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US CDC'’s Antibiotic Resistance Laboratory Network
Addressing Antimicrobial Resistance Threats

In 2016, three Urgent Threats: In 2019, five Urgent Threats:
» Clostridium difficile - Carbapenem-resistant Acinetobacter
« Carbapenem-resistant - Candida auris
Enterobacteriaceae . Clostridioides difficile
« Drug-resistant Neisseria gonorrhoeae - Carbapenem-resistant
Enterobacteriaceae
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Solution: CDC’s AR Laboratory Network, since 2016

Transform the national lab infrastructure with
regional and local labs with gold-standard
methods and technology

Enhanced testing capacity in all 50 states, five
local jurisdictions, and Puerto Rico

Faster detection for rapid and improved public
health response

Communication channels to engage clinical
laboratory partners

Real-time, actionable data to combat AR
threats



Minireview Journal of Clinical Microbiology

A Tiered Laboratory Network
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Gradient strip testing in selected sites

Since 2016

Kersh, EN, et al. Expanding U.S. Laboratory Capacity for Neisseria gonorrhoeae Antimicrobial Susceptibility Testing and Whole-
Genome Sequencing through the CDC's Antibiotic Resistance Laboratory Network. Journal of Clinical Microbiology Mar 2020, 58
(4) e01461-19; DOI: 10.1128/JCM.01461-19.

Includes women and
extra-genital specimens
Since 2017




A Tiered Laboratory Network

cDC

National

« SOPs, training, EQA, PT, alert AST confirmation
+ High performance computing, WGS upload to NCBI

« Isolate repository

« National data analyses, including genetic analyses
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« Propagation, bacterial ID

« Select isolate, extract

- Agar dilution AST, 7 drugs S DNA, library prep, WGS

» CDC alert notification
« Ship isolate to CDC

Data transfer to Base
Space™ or sFTP site
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Local lab at clinic

« Clinical specimen processing
« Culture, presumptive ID
« SURRG: AST by strip gradient

« Freeze, ship isolate to regional lab

120 130
GAT AAATCTGGTCTTATTTCC

Kersh, EN, et al. Expanding U.S. Laboratory Capacity for Neisseria gonorrhoeae Antimicrobial Susceptibility Testing and Whole-
Genome Sequencing through the CDC's Antibiotic Resistance Laboratory Network. Journal of Clinical Microbiology Mar 2020, 58

(4) e01461-19; DOI: 10.1128/JCM.01461-19.
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> 15,000 sequences shared at NCBI to date

2021 is underrepresented.

Annual WG Sequences
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Initial Goal: Research on Utility of

GC Whole Genome Sequencing for Public Health
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Investigations of cases of concern, including rapid PCR detection
) Hawaii, 2016
() Las Vegas Isolate with concerning ceftriaxone resistance

Surveillance:
) Annual reports; 2014-2016, 2017, 2018, 2019* (*currently in draft)

) In-depth phylogenetic studies, e.g., how did a particular strain or
characteristic arise?

Sexual networks and partner transmission analyses
Epidemiology of DGI, of urethritis caused by N. meningitidis
Research on the causes of resistance

By making sequences and isolates publicly available, CDC has
supported research and diagnostic development by others

Azithromycin susceptibility of Neisseria
gonorrhoeae in the USA in 2017: a genomic
analysis of surveillance data

Gernert, KM.et al, The Lancet Microbe, 2020.

GISP, 2017
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https://www.sciencedirect.com/science/article/pii/S2666524720300598?via%3Dihub

Current Goal:

In response to increasing interest by local public health programs:

Dissemination and standardization

J  External quality control assessment of WGS laboratory
methods

(d Continued work towards validation of specific applications,
e.g., strain identification, AMR marker detection, cluster or
network identification, treatment failure analysis

GATACCTAL CTG. H
AAAATTAAAGAAATAAGATTAAMN

BGAAGCAGTGC GGTG
WGTGGAAGAGAAAAGTTAT

FAGTGGAGAGGCAAAGTCTCCTATGATGACATTGAAGTGGAL!
CATCAACCTGGTGGTAGTCCCCAGCAATGTGGACATTGCTA!

TGTAAACTCTGAGGAGATGAGGAGAGAGGAGCT, LA
GTCAGGAGGATGTACTGGCTGAGCACCTCAGANGGGTCGGCT TCTGGTTTTGTACTGTCCTG

TTCTTTGGGGG
FATAGTCCAGTCCTTTO



CDC'’s external quality assessment (EQA) program
for antimicrobial susceptibility testing (AST) and
whole genome sequencing (WGS)

= CDC has long been distributing panels of GC strains to partner laboratories for
standardization of culture-based antimicrobial susceptibility testing

=  Proven technique to compare results across laboratories with an expectation of ~
80% congruent results

= If problems are detected, CDC staff provide technical assistance in phone calls,
protocol reviews and even site visits

= OurGC I[1)anels have been the backbone of gonorrhea laboratory AST in the United

States through

* EQA in CDC programs (regional lab network serving GISP, eGISP, SURRG; EGASP)

* Proficiency testing in clinical labs (Wisconsin State Lab. of Hygiene with regulatory approval)
* CDC FDA AR Isolate Bank cDcC & FDA Antibiotic Resistance Isolate Bank | CDC

= In 2020, we began EQA for whole genome sequencing



https://www.cdc.gov/drugresistance/resistance-bank/index.html
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EQA Protocol

Four regional AR Lab Network Labs, i.e., state public health laboratories that serve
multiple federal states as reference labs

Receive 15 blinded isolates for sequencing, twice annually

Sequences are scored based on select set of QC criteria
JSequence quality, contamination

J Assembly quality: depth of coverage, aligned sequence length
dSequence type identification by genomic methods

Assesses sequencing, specimen handling, data transmission, sequence quality
Labs are required to achieve >80% accuracy
Started in Fall 2020



Panels

[ Five isolates from a Reference Panel in triplicate (n=15 total isolates), randomly coded
U Each panel must
[ not be identical to the previous year’s EQA panels
[ have at least one isolate positive for beta-lactamase
[ have at least one isolate non-susceptible to cephalosporins, to azithromycin, resistant to
ciprofloxacin
(1 Panels have reference genomes publicly available or long-read reference quality sequences
generated with PacBio technology at CDC
1 CDC prepares, ships lyophilized panel on cold packs, currently ~ 30 panels/ year
1 Upon receipt, culture is required; lab typically performs culture-based AST, then WGS

EQA Reference Panel Used

WHO F WHO M WHOV SPJ-15 F-18 GCREF2012050
WHO G WHO N WHO W SPL-4 P681E

WHO WHO O WHO X CDC 10328 GCREF2012003

WHOK WHO P WHOY CDC 10329 GCREF2012011

WHO L WHO U WHO Z F-28 GCREF2012027

Unemo M et al, JAC 2016, Liu H et al, Microbiology Resource Ann. 2020, Raphael BH, Pham C, et al, STD 2021,

Select isolates are available in the CDC & FDA Antibiotic Resistance Isolate Bank. https://wwwn.cdc.gov/ARIsolateBank/



Methods

Kim Gernert, PhD Jennifer Reimche, PhD

J WGS on the lllumina MiSeq following the labs’ standard protocols.
J Data transmission to CDC via sFTP site or CDC OAMD Data Transfer Tool
(] Data are processed and analyzed at CDC SLRRB using a pipeline that includes
J trimming (Cutadapt)
1 assembly (SPAdes)
1 quality check (QUAST)
J multilocus sequence typing (MLST)
J core genome alignment (ParSNP)
] single nucleotide polymorphism (SNP) distance calculation
] species identification (Kraken)
J Analysis and scoring of the sequences is determined by the metrics shown on next slide



Scoring Criteria

A. If expected coverage and/or Q30 fail, the
sequence does not pass.

B. -If read depth of coverage is <10x, the
sequence does not pass.

-If the MLST call does not match the
reference sequence (of the same isolate), the
sequence does not pass

-If 2 or more of the metrics in part B of the
table fail the sequence does not pass.

-If 2 or more of these metrics are a caution
call, it will be indicated as “Caution” but will still
pass.

C. SNP counts not used for scoring at this time.
Informational only.

Quality Metric Pass Caution Fail
A.
Expected coverage 240x <40x
275 (v2); <75 (v2);
Q30 (%)* 270 (v3) <70 (v3)
B.
Read depth of coverage 210x <10x
Number of contigs <150 150-180 >180
N50 >30,000 20,000-30,000 <20,000
Aligned sequence length 2.0-2.2 Mb 1.8-2.0 Mb <1.8 Mb
% Ng reads out of all Neisseria | 290% 85-90% <85%
Matches Doesn’t match
MLST reference reference
C. (Not used for scoring)
# SNPs compared to reference | 75t percentile of | 75-90t"
(Based on combined results of | all percentile >90th percentile

Spring 2021 EQA)

(<20 SNPs)

(20-29 SNPs)

(>29 SNPs)

12 sequences out of the 15 (80%) must pass in order to pass the assessment.




* To date, three EQA cycles have been

completed, with one in progress

Round 1 Round 2 Round 3
Lab 1 100% 66.70% 93.30%
Lab 2 100% 100% 93.30%
Lab 3 100% 100% 100%
Lab 4 100% 100% 100%

* From the second round the failing lab had:

* Expected coverage values below the cutoff for

three samples.
* Two samples that switched during processing

* Root cause analysis and corrective actions:
* Use of correct coverage cutoff value

Results

% of sequences that were pass, caution, or fail from all labs

100
95
90

%

85

80

* Use of layout confirmation worksheet to

mitigate risk of mix-ups during sample

transfer from plate to plate

for 2nd EQA Cycle (n=75)

Expected
coverage

Total %Ngofall MLST  Overall
aligned Neisseria

length

Read Number N50
depth of of contigs
coverage

% Q30

Pass Caution Fail



0911-5981
GCWGS-15870
GCWGS-1585

GCWGS-16411
GCWGS-15865

GCWGS-15897

LRRBGS-1167
GCWGS-15899
GCWGS-16421
61791-SOMOO

Tree scale:1

iTOL: Letunic and Bork (2021) Nucleic Acids Res doi: 10.1093/nar/gkab301

(;P012026“
GOWGS-15862
GCWGS-15906
GCWGS-15877
GCWGS. 15994

Core genome phylogeny was not used for
scoring

Shows clustering in the tree of all
replicate samples including samples
sequenced in parallel on the MiSeq at
STDLRRB and high-quality reference
PacBio sequences (published or
generated at CDC BCFB)

The tree shows the two samples that
were switched appearing in the incorrect
cluster (*GCWGS-15886 and GCWGS-
15887)



Conclusions

(J EQA facilitated identification of points of weakness in one lab’s workflow leading to errors that
would not likely have been discovered during regular processing of samples.

( Correction of errors identified in the EQA will result in improved data quality for routine
sequencing in participating labs

(J EQA has allowed the comparison of sequences from the same isolates among different labs, thus
providing a valuable measurement of sequencing accuracy and ensuring that WGS is consistent
and of high quality across labs participating in our programs

Limitations

 Currently only focused on the quality of the actual sequence; not (yet) accuracy of bioinformatics
analysis

( The current design relies on CDC’s bioinformatics pipeline and CDC staff to do the analysis; ideally,
submitter would do more bioinformatics processing

(1 Bottlenecks are staff time and turnover, computing and bioinformatics infrastructure



Future Directions

(d Expansion from currently four participating reference labs
 Validation of specific whole genome sequencing applications e.g.,
allele calls for resistance marker determination, subsequent EQA

should include accuracy of these applications

d Standardization of analysis technology domestically and internationally
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