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EXECUTIVE SUMMARY 
 
 
Combat Capabilities Development Command (CCDC) Chemical Biological 

Center (CBC) completed an evaluation of the human performance factors related to the 
execution of COVID 19 testing using the SARS-CoV-2 Test Kit.  Testing began on April 13, 
2020 and was completed on April 16, 2020.  

 
The SARS-CoV-2 Test Kit pairs Biomeme’s M1 Sample Prep Cartridge Kit for 

RNA 2.0 extraction kit with their room-temperature stable SARS-CoV-2 Go-Strips assay. The 
Go-Strips are amplified by RT PCR using their portable Franklin™ Real-Time qPCR 
Thermocycler. The Franklin™ thermocycler companion mobile app, Biomeme Go, is operated 
on a ruggedized android-based cell phone device that is used to scan test kits, control the 
FranklinTM thermocycler in either online or offline mode, and display easily interpretable test 
results. In on-line mode, Biomeme Go conveniently syncs data to the Biomeme Cloud for further 
evaluation and archiving. 

 
Chemical Biological Center (CBC) scientists evaluated the following human 

factor and/or test kit performance metrics including 1) Ease of Use, 2) Overall Work flow, and 3) 
Time to Results. The Biomeme SARS-CoV-2 Instructions for Use (IFU) and Performance 
Characteristics v1.2 document that Biomeme submitted to the FDA for Emergency Use 
Authorization (EUA) was used as the base method. The workflow described in the IFU 
documentation was supplemented with distance learning products produced by Biomeme 
including videos and instruction manuals available on their website. Previous CBC scientist 
experiences with RT-PCR as well as COVID-19 diagnostics related training materials produced 
by the U. S. Army Medical Center of Excellence (MedCoE) and available online were also used 
to inform clinical sample handling, personal protective equipment selection, and biosafety 
cabinet hygiene recommendations. 

 
CBC scientists found the assay required a fairly complex laboratory in order to 

safely process the samples due to the need for a biosafety cabinet to contain any SARS-CoV-2 
containing aerosols. Using the CLIA complexity matrix taken from FDA policies, CCDC CBC 
scientists scored the test complexity an 11 out of possible 21. The lack of manufacturer supplied 
controls and the requirement to store positive control samples at -80 °C severely limit the 
locations at which the test could be performed accurately. The manufacturer developed video 
tutorials were beneficial for interpreting subjective language in the IFU such as performing  

 
CCDC CBC scientists developed a protocol for the full analysis workflow which 

was executed over approximately 60 sample extractions to determine the time required to 
complete each portion of the method. They concluded that nearly 3.5 hours are required to 
complete 7 extractions, set-up the seven RT-PCR reactions plus the two control RT-PCR 
reactions, run the RT-PCR on the Biomeme Franklin™ thermocycler, and interpret results. 
Therefore, approximately 6 iterations of 7 samples (42 total samples) could be assayed in each 
24 period on a single Franklin™ thermocycler. 

 



 

 vi 

The evaluators acknowledge that the time for sample to answer using the 
consecutive extraction procedure they employed is much longer than the time required to 
complete sequential extraction where the extraction of all 7 samples is initiated simultaneously. 
According to the manufacturer, this method had been their intent when developing the IFU and 
they will modify the IFU document to clarify their recommended workflow. Using this 
methodology, they report they can extract 7 patient samples, set-up the seven RT-PCR reactions 
and two control RT-PCR reactions, run the RT-PCR on the Franklin™ thermocycler, and 
interpret results in approximately 1.5 hours. This would yield a total 24 hour throughput of about 
16 cycles of 7 (112 total samples). This is over 2.5 times more samples than the CCDC CBC 
developed method. CCDC CBC scientists caution that there is a large risk of cross-contaminating 
samples during sequential processing. The possibility of increasing the false positive rate should 
give any clinician pause and CBC scientists suggest a thorough risk evaluation be conducted 
before adopting the time-saving technique.
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EVALUATION OF THE BIOMEME FRANKLIN HUMAN PERFORMANCE FACTORS: 
FINAL REPORT 

 
1. INTRODUCTION 

 
Combat Capabilities Development Command (CCDC) Chemical Biological 

Center (CBC) was tasked by the Joint Program Office for Chemical and Biological Defense 
(JPEO-CBD) with providing a Performance Evaluation of the Biomeme, Inc. SARS-CoV-2 Test 
Kit in support of its efforts to rapidly field the kit as a screening tool used during soldier in-
processing. Evaluation of the assay performance had already been completed by NorthWell 
Health as part of the Food and Drug Administration (FDA) in vitro diagnostic filing for use 
under Emergency Use Authorization (EUA). Therefore, this evaluation focused on human 
performance factors rather than assay performance metrics. 

 
The SARS-CoV-2 Test Kit included the following Biomeme components and 

products: the M1 Sample Prep Cartridge Kit for RNA 2.0 extraction kit; room-temperature stable 
SARS-CoV-2 Go-Strips assays for amplification of two SARS-CoV-2 gene targets, Orf1ab and 
S, as well as an internal control gene target from bacteriophage MS2 also known as the RNA 
Process Control (RPC); and the Franklin™ Real-Time qPCR Thermocycler. A lyophilized form 
of the MS2 bacteriophage and a rehydration buffer were provided as part of the SARS-CoV-2 
Go-Strips Kit.  A companion mobile application (app), Biomeme Go, run on a ruggedized 
android-based cellphone device, was used to scan test kits for reagent tracking, control the 
FranklinTM Real-Time qPCR Thermocycler, and quickly interpret test results. In on-line mode, 
Biomeme Go conveniently synced data to the Biomeme Cloud for further evaluation and data 
archiving. 

 
Biomeme has solicited the FDA for approval of the kit in “Other Authorized 

Labs—Patient Care Settings” thus there is an expectation that the kit can be safely and 
effectively used outside the confines of a clinical laboratory where engineering controls such as a 
biosafety cabinet (BSC) may not be present. All tests were performed with water blanks. Due to 
current policy of handling SARS-CoV-2 with Biosafety Level-2 (BSL-2) precautions, the 
negative “samples” were handled as if they are actual patient samples and opened only inside a 
BSC. The samples were packaged as if they were collected at a patient bedside and transported 
to the processing location. Nucleic acid extraction and RT-PCR was performed according to the 
Biomeme SARS-CoV-2 Real-Time RT-PCR Test Instructions for Use (IFU), v1.2 (Appendix B). 
Handling of clinical samples, decontamination of the BSC, and avoidance of cross-
contamination was supplemented by user laboratory experience and online training materials 
produced by the U. S. Army Medical Center of Excellence (MEDCoE) available for the BioFire 
FilmArray and Cepheid GeneXpert COVID-19 diagnostic platforms available at 
https://www.milsuite.mil/book/groups/ngds-covid19-training.  

 
Chemical Biological Center (CBC) scientists evaluated the following human 

factor and/or test kit performance metrics. Methods for the evaluation of each follow in separate 
sections. 
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Ease of Use 
 
Work flow 
 
Time to Results 

  
 

2. METHODS  
  

2.1 Assessment of Ease of Use 
  
The Biomeme SARS-CoV-2 Test Kit is intended for use in Other Authorized 

Testing Locations—Patient Care Settings; therefore, there is an expectation that use of the kit is 
straightforward and simple. Tests that can be performed in this setting are also referred to as 
CLIA Waived. As noted by the Centers for Disease Control “although CLIA requires that 
waived tests must be simple and have a low risk for erroneous results, this does not mean that 
waived tests are completely error-proof. Errors can occur anywhere in the testing process, 
particularly when the manufacturer’s instructions are not followed and when testing personnel 
are not familiar with all aspects of the test system1. ” The FDA complexity scoring criteria was 
used as a guide for assessing ease of use, Table 1. Additionally, all errors made during 
processing of each sample were tallied and assigned an impact as Minor, Major, or Catastrophic. 
Minor errors were defined as those with no expected impact on sample result. Major errors were 
considered those that could potentially alter results or create the need to retest a sample. A 
catastrophic error were those that inhibit the performance of the test or result in loss or potential 
adulteration of the sample.  Operator opinions following the evaluation were also compiled as 
subjective metrics.

                                                 
1https://www.cdc.gov/labquality/waived-
tests.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fclia%2Fwaived-tests.html  
(last accessed April 10, 2020)  



 

 
  

Table 1. Complexity Assessment Taken from FDA Policies 
Parameter Score = 1 Score = 3 

Knowledge 

(A) Minimal scientific and technical knowledge is 
required to perform the test; and 
(B) Knowledge required to perform the test may be 
obtained through on-the-job instruction. 

Specialized scientific and technical knowledge is essential to 
perform pre-analytic, analytic or post-analytic phases of the 
testing. 

Training and 
Experience 

Minimal training is required for pre-analytic, analytic and 
post-analytic phases of the testing process; and 
(B) Limited experience is required to perform the test. 

Specialized training is essential to perform the pre-analytic, 
analytic or post-analytic testing process; or Substantial 
experience may be necessary for analytic test performance. 

Reagents and 
materials 
preparation 

(A) Reagents and materials are generally stable and 
reliable; and (B) Reagents and materials are prepackaged, 
or premeasured, or require no special handling, 
precautions or storage conditions. 

(A) Specialized training is essential to perform the pre-analytic, 
analytic or post-analytic testing process; or (B) Substantial 
experience may be necessary for analytic test performance. 

Characteristics of 
operational steps 

Operational steps are either automatically executed (such 
as pipetting, temperature monitoring, or timing of steps), 
or are easily controlled. 

Operational steps in the testing process require close 
monitoring or control, and may require special specimen 
preparation, precise temperature control or timing of procedural 
steps, accurate pipetting, or extensive calculations. 

Calibration, 
quality control, 
and proficiency 
testing materials 

(A) Calibration materials are stable and readily available; 
(B) Quality control materials are stable and readily 
available; and 
(C) External proficiency testing materials, when 
available, are stable. 

(A) Calibration materials, if available, may be labile; 
(B) Quality control materials may be labile, or not available; or 
(C) External proficiency testing materials, if available, may be 
labile. 

Test system 
troubleshooting 
and equipment 
maintenance 

(A) Test system troubleshooting is automatic or self-
correcting, or clearly described or requires minimal 
judgment; and 
(B) Equipment maintenance is provided by the 
manufacturer, is seldom needed, or can easily be 
performed. 

(A) Troubleshooting is not automatic and requires decision-
making and direct intervention to resolve most problems; or 
(B) Maintenance requires special knowledge, skills, and 
abilities. 

Interpretation and 
judgment 

(A) Minimal interpretation and judgment are required to 
perform pre-analytic, analytic and post-analytic 
processes; and 
(B) Resolution of problems requires limited independent 
interpretation and judgment. 

(A) Extensive independent interpretation and judgment are 
required to perform the pre-analytic, analytic or post-analytic 
processes; and 
(B) Resolution of problems requires extensive interpretation 
and judgment. 

Note:  A score of 2 will be assigned to a criteria heading when the characteristics for a particular test are intermediate between the descriptions 
listed for scores of 1 and 3. 

3 
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2.2 Assessment of Work Flow 
  
CBC scientists evaluated the overall workflow described in the Biomeme IFU and 

produced several recommendation on the development of a sample processing workflow. There 
was little information in the instructions detailing decontamination procedures between samples 
nor warnings regarding the ubiquity of RNase and DNase enzymes that could destroy the sample 
during or after the extraction steps. The U. S. Army Medical Center of Excellence (MEDCoE) is 
tasked with developing training and doctrine for the evaluation of diagnostic samples. Many of 
the precautions, decontamination methods, and personal protective equipment (PPE) 
requirements were taken from training materials they have produced for evaluating COVID-19 
samples on the BioFire Defense FilmArray and Cepheid GeneXpert systems as included at 
https://www.milsuite.mil/book/groups/ngds-covid19-training/pages/biofire-filmarray and 
https://www.milsuite.mil/book/groups/ngds-covid19-training/pages/cepheid-genexpert, 
respectively, as accessed on Monday April 13, 2020. 

 
2.3 Assessment of Time to Result 

 
CBC evaluated the time required to go from a collected sample to final results and 

determine the difference between a novice user and an experienced user. All users were trained 
using distance learning products produced by Biomeme. These included evaluation of video 
products produced by Biomeme, instruction manuals for the M1 Sample Prep Cartridge Kit for 
RNA 2.0 and Franklin™ thermocycler, and the SARS-CoV-2 Real-Time RT-PCR Test IFU, 
v1.2. Three operators performed the evaluation. Operators 1 and 2 had experience with RT-PCR 
methodology and aseptic technique. Operator 3 had less experience with RT-PCR methodology 
and little experience with aseptic technique. The average time required to perform the first two 
tests were used as the metric for the “novice user,” the average time required to perform tests 3-
10 were recorded as “proficient user”, and the average time required to perform all additional 
tests were recorded as “expert user.” The third user was evaluated as an “on-the-job” trainee 
using a see one, do one model after at least one of the initial users had completed enough tests to 
progress to “expert user.” The time required for the user to complete their first extraction was 
recorded as “on-the-job trainee user” as a further metric. The improvement with subsequent 
extractions was also recorded. 

 
 

3. RESULTS  
 

3.1 Ease of Use 
 

 FDA Complexity Matrix 
  
The FDA complexity scoring criteria was used as a guide for assessing ease of 

use, Table 1. CBC scientists recorded observations and opinions when performing the human 
factors evaluation then applied their finding to each of the parameters in the table. The lower the 
score, the less complex a method is considered to be. CLIA Waived tested are expected to obtain 
a score of 7 (minimum score). 
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3.1.1.1 FDA Parameter: Knowledge (Score = 2) 
 

The knowledge parameter was score as a 2. There is minimum scientific 
knowledge required to perform the sample extraction using the M1 Sample Prep Cartridge Kit 
for RNA 2.0 because the user does not need to understand the science behind each step of the 
process to yield a suitable RNA extraction. Likewise, no scientific knowledge is required to 
accurately add the RNA samples into the Go-Strips containing pre-aliquoted, lyophilized 
reagents. The Biomeme Go App on the smartphone device walks the user through the process of 
starting a run. There is, however, some knowledge required to perform the result interpretation. 
The system displays the results in tabular form with the quantification cycle (Cq) value for each 
assay within the tube. Although the instructions simply recommend that positives are considered 
any sample with a Cq values <40, the manufacturer states that “positivity must not be solely 
based on the Cq cutoff of a single target gene but should be an amalgam of Cq cutoff, visual 
analysis of amplification curve, and comparison of all targets.” This implies the user is trained in 
and knowledgeable of all aspects of interpreting amplification plots. The system allows the user 
to toggle to views of the amplification curves with and without background subtraction. 
Interpretation of the curves could easily confuse a user with little or no knowledge of typical RT-
PCR results. Additionally, there is little information in the IFU regarding methods of minimizing 
cross-contamination, aseptic technique, and/or best practices for maintaining laboratorian safety. 
 
3.1.1.2 FDA Parameter: Training and Experience (Score = 1) 
 

The training and experience parameter was scored as a 1. The extraction and RT-
PCR set-up, Franklin™ thermocycler interaction, and result screen views are quite easy to learn. 
A single see one, do one training activity was sufficient to train a new user with no RT-PCR 
experience and this user obtained acceptable results throughout their first 5 test samples. 
Additionally, Biomeme has videos available on their website (https://help.biomeme.com/how-to-
videos) showing each step of the analysis workflow. These were easy to access and especially 
were vital in learning the recommended speed with which to pump the syringe plunger during 
each step of the sample extraction and learning the recommended process for removing the 
syringe tip from the cassette. The instructions simply stated to pump the syringe plunger slowly 
(most steps) or rapidly (drying step). The instructions made to reference to removing the tip after 
each step. All steps were easily transferred to a naive technician via on-the-job training. 
 
3.1.1.3 FDA Parameter: Reagents and materials preparation  

(Score = 3) 
 

The reagents and materials preparation parameter was scored the highest metric at 
a 3. The Go-Strips contain all reagents required to perform the RT-PCR of the extracted samples. 
The user simply adds 20 µL of extracted RNA to the appropriate tube. The extraction kit 
contains everything required to complete the extraction except the RNA Process Control (RPC) 
that is added into the lysis buffer after adding the sample. Biomeme has a lyophilized pellet that 
is rehydrated in a provided buffer in order to prepare the RPC. The buffer is 5mL and only 20 µL 
is used per extraction. Therefore, there is enough material for 250 extractions per RPC kit. There 
are no instructions detailing short term or long term storage requirements for the rehydrated 
RPC. We suggest the manufacturer include instructions on storage of the control material and 
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that laboratories/test sites make aliquots of the rehydrated RPC to reduce the chance of 
introducing contamination into a large sample, especially in laboratories performing lower 
throughput operations. Additionally, the manufacturer states that positive and negative control 
reactions should be performed with each set of 7 patient samples, but these reagents are to be 
provided by the laboratory. A laboratory must have substantial experience to determine the LOD 
of the system as installed in their laboratory and prepare a suitable positive control for each set, 
and validate the performance of the material. The IFU instructs the end-user to store the positive 
control material at -80 °C. Most patient care settings are not likely to have this capability. 
 
3.1.1.4 FDA Parameter: Characteristics of operational steps (Score = 2) 
 

The characteristics of operational steps parameter was scored as a 2 as it is 
intermediate between the requirements for a score of 1 and 3. All extraction and RT-PCR set-up 
steps are manual, though they don’t require overly close monitoring because of their simplicity. 
The drying step is supposed to be performed for 20 pumps or until no liquid sprays out of the tip 
when plunging. Since the tip is inserted into the cassette, it is impossible to tell whether liquid is 
still spraying out of the tip. Further, the IFU states samples should be incubated with the lysis 
buffer for 10 minutes. There are no options listed for shorter or longer incubations nor is there a 
description of the effect of incubations for incorrect time periods. Liquid handling via 
micropipettes is a manual step. Biomeme provides a 20 µL fixed volume pipette and a 200 µL 
transfer pipet as optional catalog items if the laboratory performing the assay does not have 
them. Knowledge of how to use various pipettes is needed. The ability to decontaminate the 
extraction rack between samples is also of paramount importance in order to reduce the 
likelihood of sample cross-contamination. The current rack is 3D printed and rough textured. 
Operators found that it may be difficult to thoroughly decontaminate. Biomeme will soon be 
producing the rack by injection molding and should test the design to ensure it can be thoroughly 
decontaminated prior to making it available to end users.  
 
3.1.1.5 FDA Parameter: Calibration, Quality Control, and Proficiency Testing 

Materials (Score = N/a)  
 

CBC scientists did not assess a score for the calibration, quality control, and 
proficiency testing materials because (1) no calibration materials are described in the literature 
accompanying the SARS-CoV-2 Test Kits nor on the Biomeme website, (2) a source for the 
positive control material was described in the IFU but no determination of its availability was 
made during this evaluation, and (3) there are no proficiency samples available to score their 
stability. 
 
3.1.1.6 FDA Parameter: Test system troubleshooting and equipment maintenance 

(Score = 1) 
 

CBC scientists scored the test system troubleshooting and equipment maintenance 
parameter as a 1. Detailed descriptions of the most likely encountered issues, specifically 
communication loss between the controller android phone and the Franklin™ thermocycler, are 
included in the IFU and are available in the support pages of the Biomeme website referenced 
prior. No user supplied maintenance is described for the Franklin™ thermocycler. 
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3.1.1.7 FDA Parameter: Interpretation and Judgement (Score = 2) 
 

CBC scientists scored the interpretation and judgement parameter as a 2 due 
solely to the fact the system reports results of the qualitative tests as Cq values that must be 
converted by the user to “negative,” “positive,” and “invalid” rather than simply showing the 
qualitative result on the screen. 
 

 Errors Encountered During the Assessment 
 

The most common error that occurred during sample processing was performing 
the incorrect number of pumps in one or more sections of the cartridge. This error commonly 
occurred during the single pump portions of the workflow where the technician would do two 
pumps instead one for the salt wash or drying wash steps. This error occurred less than 5 times 
during the processing of the 60 (< 8.3 %) samples. The IFU does not specify what actions to 
take, if any, if this error occurs and there is no way to know its impact on the results; therefore, 
we evaluated this error as MAJOR. 
 

Another error that commonly occurred was caused by the size of the M1 kit 
pouch. The size and packaging of the components of the kit caused occasional mishandling of 
the extraction syringe and/or extraction column. Most often, the column was situated in the 
bottom of the pouch, but, sporadically, it was present to the side or on top of the cartridge and 
would fall out of the pouch when the technician removed the cartridge. Additionally, the syringe 
barrel flange would sometimes get caught on the zipper closure portion of the pouch. To 
aseptically remove the syringe from each pouch, technicians typically employed a method where 
they tore open the pouch and worked the syringe up by squeezing from the bottom of the pouch. 
Twice, the flange caught on the zipper and developed enough potential energy that when the 
syringe did move past the zipper, it exited the pouch with additional velocity and landed on the 
BSC surface. All errors caused by mishandling of the pouch components were evaluated as 
MINOR because a new M1 kit pouch could easily be obtained. 
 

During two extractions (3.33 %), the Luer-Lok fitting between the syringe and 
extraction column released when trying to remove the column from one of the cartridge sections. 
This is likely due to the technician slightly twisting the syringe while employing the forward and 
backward rocking motion required to remove the tip from each locations on the sample 
preparation cassette. Since the tip was inside the cartridge section and the syringe did not contact 
any other items in the workspace, the error was evaluated as MINOR. 
 
 
 
 
 
 
 
 

CBC scientists found the void-filling caps difficult to handle without touching the 
portion that goes into the RT-PCR tubes. Removing the caps from the bag and orienting them 

RECOMMENDATION:  The pouch containing components of the M1 Sample Prep 
Cartridge Kit for RNA 2.0 should be approximately 25% larger and the purification tip 
containing the silica resin should be pre-installed on the syringe. Re-positioning the zipper 
closure to the long axis of the pouch would also be beneficial for aseptic handling of the 
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properly took significant care. Mishandling the caps could introduce contamination into the RT-
PCR reactions.  
 

Technicians also found that the placement of the small Go-Strips behind the 2mL 
tubes containing the RNA extracts made the tube hard to see unless the rack was moved far 
forward in the biosafety cabinet. Although not experienced in this evaluation, one technician 
noted that users should ensure that pipet tips do not contact the 2mL tubes when transferring 
sample into the reaction tubes. The difference in height could cause inadvertent touching of the 
pipet tip when reaching over the taller tubes. Another technician noted that the Go-Strips sat 
loosely in the rack and were easily knocked out of the rack when picking up the 2mL RNA 
extraction containing tubes.  This mistake was categorized as MINOR because the Go-Strip was 
replaced when this occurred. 
 

One potentially CATASTROPHIC error occurred (1.67 %). First, when 
performing the final elution, the technician noticed a bubble of sample form on the top of the foil 
when pressing the syringe plunger down. This could easily lead to cross-contamination of the 
sample or introduction of RNase into the extract—especially if more than 1 sample were 
processed in the BSC simultaneously.  The liquid remained contained on the top of the cassette 
and did not run over the sides where it would have significantly contaminated the cassette rack. 
This issue is exacerbated by the finding by all three technicians that there was often notable 
spatter when the tip was removed from the foil covering. The forward and backward rocking 
motion recommended by the manufacturer in their videos was beneficial in enlarging the holes 
produced when the foil was pierced, but the lip on the column tip tends to grab onto the edges of 
the holes when removing the syringe tip. 
 

 

  
The Biomeme Go application loaded onto the ruggedized cell phone was very 

intuitive and easy to use. The software guides the user through each step of connecting the phone 
to the Franklin™ thermocycler by either a USB or Bluetooth connection and details the steps of 
placing the reaction tubes into the thermocycler in the correct orientation. The software 
automatically syncs data to the Biomeme cloud environment when a data connection (Wi-Fi) is 
available. The Biomeme Go application requires that operators input a username and password 
when it is run the first time. Users must have their username and password handy along with an 

RECOMMENDATION:  The manufacturer should include the recommendation to rock the 
syringe forward and backward to enlarge the holes in the foil cover prior to removing the tip 
in the M1 Sample Prep Cartridge Kit for RNA 2.0 instruction manual and/or the Biomeme 
SARS-CoV-2 Instructions for Use. It is possible that not all users will view the videos prior 
to beginning extractions and this method is instrumental in reducing the amount of liquid 
spatter and potential contamination. 

RECOMMENDATION:  The manufacturer should remove the hose barb on the end of the 
silica resin-containing tip to facilitate removal of the tip from each hole in the foil cover and 
reduce the chance of spatter. 
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internet connection. Afterward, the application will run in off-line mode and automatically sync 
whenever a data connection is available.    
 

 Overall Conclusion: Ease of Use 
 

Overall, CBC scientists found the M1 Sample Prep Cartridge Kit for RNA 2.0 and 
SARS-CoV-2 Go-Strip assays easy to use. Only 3 manual pipetting steps were required—200 µL 
sample added to cassette, 20 µL RPC added to cassette, and 20 µL RNA extract added to Go-
Strip—paired with a syringe based extraction procedure. Most mistakes that were made during 
the 60 samples evaluated were categorized as MINOR and were rectified by simply replacing a 
component.  We are unsure how the system could be used in a patient care setting, however, due 
to the requirement to use a biosafety cabinet and the number of steps. This system would likely 
fit better in a moderate or high complexity laboratory and this is re-enforced by our scoring of 
the kit as 11 out of a maximum 21 points using the FDA complexity scoring matrix. Reagents 
and Materials Preparation was given the highest individual component score of 3 due to the need 
to add the RPC to each extraction, and the need to have positive control material available at a 
specified quantity. The positive control requirement is compounded by its need for storage at -80 
°C. Most patient care settings are not likely to have this capability. 
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3.2 Evaluation of Workflow 
 
To simulate the workflow that would be used with actual patient or soldier 

samples, all samples were extracted inside a BSC Type II which was decontaminated with 10 % 
(v/v) bleach solution followed by 70 % (v/v) isopropanol. Additionally, as per the Biomeme IFU, 
the BSC was decontaminated between sample extractions.  

 

 
A protocol detailing the steps performed by CBC scientists is included in 

Appendix A and includes all steps from setting up the biosafety cabinet to putting the reaction 
tubes onto the Franklin™ thermocycler.  CBC scientists wore two layers of gloves when 
handling the sample, performing the extraction, and loading the extracted RNA into the reaction 
tubes. This was done so that the gloves could be easy changed without removing the scientists’ 
hands from the BSC thus increasing operator safety. CBC scientists had a full complement of 
liquid handling micropipettes and did not evaluate the 20 µL fixed volume pipette available from 
Biomeme. Additionally, they used a 20-200 µL micropipette to transfer the sample into the 
extraction cartridge and did not evaluate the transfer pipets also available from Biomeme.  

 
 RNA Extraction  

 
Unless the biosafety cabinet is situated immediately adjacent to the point of 

sample collection, all samples will require packaging for transport to the laboratory. To simulate 
this, all samples were packaged in Zip Lock style bags labeled with sample information. The 
packaging was decontaminated with bleach solution prior to entry into the BSC. Using a double 
set of gloves, the  tubes were removed from the packaging, wiped with bleach prior to and 

NOTE:  The Biomeme Instructions for Use, v1.2 and accompanying instruction manuals for 
the M1 Sample Prep Cartridge Kit for RNA 2.0 (v1.0) and Franklin Real-Time PCR 
Thermocycler & Biomeme Go App (v1.0) were utilized. These documents indicate 7 patient 
samples plus both positive and negative control samples should be analyzed simultaneously. 
 
The Biomeme IFU document states to clean the work space between samples, care should be 
taken to avoid cross-contamination between samples, and the sample should be incubated in 
the lysis buffer for 10 minutes. CCDC CBC scientists interpreted this guidance such that only 
1 sample should be extracted at a time. Subsequent discussions with Biomeme indicated that 
the company intended that all 7 RNA extractions be started at one time and the samples be 
sequentially extracted starting after the first sample had completed its 10 minute incubation. 
Overlapping of the extractions, while not affecting the workflow steps, would significantly 
shorten the time-to-results. 
 
Due to the occurrence of spattering when removing the syringe tip from the extraction 
cassette and potential contamination of the cartridge rack, we DO NOT RECOMMEND 
overlapping the extractions. Laboratories should perform their own workflow and risk 
assessment.  
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immediately following opening them to remove the 200 µL necessary for the extraction, then 
placed on a bleach soaked wiper. The operator would then doff the outer set, start the 10 minute 
count-down timer, and return the reclosed tube to the sample packaging by inverting the bag then 
picking up the tube. The RPC was added to the sample-containing lysis buffer during the 10 
minute sample incubation. 

 

 
CBC scientists noticed that the technician performing the extractions in the 

Biomeme training videos held the syringe near the Luer-Lok which places the hand just above 
the foil covering of the cassette. With this placement, the user could easily contaminate their 
gloves with any sample material that is present on the foil cover, especially at or near the lysis 
buffer well. As an alternative, we recommend users hold the syringe near the barrel flange. This 
would keep their hands free of the cassette surface and allows them to see when the entire 
contents of each well have been drawn into the syringe. However, the cassette is not locked into 
the cartridge rack during extraction. The user must support the cartridge both when rocking the 
syringe forward and backward and while removing the tip from each well of the cassette. There 
are many times during the RNA extraction process that an operator’s gloves could become 
contaminated with sample or extraction reagents.  

 
The IFU states to pump a designated number of times slowly except during the 

drying step. The video training material was used to determine that “slowly” meant 
approximately 2-3 seconds per plunger cycle. The syringe was allowed to fill completely with 
each buffer and there was often a slight lag between reaching maximum plunger pull and filling 
of the syringe due to the viscosity of the buffer. The IFU notes that liquid from one well should 
not be transferred to the subsequent well; however, CBC scientists often noted there appeared to 
be residual liquid in the column tip after fulling depressing the syringe plunger. Additionally, the 
protocol states that the drying step should be done for 20 pumps or until no additional liquid 
sprays from the column tip. It is difficult to ascertain whether enough pumps have been 
completed while the tip is inside the well. For this evaluation, 20-25 pumps were employed.  

 
The extracted RNA was transferred to a 1.5mL conical bottom microcentrifuge 

tube because CBC scientists did not have immediate access to an appropriate 2mL screw cap 
tube. The microcentrifuge tubes substituted by CBC easily fell over when placed in the rack. It 
would have been preferable that the recommended tube was included as part of the kit rather than 
a separate catalog number. There is no recommendation in the IFU for storage of RNA extracts 
after setting up the RT-PCR. We recommend storage < -20 °C. There was plenty of volume 
remaining in the event a retest were required. 

RECOMMENDATION:  The extraction cassette can be labeled with the sample ID using a 
Sharpie® or similar style marker. This would be imperative if multiple samples were being 
extracted simultaneously. Use of indelible/alcohol resistant ink is also recommended 
depending on the decontamination procedures used to wipe the rack. 
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 Go-Strip Set-Up 

 
The SARS-CoV-2 Go-Strip Assays are packaged in a pouch containing a plastic 

96-well tray holding the Go-Strips. Each set of 3 Go-Strip tubes were covered by a foil cover 
containing a small tag. The Go-Strips should be placed into the corresponding wells of the 
extraction tray with the tag positioned to the left to orient the strips correctly based on the IFU.  

 
CBC scientists preferred to perform a glove change after handling each extracted 

RNA to reduce the chance of cross-contamination, but, in the interest of time and materials, 
chose to simply wipe their gloved hands with a bleach soaked wiper between samples. A set of 
Go-Strips were set up and capped with the void-filling caps prior to moving to the next set of 
reactions. Two pair of gloves were worn when adding sample into the reaction tubes and the 
outer set was doffed prior to handling the void-filling caps. A fresh outer layer was donned prior 
to starting the next set of reactions. 

 
Of note, it is common practice to have separate, designated areas for nucleic acid 

extraction and RT-PCR set-up, but there was no discussion of this in the Biomeme IFU. Also, 
CBC scientists noted it was odd that a positive control reaction would be set up prior to setting 
up sample reactions. A recommended change to the IFU would be to move the positive control 
reaction from being the second reaction set up to being last.  

 

 

 
 Franklin™ Thermocycler and Biomeme Go Application 

 
The reactions were transferred to the Franklin™ thermocycler once all of the 

void-filling caps were in place. For this evaluation, the Franklin™ thermocycler was positioned 
on a benchtop near the BSC used for RNA extraction and RT-PCR set-up. The Franklin™ 
thermocycler is controlled by a companion application, Biomeme Go, which is loaded onto a 
ruggedized android-based cellphone. The application is intuitive, but the process of entering 9 
sample IDs into the interface is cumbersome due to the size of the input boxes. The font is small, 

RECOMMENDATION:  Biomeme could include the 2mL tube with the extraction kit to 
ensure proper fit in the extraction rack.  

RECOMMENDATION:  Move the positive control reaction so that it is the last reaction set 
up to ensure no samples are cross-contaminated with the positive control.  

RECOMMENDATION:  Make void-filling caps easier to handle aseptically.   
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the input boxes are hard to select, and the keyboard is cramped. The application contains the 
capability to scan in the sample IDs if they are barcoded. This feature was not assessed in this 
evaluation. Because the Franklin™ thermocycler doesn’t require a physical connection to the 
android-based cellphone unit, there is no mandate that the android unit be a cellphone—a 
ruggedized tablet may be a much better option and allow easier input of sample ID 
information.  
 

The Biomeme Go application instructs the user to fill the Go-Strips with sample 
as part of the set-up. Since RT-PCR is the last step, the Go-Strips were filled prior to taking them 
to the thermocycler. These steps are easily skipped in the application, but serve as a good 
reminder to users so that no required set-up steps are missed.  

 
For user auditory and visual feedback that the instrument is powering on, the 

Franklin™ thermocycler makes a sound as servo motors rotate inside the unit and the LEDs on 
the front of the device light up. Pictograms are located under the lid to remind the user of the 
orientation requirement when loading Go-Strips. Additionally, when the Bluetooth button is 
depressed correctly such that Bluetooth communications activates, a small LED lights and blinks 
until a connection is established with the Biomeme Go App. It appears the Go App only transfers 
data from the Franklin™ thermocycler when the screen is active. If the screen is dark (default 
setting is to darken after 1 min of inactivity), the Biomeme Go App doesn’t automatically 
transfer the data. Perhaps a beep should sound when a run is complete to prompt the user to 
reactivate the android device and ensure data is transferred immediately.  
 

 Run Results 
 

Of the 60 samples that were evaluated with the workflow developed, only 1 
sample resulted in an unexpected result—the RPC did not amplify. The sample was re-extracted 
as per the IFU then the original sample was run alongside the re-extracted sample and another 
sample that had performed as expected. The RPC amplified in all 3 samples; therefore, the 
possibility that the technician did not add the RPC during the first extraction was discounted. No 
further analysis was performed to determine the root cause of the single RT-PCR failure obtained 
with the workflow. 
 

 Overall Conclusion: Workflow 
 
The workflow for the SARS-CoV-2 Kit is straightforward and doesn’t require 

many consumables other than those included by the manufacturer. CBC scientists did not use the 
2mL tubes recommended by Biomeme due to short project time lines but, rather, substituted a 
1.5mL conical bottom tube present in their stock. The value of using the 2mL tubes was realized 
and is discussed in Section 3.2.1. CBC scientists evaluated the workflow based on experience 
and supplemented their knowledge with doctrinal materials available from MEDCoE for the 
evaluation of COVID-19 samples on other nucleic acid amplification platforms. The use of 
double gloves is an example of workflow modifications that were not designated in the Biomeme 
IFU.  The workflow was exercised over 4 days and a total of 60 samples divided between 3 
technicians. Only 1 sample generated an unexpected result but the root cause of the unamplified 
RPC was not established. 
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3.3 Evaluation of Time to Result 
 

 
 Time Required for Go-Strip Loading 

 
The time required to set-up Go-Strip reaction tubes, place them on the Franklin™ 

thermocycler, and confirm the RT-PCR started successfully was dependent on the number of 
reactions set-up with 3 reactions taking significantly less time than 9 reactions. Since the 
customer was concerned with the time required to complete full runs, only the time to load all 9 
reactions is reported. The overall average time (mm:ss) to load a full complement of reactions 
was 15:46. 
 

 Time Required for RT-PCR 
 

The time required (mm:ss) for the Franklin™ thermocycler to complete a full RT-
PCR amplification cycle was 56:08. 

 
  

  

NOTE:  The Biomeme IFU document states the workspace should be cleaned between 
samples, care should be taken to avoid cross-contamination between samples, and the sample 
should be incubated in the lysis buffer for 10 minutes. CCDC CBC scientists interpreted this 
guidance such that only 1 sample should be extracted at a time.  
 
Subsequent discussions with Biomeme indicated that the company had intended that all 7 
RNA extractions be started at one time and the samples be sequentially extracted starting 
after the first sample had completed its 10 minute incubation. Overlapping of the extractions 
would SIGNIFICANTLY SHORTEN the time-to-results from those reported here. 
Biomeme has indicated that they would update the IFU to more clearly specify the option to 
overlap extractions. 
 
With overlapping extractions, Biomeme states they can perform approximately 25 
extractions per hour and the overall sample-to-answer time for 7 samples plus controls is 88 
minutes (less than 1.5 hours). This timeline was not evaluated by CBC. 
 
Overlapping sample extractions would significantly increase the possibility of sample 
cross-contamination. The workflow utilized and potential steps where cross-contamination 
could occur are discussed in Section 3.2. 
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 Time Required for RNA Extraction: Novice User 
 

Both operators evaluated the protocols and online training videos available in the 
support section of the Biomeme website (https://help.biomeme.com). There were discussions 
about setting up a webinar style training with Biomeme staff, but the time line for this project 
didn’t allow the users the opportunity to establish this training method. The times recorded for 
performing all extractions begin with a clean BSC and end after the BSC is again deconned. The 
amount of time included in the extraction timing for the quick decon of the BSC with a bleach 
wipe, followed by an isopropanol wipe, was between 2.5 to 3.5 minutes. The time (mm:ss) 
required for novice users was 22:17 and 22:35 for operators 1 and 2, respectively. This 
corresponds to minimum overall times (hh:mm) for consecutive sample to answer for 7 samples 
of 03:48 and 03:50, respectively. 
 

 Time Required for RNA Extraction: Proficient User 
 

Proficient operators—those performing between 3 and 10 extractions--like 
novices, also included the time to go from a clean BSC through extraction and decon the BSC 
again. Time required for proficient users was 21:30 and 17:02 for operators 1 and 2, 
respectively. This corresponds to minimum overall times (hh:mm) for consecutive sample to 
answer for 7 samples of 03:42 and 03:11, respectively. Note: operator 2 did not use the double 
gloving technique discussed in the workflow section, Section 3.2. 
 

 Time Required for RNA Extraction: Expert User 
 

Despite the 4.5 minute difference in the time required for proficient users to 
complete the RNA extraction, the time required for expert users—those having performed more 
than 10 extractions—converged due to operator 2 following the workflow that had been worked 
out that included using two layers of gloves as discussed in Section 3.2.  Time required for the 
operators to extract these samples was 18:52 and 19:12 for operator 1 and 2, respectively. This 
corresponds to minimum overall times (hh:mm) for consecutive sample to answer for 7 samples 
of 03:24 and 03:26, respectively. 
 

 On-the-job Training Knowledge Transfer 
 

Operator 2 and Operator 3 completed an on-the-job training using the see one, do 
one framework after Operator 2 had become an expert as per the designations used in this 
evaluation. While demonstrating the RNA extraction, Operator 2 took 22:16 (mm:ss) to 
demonstrate the technique. Operator 3 took 38:39 (mm:ss) to complete their first extraction. Of 
note, Operator 3 had less knowledge of RT-PCR and RNA extraction than both Operators 1 and 
2 and expressed confusion of some of the aseptic techniques and decontamination protocols that 
were added to the workflow to minimize cross-contamination and increase operator safety. As 
Operator 3 completed 4 additional extractions independently, the time required (mm:ss) dropped 
to 27:53. This corresponds to a minimum overall time (hh:mm) for consecutive sample to answer 
for 7 samples of 04:27, more than an hour more than either Operator 1 or 2. When asked for 
commentary on the Biomeme M1 Sample Prep Cartridge Kit for RNA 2.0, Operator 3 replied 
that, overall, they found sample prep to be less challenging with each iteration and felt proficient 
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by the fourth sample. They concluded that the process could be learned quickly by novice 
operators. 

 
 Overall Conclusion: Time to Result 

 
Operators already proficient in sample processing and RT-PCR procedures 

received training by reading through the provided Biomeme SARS-CoV-2 Real-Time RT-PCR 
Test IFU, v1.2 as well as reviewing demonstration videos on the Biomeme website. After this 
review, the operators felt confident they could perform the testing without additional training. 
When performing single sample processing using the sample prep kit as experienced users, they 
averaged about 19 minutes which included decontamination of the BSC following RNA 
extraction. Loading the Go-strips to run on the Franklin™ thermocycler took an average of 15 
minutes and the Franklin™ thermocycler run time was just over 56 minutes. Therefore, at 
minimum, extraction of 7 consecutive patient samples would take 133 minutes (2.25 hours) and 
set-up of the Go-Strips and cycling on the Franklin™ thermocycler would take an additional 71 
minutes for a total of 204 minutes (nearly 3.5 hours). 
 

 
4. CONCLUSIONS 

 
The Biomeme SARS-CoV-2 Real-Time RT-PCR Test, run on the FranklinTM 

thermocycler is a fairly straight-forward test using pre-aliquoted reagents contained in an 
extraction cartridge and Go-Strips that a user can use to evaluate a sample for the presence of 
SARS-CoV-2 RNA. Biomeme has submitted the test to the FDA for clearance for use in patient 
care settings otherwise known as CLIA Waived diagnostic labs. CCDC CBC evaluated the ease 
of use and the time required to go from sample to result while following the Instructions for Use 
document, v1.2 that was submitted to the FDA. The assay was found to require a fairly complex 
laboratory in order to safely process the samples due to the need for a biosafety cabinet to 
contain any SARS-CoV-2 containing aerosols. Using a CLIA complexity matrix taken from 
FDA policies, CCDC CBC scientists scored the test complexity an 11 out of possible 21. The 
lack of manufacturer supplied controls and the requirement to store positive control samples at -
80 °C severely limit the locations at which the test could be performed accurately.  

 
CCDC CBC scientists developed a protocol that was an amalgam of experience, 

online training materials produced by MEDCoE available for other SARS-CoV-2 diagnostics, 
Biomeme Instructions for Use documentation and user manuals, and video training materials 
produced by Biomeme. This protocol was executed over approximately 60 sample extractions 
and the times required to complete each portion of the method were recorded. They concluded 
that nearly 3.5 hours are required to complete 7 extractions, set-up the seven RT-PCR reactions 
plus the two control RT-PCR reactions, run the RT-PCR on the Biomeme Franklin™ 
thermocycler, and interpret results. Therefore, approximately 6 cycles of 7 samples (42 total 
samples) could be assayed in each 24 period on a single Franklin™ thermocycler. 

 
The evaluators acknowledge that the time for sample to answer using the 

consecutive extraction procedure they employed is much longer than the time required to 
complete sequential extraction where the extraction of all 7 samples is initiated simultaneously. 
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According to the manufacturer, the time required to complete 7 extractions, set-up the seven RT-
PCR reactions and two control RT-PCR reactions, run the RT-PCR on the Franklin™ 
thermocycler, and interpret results is approximately 1.5 hours. This would yield a total 24 hour 
throughput of about 16 cycles of 7 (112 total samples). This is over 2.5 times more samples than 
the CCDC CBC developed method. CCDC CBC cautions that there is a large risk of cross-
contaminating samples during sequential processing. The possibility of increasing the false 
positive rate for a disease mandating 14 day quarantine procedures and automated reporting of 
all positive results should give any clinician pause and suggests a thorough risk evaluation be 
conducted before adopting the time-saving technique.
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APPENDIX A 
CCDC CBC recommended protocol for testing a sample using the Biomeme SARS-CoV-2 Real-Time RT-PCR Test 

 
 

 
 
 

 



 

 

A
P

P
E

N
D

IX
 A

 
20 

 
 
 
 



 

 

A
P

P
E

N
D

IX
 B

 
21 

APPENDIX B 
Biomeme SARS-CoV-2 Real-Time RT-PCR Test Instructions for Use, v1.2 
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