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Abstract

In 2020, the National Institute of Standards and Technology (NIST)-led Rapid Microbial Testing
Methods (RMTM) Consortium was established to develop standards and measurement-based
solutions to facilitate the adoption of RMTMs in advanced therapy products. To update the
community on the Consortium's progress and work on its deliverables, NIST hosted its 5th
annual workshop on RMTM:s. This report summarizes the key findings from the workshop,
which was held as a single-day virtual event featuring external speakers. The workshop brought
together a diverse group of stakeholders, including advanced therapy producers, developers of
RMTM assays and instruments, and producers of cell reference materials.

Keywords

Rapid microbial testing methods; Consortium; Sterility testing; Advanced therapy products; Cell
and gene therapy; Regenerative medicine; Molecular methods; Microbial cell reference
materials; Interlaboratory study; Next generation sequencing.
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1. Consortium and Workshop Overview

1.1. NIST Rapid Microbial Testing Methods Consortium

The National Institute of Standards and Technology (NIST) Rapid Microbial Testing Methods
(RMTM) Consortium was established in 2020 to unite experts from across the regenerative
medicine field, including stakeholders from industry, academia, and government to address the
need for measurement standards for rapid microbial testing of regenerative medicine and
advanced therapy products.

1.2. Workshop Overview

On April 8, 2025, NIST hosted its 5th annual workshop on RMTMs. The goal of this open, half-
day virtual workshop was to discuss recent technological advances in the field of rapid sterility
testing for advanced therapy products and to provide an update on the NIST RMTM Consortium
activities.

The workshop drew a diverse group of 308 registrants, with the largest group (36 %) coming
from industry (Fig. 1). Other registrants represented academia, non-profits, federal and non-
federal government agencies, and contract test laboratories. The event also attracted
participants from industries outside of regenerative medicine, such as food and cosmetics,
highlighting the broader relevance of RMTMs.

Workshop Registrants

Contract/tasting Non-federal government (e.g.
laboratory; 6% state, local, tribal, territorial); 2% Regulation;
9%

Rapid microbial
testing
methods; 42%

Other; 11% Other; 10%

Industry; 36%

Reference
materials and

standards; 10% >
Federal government;

13% Academia; 20% Att:l\;ar n :;d

products; 28%

MNon-profit; 12%

n=308
Fig. 1. Demographics of workshop registrants

Table 1 provides the workshop agenda, and the workshop website? includes additional details
on the agenda and links to the presentation slides.

! https://www.nist.gov/news-events/events/2025/04/2025-nist-workshop-rapid-microbial-testing-methods
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11:00 AM —-11:15 AM

11:15 AM -12:15PM

11:15 AM - 11:45 AM

11:45 AM - 12:15 PM

1:15PM - 1:45 PM

1:45 PM - 2:45 PM

3:00 PM —4:00 PM

4:00 PM - 4:30 PM

Table 1. 2025 RMTM Workshop Agenda

April 8, 2025
Welcome, Consortium Overview, and Workshop Introduction
Nancy Lin (NIST)
Technical Advances in Rapid Sterility Testing
Multiple Speakers

Application of nanopore long-read sequencing to sterility testing for cell therapy

products
James Strutt (Singapore-MIT Alliance for Research & Technology)

Detection of Pathogens in Complex Matrices via NomadX Platforms
Heidi Leonard (NomadX)
LUNCH (on your own)
12:15PM -1:15PM
NIST RMTM Consortium Working Group 1 - Reference Materials: Toward Microbial Cell
Reference Materials Characterized beyond CFU
Nancy Lin (NIST)/ Kirsten Parratt (NIST)
NIST RMTM Consortium Working Group 3 - Interlaboratory Studies: Microbial
Contaminant Detection Across Rapid Sterility Testing Methods - Preliminary
Interlaboratory Study Findings
Jason Kralj (NIST)/ Stephanie Servetas (NIST)
Break
2:45 PM -3:00 PM
NIST RMTM Consortium Working Group 2 - Methods: Tools to Support Next Generation
Sequencing as a Rapid Sterility Method
Scott Jackson (NIST) /Tyler Laird (NIST)
Closing Discussion
Scott Jackson (NIST)



https://www.nist.gov/system/files/documents/2025/05/06/1%20-%20Welcome%20Slides%20-%202025%20RMTM%20Workshop.pdf
https://www.nist.gov/system/files/documents/2025/05/06/2%20-%20James%20Strutt%20Presentation%20-%202025%20RMTM%20Workshop.pdf
https://www.nist.gov/system/files/documents/2025/05/06/2%20-%20James%20Strutt%20Presentation%20-%202025%20RMTM%20Workshop.pdf
https://www.nist.gov/system/files/documents/2025/05/06/4%20-%20Working%20Group%201%20Update%20-%202025%20RMTM%20Workshop.pdf
https://www.nist.gov/system/files/documents/2025/05/06/4%20-%20Working%20Group%201%20Update%20-%202025%20RMTM%20Workshop.pdf
https://www.nist.gov/system/files/documents/2025/05/06/5%20-%20Working%20Group%203%20Update%20-%202025%20RMTM%20Workshop.pdf
https://www.nist.gov/system/files/documents/2025/05/06/5%20-%20Working%20Group%203%20Update%20-%202025%20RMTM%20Workshop.pdf
https://www.nist.gov/system/files/documents/2025/05/06/5%20-%20Working%20Group%203%20Update%20-%202025%20RMTM%20Workshop.pdf
https://www.nist.gov/system/files/documents/2025/05/06/6%20-%20Working%20Group%202%20Update%20-%202025%20RMTM%20Workshop.pdf
https://www.nist.gov/system/files/documents/2025/05/06/6%20-%20Working%20Group%202%20Update%20-%202025%20RMTM%20Workshop.pdf
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2. Technical Advances in Rapid Sterility Testing

2.1. Application of Nanopore Long-read Sequencing to Sterility Testing for Cell Therapy Products

James Strutt of the Singapore-MIT Alliance for Research & Technology (SMART) presented on
the application of Nanopore sequencing for untargeted microbial detection, including
preliminary insights into the baseline characterization of the "kitome" [1].

The need for sterility testing is widespread in the advanced therapy industry, as producers seek
to detect adventitious agents that can be introduced during leukophoresis or manufacturing.
Long-read sequencing technology is well-suited for this purpose, offering real-time, agnostic
detection with a limit of detection that meets regulatory requirements. Compared to short-
read sequencing, long-read sequencing provides easier genome assembly, more complete
coverage, and detection of structural variants, resulting in rapid time-to-results with relatively
small sample volumes.

To improve the limit of detection, Dr. Strutt's team targeted full-length 16S and 18S amplicon
sequencing of ribosomal RNA, which enables species-level identification. Ribosomal RNA is an
ideal target for long-read sequencing due to its high copy number in most genomes. Shotgun
sequencing, on the other hand, has a limited detection threshold of approximately 1000 CFU.

Dr. Strutt developed a workflow to handle low-biomass samples, minimizing the impact of
contaminant DNA and facilitating the detection of the actual sample. The results demonstrated
that this workflow can detect aerobic and anaerobic species at 10 CFU (n=31/31) within 16
hours using less than 1 mL of sample. A machine learning model was trained to identify the
kitome, filter human reads, and generate unbiased identification of contaminated samples. The
recommendations and best practices derived from the development of this workflow are
summarized in Dr. Strutt’s presentation online.

2.2. Detection of Pathogens in Complex Matrices via NomadX Platforms

Heidi Leonard from NomadX presented on the application of Raman spectroscopy for detecting
pathogens in complex matrices using rapid sample concentration and enrichment. The
Concentrating Pipette, a novel product, enables efficient concentration of samples with
adjustable volume and a user-friendly interface. Following concentration, surface-enhanced
Raman spectroscopy (SERS) is employed to detect and identify contaminants. SERS relies on the
enhancement of Raman signals from molecules adsorbed onto a nanostructured metallic
surface, facilitated by plasmon resonance. NomadX's current technology utilizes electroplated
silver dendrites as the SERS substrate, which is a crucial component of their workflow. The
target time to detection is approximately 1 hour starting from a concentrated sample. The
resulting spectra generate a unique "fingerprint" for each pathogen, enabling label-free
detection using artificial intelligence and machine learning (Al/ML) algorithms. While this
method shows promise, challenges remain, including managing background matrix
interference, optimizing dendrite morphology for specific bacterial targets, ensuring substrate
shelf life, and scaling up the process. Notably, the workflow has achieved recovery rates of up
to 80 %.


https://www.nist.gov/system/files/documents/2025/05/06/2%20-%20James%20Strutt%20Presentation%20-%202025%20RMTM%20Workshop.pdf
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3. NIST RMTM Consortium Working Group 1 (WG1) — Reference Materials: Toward Microbial
Cell Reference Materials Characterized beyond CFU

Nancy Lin and Kirsten Parratt from NIST led a session discussing WG1’s efforts to support the
expanded certification of existing reference materials to help bridge the gap between
traditional compendial sterility testing methods and new rapid methods, such as molecular
techniques. Currently, most microbial cell reference materials are certified for colony-forming
units (CFU), which may not accurately represent properties more relevant to molecular
methods, such as total genome copy number or total cell count. Methods are needed to
guantify total cells and genome copies across a range of microbial cell commercial reference
materials, especially those based on compendial microorganisms listed in USP <71>. These
methods would enable reference material producers to certify additional values on their
reference materials to support testing and validation of molecular RMTMs.

NIST feasibility studies have evaluated characterization methods for cell count and genome
copy number across multiple commercial reference materials, with results indicating that some
methods are more susceptible to matrix or background interference than others. Key findings
and recommendations toward enabling additional quantification of existing reference materials
include:

¢ Cell concentration should be sufficiently high and will depend on the characterization
methods used as well as the microbial strain and formulation being characterized.

e Several total-cell-count methods show promise for suitability for most microbial cell
reference materials.

e Genome copy measurements remain challenging due to issues such as debris/matrix
interference, DNA staining, RNA interference, and extraction protocols.

Given the complexity of characterizing additional properties for microbial cell reference
materials, a unified experimental protocol that works across all materials may not be feasible.
Instead, a roadmap to optimize methods for each material of interest was proposed, including
workflows with decision points and optimization criteria. This roadmap could be implemented
by reference material manufacturers to enable additional certified values for their microbial cell
products.

Taken together, NIST feasibility studies and the proposed roadmap have demonstrated a
potential route to characterize microbial cell RMs beyond CFU values, supporting the validation
and comparability testing of molecular sterility testing methods. A perspective manuscript and
a technical paper describing results of the NIST feasibility studies are under development.
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4. NIST RMTM Consortium Working Group 3 (WG3)- Interlaboratory Studies: Microbial
Contaminant Detection Across Rapid Sterility Testing Methods - Preliminary
Interlaboratory Study Findings

Jason Kralj and Stephanie Servetas from NIST presented on the accomplishments of the
Consortium's Interlaboratory Studies Working Group, which has focused on collecting data on
RMTMs via interlaboratory studies.

Interlaboratory Study 1

The first study aimed to determine whether off-the-shelf materials were suitable for qualifying
or validating RMTMs. This proof-of-concept test had nine participating laboratories who all use
the same materials: two commercial E. coli materials, commercial gPCR and extraction kits, and
a NIST-provided DNA standard to generate a calibration curve for reporting genome copies. The
study found that the E. coli materials were fit-for-purpose as gPCR controls, with a relative
range of consensus consistent with CFU.

Interlaboratory Study 2

The second interlaboratory study surveyed existing and emerging sterility testing methods
using a common sample set designed to mimic CAR-T product aliquots contaminated with
microorganisms. The study generated a dataset that could be used to compare the features of
each method against specific application needs. The sample set contained 0.9 % saline with 3 %
human albumin, spiked with either 0, 10, or 100 CFU of live compendial microorganisms.

The study included 11 laboratories, 8 different methods, and 16 total datasets. The methods
tested included BacT/ALERT, Bactec, Celsis, microcalorimetry, USP <71>, RNAseq, qPCR, and
monocyte activity. The results demonstrated the suitability of the NIST-generated sample set
for testing viability, with many viability-based methods performed comparably to USP <71>,
with similar or faster times to result. Several methods also included an organism identification.
RNAseq performed well among the molecular methods, with a good time-to-result. However,
gPCR and MAT methods were affected by background DNA and LPS contamination, potentially
due to the albumin used in the matrix. The working group is currently reviewing the results,
examining reagent contamination, and drafting a manuscript.
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5. NIST RMTM Consortium Working Group 2 (WG2) - Methods: Tools to Support Next
Generation Sequencing as a Rapid Sterility Method

Scott Jackson and Tyler Laird from NIST presented on WG2 efforts to develop tools to support
NGS-based sterility testing methods for advanced therapy products.

A key achievement is the development of a reference genome database and bioinformatics
pipeline, termed the ENSure (EzBiome NIST Sterility) database and pipeline, led by Consortium
member EzBiome and NIST. The database contains a curated list of sterility relevant taxa with a
target of one representative genome per species. The database was tested in silico using
simulated sequencing data and showed good performance in detecting and differentiating
microbial species. The testing also highlighted the importance of host read removal and filtering
to reduce false positives.

WG@G?2 is planning an interlaboratory study to provide an open dataset on NGS-based workflows
for sterility testing. The study aims to address several outstanding topics, including:

e Lowering the barrier to entry for the technology

e Familiarization with the methods

e Assessing performance (i.e., sensitivity, specificity)

e Assessing variability across labs

¢ Demonstrating the ENSure database’s utility

¢ Demonstrating the utility of spike-in controls for data normalization

Two approaches are being considered for the interlaboratory study: (a) testing the same
method across labs to assess its reproducibility and performance, and (b) a survey testing
different methods to assess the impact of methodological variables. Both approaches will use a
common sample set and include spike-ins as reference controls.

The working group is also exploring the development of methods for microbial signal
enrichment, including amplicon-based sequencing approaches. Target enrichment and host-
depletion methods are considered essential for any method to be successful. Further
development of methodologies is needed, including the selection of specific samples to be
analyzed.

During the discussion, there was some support for employing and testing a prescribed workflow
with the ENSure database. However, some potential participants have already developed their
own workflows and custom databases. There was broad agreement on the need for target
enrichment and host-depletion methods, and further development of methodologies is
planned. Study planning will continue in the WG2 meetings.
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6. Workshop Summary and Future Consortium Directions

The 2025 NIST RMTM Workshop was held to highlight recent advances in sterility testing
technology and share the progress of the NIST RMTM Consortium. With over 300 registrants
and over 120 active participants, the workshop showcased future directions of novel RMTM
technologies, including long-read sequencing and Raman Spectroscopy-based methods, which
are being developed to address challenges in analysis time, application-specific needs, and
microbial identification.

The Consortium has made significant progress, with multiple publications, three interlaboratory
studies, and a reference genome database and bioinformatic pipelines in development across
the three working groups. In addition, a new interlaboratory study (#3) has been proposed to
survey NGS-based sterility testing and identify best practices. NGS-based sterility testing has
shown promise but also faces challenges, including the need for appropriate signal enrichment
(or host depletion).

The workshop also shared the results of a survey (re)taken five years apart, first in 2020 and
again in 2025. Comparison of the results (with the caveat that different groups of people took
the two surveys) show that the need for RMTMs remains prevalent, molecular methods are still
the highest ranked in terms of being “hopeful to be adopted,” and there has been increased
adoption (and interest in adopting) rapid methods. The perception of the necessary time to
result for an RMTM has increased, reflecting a growing awareness of the capabilities of new
technologies (e.g., results within 1 h or 3 h may be too lofty a goal, and 8 h to 48 h may be more
realistic). In addition, the need for methods to detect viability has increased as well. Detailed
results comparison is provided in Appendix A.

The participants discussed the future of the NIST RMTM Consortium, as the original 5-year
collaborative agreement is ending in August 2025. The possibility of extending the CRADA for
another year (or more) to complete ongoing work was considered, along with the potential for
some efforts to shift to other stakeholder groups focused on RMTMs.
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Appendix A. Comparison of 2020 and 2025 Survey Responses

2. What types of products do you test for microbial contamination?
(multiple answers permitted)

2020 2025
Pharmaceuticals -- small molecules Pharmaceuticals -- small molecules
I 24 | I - I
Biopharmaceuticals (e.g. mAbs) Biopharmaceuticals (e.g. mAbs)
I 30 | I 11 |
Gene and/or Cell Therapy Products (e.g. CAR-T) Gene and/or Cell Therapy Products (e.g. CAR-T)

— et I

Microbial Cell Therapies (e.g. Live Biotherapeutic Products)

| KT

Dietary Supplements (e.g. probiotics, vitamins)

KT |

20 |

Blood and/or Blood Products (e.g. plasma)
8 |

Tissue-based Products

12 |

Cosmetics Microbial Cell Therapies (e.g. Live Biotherapeutic Products)
12 7
Foods Dietary Supplements (e.g. probiotics, vitamins)

s | - |

Tobacco Cosmetics

2 |

Raw Starting Materials (media, glucose, serum, etc)

I 25 |

Medical devices Tobacco
B 3 | Lo |
Other Raw Starting Materials (media, glucose, serum, etc)

L KT | I - I
Medical devices
. 4 I
Other

B ]

3. What type of microbial testing do you currently perform?
(multiple answers permitted)

2020 2025
Compendial methods Compendial methods
52 | —— 19 I

Modified culture methods (e.g. BacT/ALERT) Modified culture methods (e.g. BacT/ALERT)

49 | I 0 |
Rapid Methods Rapid Methods
54 | I |
Other Other

KT | 4 I

Fig. A-1. Select responses from a RMTM questionnaire in 2020 and 2025, questions 2 & 3. For question 2, we see
that the types of products for testing have not changed significantly. Similarly for question 3, the testing methods
being used have not changed significantly.
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5. Do you currently have a validated RMTM assay that you're using?
2020 2025
Yes Yes
B 23 I 13
No, we don't run RMTM assays No, we don't run RMTM assays
I a1 I -
We're evaluating new RMTMs in our R&D facility We're evaluating new RMTMs in our R&D facility
B 20 I
Other Other
B 10 m:

6. Do microbial detection methods need to indicate viability for
your purpose?

2020 2025

Yes Yes

I 46 I 16
No, but it is preferred No, but it is preferred
K I 10

No No

10 B 5

7. Do detection methods also need to provide taxonomic
identification (e.g. Salmonella enterica) of microbial contaminants?

2020 2025

Yes Yes

I I
No, but it is preferred No, but it is preferred
R 47 L EE
No No

B 16 LK

Other Other

N4 i

Fig. A-2. Select responses from a RMTM questionnaire in 2020 and 2025, questions 5 to 7. In question 5, we see
that the fraction of respondents who have a validated RMTM assay has increased. Question 6 indicates a slight
shift in favor of a need for viability-based detection. In question 7, respondents were divided on the need for
taxonomic identification of contaminating microbes.

10
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10. What does rapid mean to your process? How rapid is necessary?

2020

<1h

B 20
<3 h
B 20
<8h
N s
<24h
B 19
<48 h
B 7
<72h

LK

2025

<1h

K

<3h

o 2

<8h

BN 6

<24h

12. What rapid microbial measurement technologies are you most
hopeful to be adopted in yoru industry (multiple answers permitted)

2020
Sequencing-base Methods (e.g. NGS)

I

Non sequencing-based Molecular Methods (e.g. PCR)
I se

Mass Spectrometry

B 21
Flow Cytometry
B 25
Solid State Cytometry
s

In-line Sensor Technology

I s

2025
Sequencing-base Methods (e.g. NGS)

— 17

Non sequencing-based Molecular Methods (e.g. PCR)
—— 17

Mass Spectrometry

N 4
Flow Cytometry
N s
Solid State Cytometry
M2

In-line Sensor Technology

I s

Fig. A-3 Select responses from a RMTM questionnaire in 2020 and 2025, questions 10 & 12. There was a clear shift
in opinion regarding what “rapid” means in this context, from generally < 24 h in 2020 to < 3 d in 2025. This shift
may indicate greater awareness of the latter respondents on product testing needs and acknowledgement of
testing capabilities and limitations. The overall consensus remained hopeful that molecular methods (sequencing-
and non-sequencing-based) would be adopted, with a strong minority looking for in-line sensing as well.

11
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