[bookmark: _Hlk50988597]Response to reviewers: (JoVE63395: Ham and Smothers et al.)
We sincerely thank the reviewers for generously taking time to review our revised manuscript and for their helpful comments. We were pleased to read many positive comments including “carefully reviewed,” “provides clear guidance for interpreting results,” and “covers timely objectives.” We have edited our manuscript based on the reviewers’ comments. Below, we paraphrase the reviewers’ suggestions (in italics), provide responses, and summarize our changes. We have provided both a marked up copy of the original manuscript and a clean copy. The line numbers correspond to the newly edited clean-copy manuscript. We hope that our manuscript is now suitable for publication in JoVE.  

Reviewer 1 
We thank Reviewer 1 for taking time to review our manuscript.  

1. We apologize that the formatting was difficult to read; we were following the JoVE submission formatting guidelines which require highlighting of sections. We have tried to include a bit more white space while maintaining adherence to the formatting instructions to help with manuscript readability.

Reviewer 2
We thank Reviewer 2 for taking time to review our manuscript.  
 
1. “Please comment on the name “TigerSaliva” in the abstract.” The name for the assay originates from the mascot of Clemson University and the direct saliva testing method. We removed the reference to the name of the assay in the abstract to avoid confusion [Line 37].

2. “Please clarify the statement: Additionally, saliva-based tests can decrease cost by removing transport media and RNA extraction reagents by performing heat extraction” and explain why heat extraction is not suitable for nasopharyngeal samples.” Heat-based RNA extraction can be performed on the viral transport media used to solubilize virus from nasopharyngeal swabs. However, saliva still decreases testing cost by removing the need for viral transport media, as the sample is already in a testable form. The heat extraction is also beneficial in reducing saliva viscosity and inactivates the virus as described in the discussion. We have revised the manuscript to reflect this fact more accurately [Lines 70-72].

3. “Explain all acronyms on first use.” We apologize for this oversight and have included definitions of all acronyms and abbreviations.

4. “…Authors should mention the indicators of the complete/adequate thawing.” We agree this will improve the protocol. We have added a description of thawing in Step 4 [Lines 156-158].

5. “…The authors should describe how to determine the virus copy number and what are the technical challenges and possible solutions in determining the accurate virus copy number.”  You have raised an important point. It is difficult to quantify virus copy number in saliva using only RT-qPCR, because qPCR is semi-quantitative. Based on this, there is inherent variation between Cq (Ct) values that originates from technical limitations of the method. We provide a Cq (Ct) quantification of gene copy number in the standard curves (Figure 4) using known quantities of synthetic RNA. One possible solution to determine the viral copy number in saliva samples is ddPCR, which provides hard quantification of gene copies in the reaction. However, we believe that it is adequate to provide qualitative results to clinicians and relative viral content can be compared across samples processed with our methods.

6. “…include formula for conversion of copies mL-1 to molar concentration…” Thank you for your suggestion. We purchased the synthetic RNA controls used in the standard curve (Figure 4) at known gene copy concentrations. We have added the conversion from molecular weight to gene copy number in the Figure 4 caption [Line 428-429]. 

7. “There are some typos in the manuscript…” We apologize for these errors and have corrected the spelling and notation throughout.



Reviewer 3
We thank Reviewer 3 for taking time to review our manuscript.   
1. “… Please either define the "cpu" acronym or change to the more intuitive “copies/ul.” We have altered the notation to gene copies/μL (cpμ).

2. “Figure 1 legend should define "OT-2" as the ​​Opentron OT-2 Liquid Handling Robot.” Thank you for this clarification, we have amended Figure 1 to improve readability.

3. “Figure 3 legend should define "RR" as "Re-run.” Thank you for this clarification, we have amended Figure 3 legend to improve readability.

4. “It would have been nice if the authors had devised a way to demonstrate the limit of detection of virus/viral RNA in saliva matrix.” Thank you for your insightful comment and we have answered many of the methodological difficulties in response to Reviewer 4 (Comment 7). 

Reviewer 4
We thank Reviewer 4 for taking time to review our manuscript.  

[bookmark: _Hlk90994192]1. “…Could the authors provide specific numbers for total turnaround time as well as cost per sample? …” Thank you for pointing this out. The average turnaround time was < 9 hours for 95% of samples and < 24 hours for 99% of samples. The cost for a single test was $2.80 when all reagents were purchased in bulk quantities. We have added these numbers to the abstract [Lines 41-44].

2. “The saliva collection part could be illustrated with a short video. … giving clear guidance should maximize the number of samples that give a result.” We agree that this may improve sample collection consistency and have a short video description of our process on the lab website (https://www.clemson.edu/centers-institutes/reddilab/index.html). In addition, we provide written instructions for collection administrators to assist the participants, which has helped reduce issues of poor-quality collection samples. We have added these as supplemental implementation materials. 

3. “50 mL conical tubes have themselves been under supply chain shortage. Could the authors propose some alternatives that can be used?” We agree this would be a helpful addition. Any sterile container can be used to collect saliva, a good alternative would be 15 mL conical tubes. Because the liquid handling robots are open source, the code can be modified for any size of container used to collect saliva. It is important to consider the diameter at the opening of the container to ensure ease of sample collection. We have explained how the robots can be modified to accommodate alternate products in case of shortages [Lines 495-497].

4. “The sample assignment part is not described clearly enough, though I suspect the video will help here...” We agree that this is difficult to explain in text. We plan to highlight this process in the video since it is simple to depict visually.

5. “Could it be an idea to dilute the saliva samples a bit with buffer (to further reduce problems with saliva viscosity)?”  Thank you for this suggestion. While this may reduce viscosity, it also introduces the risk of masking a weakly positive sample, so we opted not to dilute the samples. We also determined that viscosity is significantly reduced after a 30-minute heat treatment and did not interfere with test results as seen in Figure 6.

6. “The authors mention a touchdown step in qPCR: why not add a comparison on how much this step improves reproducibility/reduces failure to amplify?” We agree that this is an interesting comparison. However, it is difficult to approximate reproducibility. Below, we show the comparison of positive samples run with and without the touchdown (Table 4). The limit of detection is higher without the touchdown, making it difficult to determine weak positive samples. One weak positive sample failed the assay without the touchdown, and this would likely occur for many other samples. We believe it is better to extend the run with a touchdown to prevent loss of specific primer binding. We have included this in the manuscript.




Table 4. Comparison of Touchdown Ct values for five positive samples against No Touchdown Ct values. 
	
	Touchdown Step
	No Touchdown Step

	
	Mean N1 Ct
	Mean P1 Ct
	Mean N1 Ct
	Mean P1 Ct

	Sample 1
	19.65
	22.7
	27.80
	28.3

	Sample 2
	22.24
	24.9
	28.77
	30.5

	Sample 3
	18.85
	19.2
	24.65
	25.9

	Sample 4
	25.56
	22.8
	31.93
	29.2

	Sample 5
	22.34
	24.8
	38.48
	40.0 (Failed detection)




7. “What is the Ct limit in saliva samples? The authors only mention that detection of low amounts in saliva didn't work.” The synthetic RNA was not detectable at low quantities in either heat treated or non-heat treated saliva, which we suspect is due to RNase degradation or other confounding factors. We attempted treatment with RNaseOUT, which did improve the detection of synthetic RNA. However, the interaction of the saliva RNases with naked synthetic RNA is likely different from the interaction with viral particles, even after they have been denatured by heat. We have identified positive saliva samples with Ct > 30 and external labs were able to analyze the genomic sequence data, which proves the presence of SARS-CoV-2 virus particles. We speculate that the viral proteins provide protection from RNA degradation in patient saliva samples, which are lacking in simulated positive samples. 

8. “Figure 3 could be made clearer…” We appreciate your feedback, and we have clarified some the notation by defining RR and N1RR in the Figure legend. 

9. “It may be useful to mention if (and how) the entire workstation should be decontaminated between runs to further reduce molecular contamination.” We agree that this information will be useful in implementation of the method. We routinely decontaminate the stations with an intermediate-level disinfectant and ethanol wipes and have included this as Section 13 in the protocol [Lines 343-358].

10. “Sample heterogeneity, and possibly reduced sensitivity when RNA is not extracted, are big challenges for testing. It would be useful to show how well the Ct values obtained with the described protocol correlate with (and reflect) Ct values obtained with a more standard procedure (extracted RNA, qPCR).” Thank you for this suggestion, we agree it would be interesting to explore this aspect. We routinely conduct proficiency testing at Greenwood Genetic Center; they perform the nCov CDC assay on heat-treated saliva without RNA extraction and a recent report showed 100% result agreement. Additionally, an external lab performed RNA extraction and Co-Diagnostics Logix assay as a QC measurement prior to whole genome sequencing. While the Covid-19 value originates from amplification of E and RdRP genes, we believe this represents the ability of our assay to correctly determine positive samples without RNA extraction as we had >95% results agreement (n=320, 315 positives, 5 negatives). Of the discordant results, our results were positive while the CoDx results were negative, suggesting that our test has greater sensitivity. We have added this information as Table 5 and have added information to the discussion [Lines 540-543].

Table 5. Comparison of TigerSaliva Results and Logix Co-Diagnostics Results.
	Sample
	TigerSaliva
	Co-Diagnostics Logix

	
	N1 Ct
	P1 Ct
	Covid-19 Value
	RNaseP Value

	D11
	16.4
	18.1
	20.86
	23.4

	E11
	18.9
	19.1
	25.6
	21.2

	F11
	19.5
	18.4
	22.8
	22.2

	G11
	22.2
	19.1
	23.7
	22.9

	H11
	26.4
	21.3
	32.2
	26.7

	A12
	14.8
	16.5
	29.15
	19.0

	B12
	24.0
	19.6
	31.05
	21.35

	C12
	14.9
	17.5
	20.84
	18.9




Reviewer 5
We thank Reviewer 5 for taking time to review our manuscript.  

[bookmark: _Hlk91177401]1. “…it does not convey how accurate and sensitive the protocol is and what is the % false positive, and false negative count of the outcome.” We agree that these measurements are necessary for clinical application. The assay had 98.9% specificity (1.1% false positive) and 90.0% sensitivity (10.0% false negative) when evaluated against paired nasopharyngeal swabs taken at the same time (n=837, 817 negatives, 20 positives). Importantly, three participants who tested positive with TigerSaliva and negative with a nasopharyngeal swab retested with swabs 48 hours later and returned positive results, indicating that TigerSaliva may be able to detect SARS-CoV-2 infections earlier in the course of illness. Our assay falls under the SalivaDirect EUA filed by Yale School of Public Health. As with all diagnostic tests, sensitivity and specificity affect one another, and an increase in one often correlates to a decrease in the other. Because this assay is intended to facilitate frequent and non-invasive testing, we believe it is appropriate to prioritize specificity over sensitivity. Consequences of false positives are more significant than consequences of false negatives. Moreover, we have improved sample collection instructions that may have led to poor quality samples in the initial validation. Sick participants are more likely to provide samples containing phlegm, which may interfere with the test. We have included these instructions as a supplemental file as well as a comparison with a commercially available saliva SARS-CoV-2 diagnostic assay (Table 1). We have also added information regarding specificity and sensitivity to the discussion [Lines 472-478].

2. “The paper needs to be supported with the following sets of data using reference samples or showing relevance to the clinical outcome of the samples as to how accurate the test outcome is….
a. Percent False negative, false positives encountered in the manual and automated process.
b. Accuracy % of both the strategies manual and automated.
c. Linear curve of N1 in the presence of high copy number of Hs_RPP30 since high copy number of Hs_RPP may impact low number of copies of N1 returning such a sample as false negative.”

Thank you for pointing this out. We did not separate the rates of false positives and false negatives originating from manual and automated methods against the gold standard nasopharyngeal swabs. However, we observed 100% agreement between manual and automated methods for both negative and positive samples in preliminary analysis (n=93, 86 negatives, 7 positives). We believe that there are negligible differences between manual and automated processes based on the low inter-assay variability demonstrated in Figure 5. 

We do not believe that high copy number Hs-RPP30 interferes with detection of SARS-CoV-2 in saliva samples. We selected positive samples with low P1 Ct and compared with the N1 Ct (n=106). The N1 Ct values ranged from 14-33, indicating the assay has a dynamic range in saliva samples that is comparable to the standard curve. We have included this information as Supplemental Figure 1.

[image: ]
Supplemental Figure 1. Comparison of N1 Ct in low P1 Ct saliva samples. We selected positive samples with low P1 Ct and compared with the N1 Ct (n=106). The N1 Ct values ranged from 14-33, indicating the assay has a dynamic range in saliva samples that is comparable to the standard curve. 

3. “Line 62: The word 'by' is recommended to be replaced with 'for' and Line 129: The word 'Combine' may be replaced by 'Homogenize'.” Agree. We reworded the earlier sentence and have made the second word substitution [Line 162].

4. “Line 264: The claim by the authors 'We attempted to simulate positive saliva samples by spiking synthetic SARS-CoV-2 RNA of known concentrations into virus-free saliva but were unable to produce N1 amplification at low concentrations of RNA (Data not shown)." Was the saliva pre-heated before spiking or spiking was performed with native saliva? Possibly, RNases in the saliva degraded low number of copies of the spiked RNA.” Thank you for the insightful question. We performed the experiment with both heat-treated and non-heat treated saliva. The synthetic RNA was not detectable at low quantities in either, which we also suspect is due to residual RNases in the saliva. To test this hypothesis, we then attempted treatment with RNaseOUT, which did improve the detection of synthetic RNA. However, the interaction of the saliva RNases with naked synthetic RNA is likely different from the interaction with viral particles, even after they have been denatured by heat. We have identified positive saliva samples with Ct > 30 and external labs were able to analyze the genomic sequence data, which proves the presence of SARS-CoV-2 virus particles. We hypothesize that the viral proteins provide protection from RNA degradation in patient saliva samples, which are lacking in simulated positive samples.

5. “Line 269: What was the uniqueness of the samples used for intra assay? Need a mention of the sample characteristics.” We agree that this is an important clarification. Each sample was obtained from a different patient, and we chose samples spanning a range of Ct (Cq) values from 18-32 to determine if viral quantity affects assay variability. We have modified the legend to reflect this [Line 439].

6. “Line 275: 'This trend is likely due to heterogeneous distribution of viral particles within the saliva, which is more pronounced when fewer particles are present. ' Is it because the saliva samples were not thoroughly homogenized during the sample prep to break the saliva pockets and the reason of the saliva strings leading to cross contamination?” You have raised an important point; however, we believe that homogeneity of saliva is only a small factor to the accuracy of the assay given that the intra-assay variability is fairly low, particularly in samples with Ct < 30 (Figure 5). Fully homogenizing each sample prior to robot loading is time consuming when a lab runs thousands of samples per day. While there may be small potential increase in sensitivity of the test, this would only affect 10% or fewer samples. We believe that is not worth the sacrifice in turnaround time for a large-scale screening program. Additionally, the viscoelastic properties of saliva that lead to string formation persist after homogenization. To combat irreducible cross contamination, we designated borderline positive samples as “N1 Rerun” (Figure 3) to avoid reporting false positive results.  


Editorial Comments

1. “Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.” We have proofread and updated minor spelling and grammar issues throughout. 

2. “Please confirm patient availability during filming of this protocol.” Due to HIPAA requirements, we will not be able to film patients. However, we can ensure lab staff will demonstrate the procedures and collection protocols.

3. “Please rephrase the Summary to clearly describe the protocol and its applications in complete sentences between 10-50 words.” We agree that the summary can be clarified. We have modified it per the editors’ request [Lines 21-23].

4. “Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary.” We have updated the manuscript to reflect the instructions. 

5. “Please define all abbreviations upon first use...” We apologize for the oversight and have defined abbreviations throughout. 
6. “Line 83: Are Mastermix, Twist Control commercial terms? If yes, please remove them from the text.” Mastermix is not a commercial term and is commonly used to describe collective qPCR reagents. We have removed Twist control and replaced it with the non-commercial term “synthetic RNA control.”

7. “Please include a single line space between all the steps and ensure that the highlight is up to 3 pages of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol.” We have updated the formatting to include line spaces. We have highlighted 3.5 pages in yellow critical steps for a video entry. Many of these steps must be written in detail but are simple to explain with a visual element. 

8. “Figure 2: Please remove or blur out all commercial terms like Thermo, Griner, etc, from the image.” We have made the requested changes to Figure 2.

9. “Figure 4: please use the symbol µ instead of u. Please provide all numerical notations as 1 x 104 for the x-axis values.” We have made the requested changes to Figure 4. 

10. “Figure 6: Please use 30 min and 60 min instead of 30-minute and 60-minute. Please remove the commercial term GraphPad, Prism from the legends.” We have made the requested changes to Figure 6.

11. “Please discuss the Critical steps within the protocol in the Discussion.” We apologize for the oversight and have added a short paragraph to the discussion [Lines 480-484].
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