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Response to Reviewers

Dear Dr. Nguyen,

Thank you for giving us the opportunity to revise our manuscript “Quantifying the Effects of Antimicrobials on In Vitro Biofilm Architecture using COMSTAT Software” for publication in the Journal of Visualized Experiments. We appreciate the time and effort you and the reviewers have put forth in providing insightful feedback on our manuscript. We have revised our manuscript to address reviewers’ suggestions.

Please see below, in boxes, line-by-line responses to the reviewers’ comments and concerns. All corresponding page numbers refer to the revised copy of our manuscript. 

Sincerely,

Amanda Morris, Ph.D.

Reviewer 1

Comment stating that the manuscript is well organized and written with a clear description of some specific protocols.


Authors’ response:

Thank you!


Major comment indicating that the paper does not present any new information, which researchers are not already doing.


Authors’ response:

Thank you for your comment. While we do recognize that this paper does not offer new information about COMSTAT, it does synthesize the extensive amount of information available in literature for operating the software into a user-friendly and logical guide. 


Major comment indicating that the manuscript lacks complete information about the nature of mature biofilms.


Authors’ response:

Thank you for your comment. Typically, 24 h biofilm growth is performed in studies that aim to investigate the effects of antimicrobials on pseudomonas biofilm formation (e.g., References 7, 9, 14, 33, 35). The first 24 h lays down the foundation of biofilm growth and the addition of antimicrobial(s) in the subsequent 24 h examines how it affects the biofilm architecture.  We wanted to keep our protocol consistent with these studies. 


Major comment indicating that our protocol does not include a wash step after inoculation, before treatment or after treatment, which makes it in unclear whether cell debris or planktonic cells interfere with biofilm quantification. This issue is seen further as we instruct users to de-selects connected volume filtering (CVF), which can create many confusions to different researchers and may produce misinterpretations in biofilm quantification.



Authors’ response:

Thank you for your comment. Given that we are working with very early biofilms, having multiple wash steps would run the risk of disrupting the biofilm/cells laid down after 24 h. In addition, throughout the protocol we are continuously aspirating and adding media. For example, after the initial inoculation, we remove the growth media prior to adding the antibiotic; thus, even though we did not wash (to prevent biofilm disruption), we would have removed planktonic cells from the wells. Also, after fluorescent staining, we wash 2X with fresh LB (line 139 and lines 314-315). The number of wash steps included in our protocol is consistent with previous work (References 9, 14).

For clarification, we have added the following text:

Lines 275-278: 	NOTE: Here, CVF is de-selected because COMSTAT analysis is performed on very early biofilms (24 h initial growth) and remaining planktonic cells/colonies post antimicrobial treatment. For mature biofilms, CVF should remain selected to ensure that only biomass connected to the biofilm structure is quantified.  

Lines 396-399: 	However, when analyzing early biofilms, utilizing CVF runs the risk of generating null or unexpectedly low COMSTAT outputs because the function assumes all biofilms grow in a connected fashion from the substratum31.

Lines 400-402: 	In the study described herein, de-selection of CVF is important, especially since COMSTAT is performed to quantify the remaining planktonic cells/colonies post antimicrobial treatment.


Major comment suggesting that the image acquisition and confocal microscopy steps (lines 151-155) is specific to authors’ system and should be generalized or at least specified that each researcher/laboratory uses different software and microscopes. 


Authors’ response:

Thank you for bringing this to our attention. We have generalized the statement by removing details specific to our image acquisition and confocal microscope system. The revised text reads as follows:  

Lines 161-162:	NOTE: Ensure to save OME-TIFFs separately for each channel (i.e., red and green). This step varies depending on the image analysis software used. 


Major comment regarding why we eliminate white/empty layers (lines 222 and 224) from the OME-TIFF. Also, mentioning that is we keep CVF selected, this step is not important.


Authors’ response:

Thank you for your comment. When establishing the z-stack boundaries using the microscope fine adjustment (Step 4.2 – lines 152-154), we noticed that sometimes human error leads to overestimated boundaries. This is especially noticeable when you open up the OME-TIFFs and see individual empty layers (either the first or last few layers of the z-stack). We agree that if CVF is selected this step is not necessary. However, when CVF is de-selected, this step is crucial because it affects COMSTAT outputs (particularly, the surface-to-biovolume ratio parameter).

In the revised manuscript, we have removed step 5.6.6 entirely. However, reinstated the step, along with a note, at an earlier stage of the protocol. The revised text reads as follows:


Lines 179-183:	Open OME-TIFF from source folder and delete any empty layers containing no biomass. These layers will be either the first or last few layers of the z-stack.
 			NOTE: Microscope-defined z-stack boundaries are sometimes  
 	 	 	overestimated by users. Deleting these empty layers establishes a more       
 	 	refined z-stack boundary for COMSTAT analysis.


Major comment indicating that references need to be reformatted, especially the name of bacteria which should be in cursive.


Authors’ responses:

Thank you for bringing this to our attention. We have reformatted our references to follow JoVE guidelines. All names of bacteria (i.e., Pseudomonas aeruginosa, Staphylococcus aureus and Paracoccus sp.) have been italicized.


Reviewer 2

Minor concern indicating that the names of bacteria in references must be written in italics.


Authors’ response:

Thank you for bringing this to our attention. All names of bacteria (i.e., Pseudomonas aeruginosa, Staphylococcus aureus and Paracoccus sp.) have been italicized in reference list. 


Reviewer 3

Major concern indicating that our manuscript does not provide evidence in literature to suggest that inconsistencies and/or differences in analyzing biofilms via COMSTAT leads to conflicting results. Also, there is no evidence presented to suggest that using different methods may result in different conclusions. 


Authors’ response:

Thank you for bringing this to our attention. This is a very valid point. Internally, we observed inconsistencies in COMSTAT outputs depending on how the operator used the software (e.g., whether they included or excluded certain steps outlined in our protocol). However, we recognize that such evidence is not presented; thus, all statements suggesting “inconsistencies in results describing biofilm behaviour” have been revised as follows: 

Lines 34-36:	However, standardized operation of the software is less commonly addressed, which is important for optimal reporting of biofilm behaviour and cross-centre comparison.

Lines 76-77:	The multitude of user options, compounded with varying operator expertise levels, may result in misguided reporting of biofilm behaviour.


Comment stating that our manuscript would be more impactful if different approaches to image analysis were compared to our approach to see whether they change conclusions. 


Authors’ response:

Thank you for your comment. This would be interesting to investigate further in future studies. 


Reviewer 4

Major concern regarding step 5.6.1) (line 197). Criteria for setting threshold values should be more clearly specified. 

Authors’ response:

Thank you for your comment. This is a very valid point. Image thresholding is arguably the most critical step in image processing that warrants further specification in our protocol. We have revised step 5.6.1) to following:

Lines 221-238	On the image window, adjust slider to the far right (i.e., topmost layer of the biofilm). To remove background noise, use the ‘Threshold’ window, which displays a histogram of the image, to manually set the maximum and minimum threshold values. First, set the maximum threshold value by adjusting the lower slider as far right as possible. Second, use the upper slider to adjust the minimum threshold value, which segments the image into two separate phases: red biomass and black background (Figure 3). 
 	NOTE: The in vitro biofilm formation and fluorescent microscopy procedure described herein generates OME-TIFFs in the ideal case, allowing for images to be segmented into two distinct phases by means of a simple histogram threshold method. However, in some cases, the histogram distinction between the different phases is not as clear. This can be due to the presence of extensive background noise, varying background intensities, or a low intensity contrast between biomass and background. In such cases, users should adopt an enhanced segmentation procedure18,19.

In addition, we have added Figure 3 (line 622) and corresponding figure legend (lines 333-339).


Minor concern regarding lines 225-227. Problems encountered when removing the original OME-TIFF prior to running COMSTAT on the exported file. 


Authors’ response:

Thank you for testing our protocol and pointing out the error you encountered. We recognize that the error is due to step 5.6.6) (lines 222-224), which instructs users to “Further adjust OME-TIFF by opening the file from source folder and deleting any white (empty) layers containing no biomass. These layers will be either the first or last few layers of the z-stack”. We realized that if users further adjust the final black and white OME-TIFF (i.e., following Bio-Format Exporters), than COMSTAT is unable to read the file. Therefore, any deletion of empty layers must be done to the original greyscale OME-TIFF, so that users do not encounter this error. We have removed step 5.6.6.) and added the following as step 5.3): 

Lines 179-183:	Open OME-TIFF from source folder and delete any empty layers containing no biomass. These layers will be either the first or last few layers of the z-stack.
 			NOTE: Microscope-defined z-stack boundaries are sometimes     
 			overestimated by users. Deleting these empty layers establishes a more   
 		refined z-stack boundary for COMSTAT analysis.


Reviewer 5

Comment stating that this manuscript offers an overall straightforward guide to setting up samples and analyzing microscopy images.


Authors’ response:

Thank you! Our motivation for writing the paper was to provide a user-friendly guide that offers readers straightforward steps.   


Note suggesting that the use of a wet bench method could help to correlate and confirm microscopy results. 


Authors’ response:

Thank you for your comment. Yes, we agree. In our lab we typically correlate and confirm our microscopy results using a viability assay, which measures the luminescence of metabolically active cells (i.e., ATP present). In this particular paper, we decided to not include these steps as we thought they would stray away from the core focus of our paper, which is COMSTAT quantification. However, we did mention in the discussion (lines 433-435) that “future applications of this method may wish to incorporate a viability assay, as an internal control to determine viable cell numbers”. We have since added to this statement by also suggesting that a crystal violet assay could be utilized. The revised statement reads as follows:

Lines 433-436	Thus, future applications of this method may wish to incorporate a viability assay, as an internal control to determine viable cell numbers. Likewise, a crystal violet assay may be used to correlate relative cell density with microscopy results.


Minor concern noting that step 4.1) (lines 135-136) can be written as a note rather than a standalone step.


Authors’ response:

Thank you for bringing this to our attention. We have since changed step 4.1) to the following note:  

Line 144-145	NOTE: Wells are imaged the same day of biofilm staining. If delay in visualization exceeds 1 h, chambered coverglass is kept refrigerated in dark until further processing. 


Minor concern indicating that Figure 3. bar graph is missing a legend.


Authors’ response 

Figure 3 (Figure 4 in revised copy) has been modified to include a bar graph legend. 




