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• Meet the WHO R&D blueprint TPP of 10,000 virions/ml
detection for simple to use, low cost tests for use in the
developing world.

• Ultimately develop assays for all blueprint targets.

• Ability to deploy tests for use without lab access in
remote regions and used by anyone with simple training.

• Drive the cost of goods to the point that assays can be
sold at the price point of lateral flow but with sensitivity 
of molecular

KRONO KEY OBJECTIVES



• Advancement of the portable detection system from the existing lab-
based technology demonstrator to a portable validated production unit
ready to be manufactured at scale to impact on both the current
pandemic and future outbreaks of emergent disease.

• Development and validation of the SARS-CoV-2 assay, including internal
positive control – latterly becoming a Duoplex test.

• Demonstration of rapid development and scaling to production of the
lyophilised assays, including enzyme production, reagent and
lyophilisation development.

KRONO KEY OBJECTIVES



• Validation of the SARS-CoV-2 assay, initially using pseudovirus supplied by
UK NIBSC and Armoured RNA produced by AMU, and latterly using cultured
virus at INMI, Rome

• Performing a study of paired, blinded nasopharyngeal swab samples against
a gold standard lab-based assay to show equivalency.

• Proof of concept for a direct from swab differential diagnostic between pan
flu and SARS-CoV-2, the released and validated assay would be SARS-CoV-2
only due to having less regulatory burden for release(EUL route)

KRONO KEY OBJECTIVES



• Publication and dissemination of the project outcomes
and preparation for scaling and WHO EUL approval.

Stretch Goal
• Designing a direct from whole blood assay to demonstrate

the team’s ability to rapidly respond to a future outbreak
of disease X – Yellow Fever Virus was chosen as the
exemplar target.

KRONO KEY OBJECTIVES



PROJECT OVERVIEW
• BG Research had previously demonstrated direct detection from blood and animal nasal swabs without any

requirement for nucleic acid extraction using a closed tube, single enzyme reagent method.

• Approach had demonstrated comparable results to
lab- based reference assays from an extraction.

• BGR had a frozen reagent designed to amplify directly
from whole blood but had not been tested with viral
transport medium or human nasal swabs.

• BGR had built a technology demonstrator and reaction
vessel for running the direct from crude sample
process.

BGR PPRV assay direct from goat nasal swab resuspended into 1ml water. 
BGR method directly added 12ul of nasal swab eluate, the Batten PPRV (WHO 

FAO) reference assay was run from an extraction according to the protocol.

BGR XF assay Ct Values Reference assay Ct values
Animal No. 197 7713 4276 4231 4235 Animal 

No.
197 7713 4276 4231 4235

0 dpc No Ct No Ct No Ct No Ct No Ct 0 dpc No Ct No Ct No Ct No Ct No Ct
2 dpc 32 29 No Ct 30 32 2 dpc No Ct 31.5 No Ct No Ct No Ct
4 dpc 29 32 32 30 30 4 dpc 26 33.8 34 27.9 27.4
5 dpc 26 30 33 28 25 5 dpc 26.9 29.3 32.7 26 23
6 dpc 25 27 31 26 25 6 dpc 24.7 29.5 29.6 24 21.7
7 dpc 23 26 30 no

sample
24 7 dpc 20.2 25.7 30 no

sample
23.3

8 dpc 20 23 27 no 
sample

24 8 dpc 19.9 21.3 24.8 no 
sample

20.8

9 dpc no 
sample

25 27 no 
sample

25 9 dpc no 
sample

21 21.3 no 
sample

22.5

10 dpc 24 24 25 no 
sample

27 10 dpc 24 22.1 24 no 
sample

24.7

12 dpc 28 27 28 no 
sample

29 12 dpc 25.2 25.4 26 no 
sample

25.3

14 dpc no 
sample

27 No Ct no 
sample

30 14 dpc no 
sample

25 24.9 no 
sample

25.4



TECHNOLOGY SUMMARY

Extraction free, direct from crude
sample molecular testing
Reagent lyses viruses
Stabilises RNA
Sequesters inhibitors
Performs direct RT-QPCR from a
wide range of crude samples 
including blood, saliva, nasal swab
eluates and urine
Instrument is low cost and
portable
Cold chain free and not requiring
lab facilities or expert users

Swirl the

patient swab

against the

side  to  make

the eluate



• Single enzyme performs DNA and RNA
directed DNA polymerisation.

• Thermostable - >20 minutes half-life at 94C.
• Multiple rounds of RT are possible.
• Uses hydrolysis probes for sequence specific

detection.

Heat plus 
reagent Single 

stranded 
RNA
released

91C for 5
minutes

Example
thermal 
cycling 
protocol

65C for 2
minutes

Sequence
specific primer
binds to RNA

cDNA hybrid
generated

91C for 3
seconds

65C for 1
minute

cDNA
hybrid 
denatures

DNA and 
cDNA
generated

• Enzyme is non-native RT which cannot degrade template RNA
• Reagent stabilises the released viral genomic RNA
• Multiple opportunities to “catch” target when at low titre, gives

reproducible Ct even near LLOD.

TECHNOLOGY SUMMARY



Progress, 
Achievements
& Results



WP2 – progress achievements and results

• Designed a singleplex SARS CoV-2 early in the project using publicly available NGS sequences (task 2.1).
• Ordered and validated 3 singleplex  assays and shared with partner labs (task 2.2)
• WHO mandated only Duoplex assays would achieve EUL approval as new variants emerged.
• Developed a Duoplex SARS CoV-2 assay (task 2.2 re-opened)
• Validated Duoplex assay in various developmental reagents as project progressed (task 2.3)
• AMU generated Armoured RNA standards for an assay (task 2.4)
• Work package completed.

• Held monthly minuted web meeting between the partners, all tasks actioned.
• Meeting reports filed with IMI2.
• Management procedures well established and working well – work package will be delivered as expected.

WP1 – progress achievements and results



• All electronics, firmware, software and mechanicals complete for the Alpha (initial prototypes) and are in PCR testing
ready to send to partners.

• All design documentation needed for future regulatory approvals are in place.
• Novel instrument and tube completely designed and prototypes made in 12 months.
• Delay in sourcing and receipt of electronic components has delayed the delivery of units (alpha and beta), both due

to COVID directly but also the resultant global semiconductor crisis.

WP4 – progress achievements and results

• Designed pan Flu assay In Silico
• Development placed on hold until the COVID assay is finalised – project has given rise to newer generations of 

buffers, alongside move to Duoplex. As a result it is necessary to focus on the COVID assay and subsequently try and 
add 2nd target.

• Data has been generated for direct from nasal swab, saliva, gargle samples and from exhaled breath condensates-
proof of concept achieved.

• Data generated on lab PCR machines is completed, needs to be repeated on the BGR instrument

WP3 – progress achievements and results



• It has been shown that the method renders SARS CoV-2 non-infectious by the end of the process. (D5.1)
• Partners demonstrated proof of concept early in the project, it was possible to amplify directly from nasal swab 

eluate (D5.1)
• It was possible to make the reagent as a lyophilized system, performance was equivalent to the frozen reagent (D5.2)
• An assay for the direct detection of Yellow Fever Virus direct from whole human blood developed and validation is 

ongoing ( D5.3)

WP6 – progress achievements and results

• Received ethics approval for the patient sampling
• All partner laboratories have received frozen reagent and the singleplex assay, generated performance report data.
• Proof of concept generated by INMI – it was possible to directly detect from unprocessed nasal swab samples.
• Latterly, all laboratories received Gen 3 frozen buffer and the final Duoplex assay, testing ongoing
• INMI have received the final buffer (Gen 4) and the Duoplex assay and this will be sent to all partners shortly.
• Dried reagent has been evaluated at BGR with equivalent performance to frozen, final shipment of dried Gen 4 (final) 

buffer was delayed due to the requirement to redevelop from Gen 3.

WP5 – progress achievements and results



WP8– progress achievements and results
• All required ethics approvals have been put into place.

• BGR has filed 2 new patent applications and had a piece of key IP granted during the project
• Knock out and patentability documentation, plus an initial specification has been drawn up for a further filing 

covering novel aspects of the reagent
• All quarterly reports have been filed

WP7 – progress achievements and results



GENDER

• BGR/BG involve 100% of men (3)

•AMU involve 60% of women (3) 
and 40% of men (2)

•INMI involve 87,5% of women 
(7) and 12,5% men (1).

• UCPP involve 50% of women (1)
and 50% of men (1)

Men 
39%

Women 
61%



DATA MANAGEMENT PLAN

Submitted in June 2021

• Summary of the data needed to implement the project (purpose, relation to the objectives, types &
format, if being re-used, origin, size, utility

Presenting FAIR Data

• Making data findable, including provisions for metadata (discoverability, identifiability refer to 
standard identification, convention used, approach toward search keyword, approach for clear 
versioning, standards for metadata).

• Making data openly accessible (open or kept close, how it will be made available, what methods or 
software tools, where data & metadata are deposited, access/restrictions)

• .Increase data re-use (licences, when available for re-use, useable by third parties, quality assurance
process, length of time for re-use

• Allocation of resources (costs for making data FAIR, responsibilities, potential value for long term 
preservation

• Data security (secure storage)

• Ethical aspects (Ethics deliverables)



ISO 13485 QUALITY MANAGEMENT
SYSTEM

“The design, manufacture and servicing of qPCR and isothermal products to include
instruments, facilitating equipment, assays and reagents”

Fully certified (BSI) risk-based 
ISO 13485 Quality Management 
System (certified since February 
2020)

Management of key documentation 
(such as requirement specifications, 
engineering drawings, test reports 
and standard operating procedures)

Population and collation of 
project technical files in 
preparation for regulatory 
submission

Ongoing auditing of system/site 
to ensure compliance with ISO 
13485:2016 standard and 
documented procedures

Processing and resolution of 
non-conformities raised 
(supplier, internal and 
customer)

Maintenance of critical business 
resources and infrastructure 
(training, calibrations and 
general maintenance)



DESIGN CONTROLS AND RISK MANAGEMENT

• Key focus on proactive risk management in accordance with ISO 
13485:2016 and ISO 14971:2012 standards

• All procedures are based on risk (such as supplier approval and
management)

• Regular auditing to identify any potential risks and implement
corrective actions (continuous improvement)

• Risk management tools such as Failure Mode and Effects Analysis 
(FMEA) are utilized to minimise risk to the end user

• Utilization of design controls throughout product development
process to ensure end user requirements are successfully met
(Design Traceability Matrix and design reviews)

• Gated “waterfall model” used to divide development process up 
into systematic stages which can easily be managed and controlled



REGULATORY APPROVAL PATHWAYS

• The appropriate regulatory approval must be granted to access
markets and sell In Vitro Diagnostic Medical Devices (IVDs)

• Key focus on understanding the regulatory approval pathways 
and specified requirements

• All key regulatory approval pathways have been researched and
guidance documents established detailing the requirements

• Changes in regulation are monitored and analysed on an 
ongoing basis (such as Brexit and UKCA) by the quality team

• Emergency use authorization regulatory pathways (EUL and 
EUA) have become a key opportunity since the COVID-19
pandemic

• Applicable regulatory requirements have been communicated 
to the team to ensure the technical file/product dossier is 
appropriately prepared for regulatory submission (necessary
data and documentation)
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