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SHORT ABSTRACT:  
This protocol describes the visualization of biofilm development following exposure to host-
factors using a slide chamber model. This model allows for direct visualization of biofilm 
development as well as analysis of biofilm parameters using computer software programs. 
 
LONG ABSTRACT:  
Biofilms consist of groups of bacteria encased in a self-secreted matrix. They play an important 
role in industrial contamination as well as in the development and persistence of many health 
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related infections. One of the most well described and studied biofilms in human disease occurs 
in chronic pulmonary infection of cystic fibrosis patients. When studying biofilms in the context 
of the host, many factors can impact biofilm formation and development. In order to identify 
how host factors may affect biofilm formation and development, we used a static chambered 
coverglass method to grow biofilms in the presence of host-derived factors in the form of 
sputum supernatants. Bacteria are seeded into chambers and exposed to sputum filtrates. 
Following 48 h of growth, biofilms are stained with a commercial biofilm viability kit prior to 
confocal microscopy and analysis. Following image acquisition, biofilm properties can be 
assessed using different software platforms. This method allows us to visualize key properties 
of biofilm growth in presence of different substances including antibiotics. 
 
INTRODUCTION:  
Bacterial biofilms are groups of microorganisms that are attached to one another and encased 
in a self-secreted matrix.1, 2 Classically, they represent bacteria physically attached to an abiotic 
or biotic surface formed under conditions of flow. Biofilms have also been shown to grow in 
static conditions (absence of flow) and distal from surfaces, such as at the air-liquid interface of 
thermal pools or pellicles formed in test tubes. These biofilms have long been recognized in the 
environment and are a major detriment to industrial processes, as they can form in water 
reservoirs or in pipes, resulting in biofouling, corrosion and blockages.3, 4  
 
Biofilms are also critical in healthcare settings, as they have been shown be involved in catheter 
related infections, pulmonary infections in cystic fibrosis patients, as well as in numerous other 
infections5, 6 One of the hallmarks of biofilm infections is the decreased susceptibility of 
bacteria to antibiotics and impaired clearance by the innate immune system.7-9 The most well 
studied, clinically relevant scenarios involving biofilm-based infection occurs in patients with 
cystic fibrosis (CF), who are chronically infected with Pseudomonas aeruginosa biofilms. P. 
aeruginosa can undergo a number of changes during establishment of chronic infection that 
make it very difficult to treat.10, 11 Biofilms can differentially activate innate immunity and drive 
inflammation.12-14 As these infections lead to increased morbidity and mortality in CF patients, 
it is crucial to understand factors that can affect biofilm development in this context.  
 
A recent study suggests that host-factors are critical in the formation of P. aeruginosa biofilm 
aggregates.15 These biofilms contribute to reduced susceptibility to antibiotics and host defense 
mechanisms. The presence of host-derived factors, such as neutrophil elastase, as well as 
secreted products from microorganisms present in the CF lung, have the potential to greatly 
modulate biofilm formation and development.16 Additionally, biofilms interact with the host to 
modulate expression of numerous pathways and initiate inflammation. While high throughput 
methods, such as the standard crystal violet assay, can provide some information with regards 
to the biofilm process, visualization of the biofilm in response to these factors provide more in-
depth information.  
 
In this manuscript we describe a method for using factors from the sputum of patients with CF 
to study the development of biofilms in vitro. This method allows for rapid visualization of 
biofilms exposed to sputum containing host factors using a commercial biofilm viability kit. This 
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technique can be used to visually identify changes that occur during biofilm growth in the 
presence of exogenous products, and represents an improved method to analyze the changes 
in biofilm development under various conditions. 
 
PROTOCOL:  
 
Note that Research Ethics Board (REB) is required to collect and store sputum samples from 
human subjects. These studies were approved by the Hospital for Sick Children 
REB#1000019444. 
 
1. Preparing CF sputum samples. 
 
1.1) Collect sputum sample from patients during routine visits to the cystic fibrosis clinic and 
keep on ice.  
 
1.2) Transport sputum sample on ice within the first hour of collection, to the research 
laboratory, to undergo processing.  
 
2. Sputum Processing 
 
2.1) Record the volume of the sputum sample obtained. Add phosphate buffered saline (PBS) to 
2X the volume of the sample (i.e. 2 parts PBS, 1 part sample).  
 
2.2) Mix the sample well with a transfer pipette. Vortex the sample on the highest setting for 1 
min to mix completely. 
 
2.3) Aliquot 1 mL of the above mixture into the appropriate number 1.5 mL microcentrifuge 
tubes and spin down at 5000x g for 20 min at 4 oC. 
 
2.4) Following centrifugation, remove the supernatant and discard the pellet.  
 
2.5) Filter sterilize the supernatant through a 0.22 µm filter and collect in a clean 
microcentrifuge tube.  
 
Note: Sterility of filtrate is tested by plating on LB agar and inoculating liquid media. 
 
2.6) Store sputum supernatant at -80 oC for future use.  
 
Note: Sputum from multiple patients can also be pooled following filtration. 
 

2.7) Prior to use, dilute sputum filtrate 1/10 v/v (100 l of sputum, 900 l of media) in desired 
media.  
 
Note: Here, standard lysogeny broth (LB) media was used. 
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3. Chambered coverglass method for biofilm formation 
 
3.1) Grow bacterial isolate of interest overnight in desired media at 37 oC with shaking (200 
rpm).  
 
Note: A number of different bacteria were used, including clinical isolates Pseudomonas 
aeruginosa, Staphylococcus aureus, Burkholderia cepacia complex and Achromobacter 
xylosoxidans. Choice of media depends on strains and conditions of interest, however LB media 
can be used for initial experiments. 
 

3.2) From overnight culture, place 40 L of culture  into 4 mL of fresh media and grow for 3-4 h 
at 37 oC with shaking (200 RPM) to obtain a culture with an optical density at 600 nm (OD600) of 
approximately 0.5-0.6. 
 
3.3) Dilute the culture from step 3.2 to 1/100 in desired media with 10% sputum filtrate or 
without sputum filtrate (as control). Other concentration of sputum filtrate can be tested (i.e. 
50% or 100%). 
 

3.4) Use 200 L of the dilution to seed wells of slide chambers.  
 
3.5) Allow bacteria to attach for 4 h at 37 oC without shaking. 
 
3.6) After 4 h, remove the media and gently wash the biofilm with 1X fresh media. Replace with 

200 L fresh media. 
 
Note: To study the effects of sputum on the biofilm, the fresh media should contain sputum 
supernatant. 
 
3.7.) Allow biofilms to grow for desired amount of time at 37 0C without shaking, replacing 
media every 12 h, without washing until the time for microscopy. 
 
Note: To study the effect of sputum supernatants on biofilm antibiotic susceptibility, antibiotics 
are added to the media following 24 h of biofilm growth and are maintained in the media until 
staining and imaging of biofilms. 
 
4. Staining biofilms and confocal microscopy 
 
4.1) Following desired growth time (24-48 h works best), remove media from chamber wells 

and gently wash each chamber twice with 300 L of sterile PBS. 
 
4.2) Prepare staining mixture for biofilm by mixing 1 µL of each dye (provided in the viability kit) 
for each mL of solution needed. Make dye in water or media solution. 
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Note: Water is recommended by the manufacturer. 
 
4.3) Add 200 µL of dye mixture to each well of chambered coverglass and incubate at room 
temperature, in the dark for 45 min. 
 

4.4) Remove staining mixture from chambers and wash each well with 300 L of sterile PBS. 
Remove PBS and replace with fresh water or media. 
 
4.5) Proceed with visualization of biofilms via confocal microscopy. 
 
5. Visualizing biofilms with confocal microscopy 
 
5.1) Read stained biofilms in chambers immediately after staining (within 1 h). Minimize delay 
in visualization of the slides by staining 1 to 2 8-well chambers at a time.  
 
5.2) Perform imaging using confocal microscope with lasers for excitation and filter sets for 
acquisition.  
 
Note: Here, the spinning disk confocal system with spectral borealis lasers (Green: 491nm, Red: 
561nm) were used for excitation. Emission filter sets of 515/40 and 624/40 were used to 
visualize the stains from the biofilm viability kit. 
 
5.3) Take images using a 25x water objective on confocal microscope with camera. 
 

5.4) Use Z- Stacks to model the biofilm. Take images every 0.5-1 m starting from the first in-

focus plane to the last in-focus frame of the biofilm (typically spanning 30-80 m for 48 h 
biofilms)  
 
5.5) Take 3-5 images from each well.  
 
Note: Thus for an 8 well chambered coverglass, 24-40 images will be generated. 
 
5.6) Save images for analysis.  
 
Note: Images should be saved as OME-TIFF files to be analyzed using COMSTAT18, 19. 
Instructions for biofilm image analysis can be found at http://www.comstat.dk/. Once images 
are imported, parameters such as average thickness, biomass and surface coverage for each 
channel (red and green) can be analyzed. 
 
REPRESENTATIVE RESULTS:  
The overall design of the experiment is represented in Figure 1. The use of this protocol 
provides a convenient method to visualize the changes in biofilms grown for different periods 
of time (e.g. 24, 48 or 72 h). Importantly, exogenous signals, such as sputum filtrates, can be 
added to visualize the changes in biofilm development. As seen in Figure 2, the presence of 10% 

http://www.comstat.dk/
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sputum filtrates can change the architecture of the biofilm (Figure 2A, lower panels).16 These 
images can be analyzed using COMSTAT software to obtain key biofilm matrices, including 
average thickness of the biofilm, total biomass and surface coverage. This is reflected in an 
overall increase in biofilm thickness (Figures 2B, and 3).16 The effects of antibiotics on biofilms 
in the presence sputum is shown in Figure 3. By visualizing the changes in biofilm development, 
one can better appreciate how different factors can affect biofilm growth, to a much better 
extent than traditional biofilm assays, such as crystal violet staining. 
 
Figure Legends:  
Figure 1. Overall design of experiment: Flow diagram of basic protocol. An overnight (O/N) 
culture is diluted 1/1000 and allowed to grow to a final OD600 of 0.5. This is further diluted 
1/1000 and 200 µL is seeded into well of chambered coverglass and allowed to attach for 3-4 h. 
Following this, media is removed and replaced with fresh media. Biofilms are allowed to grow 
for desired time. Media, exogenous products or antibiotics can be added to the biofilms. 
Following growth, media is removed, biofilms are stained and confocal imaging is performed. 
 
Figure 2. Representative images of biofilm development following exposure to sputum 
filtrates: A) Representative images of Burkholderia cepacia complex (BCC) clinical isolates 
following 48 h of growth in chambered coverglass with media alone (top panels) or in the 
presence of 10% sputum filtrates (lower panels) followed by staining with biofilm viability kit. 1 

scale unit represent 19.68 m. B-C) Average thickness of isolates (B) and dead:live ratio (C) of 
multiple images of BCC isolates grown for 48 h in slide chambers in the absence (white bars) or 
presence (black bars) of sputum filtrates . Each bar represents the mean of 45 images plotted 
with the standard error of the mean. **p<0.001 compared to control (media alone) using 
Kruskal-Wallis test. Figure adapted from Kennedy et al 16. 
 
Figure 3. Representative images of antibiotic treatment on biofilms exposed to sputum 
filtrate: A) Images of Burkholderia vietnamensis clinical isolates following 48 h of growth in 
chambered coverglass with media alone (left) or in the presence of 10% sputum filtrates (right) 

with or without 1000 g/mL of tobramycin. Biofilms were grown for 24 h in media alone or 
media supplemented with 10% (v/v) sputum filtrates. After 24 h, media was removed and 

replaced with media (+/- sputum) containing antibiotics. 1 scale unit represent 19.68 m. B-C) 
Average thickness of isolates (B) and dead:live ratio (C) of multiple images (n=9) of B. 
vietnamensis isolates grown for 48 h in slide chambers in the absence or presence of sputum 
filtrates . Each bar represents the mean of 45 images plotted with the standard error of the 
mean. **p<0.001 compared to control (0 µg/mL) using Kruskal-Wallis test. Figure adapted from 
Kennedy et al.16 
 
DISCUSSION:  
The methods described herein allow for visualization of bacterial biofilms grown in the 
presence of exogenous products. Not surprisingly, the production of the exoproducts is of 
importance when using this type of system. For instance, Dithiothreitol (DTT), is often used on 
human sputum samples to help liquefy the samples. However, the effect of DTT alone can 
decrease biofilm development and viability (data not shown). Thus, proper controls for all 
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conditions are necessary. Furthermore, the addition of human sputum products creates 
inherent variability on the experiment due to the fact that the sputum of each patient has a 
unique microbiome. To adjust for this, we have used pooled sputum samples to avoid patient 
specific results. Additionally, the choice of appropriate media is important when using any 
model system. Standard media for biofilm growth of the intended organism are recommended 
for initial setup of the system. If the goal of the experiment is to identify how exogenous 
products are affecting biofilm formation, a nutrient rich media that provides adequate biofilm 
formation is suggested. This will allow sufficient nutrition for growth while determining how 
exogenous factors may affect the biofilm. Other media, such as minimal or defined media, can 
be used to better mimic certain conditions. Other media have been used with good results in 
this system (data not shown). The attachment of the biofilms to the chambered coverglass is 
robust, however great care must be taken when removing/adding media or during washing 
steps of the biofilms to prevent disrupting the biofilms.  
 
The use of the live-dead stain as per manufacturer’s protocol has yielded good results for the 
system described. A number of factors can affect the fluorescence ratio of the images (including 
dye uptake of bacteria, relative density of biofilm and detector gain settings), however, this 
method should relate to what is observed in the images. Other measures may be used to 
represent the relative amount of dead/live biofilm, such as the biomass from the dead cells as a 
ratio of the total biomass present in the biofilm (as derived from COMSTAT). Using bacterial 
counts to confirm biofilm viability in repeated experiments is recommended to confirm the 
visual observations of this model. Due to inherent heterogeneity of biofilms, multiple images 
from each chamber and multiple chambers should be used for each condition in an experiment. 
This adds to the cost and duration of these experiments. 
 
The acquisition of images is important prior to the analysis of data from these experiments. 
Care must be taken to not over saturate images and when determining the microscope setup. 
Depending on the level of detail required and the microscope available, a number of different 
objectives (10X, 25X, 40X and 63X) can be used to acquire images, though we find that 25X 
objective gives better images.  The thickness of the Z-stack can also affect overall image quality 

and level of detail. Having images taken every 0.5-1 m seems to provide clear images at 25X 
objective, while keeping the Z-stack images at a size that can be analyzed by COMSTAT on 
standard computer systems.  
 
These experiments are more costly and time consuming than other attachment assays, and 
cannot be done in a high throughput manner. In this procedure, bacteria attach to a 
borosilicate surface, which is not reflective of an in vivo condition and may affect biofilm 
formation and development. However, they provide additional information and can generate 
hypotheses for mechanism related to biofilm antibiotic resistance and physiological response to 
exogenous signal. If the goal of the experiment is to understand how biofilms change in 
response to different factors, rather than identifying anti-biofilm compounds using high-
throughput methods for instance, the additional information gained using this technique makes 
the method worthwhile. Thus the current method is a significant advancement over previous 
limited attachment assays such as the crystal violet assay, which is most commonly used to 
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study biofilms. 
 
Critical steps to this procedure include: 1) Ensuring timely processing of sputum samples to 
avoid degradation; 2) Being gentle with media changes on the biofilms to avoid disruption of 
the biofilm and 3) Doing repeated measurements of biofilm imaging to ensure an accurate 
representation of the biofilm thickness due to the heterogeneity of biofilm formation. 
 
Once the system is set-up for a given bacterial species, one can test a number of different 
conditions, including the effects of exogenous factors on multiple clinical isolates. This system 
has been used to study the effect of antibiotics on biofilms exposed to human sputum (Kennedy 
et al.) and to compare highly resistant and intermediately resistant clinical isolates (Tom et 
al).16,17 Modifications to the chambered coverglass, such as coating the bottom with mucin or 
collagen micro-scaffold (e.g. puracol), can further extend the range of experiments possible. It 
may be possible to adapt this system to study direct interactions, such as those between 
epithelial cells and bacteria, or between different bacterial species. This is an expansion of the 
model described by Jurcisek et al. 20 The method uses slide chamber growth similar to that 
described here and uses formalin to fix biofilms prior to visualization. Alternatively, in this 
method we visualize biofilms immediately after staining and do not use a fixative. In addition, 
we add exogenous factors to test the effect of antibiotic on biofilms. This model thus has the 
potential to considerably further our understanding of bacterial biofilms in human disease. 
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Comments/Description

Confirming viability via CFU counts or selecting colonies for innoculation

COMSTAT is software to analyze biofilm images. Available www.comstat.dk 

Standard media for overnight gowth/biofilm growth

Filtering of sputum supernants

Washing of biofilm chambers after media removal

Instructions for this software can be found at: http://cellularimaging.perkinelmer.com/pdfs/manuals/VolocityuserGuide.pdf
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Title of Article:   

Author(s):   
 
Item 1 (check one box): The Author elects to have the Materials be made available (as described at 

http://www.jove.com/publish ) via:    Standard Access       Open Access 
 
Item 2 (check one box): 
 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
 

ARTICLE AND VIDEO LICENSE AGREEMENT 
 

1.  Defined Terms.  As used in this Article and Video License 
Agreement, the following terms shall have the following 
meanings: “Agreement” means this Article and Video License 
Agreement; “Article” means the article specified on the last 
page of this Agreement, including any associated materials 
such as texts, figures, tables, artwork, abstracts, or summaries 
contained therein; “Author” means the author who is a 
signatory to this Agreement; “Collective Work” means a work, 
such as a periodical issue, anthology or encyclopedia, in which 
the Materials in their entirety in unmodified form, along with a 
number of other contributions, constituting separate and 
independent works in themselves, are assembled into a 
collective whole; “CRC License” means the Creative Commons 
Attribution-Non Commercial-No Derivs 3.0 Unported 
Agreement, the terms and conditions of which can be found 
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, sound 
recording, art reproduction, abridgment, condensation, or any 
other form in which the Materials may be recast, transformed, 
or adapted; “Institution” means the institution, listed on the 
last page of this Agreement, by which the Author was 
employed at the time of the creation of the Materials; “JoVE” 
means MyJove Corporation, a Massachusetts corporation and 
the publisher of The Journal of Visualized Experiments; 
“Materials” means the Article and / or the Video; “Parties” 
means the Author and JoVE; “Video” means any video(s) made 
by the Author, alone or in conjunction with any other parties, 
or by JoVE or its affiliates or agents, individually or in 
collaboration with the Author or any other parties, 
incorporating all or any portion of the Article, and in which the 
Author may or may not appear. 

 
2.  Background.  The Author, who is the author of the Article, 
in order to ensure the dissemination and protection of the 
Article, desires to have the JoVE publish the Article and create 
and transmit videos based on the Article.  In furtherance of 
such goals, the Parties desire to memorialize in this Agreement 
the respective rights of each Party in and to the Article and the 
Video. 
 
3.  Grant of Rights in Article.  In consideration of JoVE agreeing 
to publish the Article, the Author hereby grants to JoVE, 
subject to Sections 4 and 7 below, the exclusive, royalty-free, 
perpetual (for the full term of copyright in the Article, 
including any extensions thereto) license (a) to publish, 
reproduce, distribute, display and store the Article in all forms, 
formats and media whether now known or hereafter 
developed (including without limitation in print, digital and 
electronic form) throughout the world, (b) to translate the 
Article into other languages, create adaptations, summaries or 
extracts of the Article or other Derivative Works (including, 
without limitation, the Video) or Collective Works based on all 
or any portion of the Article and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works and 
(c) to license others to do any or all of the above.  The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically necessary 
to exercise the rights in other media and formats.  If the “Open 
Access” box has been checked in Item 1 above, JoVE and the 
Author hereby grant to the public all such rights in the Article 
as provided in, but subject to all limitations and requirements 
set forth in, the CRC License. 
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4.  Retention of Rights in Article.  Notwithstanding the 
exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in each 
case provided that a link to the Article on the JoVE website is 
provided and notice of JoVE’s copyright in the Article is 
included.  All non-copyright intellectual property rights in and 
to the Article, such as patent rights, shall remain with the 
Author.   
 
5.  Grant of Rights in Video – Standard Access.  This Section 5 
applies if the “Standard Access” box has been checked in Item 
1 above or if no box has been checked in Item 1 above.  In 
consideration of JoVE agreeing to produce, display or 
otherwise assist with the Video, the Author hereby 
acknowledges and agrees that, Subject to Section 7 below, 
JoVE is and shall be the sole and exclusive owner of all rights of 
any nature, including, without limitation, all copyrights, in and 
to the Video.  To the extent that, by law, the Author is 
deemed, now or at any time in the future, to have any rights 
of any nature in or to the Video, the Author hereby disclaims 
all such rights and transfers all such rights to JoVE. 
 
6.  Grant of Rights in Video – Open Access.  This Section 6 
applies only if the “Open Access” box has been checked in 
Item 1 above.  In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author hereby 
grants to JoVE, subject to Section 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to publish, 
reproduce, distribute, display and store the Video in all forms, 
formats and media whether now known or hereafter 
developed (including without limitation in print, digital and 
electronic form) throughout the world, (b) to translate the 
Video into other languages, create adaptations, summaries or 
extracts of the Video or other Derivative Works or Collective 
Works based on all or any portion of the Video and exercise all 
of the rights set forth in (a) above in such translations, 
adaptations, summaries, extracts, Derivative Works or 
Collective Works and (c) to license others to do any or all of 
the above.  The foregoing rights may be exercised in all media 
and formats, whether now known or hereafter devised, and 
include the right to make such modifications as are technically 
necessary to exercise the rights in other media and formats.  
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License.  
 
7.  Government Employees.  If the Author is a United States 
government employee and the Article was prepared in the 
course of his or her duties as a United States government 
employee, as indicated in Item 2 above, and any of the 
licenses or grants granted by the Author hereunder exceed the 
scope of the 17 U.S.C. 403, then the rights granted hereunder 
shall be limited to the maximum rights permitted under such 

statute.  In such case, all provisions contained herein that are 
not in conflict with such statute shall remain in full force and 
effect, and all provisions contained herein that do so conflict 
shall be deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
 
8.  Likeness, Privacy, Personality.  The Author hereby grants 
JoVE the right to use the Author’s name, voice, likeness, 
picture, photograph, image, biography and performance in any 
way, commercial or otherwise, in connection with the 
Materials and the sale, promotion and distribution thereof.  
The Author hereby waives any and all rights he or she may 
have, relating to his or her appearance in the Video or 
otherwise relating to the Materials, under all applicable 
privacy, likeness, personality or similar laws. 
 
9.  Author Warranties.  The Author represents and warrants 
that the Article is original, that it has not been published, that 
the copyright interest is owned by the Author (or, if more than 
one author is listed at the beginning of this Agreement, by 
such authors collectively) and has not been assigned, licensed, 
or otherwise transferred to any other party. The Author 
represents and warrants that the author(s) listed at the top of 
this Agreement are the only authors of the Materials.  If more 
than one author is listed at the top of this Agreement and if 
any such author has not entered into a separate Article and 
Video License Agreement with JoVE relating to the Materials, 
the Author represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them had 
been a party hereto as an Author. The Author warrants that 
the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, infringe 
and/or misappropriate the patent, trademark, intellectual 
property or other rights of any third party.  The Author 
represents and warrants that it has and will continue to 
comply with all government, institutional and other 
regulations, including, without limitation all institutional, 
laboratory, hospital, ethical, human and animal treatment, 
privacy, and all other rules, regulations, laws, procedures or 
guidelines, applicable to the Materials, and that all research 
involving human and animal subjects has been approved by 
the Author's relevant institutional review board. 
 
10.  JoVE Discretion.  If the Author requests the assistance of 
JoVE in producing the Video in the Author’s facility, the Author 
shall ensure that the presence of JoVE employees, agents or 
independent contractors is in accordance with the relevant 
regulations of the Author's institution.  If more than one 
author is listed at the beginning of this Agreement, JoVE may, 
in its sole discretion, elect not take any action with respect to 
the Article until such time as it has received complete, 
executed Article and Video License Agreements from each 
such author.  JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to accept 
or decline any work submitted to JoVE.  JoVE and its 
employees, agents and independent contractors shall have 
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full, unfettered access to the facilities of the Author or of the 
Author’s institution as necessary to make the Video, whether 
actually published or not.  JoVE has sole discretion as to the 
method of making and publishing the Materials, including, 
without limitation, to all decisions regarding editing, lighting, 
filming, timing of publication, if any, length, quality, content 
and the like. 
 
11.  Indemnification.  The Author agrees to indemnify JoVE 
and/or its successors and assigns from and against any and all 
claims, costs, and expenses, including attorney’s fees, arising 
out of any breach of any warranty or other representations 
contained herein.  The Author further agrees to indemnify and 
hold harmless JoVE from and against any and all claims, costs, 
and expenses, including attorney’s fees, resulting from the 
breach by the Author of any representation or warranty 
contained herein or from allegations or instances of violation 
of intellectual property rights, damage to the Author’s or the 
Author’s institution’s facilities, fraud, libel, defamation, 
research, equipment, experiments, property damage, personal 
injury, violations of institutional, laboratory, hospital, ethical, 
human and animal treatment, privacy or other rules, 
regulations, laws, procedures or guidelines, liabilities and 
other losses or damages related in any way to the submission 
of work to JoVE, making of videos by JoVE, or publication in 
JoVE or elsewhere by JoVE.  The Author shall be responsible 
for, and shall hold JoVE harmless from, damages caused by 
lack of sterilization, lack of cleanliness or by contamination 
due to the making of a video by JoVE its employees, agents or 
independent contractors.  All sterilization, cleanliness or 
decontamination procedures shall be solely the responsibility 
of the Author and shall be undertaken at the Author’s 

expense.  All indemnifications provided herein shall include 
JoVE’s attorney’s fees and costs related to said losses or 
damages.  Such indemnification and holding harmless shall 
include such losses or damages incurred by, or in connection 
with, acts or omissions of JoVE, its employees, agents or 
independent contractors. 
 
12.  Fees.  To cover the cost incurred for publication, JoVE 
must receive payment before production and publication the 
Materials. Payment is due in 21 days of invoice. Should the 
Materials not be published due to an editorial or production 
decision, these funds will be returned to the Author. 
Withdrawal by the Author of any submitted Materials after 
final peer review approval will result in a US$1,200 fee to 
cover pre-production expenses incurred by JoVE.  If payment is 
not received by the completion of filming, production and 
publication of the Materials will be suspended until payment is 
received. 
 
13.  Transfer, Governing Law.  This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees.  This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to any 
conflict of law provision thereunder.  This Agreement may be 
executed in counterparts, each of which shall be deemed an 
original, but all of which together shall be deemed to me one 
and the same agreement.  A signed copy of this Agreement 
delivered by facsimile, e-mail or other means of electronic 
transmission shall be deemed to have the same legal effect as 
delivery of an original signed copy of this Agreement.   

 
A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission. 

 
CORRESPONDING AUTHOR: 

Name:   

Department:   

Institution:  

Article Title:  

Signature:   Date:  
 
Please submit a signed and dated copy of this license by one of the following three methods: 

1) Upload a scanned copy of the document as a pfd on the JoVE submission site; 
2) Fax the document to +1.866.381.2236; 
3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139 

 
For questions, please email submissions@jove.com or call +1.617.945.9051 
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Response to reviewers’ comments 

 

• JoVE reference format requires that DOIs are included, when available, for all 

references listed in the article. This is helpful for readers to locate the included 

references and obtain more information. Please note that often DOIs are not listed with 

PubMed abstracts and as such, may not be properly included when citing directly from 

PubMed. In these cases, please manually include DOIs in reference information. 

 

• Please make sure that your references comply with JoVE instructions for authors. In-

text formatting: corresponding reference numbers should appear as superscripts after the 

appropriate statement(s) in the text of the manuscript. Citation formatting should appear 

as follows: (For 6 authors or less list all authors. For more than 6 authors, list only the 

first author then et al.): [Lastname, F.I., LastName, F.I., LastName, F.I. Article 

Title. Source. Volume (Issue), FirstPage – LastPage, doi:DOI (YEAR).] 

 

We have now included all available DOI for the references and they are in proper format. 

 

• Protocol section 1 was un-highlighted as these steps cannot be filmed. 

 

We are in agreement with this. 

 

• 5.2 and 5.2 Note: The http link was moved to the Table of Materials. Please provide the 

http details (along with authors (if applicable), publication year etc.) in the reference 

section and cite the reference here. 

 

We are in agreement with move of the http link to the Table. The reference to 

COMSTAT is already included in reference 18 and 19.  

 

•Formatting: 

-3.1 – Should be rpm, not “rotations”. 

 

This has been changed. 

 

-Please submit figures as individual files in the preferred format, and not as Word files. 

 

We will do this as suggested. 

 

-Please cite figure panels in the text as “(Figure 2A)” for example, rather than (2A). 

 

This has been corrected. 

 

•Grammar: Line 266 – “The use of the live-dead stain as per manufacturers protocols 

have” 

 

This has been corrected. 

Rebuttal Comments Click here to download Rebuttal Comments Response.docx 

http://www.editorialmanager.com/jove/download.aspx?id=527417&guid=f03a7380-7bb5-45ab-8a11-cd409bcd3df3&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=527417&guid=f03a7380-7bb5-45ab-8a11-cd409bcd3df3&scheme=1
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•Additional detail is required: Is sputum used in step 3.3? Please clarify and highlight, 

otherwise it is confusing to have a section on sputum processing but then not use it. 

 

This is now indicated in step 3.3. All of these experiments can be done in sputum or not, 

or with antibiotics or not. Filtrates from other bacteria can be prepared similarly to the 

sputum and used in the system.  

 

•Branding should be removed from the 5.2 note – “SYTO9” 

 

This has been removed from the text. 

 

•Results: Please define the error bars (SD, SEM, etc.) and the scale bars in the figure 

legends for figures 1 & 2. 

 

This has now been added to the legends. 

 

Reviewer 1: 

 

Major Concerns: 

 

1. The title of the manuscript suggests that the focus of the paper is on methodology to 

visualize how host derived factors affect biofilm formation. While this manuscript focuses 

on sputum supernatants, the manuscript should include the use of other host factors in 

general, and describe the use of sputum as one example only. It was difficult to follow 

when the focus was inconsistent among the steps. The authors should revise to describe a 

protocol that readers could easily follow and adapt for use with other bacteria and 

alternative host factors. 

 

-We understand the reviewer’s concerns. To clarify the protocol and to specify the exact  

experiments that we have previously done, we have changed the title to “Visualizing the 

effects of sputum on biofilm development using a chambered coverglass model” as this is 

the specific host factor that we tested. We have included other potential bacteria that 

could be used for these experiments and have detailed the sputum supernatant step more 

clearly in step 3.3 and throughout. As we have not tested other host factors, we have not 

included examples of these in the protocol. 

 

2. It is very unclear from the Protocol, Results and Figure 1 when and how host factors 

(sputum supernatants) should be added to the biofilms. There is a brief mention of 10% 

sputum supernatants addition on lines 145-146 in the Protocol and line 225 in the Figure 

1 legend. As the primary focus of the manuscript, it is very unclear when and how host 

factors should be added to the biofilms. The authors should provide and discuss multiple 

different options for the addition of host factors, dependent on the desired outcomes or 

hypothesis to be tested. This information should be included in both the Protocol section 

and schematic in Figure 1. 
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-We have now added more details regarding when and how sputum in added to the 

biofilms in step 3.3 as well as Figure 1. As discussed above, we have not included details 

of other host factors given that we have not tested these. 

 

Added: 3.3 Dilute the culture from step 3.2 to 1/100 in desired media, with 10% sputum 

filtrates or without (as control). Other concentration of sputum filtrate can be tested (i.e. 

50% or 100% sputum filtrates). 

 

3. The procedure for image collection by confocal microscopy is generally equipment 

specific. Section 5 "Visualizing biofilms with confocal microscopy" reads very specific to 

the equipment and organism used by this author. Most users who perform confocal 

microscopy are familiar with the setup and process specific to their microscopy. As such, 

a brief general overview of methods used should provide enough information for the 

typical confocal user.  

 

-These details were added on request of the editors at JoVE with the first manuscript 

review.  

 

a. Step 5.4 Why should the images be collected at every 0.8 uM in the Z-plane? This is a 

very specific number and the z-plane resolution will vary based on multiple factors, such 

as the type of microscope, the lenses used, the pinhole size, and the bacterium utilized. 

 

-We thank the reviewer for this question. We have added a range (0.5-1m) in which the 

images can be collected. To further explain why we used this range, we have included 

comments on this subject in the Discussion in lines 290-297 on page 7: 

 

The acquisition of images is important prior to the analysis of data from these 

experiments. Care must be taken to not over saturate images and when determining the 

microscope setup. Depending on the level of detail required, and the microscope 

available, a number of different objectives (10X, 25X, 40X and 63X) can be used to 

acquire images, though we find that 25X objective gives nice images.  The thickness of 

the Z-stack can also affect overall image quality and level of detail. Having images taken 

every 0.5-1m seems to provide clear images at 25X objective, while keeping the Z-stack 

images at a size that can be analyzed by COMSTAT on standard computer systems.  

 

b. Step 5.3 Why should a 25x water objective be used as opposed to a 40x or 63x, these 

factors may need to be adjusted or selected on a case-by-case basis. 

 

-Although we agree with the reviewer, we were asked by the editor at JoVE to be very 

specific to what we did. We agree that you can use another objective if it suits your 

purpose. 

 

4. More information should be provided with regards to image analysis. Software 

programs, such as COMSTAT and Volocity are mentioned in the abstract and 

introduction. Methods for biofilm image analysis should be included, or at least briefly 

discussed, in the Protocol section. Specifically, it would be helpful to list which analysis 
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metrics are relevant to the analysis of statically grown biofilms that have been treated 

with host factors. 

 

-Details regarding the analysis metrics have now been include in step 5.7: 

 

5.7) Once images are imported into COMSTAT, parameters such as average thickness, 

biomass and surface coverage for each channel (Red and Green) are analyzed. 

 

In addition, given that COMSTAT is a free software program, we have also provided the 

references so that individuals can look up the specifics related to their experiments. 

 

5. The manuscript refers to the use of chamber slides to seed and grow biofilms, yet the 

Materials table lists chambered coverglass. It should be made clear whether chambered 

slides or chambered coverglass were used for these experiments, as they are inherently 

different in the way the biofilms are processed and visualized by confocal microscopy. 

Additionally, line 271 states that the bacteria attach to a plastic surface; however, in the 

case of both chambered slides and chambered coverglass, the substrate would be glass. 

Please correct this statement accordingly. 

 

-Thank you for this comment. Changed to chambered coverglass and 1.5’ borosilicate 

glass. 

 

6. In Figure 2 panel D there is very little difference in the percentage dead cells between 

the intermediately resistant strain treated with 1 mg/mL and 2 mg/mL tobramycin, yet in 

panel A there is visually a large difference in the amount of red cells between these 

tobramycin concentrations. This leads this review to wonder what method was used to 

determine percentage dead and if this method accurately reflects what is occurring in 

each of these biofilms. 

 

-Given that the reviewer wishes us to focus on the effects of sputum supernatants on 

biofilms, we have deleted this figure and left in the figure showing the effects of sputum 

supernatant on B. cepacia complex biofilms. We have added figure 3 which shows the 

effects of antibiotic on sputum treated bacteria. The dead:live ratio in figure 3C 

represents the mean of 3 independent experiments where 12 images were analyzed from 

each experiment (4 views from 3 wells for each experiment). Thus each bar represents 

the mean of 36 images. Because of the variability seen in biofilms from experiment to 

experiment, there will be variability between images and the mean represented by the 

dead:live ratio. Because this is a measure that reflects what is seen it is still a useful 

measure.  

 

7. It is unclear why antibiotic susceptibility was tested and shown in Figure 2. There is no 

mention of the use or addition of antibiotics in the Protocol. Methodology used to test the 

effect of antibiotics on biofilm development need to be included in the Introduction and 

Protocol sections if they are to be shown and discussed as Representative Results. 
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-We have removed Figure 2 but believe it is important to include the effects of antibiotics 

on biofilms in the presence of sputum supernatant as this is a barrier to antimicrobial 

efficacy and have added a figure (figure 3) to show this. We have  included more details 

on the addition of antibiotics in lines 164-166 on page 4 and in Figure 1: 

 

3.8) To study the effect of sputum supernatants on biofilm antibiotic susceptibility, 

antibiotics are added to the media following 24 hours of biofilm growth and are 

maintained in the media until staining and imaging of biofilms. 

 

 

Minor Concerns: 

 

1. Overall, the manuscript contains many spelling and grammatical errors that make the 

writing unclear and should be corrected. 

 

-We thank the reviewer for the comment. We have gone through the manuscript to 

correct the mistakes. 

 

2. The sentence at lines 86-88 is redundant and unclear. As written, it suggests that it is 

the biofilm viability kit that has been "subjected to host or other factors." It is likely that 

the authors meant to say that the biofilms, and bacteria within, were subjected to host or 

other factors. 

 

-This sentence has been changed to: 

 

This method allows for rapid visualization of biofilms exposed to sputum containing host 

factors using a commercial biofilm viability kit that has been. 

 

3. On line 203, it is stated that this protocol allows visualization of "biofilm growth and 

viability over time", yet no time course is shown or described as all data represent single 

time points only. 

 

-We have clarified that this means that biofilms can be grown for different periods of 

time prior to visualization, such as 24, 48 or 72 hours in lines 220 on page 5: 

 

-The use of this protocol provides a convenient method to visualize the changes in 

biofilms grown for different periods of time (eg. 24, 48 or 72 hours). 

 

4. There is an inconsistency in the volume used to seed the biofilms. Line 148 states 250 

uL and line 223 states 200 uL, figure 1 also states 200 uL. The volumes for media 

replacement (line 152) and staining (line 167) are also inconsistent. Please correct the 

volumes given. 

 

-This has been corrected to 200 microliters. 

 

5. Lines 208 - 211 discuss estimation of percentage of dead biofilm. The ratio of the 
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signal intensity in the red channel compared to the signal intensity of both channel 

combined does not provide an accurate estimation of the percentage of dead vs. live 

bacteria. Many factors influence signal intensity and not all bacteria take up SYTO9 or 

propidium iodide equally. Relative density, fluorophore quenching and detector gain 

setting can all affect fluorescent signal intensity. The alternative method of comparing 

the volume or biomass of red (dead) vs. green (live) bacteria is a much better method for 

the determination of relative viability in a biofilm. Please adjust or correct these lines for 

clarity. 

-We have acknowledged that an alternative method is an estimation of the biomass in 

lines 220: 

 

Alternatively, it is also possible to derive a ratio of the volume of the biomass of cells 

stained red as a ratio of total volume of biomass. 

 

We have also added a sentence in the Discussion of the limitation of percent dead as a 

method in line 280-284 on page 7: 

 

A number of factors can affect the florescence ratio of the images (including dye uptake 

of bacteria, relative density of biofilm and detector gain settings), however this method 

should relate to what is observed in the images. Other measures may be used to represent 

the relative amount of dead/live biofilm, such as the biomass from the dead cells as a 

ratio of the total biomass present in the biofilm (as derived from COMSTAT). 

 

  

6. The authors should discuss the use (or non-use) of a fixation step following staining of 

the biofilms, as fixation is a common technique used in confocal microscopy and 

visualization of in vitro biofilms. 

 

-Although we agree that fixation has been used by other investigators, we have not 

mentioned it because we have not used it ourselves and don’t have the experience with 

this method. We prefer to visualize the biofilms promptly and without alteration by 

fixatives as this may affect the biofilm itself. 

 

7. The authors should include the methods of analysis and statistics that were used in 

Figure 2 and Figure 3. 

 

-Figure 2 has been removed. Statistical methods have been added to Figure 3.  

 

8. The authors should include discussion of and reference to previous work published in 

the Journal of Visualized Experiments by Jurcisek J et al, which describes a very similar 

method for generating, staining and visualizing biofilms grown in 8-well chamber slides. 

[J. Vis. Exp. (47), e2481, doi:10.3791/2481 (2011)]. 

 

-We thank the reviewer for this comment. We have added this reference and explained 

how this manuscript differs in the addition of sputum supernatants and antibiotics to 

bacterial biofilms in lines 323-329 on page 9: 
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This is an expansion of the model described by Jurcisek et al. in 2011.20 This method 
uses slide chamber growth similar to what is described, and uses formalin to fix 
biofilms prior to visualization. Alternatively, in this method we visualize biofilms 
immediately after staining and do not use a fixative. Additionally, by adding 
exogenous factors to the system and testing the effect of antibiotic on biofilms 
formed in these chambers these models have the potential to considerably further 
our understanding of bacterial biofilms in human disease. 
Reviewer 2 

 

Major concerns 

None. 

 

Minor Concerns: 

Line 154-155: I think it would be helpful to detail if biofilm has to be washed after each 

medium replacement. 

 

- This has been replaced with 3.6) After 4 hr, remove media and gently wash biofilm 1X 

with fresh media. Replace with 200 L fresh media. 

 

Lines 159-160: washing biofilms..very critical issue. The authors should indicate how 

many times the biofilm has to be washed. 

 

4.1) Following desired growth time (24-48 hr works best), remove media from chamber 

wells and gently wash 2X with 300 L of sterile PBS. 

 

Lines 165: manufacturer recommend to use water for preparing staining mixture. BUT, 

since water could lyse cells, is it possible to use other solvents? Do the Authors have 

some experience at this regards? 

 

-We use the same media with which we grew the biofilm in (media solution of dye, 

mentioned in line 165). We have not noticed interference with phosphates, though it is a 

possible concern. Other solvents can be tested, but we have not tried them. 

 

Line 177: the authors stated that biofilms have to be observed IMMEDIATELY after 

staining. What does it mean? In the sense that...how much the observation can be delayed 

without having problems at observation? 

 

-Once the stain is removed, we visualize the biofilm on the microscope immediately and 

visualize all wells within an hour of staining. This has been added to Step 5.1.  

 

Line 189: Z-stacks to model biofilm. The authors took images every 0.8 um. I think it 

depends on the resolution desired/needed. Could the authors be more clear at this 

regard? Maybe it could be more adequate to refer at a range of values. 
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-We thank the reviewer for this question. We have added a range (0.5-1m) in which the 

images can be collected. To further explain why we used this range, we have included 

comments on this subject in the Discussion in lines 290-297 on page 7: 

 

The acquisition of images is important prior to the analysis of data from these 

experiments. Care must be taken to not over saturate images and when determining the 

microscope setup. Depending on the level of detail required, and the microscope 

available, a number of different objectives (10X, 25X, 40X and 63X) can be used to 

acquire images, though we find that 25X objective gives nice images.  The thickness of 

the Z-stack can also affect overall image quality and level of detail. Having images taken 

every 0.5-1m seems to provide clear images at 25X objective, while keeping the Z-stack 

images at a size that can be analyzed by COMSTAT on standard computer systems.  

 

Line 198: please replace "COMTAT" with "COMSTAT". 

 

-This has been corrected. 

 

Figures 2 and 3: please add SD bars, and p values and the statistical analysis used in the 

legend. 

 

-Figure 2 has been removed and Figure 3 has been corrected. 

 

line 252: It is proposed to filter sputum to remove resident microbiota. I think this method 

is not always easy to perform considering how dense is the sputum. Further, filtration 

could significantly modify chemical composition of sputum. Exposure to UV light could 

be more practical, conservative, and reproducible to decontaminate the sample. 

 

-We thank the reviewer for this comment and agree that this may be a useful option but 

we have not tested this methodology. We have diluted sputum in 2X sputum volume with 

PBS prior to centrifugation and supernatant filtering. It has been possible to filter even 

the most purulent sputum in this manner. We have not tried UV sterilization but this may 

be something to try in the future. 

 

Line 257: Authors suggest to use a nutrient RICH media in evaluating the effects of 

exogenous factors on biofilm development. I do not agree. A rich media could be able to 

mimicry physico-chemical conditions observed at CF lung. I think that using minimal 

medium would be more realistic. 

 

-We completely agree with the reviewer that the choice of media is important and each 

media has its advantages and disadvantages. The choice of appropriate media for 

experimentation is noted in the protocol in note after 3.1. We have added some discussion 

regarding this in lines 272-275 on page 7: 

 

This will allow sufficient nutrition for growth while determining how exogenous 
factors may affect the biofilm. Other media, such as minimal or defined media, can 
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be used to better mimic certain conditions, and have been used with good results in 
this system (data not shown). 
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