 4 11 9 6 3 4 2 4 5

MA_KP19-00010 19 18 17 17 13 24 19 15 0 25 18 18 16 13 18 17 16 18 20

MA_KP19-00012 21 19 19 19 13 26 18 14 25 0 19 18 13 13 20 20 18 20 22

MA_KP19-00015 14 14 3 3 10 18 5 4 18 19 0 13 10 9 4 4 2 4 6

MA_KP19-00019 15 14 13 13 10 19 14 11 18 18 13 0 4 8 14 14 11 13 16

MA_KP19-00022 11 11 10 10 8 16 11 9 16 13 10 4 0 6 11 11 8 10 13

MA_KP19-00023 10 8 8 8 5 12 10 6 13 13 9 8 6 0 9 9 7 9 11

MA_CS19-00001 15 14 3 3 10 20 6 3 18 20 4 14 11 9 0 1 2 4 6

MA_CS19-00002 15 14 3 3 9 20 4 4 17 20 4 14 11 9 1 0 2 4 6

MA_CS19-00003 13 11 1 1 8 18 4 2 16 18 2 11 8 7 2 2 0 2 4

MA_CS19-00004 15 14 1 3 10 20 5 4 18 20 4 13 10 9 4 4 2 0 2

MA_CS19-00005 17 16 3 5 12 22 7 5 20 22 6 16 13 11 6 6 4 2 0

LyveSET hqSNP Analysis K.pneumoniae Cluster 01 (contig00026 only)

MA_KP19-00001 MA_KP19-00002 MA_KP19-00003 MA_KP19-00004 MA_KP19-00005 MA_KP19-00006 MA_KP19-00008 MA_KP19-00009 MA_KP19-00010 MA_KP19-00012 MA_KP19-00015 MA_KP19-00019 MA_KP19-00022 MA_KP19-00023 MA_CS19-00001 MA_CS19-00002 MA_CS19-00003 MA_CS19-00004 MA_CS19-00005

MA_KP19-00001 0 0 430 429 0 0 428 428 0 0 430 0 0 0 429 430 427 429 430

MA_KP19-00002 0 0 423 422 0 0 421 421 0 0 423 0 0 0 422 423 420 422 423

MA_KP19-00003 430 423 0 0 407 425 0 0 418 416 0 437 418 425 0 0 0 0 0

MA_KP19-00004 429 422 0 0 406 424 0 0 417 415 0 436 417 424 0 0 0 0 0

MA_KP19-00005 0 0 407 406 0 0 405 405 0 0 407 0 0 0 406 407 404 406 407

MA_KP19-00006 0 0 425 424 0 0 423 423 0 0 425 0 0 0 424 425 422 424 425

MA_KP19-00008 428 421 0 0 405 423 0 0 416 414 0 435 416 423 0 0 0 0 0

MA_KP19-00009 428 421 0 0 405 423 0 0 416 414 0 435 416 423 0 0 0 0 0

MA_KP19-00010 0 0 418 417 0 0 416 416 0 0 418 0 0 0 417 418 415 417 418

MA_KP19-00012 0 0 416 415 0 0 414 414 0 0 416 0 0 0 415 416 413 415 416

MA_KP19-00015 430 423 0 0 407 425 0 0 418 416 0 437 418 425 0 0 0 0 0

MA_KP19-00019 0 0 437 436 0 0 435 435 0 0 437 0 0 0 436 437 437 436 437

MA_KP19-00022 0 0 418 417 0 0 416 416 0 0 418 0 0 0 417 418 415 417 418

MA_KP19-00023 0 0 425 424 0 0 423 423 0 0 425 0 0 0 424 425 425 424 425

MA_CS19-00001 429 422 0 0 406 424 0 0 417 415 0 436 417 424 0 0 0 0 0

MA_CS19-00002 430 423 0 0 407 425 0 0 418 416 0 437 418 425 0 0 0 0 0

MA_CS19-00003 427 420 0 0 404 422 0 0 415 413 0 437 415 425 0 0 0 0 0

MA_CS19-00004 429 422 0 0 406 424 0 0 417 415 0 436 417 424 0 0 0 0 0

MA_CS19-00005 430 423 0 0 407 425 0 0 418 416 0 437 418 425 0 0 0 0 0

LyveSET hqSNP Matrix K.pneumoniae_Cluster 01_19.10.28
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Results

• The two clades appear to be due to the insertion of a 

bacteriophage

• When removed, the 2 clades become 1 again

• One patient had both strains

• October 2018 with organism from Clade 2 

• September of 2019 with organism from Clade 01, the post insertion clade. 

• She remained in the facility during this entire time and crossed two 

different affected units.

37
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Conclusions

WGS data

+ 

Epidemiologic data 

______________________________________

Better outbreak characterization 



“Down the Drain”
An investigation into a different cluster of NDM+ Klebsiella pneumoniae in MA CCU 

39
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Where it all began…

• September 2021 

• Massachusetts State Public Health Laboratory (MASPHL) 

identified three NDM+ Klebsiella pneumoniae isolates that 

were highly related through whole genome sequencing 

(WGS).

• Investigation revealed that the isolates were from three 

patients admitted to the same hospital critical care unit (CCU). 

40
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The Investigation

• Screening

• Monthly Point prevalence screening 

(Nov 2021)

• Discharge screening (Feb 2022)

• 16 CCU drains were sampled from 

patient rooms in the CCU

41

https://microbiologycommunity.nature.com/posts/a-microbiological-survey-of-handwashing-sinks-in-the-hospital-built-environment-reveals-differences-in-patient-room-and-healthcare-personnel-sinks
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Results

• Twelve additional patient isolates identified

• Sixteen patient isolates and one sink drain isolate were 

determined to be highly related (0-12 SNP differences). 

• Additional isolates identified from sink drain cultures included 

KPC+ Klebsiella oxytoca and KPC+ K. pneumoniae. 

• Investigation identified that, during COVID surges, dialysate 

and other nutritive materials were disposed of in handwashing 

sinks to avoid additional instances of PPE donning and doffing.

42
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But, wait…

• Despite implementation 

of enhanced infection 

prevention and control 

practices, cases 

continued.

43
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But, wait…

• Environmental sampling followed by WGS provided evidence that 

biofilm likely facilitated ongoing transmission by serving as a 

persistent source of contamination of the environment and the 

hands of healthcare providers.

45
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Key Lessons Learned

• Routine water and drain 

maintenance are key for 

managing biofilm

• Handwashing sinks in patient 

rooms should only be use for 

hand hygiene

• Nutritive materials, such as 

dialysate, and patient waste 

should only be disposed of in a 

toilet (covered) or dirty utility 

hopper.     

46

https://sanimag.sanimarc.com/tips-for-a-successful-implementation-of-the-bioassure-process/
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