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SUMMARY:

We describe a delayed inoculation protocol for generating chronic wound infections in
immunocompetent mice.

ABSTRACT:

Pseudomonas aeruginosa (P. aeruginosa) is a major nosocomial pathogen of increasing relevance
to human health and disease, particularly in the setting of chronic wound infections in diabetic
and hospitalized patients. There is an urgent need for chronic infection models to aid in the
investigation of wound pathogenesis and the development of new therapies against this
pathogen. Here, we describe a protocol that uses delayed inoculation 24 hours after full-
thickness excisional wounding. The infection of the provisional wound matrix present at this time
forestalls either rapid clearance or dissemination of infection and instead establishes chronic
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infection lasting 7-10 days without the need for implantation of foreign materials or immune
suppression. This protocol mimics a typical temporal course of post-operative infection in
humans. The use of a luminescent P. aeruginosa strain (PAO1:lux) allows for quantitative daily
assessment of bacterial burden for P. aeruginosa wound infections. This novel model may be a
useful tool in the investigation of bacterial pathogenesis and the development of new therapies
for chronic P. aeruginosa wound infections.

INTRODUCTION:

Pseudomonas aeruginosa (P. aeruginosa) is a Gram-negative rod-shaped bacterium with
increasing relevance to human health and disease. It is responsible for extensive morbidity and
mortality in nosocomial settings, particularly involving wound infections in immunocompromised
patients®2. The emergence of multidrug-resistant strains of this pathogen has provided further
impetus for investigation into factors contributing to P. aeruginosa virulence, mechanisms of P.
aeruginosa antibiotic resistance, and new methods for prevention and treatment of this deadly
infection®. As such, the need for animal models of chronic wound infection as tools for
investigating these research questions has never been greater.

Unfortunately, many animal models of P. aeruginosa infection tend to simulate acute infection
with rapid resolution of infection or rapid decline due to sepsis*°, which does not adequately
simulate the oftentimes chronic nature of these infections. To address this drawback, some
models utilize the implantation of foreign bodies such as agar beads, silicone implants, or alginate
gels®®. Other models use mice that are immunocompromised due to advanced age, obesity, or
diabetes, or through pharmacological means such as cyclophosphamide-induced neutropenia®
12 However, either the use of foreign materials or immune compromised hosts likely alters the
local inflammatory process, making it difficult to gain an understanding of the pathophysiology
involved in chronic wound infections in hosts with otherwise normal immune systems.

We have developed a chronic model of P. aeruginosa wound infection in mice that involves
delayed inoculation with bacteria after excisional wounding. Delayed inoculation allows for
experiments assessing bacterial burden extending out to at least 7 days. This model opens up
new opportunities for investigating both pathogenesis and new treatments of P. aeruginosa
chronic infections.

PROTOCOL:
All methods described here have been approved by the Institutional Animal Care and Use
Committee (IACUC) at Stanford University.

1. Preparation and growth of bacteria
1.1. Conduct all work with P. aeruginosa and animals with BSL-2 precautions per the researcher’s

institutional biosafety committee and animal use committee guidelines. Do all steps described
here involving P. aeruginosa, including mouse inoculation, in a biosafety cabinet.



89

90

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

1.2. The luminescent PAO1:lux strain of P. aeruginosa is available from our lab by request. Streak
PAO1, stored as frozen glycerol stock, on Lysogeny Broth (LB) agar. For the luminescent PAO1:lux
strain, LB agar should contain selective antibiotics (100 pg/mL carbenicillin and 12.5 pg/mL
kanamycin). Grow at 37 °C overnight in a bacterial incubator.

1.3. Pick an isolated colony and grow overnight at 37 °C in 3 ml LB medium, pH 7.4. For
luminescent strains, broth should contain 100 pug/mL carbenicillin. Grow under shaking, aerobic
conditions.

2. Procedure preparation

2.1. Have all personnel performing surgery wear a clean gown/Lab coat, face mask, hair net, and
gloves.

2.2. Autoclave all surgical tools, including scissors and forceps. Use aseptic technique to sterilize
tools between animals.

2.3. Clean the surgical table with ethanol and prepare a clean surgical field.
3. Hair removal

3.1. Anesthetize 8-12 week old C57BL/6J mice using 1%—3% isoflurane. Investigators should
follow their institution’s veterinary staff guidelines for anesthesia when using isoflurane.

3.1.1. Start anesthesia by delivering 1%—3% isoflurane and adjust oxygen flow rate to 1.5 L/min.
Place the mouse in the induction chamber.

3.1.2. Pinch the mouse’s toe to assess depth of anesthesia. When the mouse no longer responds
to stimulation, remove it from the induction chamber and place it on the surgical bench with its
nose in the isoflurane nose cone.

3.1.3. Apply ocular lubricant to both eyes.

3.2. Weigh the mouse to obtain a baseline pre-procedure weight.

3.3. Place the mouse in prone position. Inject the mouse subcutaneously with pre-warmed
sterile 0.9% sodium chloride, 250 pL at each flank for a total of 500 pL.

3.4. Shave the dorsal area of the mouse using an electric shaver. Shaving should occur at a
different location than the surgical station to prevent hair contamination of the wound.

3.5. Apply a thin layer of hair removal lotion. Let the lotion sit for 20-60 s. Remove the hair and
excess lotion with gauze moistened in warm water. Following hair removal, proceed to the
excisional wounding procedure.
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4. Full thickness excisional wound surgery

4.1. Inject sustained release buprenorphine 0.6—1 mg/kg subcutaneously using a 25 G needle at

the mid-dorsal area of the mouse. Slow release buprenorphine provides pain relief over 48—72
h.

4.2. Disinfect the surgical site. Wipe the dorsal surface with a sterile betadine swab. Wipe excess
betadine with a sterile alcohol swab. This should be performed 3 times (alternating between
betadine and alcohol), swabbing by moving from the center in a circular manner to the edge.
Allow the area to air dry.

4.3. Create a drape surrounding the surgical site using sterile gauze or plastic cling wrap.

4.4, Stretch skin taut caudally. Use a sterile 6-mm diameter skin biopsy punch to make an initial
incision through the left dorsal epidermis. Repeat on the right dorsal epidermis.

4.5. Use forceps to tent the skin from the center of the left outlined wound area. Excise the
epidermal and dermal layers using scissors. Repeat on the right outlined wound area to create
symmetrical excisional wounds.

4.6. Wash wounds with 200 pL of sterile saline. Allow the surgical site and surrounding skin to air
dry. Then, cover the wounds and dorsum with a transparent film dressing.

4.7. Place the mouse back in a clean cage. House 1 animal per cage.
4.8. Place the cage on a heating pad and monitor until the mouse wakes up.

4.9. When performing the above surgery on multiple animals, use a hot bead sterilizer to clean
all surgical instruments between animals.

4.10. Allow 24 h for the mice to recover from the surgical procedure and for formation of a
provisional wound matrix over the wounds prior to proceeding to inoculation with bacteria.

5. Inoculation with P. aeruginosa

5.1. Dilute overnight PAO1:lux culture to ODeoo = 0.05 in 75 mL of LB media containing 100 pg/mL
carbenicillin and grow the bacteria until the culture is in early exponential phase (ODeoo ~ 0.3).
This should take approximately 2—3 h.

5.2. Dilute PAO1:lux in PBS to a concentration of (7.5 + 2.5) x 10> CFU/mL. Be sure to prepare
excess inoculum to ensure sufficient volume and to allow for plating after the experiment. If
transporting between facilities (i.e. from the lab to the vivarium), use double containment in a
leak proof box clearly marked Biohazard.
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5.3. Perform all work with P. aeruginosa and mice using approved personal protective equipment
in an Animal Biosafety Level 2 (ABSL-2) approved biological safety cabinet (BSC). Reusable
equipment such as the weighing scale should be covered with cling wrap to prevent
contamination.

5.4. Anesthetize using 3% isoflurane as described above. Weigh mouse and record the weight.
Inject the mouse subcutaneously with pre-warmed sterile 0.9% sodium chloride, 250 pL at each
flank for a total of 500 pL.

5.5. If the mouse’s transparent film dressing has come off overnight, remove any resulting scab
carefully and put on a new dressing.

5.6. Use a 500 pL tuberculin 27 G safety cap syringe to inject 40 uL of the PAO1:lux suspension
through the transparent film dressing into each wound. Different mice should be used for non-
inoculated/PBS wound controls in order to prevent cross-contamination from the contralateral
side.

5.7. Place the mouse back in its cage on a heating pad and monitor until it wakes up. All mice
should be housed individually in separate cages to prevent cross-contamination.

5.8. Provide high calorie nutritional supplement paste sandwiched between food pellets on the
floor of the cage.

5.9. Use the remaining inoculum to streak an LB agar plate. Count colonies to confirm the number
of bacteria administered.

6. In vivo imaging of infected wounds
6.1. Follow BSL-2 containment protocols for transport of mice to and from the imaging
instrument, including use of a secondary container. Be careful not to transfer or drop any animal

bedding during the transfer of the mouse to the induction chamber or imaging instrument.

6.2. Induce anesthesia of the mouse with inhaled 1%—3% isoflurane in an induction chamber as
described in step 3.1.

6.3. Once the mouse is anesthetized, place it in prone position in the imaging chamber of an
optical imaging system with the nose in the isoflurane nose cone.

6.4. Open the software program.
6.5. The acquisition parameters will vary based on the number of animals imaged simultaneously

and intensity of bioluminescence. The basic parameters to set include exposure time, binning,
f/stop, and field of view (FOV). Our default starting settings are exposure time 30 seconds,
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binning low (2), f/stop 1.2, and FOV 25. Adjust these settings as needed depending on the
researcher’s needs.

6.6. Analyze luminescence data using an imaging program (see Table of Materials).
Luminescence will be represented as a pseudocolor image overlaid on a color photograph of the
mice.

6.6.1. Create a region of interest (ROI) at the wound site and measure the average flux
(photons/second) detected. Note that data can also be reported as radiance
(photons/second/cm?/steradian), but as long as the distance of the imaging platform from the
camera remains constant between imaging, flux is sufficient.

6.6.2. Measure background by creating a ROl at a random area on the imaging platform. Subtract
the background number of photons/second.

6.6.3. Export the data to a spreadsheet for further analysis.

6.7. Perform imaging as described above as often as daily to track infection progression.

7. Postoperative management

7.1. Monitor mice according to guidelines set by the researcher’s IACUC protocol. We monitor all
mice daily for the first 4 days, then every other day until the end of the experiment. Weigh the
mice once per day for the first 4 days post-surgery in a BSC. Inject 250 uL of 0.9% sodium chloride

subcutaneously on post-infection days 1 and 2.

7.2. Check for signs of pain/distress in the mice, including hunched posture, scruffy coat,
lethargy, difficulty breathing, facial grimace, and weight loss.

7.3. If animals display signs of deteriorating health, consult with a veterinarian. Any mouse that
appears to show worsening signs of pain/distress and a weight loss of 20% or greater should be
euthanized.

8. Wound excision

8.1. At the end of the experiment, sacrifice the mice using CO; inhalation, followed by cervical
dislocation. Dispose of the animal carcass according to the institution’s ABSL-2 protocols.

8.2. Excise wound beds using sterile scissors and forceps in a BSC. Place each wound bed in 1 mL
sterile PBS in a 1.5 mL polypropylene tube. Mince the wound tissue with scissors. All wounds
should be treated as ASBL-2, even if they are not considered infected.

8.3. Incubate on a shaker at 300 rpm for 2 h at 4 °C. Vortex each tube for 10 s and serially dilute
the bacterial effluent in PBS. Plate the diluted bacterial effluent on LB agar to enumerate the
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bacterial burden.

8.4. Consider wounds infected if luminescent signal in the wound is above background
luminescence and more bacteria are detected in the wound effluent than in wounds inoculated
with PBS as control.

REPRESENTATIVE RESULTS:

Using a luminescent strain of PAO1 with a plasmid encoding the luxABCDE reporter system
(PAO1:lux), we performed excisional wounding on mice, inoculated these wounds with
planktonic P. aeruginosa 24 h later, and measured bacterial burden over time (Figure 1 and
Figure 2). A representative image obtained using an imaging optical system demonstrates that
this model results in detectable luminescence (Figure 3A). Infection peaked at day 3 post-
inoculation and persisted 7 days post-inoculation based on both bioluminescence and colony
counts (Figure 3B—C). Using this model, we are able to reliably generate wounds lasting 7-10 ays
depending on the strain of bacteria and the mouse background. Culture of the bacteria isolated
from the wound showed that quantified CFU/wound correlated with detected luminescence
(Figure 3D). Finally, despite demonstrable and quantifiable P. aeruginosa infection, mice survived
for at least 7 days. Though there was initial rapid weight loss immediately after infection, saline
injections and supplemental nutrition resulted in restoration of weight (Figure 3E). Finally, we
calculated the inoculation dose at which 50% of wounds would become sustainably infected with
PAO1. The calculated ICso value was ~7.7 x 102> CFU/mL. Doses higher than 10* CFU/mL resulted
in 100% infection rate (Figure 3F). These results were adapted from previously published data®3.

FIGURE AND TABLE LEGENDS:

Figure 1. Schematic depicting the excisional full-thickness wound infection model with delayed
inoculation with bioluminescent P. aeruginosa. Streak PAO1:lux on day -2. Select a colony on
day -1 and grow overnight in LB broth. Perform excisional wound surgery on day -1. On day O,
inoculate with PAO1:lux by injecting into the wound bed through the transparent film dressing.
Perform bioluminescence imaging after inoculation. Repeat imaging as often as daily through day
7-10. On day 7-10, sacrifice animals and harvest wounds.

Figure 2. Schematic of excisional wound surgery. After hair removal and sterilization of skin with
alcohol and betadine, use a 6 mm biopsy punch to make an initial incision through the epidermis
of the left and right dorsum. Use scissors and forceps to remove the dermal and epidermal layers.
Wash with PBS. Cover with a clear dressing.

Figure 3. P. aeruginosa wound infection can be detected through 7 days of infection. (A)
Representative image of a mouse infected with PAO1:lux with bioluminescence overlay on
excisional wounds. (B) Luminescent signal reflecting wound bacterial burden. N = 6 wounds.
Inoculation: 10° CFU/mL PAO1. (C) Linear regression analysis of in vivo luminescent signal and
bacterial CFU of PAO1:lux-infected wounds, collected 4—7 days post-inoculation with 10° CFU/mL
to allow for a range of bacterial burdens. (D) Bacterial burden in CFU/wound over time in mice
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infected with 10° CFU/mL PAO1:lux. (E) Weight change (relative to weight before wound excision
surgery on T=-1) N =4 mice/group. Depicted are boxplots for 5-95 percentile. Statistics are Two-
way ANOVA corrected with Sidak multiple comparison. (F) Nonlinear regression analysis of
wound infection rate used to calculate the ICso for PAO1 three days post-inoculation. All graphs
are representative of n>3 experiments. This figure has been modified from Sweere et al. 201913,

DISCUSSION:

We have developed a novel delayed inoculation P. aeruginosa wound infection model. The
strategy of delaying inoculation with bacteria until 24 h after excisional wounding enables the
evaluation of wound infections over a 1-week timeframe. By using a luminescent strain of P.
aeruginosa, it is possible to track infection progression throughout the infection course. The
longer course of infection compared to other P. aeruginosa infection models will allow new
opportunities for studying host-pathogen interactions and novel therapies targeting P.
aeruginosa wound infections. For example, we have already used this model to demonstrate the
role of Pf bacteriophage in stimulating an antiviral immune response that allows P. aeruginosa to
evade the host immune system 14,

The inclusion of 24 h of recovery time between the excisional wound surgery and bacterial
inoculation is a critical step in this wound infection model. It allows the animals to recover from
the wound surgery before being infected, which likely plays a role in their ability to survive
through at least 7 days. Furthermore, it supports the formation of a provisional wound matrix
prior to inoculation, which, in combination with the transparent film dressing, provides an
environment conducive to biofilm formation. We performed a series of exploratory experiments
during the development of this model looking at different amounts of time between wounding
and inoculation. In our experience, immediate inoculation after wounding often results in sepsis
and death. Conversely, inoculation at 48 hours and later time points led to unacceptable levels
of heterogeneity between mice and between wounds on the same mouse. As evident in Figure
3A, there can still be some degree of expected heterogeneity in the bacterial load of infected
wounds, even with the 24-h delayed inoculation. One way to compensate for this is to use
multiple animals in each experiment.

A unique aspect of this protocol is the excision of two wounds independently rather than folding
the skin down the midline and punching through to create two bilateral wounds, as is done in
some other wound models. We found that this folding method was also effective for producing
symmetrical wounds with clean margins. However, mice treated in this manner typically became
septic quickly after bacterial inoculation and died. We believe that this may be because this
folding method removes the dermal Panniculus carnosus - a thin layer of muscle underlying the
skin of mice that is not present in humans. We speculate that this barrier may help prevent
bacterial dissemination.

An important component of this protocol is sufficient hair removal from the surgical site, as
excess hair could provide a nidus for superinfection and interferes with adherence of the
transparent film dressing. We have found that shaving in addition to hair removal cream provides
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optimal hair removal with minimal skin irritation, though thoroughly washing off the cream with
warm water is still important.

Another integral factor is nutritional support, hydration, and pain control during the first few
days of the postsurgical and infection course. To address this, we administer 500 pL of
subcutaneous 0.9% sodium chloride on day -1 and 0, then 250 pL on day 1 and 2. We also supply
a multivitamin and caloric liquid gel supplement at the time of the excisional wound surgery. As
demonstrated in Figure 3E, these measures allow for adequate recovery of weight by Day 3. With
regard to analgesia, we have found that sustained release 0.5 mg/kg buprenorphine given prior
to the excisional wound surgery provides sufficient pain control for 72 h, but additional doses can
be given if warranted based on findings of distress in any individual mouse.

Though a model of P. aeruginosa wound infection extending to 7-10 days is a significant
advantage over more acute models of infection, this still may not be sufficient for answering
certain research questions involving more chronic infections. One reason for this limitation is that
the luminescent signal of the PAO1:lux strain of P. aeruginosa peaks at day 2—3 (Figure 3B). After
~7 days the luciferase signal can become unreliable. For this reason, we quantify the bacteria by
plating wound effluent on LB plates and counting CFUs in order to confirm infection of each
wound at the end of the experiment. Another possible disadvantage of this model is the
requirement for an in vivo imaging system, which some labs may not have access to. One way
around this obstacle is to use non-luminescent wild type bacterial strains. This still allows the
researcher to take advantage of this chronic infection model and, as indicated above, the bacteria
CFUs can be quantified at the end of the experiment.

We have described a novel model of delayed inoculation P. aeruginosa wound infection that
enables experiments extending to 7-10 days. This model will serve as a useful tool for evaluating
the host-pathogen interaction with P. aeruginosa, as well as the development of new therapies.
This model has the potential for multiple future directions, including adaptation for other wound
pathogens such as Staphylococcus aureus, as well as polymicrobial infections including P.
aeruginosa combined with other pathogens.
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0.9% Sodium Chloride injection Hospira 2484457

18 G x 1 sterile needle BD 305195

25 G x 1 1/5 sterile needle BD 305127
Alcohol swab BD 326895

Aura Imaging Software Spectral Instruments Imaging n/a

Betadine Purdue Frederick Company 19-065534
Buprenorphine SR LAB Zoopharm n/a

C57BL/6J male mice The Jackson Laboratory 000664
Disposable biopsy punch, 6mm Integra 33-36

Fine scissors - Tungsten Carbide Fine Science Tools 14568-09
Glass Bead Dry Sterilizer Harvard Apparatus 61-0183
Granulated Agar Fisher BioReagents BP9744
Heating Pad Milliard 804879481218
Insulin syringe with 28 G needle BD 329461

Lago X Imaging System Spectral Instruments Imagingn/a

LB broth Fisher BioReagents BP1426
Leur-Lok 1 mL syringe BD 309628

Mini Arco Animal Trimmer Wahl Professional 919152

Nair Hair Removal Lotion with Baby QOil Church and Dwight n/a Available at ar
Octagon Forceps Fine Science Tools 11041-08

Petri dish Falcon 351029
Phosphate Buffered Saline (PBS) 1x Corning 21-040-CV
Press and Seal Cling Wrap Glad n/a
SafetyGlide Insulin syringe with 30 G needle BD 305934
Safetyglide Insulin syringe, 1/2 mL, 30 G x 5/16 TWBD 305934

Scale Ohaus Scout Pro SP202
Supplical Nutritional Supplement HenrySchein Animal Health 29908

Tegaderm,6cm x 7 cm 3M 1624W
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

A Delayed Inoculation Model of Chronic Pseudomonas aeruginosa Wound Infection

Author(s):

Christiaan R. de Vries, Johanna M. Sweere, Heather Ishak, Vivekananda Sunkari,
Michelle S. Bach, Robert Manasherob, and Paul L. Bollyky

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

Z Standard Access

Item 2: Please select one of the following items:

D Open Access

ZThe Author is NOT a United States government employee.

DThe 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.

DThe 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 Mylove 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.

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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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

5 9051 ARTICLE AND VIDEO LICENSE AGREEMENT

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. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. 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.
10. 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.

11. 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

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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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
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.

12. 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

"‘ ARTICLE AND VIDEO LICENSE AGREEMENT

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.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of 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.

14. 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 is required per submission.

CORRESPONDING AUTHOR
Name:
Christiaan R. de Vries
Department:
Department of Medicine, Division of Infectious Diseases
Institution:
Stanford University School of Medicine
Title: Medical Fellow
Signature: @\——-——k— Date: 07/22/2019

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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STANFORD UNIVERSITY SCHOOL OF MEDICINE

Department of Medicine 300 Pasteur Drive, L-134
Division of Infectious Diseases and Geographic Medicine Stanford, CA 94305-5107

Dear Editors,

We thank the reviewers for their generous comments on the manuscript and have edited the
manuscript to address their concerns.

We have clarified the rationale for 24 hours delayed inoculation with P. aeruginosa as opposed
to other timeframes. We have also expanded our discussion of the counting of CFUs from
wounds as an alternative strategy to bioluminescent imaging for quantifying the bacterial load.
Additionally, we have made the requested formatting changes and uploaded the figures as EPS
files.

The detailed responses to the reviewers’ comments are included in the following pages. Thank
you for your consideration of this manuscript. We look forward to hearing from you regarding
our submission. We would be glad to respond to any further questions and comments that you
may have.

Sincerely,

Christiaan R. de Vries, MD, PhD

Medical Fellow

Division of Infectious Diseases and Geographic Medicine
Stanford University School of Medicine
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STANFORD UNIVERSITY SCHOOL OF MEDICINE

Department of Medicine 300 Pasteur Drive, L-134
Division of Infectious Diseases and Geographic Medicine Stanford, CA 94305-5107
Reviewer #1:

Minor Concerns:

1) Intro: "Other models use mice that are immunocompromised due to advanced age, obesity,
or diabetes." The authors might consider referencing models in which cyclophosphamide is
injected to induce neutropenia, which has been used for P aeruginosa and other bacteria.

We have added the following reference in the Introduction regarding a model using
cyclophosphamide to induce neutropenia:

Lee, C., Kerrigan, C. L. & Picard-Ami, L. A. Cyclophosphamide-induced neutropenia: effect on
postischemic skin-flap survival. Plastic and Reconstructive Surg. 89 (6), 1092-1097 (1992).

2) Section 4: The authors excise two wounds independently rather than simply punching
through skin that is folded down the midline (creating two bilateral wounds) which is common
for excisional mouse wounds. The authors may want to comment on the pros/cons of each
method or why they chose to excise the skin using the stated method.

We evaluated protocols involving folding the skin and “punching through” in this manner. We
found that this approach was terrific for producing symmetrical wounds with clean margins.
However, mice treated in this manner typically became septic quickly after bacterial inoculation
and died. We believe that this may be because this folding method removes the

dermal Panniculus carnosus - a thin layer of muscle underlying the skin of mice that is not
present in humans. We speculate that this barrier may help prevent bacterial dissemination.
This is of course useful information and text on this point has been added to the manuscript.

3) Sections 4/5: It seems that minimal eschar should form at 24 hours in a wound covered with
Tegaderm, yet the authors suggest eschar is important for biofilm formation. the authors could
clarify or comment on this.

We struggled with the correct terminology for the wound structure that is colonized by P.
aeruginosa in these early wounds. We agree that “eschar” implies dead, sloughed off tissue and
this is not what is there at 24 hours after wounding. We also considered “provisional wound
matrix” but at 24 hours the material that is present is more cellular that a network of fibrin and
platelets. Nonetheless, we agree that “provisional wound matrix” is closer to the truth.
Therefore we have changed the text to read “provisional wound matrix” in place of “eschar”.

4) Figure 3a: There seems to be quite a lot of variability between the two wounds. Were both
wounds inoculated with the same amount of bacteria? It is assumed that separate mice should
be used for non-inoculated/PBS controls (is cross-contamination a problem if one wound per
mouse is inoculated and the contralateral side is not?) and that they need to be housed
separately from inoculated mice. Perhaps this could be made clear in the text if this is the case.
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STANFORD UNIVERSITY SCHOOL OF MEDICINE

Department of Medicine 300 Pasteur Drive, L-134
Division of Infectious Diseases and Geographic Medicine Stanford, CA 94305-5107

All mice were housed separately. Infected wounds are indeed fairly heterogenous and this
makes bilateral wounds and multiple animals necessary. These points have been made clear in
the text.

5) Table of Materials: Would be easier to read if the columns were fit to one page (maybe this is
a PDF conversion issue).

This change has been made.
Reviewer #2:

Major Concerns:

1) The effect of changes in the timing of the introduction of bacteria by 24 hours to create a
chronic wound for 7 days should be expanded. For example, what is the effect of no delay, 24
hr, 48, 72 hr etc of the introduction on the overall outcome.

We performed a series of exploratory experiments around these points. In our experience,
immediate inoculation after wounding often results in sepsis and death. Conversely,
inoculation at 48 hours and later time points led to unacceptable levels of heterogeneity
between mice and between wounds on the same mouse. These points have been made in the
text.

2) The study appears to use an in house luciferase bacteria. To better serve the community,
there should be more clarity on how investigators could access this bacteria. Having every lab
make their own diminishes the cross-lab utility and the rigor of the model.

We are of course willing to share our strain of PAO1 as this work is now published. This has
been made clear in the text.

3) The authors need to expand on the problems and solutions for the decreasing luciferase
signal that could affect the quantitation.

This is an important point. We find that after ~7 days the luciferase signal becomes unreliable.
For this reason supplementation with CFU assays at later time points is important. This has

been made clear in the text.

Minor Concerns:
Not all labs have access to luminescent imaging which limits the usefulness of the protocol.

CFU counts is an alternative method. We have added text to this point to the manuscript.
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l Dve Phillip Steindel <phillip.steindel@jove.com>

Fw: (PAGE PROOFS) ADVANCES IN WOUND CARE 8 WOUND-2019-1039

1 message

Paul Bollyky <pbollyky@stanford.edu> Mon, Aug 26, 2019 at 5:51 PM
To: "phillip.steindel@jove.com" <phillip.steindel@jove.com>

Cc: Christiaan Robert de Vries <devries2@stanford.edu>, Jolien Sweere <jsweere@stanford.edu>, Michelle Songin Bach
<msbach@stanford.edu>, vivekananda sunkari <viveksunkari@gmail.com>, Robert Manasherob <robertm1@stanford.edu>

Dear Dr. Steindel,

Please see the email below giving us permission to re-use the images in question.
Please let me know if you have any further questions.

Thank you,

Paul

Paul L. Bollyky, MD, D.Phil
Assistant Professor

Division of Infectious Diseases
Department of Medicine

Stanford University Medical Center
T: 650-723-8158
pbollyky@stanford.edu

From: Ballen, Karen <KBallen@liebertpub.com>

Sent: Monday, August 26, 2019 2:41 PM

To: Paul Bollyky <pbollyky@stanford.edu>

Subject: FW: (PAGE PROOFS) ADVANCES IN WOUND CARE 8 WOUND-2019-1039

Dear Paul:

Copyright permission is granted for this request for use of your wound model in JOVE.
Please give proper credit to the journal and to the publisher: Mary Ann Liebert, Inc., New Rochelle, NY.

Kind regards,
Karen Ballen
Manager, Reprints/ePrints, Copyright Permissions, and Liebert Open Access

Mary Ann Liebert, Inc.
Tel: (914)740-2194

From: Paul Bollyky [mailto:pbollyky@stanford.edu]

Sent: Monday, August 26, 2019 4:54 PM

To: Peter Klick; Christiaan Robert de Vries

Subject: Re: (PAGE PROOFS) ADVANCES IN WOUND CARE 8 WOUND-2019-1039
Dear Peter,

| hope this email finds you well.
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| have a question for you about re-using images from our publication in an on-line methods publication.

We were approached by JOVE to publish a piece on our wound model. As you may know, JOVE is an on-line
publication that specializes in publishing videos of protocols and methods. We believe that our wound
model may be of use to a wide range of investigators and so we have agreed to allow JOVE to film our
wound procedure. Along with the on-line video, they also publish a protocol with representative images
and data.

Would it be acceptable to include the schematic and some of the data from Figure 1 of our recent
"Advances in Wound Care" publication (attached here) in the JOVE piece, provided that these are properly
attributed? If so, would it be possible to receive a formal acknowledgement of this? | would be happy to
send you the JOVE protocol text if this would be helpful. To my understanding we have not yet filmed the
protocol.

Thank you for considering this request.

Sincerely,
Paul

Paul L. Bollyky, MD, D.Phil
Assistant Professor

Division of Infectious Diseases
Department of Medicine

Stanford University Medical Center
T: 650-723-8158

pbollyky@stanford.edu

From: Peter Klick <Peter.Klick@westchesterpubsvcs.com>

Sent: Tuesday, July 23, 2019 10:05 AM

To: Paul Bollyky <pbollyky@stanford.edu>

Subject: RE: (PAGE PROOFS) ADVANCES IN WOUND CARE 8 WOUND-2019-1039

Dear Dr. Bollyky:

Thank you for providing the corrections. We will have the new section and title change reviewed by editorial. Should we
have any additional questions, we will let you know.

Best wishes,

Peter Klick

Production Editor

Westchester Publishing Services
4 Old Newtown Road

Danbury, CT 06810

Email: peter.klick@westchesterpubsvcs.com
Tel: 203-791-0080 x 255
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Fax: (203) 702-5231

From: Paul Bollyky [mailto:pbollyky@stanford.edu]

Sent: Monday, July 22, 2019 7:39 PM

To: Peter Klick

Subject: Re: (PAGE PROOFS) ADVANCES IN WOUND CARE 8 WOUND-2019-1039

Dear Peter,

| hope this email finds you well.

| have gone through and addressed the points you raised on the pdf version of the manuscript. This is attached here.

| have also added a methods section to the manuscript and have included this on a revised version of our word manuscript attached
here.

It occurs to me that this is not really a protocol paper per se, as this methods section is less than one would expect for a paper of
that nature. | therefore made a small tweak to the title that | hope is acceptable to you.

Finally, the additional references associated with the new methods section put us well over the allowed 40 references. | therefore
went through and removed several references to bring us under the allowed number. | also checked all of the others for formatting.

All of these changes have been marked with tracked changes on the attached word document.

Can you let me know if these changes are acceptable?

All the best,

Paul

Paul L. Bollyky, MD, D.Phil
Assistant Professor

Division of Infectious Diseases
Department of Medicine

Stanford University Medical Center
T: 650-723-8158

pbollyky@stanford.edu
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From: Peter Klick <Peter.Klick@westchesterpubsvcs.com>

Sent: Monday, July 22, 2019 1:09:53 PM

To: Paul Bollyky <pbollyky@stanford.edu>

Subject: RE: (PAGE PROOFS) ADVANCES IN WOUND CARE 8 WOUND-2019-1039

Dear Dr. Bollyky:

Thank you for getting back to me. We will indeed need to incorporate the Materials and Methods into the
main text of the manuscript, so may you kindly return this section on a word document? We will be able to
make the addition once corrections are made.

Best wishes,

Peter Klick
Production Editor

Westchester Publishing Services
4 Old Newtown Road
Danbury, CT 06810

Email: peter.klick@westchesterpubsvecs.com
Tel: 203-791-0080 x 255
Fax: (203) 702-5231

From: Paul Bollyky [mailto:pbollyky@stanford.edu]

Sent: Monday, July 22, 2019 3:56 PM

To: Peter Klick

Subject: Re: (PAGE PROOFS) ADVANCES IN WOUND CARE 8 WOUND-2019-1039

Dear Peter,

Thank you for this and for the helpful editorial suggestions.

One important comment is that we lacked a "Methods" section.

Would you like for me to incorporate the Methods section into the rest of the paper or is it better as a supplemental section?
All the best,

Paul

Paul L. Bollyky, MD, D.Phil
Assistant Professor

Division of Infectious Diseases
Department of Medicine

Stanford University Medical Center
T: 650-723-8158

pbollyky@stanford.edu

From: Peter Klick <Peter.Klick@westchesterpubsvcs.com>
Sent: Monday, July 22, 2019 9:51:21 AM
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To: Paul Bollyky <pbollyky@stanford.edu>
Subject: FW: (PAGE PROOFS) ADVANCES IN WOUND CARE 8 WOUND-2019-1039

Dear Dr. Bollyky:

I apologize for the inconvenience; I have attached a copy of your manuscript proof here. Let me know if you
have any additional questions.

Best wishes,

Peter Klick

Production Editor

Westchester Publishing Services
4 Old Newtown Road

Danbury, CT 06810

Email: peter.klick@westchesterpubsvcs.com
Tel: 203-791-0080 x 255
Fax: (203) 702-5231

From: Paul Bollyky <pbollyky@stanford.edu>

Sent: Monday, July 22, 2019 12:32 PM

To: Author Proofs <AuthorProofs@liebertpub.com>

Cc: journals_notification@westchesterpubsvcs.com

Subject: Re: (PAGE PROOFS) ADVANCES IN WOUND CARE 8 WOUND-2019-1039

Dear Peter,
I'm sorry but I'm unable to open this link even when | paste it into a new browser. Can you resend?
Thank you,

Paul

Paul L. Bollyky, MD, D.Phil
Assistant Professor

Division of Infectious Diseases
Department of Medicine

Stanford University Medical Center
T: 650-723-8158

pbollyky@stanford.edu

From: Author Proofs <AuthorProofs@liebertpub.com>

Sent: Monday, July 22, 2019 8:01:55 AM

To: Paul Bollyky <pbollyky@stanford.edu>

Cc: journals_notification@westchesterpubsvcs.com <journals_notification@
westchesterpubsves.com>

Subject: (PAGE PROOFS) ADVANCES IN WOUND CARE 8 WOUND-2019-1039
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REPLY TO Peter Klick
peter.klick@westchesterpubsvcs.com

Dear Author:

Enclosed please find the link to the page proofs of your article that is being published in ADVANCES IN
WOUND CARE

Please print out the page proofs from the link below.
ftp://authors:w3straln@)journals-ftp.wbrt.com/Distribution/WOUND-2019-1039-Sweere_1P.pdf

Mark the proofs with your changes, and scan and email or fax all affected pages to my attention.
NOTE: If you receive a request to enter a login and password, please enter the following:
User name: authors
Password: w3straln
If you receive an error message after clicking on the link above, please copy and paste the link into your web browser (where you would normally type in a
web address).

If you are asked to enter a user name and password, please enter them as shown above.

Please read your page proofs carefully and mark all corrections clearly in the margins.
If you plan to electronically edit this PDF, we ask that you follow these instructions. The compositor needs
to see the original text and your changes.

Make your comments directly on the document by using the tools on the Commenting toolbar, and/or the
tools available under Comments/Commenting Tools. Please use the following features -- comments, adding
boxes, highlighting, but do not text edit. Current software allows the user to change the actual text in the
PDF with no tracking; however, it is very important that you DO NOT make changes this way, as they will
be overlooked by the compositor: all changes need to be visibly indicated using the Commenting tools.

Mark the proofs with your changes, and attach scans of all affected pages to email address peter.klick@
westchesterpubsves.com or fax all affected pages to 203-702-5231

Please note the following instructions:

Scan and email or fax your corrections to us within two business days of the date of this email.
Provide a cover sheet indicating the page numbers of the article that you are faxing.

Be sure to include the title page of your article. This is for identification purposes.

Please be sure to check all figures and tables.

. If you do not have any corrections, please fax us the title page indicating that your article
contains no errors and is ready for press.

6. Liebert Open ACCESS-posting your article online freely and accessible to all, for information
please see attached form or visit our website LIEBERT OPEN ACCESS

7. If you would like to order reprints of your article please fill in the attached Author Reprint Form
and fax it to (914) 740-2108.

Vs wN e

If you have any questions or problems, please contact me at 203-791-0080, x 255.

Sincerely,
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Peter Klick

Production Editor

Westchester Publishing Services

4 Old Newtown Road

Danbury, CT 06810

Email: peter.klick@westchesterpubsvcs.com
Tel: 203-791-0080 x 255

Fax: (203) 702-5231
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