Editorial comments:
Changes to be made by the Author(s):
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.
The manuscript has been proofread. No spelling or grammar mistakes were found.

2. Please make the title concise to directly reflect the protocol and do not include punctuations (colons, etc.).
The title has been revised.
Original title 
A protocol for effective and efficient tail vein injections in mice using a contemporary warming/restraining device: a sepsis model example.
Revised title
A protocol for effective and efficient tail vein injections in a murine fungal sepsis model using a contemporary warming/restraining device.

3. Please format the manuscript as: paragraph Indentation: 0 for both left and right and special: none, Line spacings: single. Please include a single line space between each step, substep and note in the protocol section. Please use Calibri 12 points
Paragraph indentation has been removed.

4. Please rephrase the Short Abstract/Summary to clearly describe the protocol and its applications in complete sentences between 10-50 words: “Presented here is a protocol …”
The short abstract has been revised within the word limit.

5. The manuscript is the important component of the submission. Please do not refer to the article as video article.
Corrected.

6. Please ensure the Introduction include all of the following with citation:
a) A clear statement of the overall goal of this method
b) The rationale behind the development and/or use of this technique
c) The advantages over alternative techniques with applicable references to previous studies
d) A description of the context of the technique in the wider body of literature
e) Information to help readers to determine whether the method is appropriate for their application
The above criteria are addressed in the Introduction.

7. Please include an ethics statement before your numbered protocol steps, indicating that the protocol follows the animal care guidelines of your institution.
The ethics statement has been moved to the beginning of the protocol section before the numbered steps.

8. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary.
The numbering of the protocol steps has been corrected. 

9. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.”
The protocol section has been revised to use the imperative tense exclusively. Inappropriate phrases have been removed. 

10. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text between sections. Please simplify the Protocol so that individual steps contain only 2-3 actions per step.
The protocol steps have been revised to shorten the paragraphs.

11. The Protocol should contain only action items that direct the reader to do something.
Sentences unrelated to action items have been removed from the Protocol.

12. Please describe all actions using complete sentences and include all specific details.
The protocol section has been revised to include sufficient details.

13. Please ensure you answer the “how” question, i.e., how is the step performed?
The protocol section has been corrected to better describe the actions. 

14. 1.2: What test agents are used in your experiment?
PBS was used as a vehicle in all injections described in Protocol and Representative results.

15. 1.3.1: If this need filming please convert this into action steps and in complete sentence. Please also write the protocol as if you are describing someone how to do it.
The protocol has been revised in the imperative tense. Filming is necessary to illustrate the action steps of the protocol.

16. There is a 10-page limit for the Protocol, but there is a 3-page limit for filmable content. Please highlight 3 pages or less of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol.
Highlighted action steps are now within the 3 pages limit.

17. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”
None of the figures presented in the manuscript are previously published.

18. As we are a methods journal, please ensure that the Discussion explicitly cover the following in detail in 3-6 paragraphs with citations:
a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique
d) The significance with respect to existing methods
e) Any future applications of the technique
Discussion has been revised to focus on the technical elements and limit non-technical information.

Attached please find an example manuscript for your consideration. 

____________________________________
Reviewers' comments:
Reviewer #1: 
In this article, Yano et al. describe a protocol for a more efficient method of tail vein injection in a rodent model.
The manuscript is well written and addresses the important scientific issue of variability and efficiency in animal modeling.

My comments are as follows:

1. The author's address a critical issue in small animal modeling, namely wide variability that has plagued the field for years.

2. Authors address this variability in tail vein injection through the novel design of a regulated warming apparatus and adjustable restrainer.

3. 1.2.3. please ensure the symbols reads less than or equal to since 200uL is a common volume used for intravenous mouse modeling.
The less than symbol ‘<’ has been corrected to ‘≤’. 

4. 1.2.5. please include eye protection as part of intravenous injection in the event inoculum splashes into eye mucosal membrane.
Use of safety glasses has been included as part of appropriate PPE for the procedure.  

5. 2.2.2. I would recommend providing guidance if signs of hyperthermia are noted. Do the authors recommend that light source is adjusted or turned off and the warming procedure is restarted? It would be valuable to provide this guidance as the authors have the experience with their apparatus.
[bookmark: _Hlk53142003][bookmark: _Hlk53142253]Animals exhibiting signs of hyperthermia should be returned to their cage and monitored until they resume normal activity prior to reuse. The warming device should be turned off, if not occurring automatically, in case of the internal temperature exceeding the optimal range.  This guidance has been added to the protocol

6. 2.3.1. I would recommend specifically noting that lifting mice from base of tail is recommended (per veterinary specialists), not the end of tail to avoid injury or fracture.
This instruction has been added in the section.

7. 3.1 First paragraph. There appears to be a note from the authors about showing difference in tail color, which I would think would be quite useful. You have images available as Supplement Figure 1 - I would combining these images to contrast between lighter and darker colored tails with indicators of the lateral tail vein (as you have done).
The supplemental figure has been moved to Figure 4 to compare the tail skin colors between the two mouse strains. 

8. Line 381. Please define "HDC" since it is being used for the first time in the manuscript.
HDC is defined in Introduction, lines 106-107. However, this terminology may not be commonly used outside of the Mycology field. Hematogenously disseminated candidiasis has been spelled out both in Introduction and Discussion.  

9. Figure 1 and 2. The description of the device are great, although I would like to ask if the authors intend to offer schematics or the specific components used for construction of this device such that audience/readers will be able to build their own device?
[bookmark: _Hlk53144493]The device is licensed by LSUHSC. Interested parties would need to contact us to get specs, etc. A statement has been added to the end of the Discussion to contact the Corresponding Author if interested in procuring a similar device. 


Reviewer #2:
Manuscript Summary:
The authors describe the use of an aperature that provides a heat source and a restraining device that replaces the use of warm water for vasodilation and the help of a second person holding the mouse for the tail vein injection. The use is demonstrated with a systemic Candida albicans infection model. The advantages and disantvantages of the device are discussed comprehensively.

Minor Concerns:
1) Is the light within the heating chamber depending on the bulb that is also the heat source? Or is there a constant/independent light source within the chamber? Turning the lights on/of will likely stress the mice.
The light bulb is the sole heat source of the device controlled by a thermostat. The thermal reflective material of the chamber walls maintains the heat over an extended period of time during which the on/off operation only occurs every 15-20 minutes. Therefore, stress on the animals due to the bulb illumination is minimal. 

2) 2.3.4 The treatment with alcohol solution may result in the loss of the achieved vasidilation, especially in C57BL/6 mice. We observed no adverse effects (like inflammation of the injection side) when performing injections without this procedure.
Rodent tails are generally highly cornified, thus the heat loss from brief application of alcohol solution is likely minimal. Gentle cleaning of the tail with wipes or tissues also help remove scales often seen in older mice. Together with providing a more aseptic injection site encourages use of a brief alcohol wipe, but we note that it is not a rigid requirement.

3) 3.1, end of first passage: yes, show the C57BL/6 images and refer to Supplementary Figure 1.
The statement has been corrected and now refer to the C57BL6 images.

4) Figure 8: Since the present manuscript is presenting a method that should provide/improve a high reproducibility, it would be of interest to see outcome of the four different experiments in comparison. This might also be presented as a supplemental figure.
Individual experiments have been included as a supplemental figure.


Reviewer #3:
Manuscript Summary:
The manuscript describes the process of murine tail vein injection, a commonly used technique in murine models of disseminated infection. It focuses on the use of a controlled temperature device and a cone restrainer to facilitate the procedure.

Major Concerns:
1. The technique has already been very well described in a variety of protocol publications, including as a component of multiple JoVE publications. This manuscript has an extreme emphasis on the temperature control device / cone restrainer system that can only be purchased from the author's institution. Cone restrainer systems are widely available and in regular use. There are a variety of temperature regulation devices commercially available. The authors very briefly criticize many commonly used methods without detail as to why this system is better. More importantly, they don't mention that other temperature control devices that are very similar to their device are available from commercial sources.
We agree that there are similar heating or restraining devices available from commercial sources. The manuscript focuses on demonstrating our optimally streamlined protocol and tail vein injection technique by use of the newly designed device. The protocol is unique in that the device is equipped with two pieces of apparatus as one unit that are otherwise obtained separately and may not be effectively compatible with. To our knowledge, such protocols using specific devices are not available in the current literature. Furthermore, an informal needs analysis conducted by survey a few years back suggested such devices are sorely needed. Hence, those using other such sophisticated devices should continue to do so and report accordingly. The protocol we describe is especially useful in experiments requiring tail vein injections to large groups of animals as we describe in the mouse sepsis model.

2. Swiss Webster outbred mice are very rarely used for disseminated candidiasis models. The authors mention that these mice are more susceptible to disseminated candidiasis than are inbred mice. That is a significant concern because the widely used outbred strain for this model (CD-1) is much more resistant to systemic candidiasis than inbred strains.
We agree that use of Swiss Webster mice in disseminated candidiasis models is not common, mainly due to presumed genetic heterogeneity in outbred mice and availability of knockout mice in inbred strains. The issues of variable susceptibility to fungal sepsis between mouse strains are explicitly addressed in Discussion. Evidence suggests that susceptibility to fungal sepsis among outbred strains including Swiss Webster and CD-1 are similar (PMID 29415485, 780278). 

Minor Concerns:
1. It is misleading to call Candida spp. the fourth leading cause of hospital acquired bloodstream infection (lines 100-101) because this comparison is made between a group of organisms (Candida spp) versus individual bacterial organisms.
The statement has been revised to clarify specific Candida spp. involved in hospital acquired bloodstream infection.

2. What kind of bulb is used in the device? Are replacement bulbs available? with the massive increase in LED style bulbs, will the bulb be available in the future?
The device includes an incandescent light bulb (100 Watts). We are in the process of testing other bulb styles as an alternative heat source.  

3. Line 316 includes the text (show BL5 images here?)
The statement has been corrected and now refer to the C57BL6 images.

4. How are "viable" yeast cells enumerated using a hemocytometer? (Line 339)
Viable yeast cells are identified by trypan blue dye exclusion. This procedure has been included in the protocol.

5. A 100 uL inoculum is a relatively low volume. Low volume inoculums are especially susceptible to partial injections
Results are highly reproducible using a 100 µl inoculum volume. The protocol has been revised to indicate that the inoculum volume can be increased up to 200 µl in mice.

6. No detail is provided about how to monitor animals for symptoms, how long to monitor them, and what to do when they are moribund (ie euthanasia is important prior to moribund state).
This information has been included in the protocol.

7. The authors mention that initial temps of 5-7 deg C higher than the set temperature are necessary for loss of heat during transfer. If you lose 5-7 deg during transfer, what happens each time you remove a mouse?
Brief introduction of the ambient air into the warming chamber during mouse removal likely cause a temperature drop at a minimal extent. In this case, the device typically repeats shorter heat cycles to adjust the internal temperature instead of prolonged heating cycles.

8. The y axis in Fig 7 uses deg C but the legend uses deg F
The figure legend has been corrected to reflect the figure labeling. 


Reviewer #4: 
Manuscript Summary:
The manuscript describes the use of the Mouse-a-Minute heating box and holder for IV injection of mice and uses the systemic Candida albicans infection model as an example in this manuscript, comparing mortality and sepsis progression in immunised and non-immunised (?) mice.
The Mouse-a-Minute device temperature profile and maintenance is described in the manuscript. This is a well written and very clear manuscript, but there are a few questions regarding the experimental procedures and data that need to be addressed.

Major Concerns:
One major concerns about the manuscript relate to animal welfare and animal handling used. The Mouse-a-minute device used incandescent bulbs as a heat source, but it was not clear if red bulbs were used or bright white bulbs; this could have very different effects on mouse welfare and this should be specified in the manuscript. Please include type of bulb and power/wattage.
The device utilizes a white incandescent bulb with 100 watts output. We have added this information to the protocol. Evidence from several stress models in rodents suggests that intermittent exposures to light during daytime did not significantly affect stress markers (e.g. serum corticosterone levels, activity levels) irrespective of light sources compared to a light exposure during nighttime that resulted in disturbance in their circadian rhythms (PMID 17628617, 25979911).  Therefore, we estimate that a level of stress in mice heat-treated with the device is tolerable for tail-vein injections. 

Another concern is with regards to animal handling. It is now widely appreciated that picking up mice by their tails is not good handling practice and leads to animals being less easy to handle. In some institutes, picking up by the tail is banned and cupping/tunnel handling used instead. This needs to be addressed in the protocol - there are numerous papers on this - see Gouveia and Hurst Sci Rep 2019 PMID 31889107 as an example.
We agree with the reviewer that lifting rodents by their tails is not a safe handling method in certain circumstances especially in older/heavier mice or pregnant females which are prone to serious injuries with this method. Statements have been included in the revised manuscript to alert users of this issue and to suggest alternative methods of handling when applicable. At any rate we stress that picking them up with the mid-section of the tail is most optimal.

A final concern is the lack of detail for the immunization of the mice prior to infection - there are no experimental details provided for this part of the experiment. Indeed, it is even unclear how many mice were immunized with Candida dubliniensis and how many were immunised with the highly attenuated Candida albicans strain. There are also no details about the Candida dubliniensis strain.
We have revised the Protocol to provide experimental details regarding the immunization designs and specific Candida strains used in the protocol. The graphs were actually generated from C. dubliniensis but very similar to the C. albicans mutant. The graph was meant to serve as a general resource. However, we clarify the C. dubliniensis was used and the C. albicans mutant shows similar results. Independent experiments for this are shown in the supplemental figure.

Minor Concerns:
Manuscript appears to be adapted from another study which included Staphylococcus aureus. Please remove mention of bacterium and growth medium from the materials table, figure 8B and discussion lines 568-581.
The materials table and Figure 8B have been corrected as suggested. The statements in Discussion regarding intraabdominal and gastrointestinal infection models have been revised accordingly. 
 
Need to add details on the C57BL/6 mice used in some images.
The supplemental figure for tail vein images of C57BL/6 mice has been incorporated in Figure 4. The figure legend has been revised to reflect the change. 

From the data shown in Figure 7 it appears that the machine takes 10-15 minutes to reach a stable temperature. Do you advise users to switch on the machine 10-15 minutes before beginning any mouse handling/work? Can this be added to the protocol?
The protocol has been revised to clarify that animals should be placed in the warming chamber when the internal air reaches the preset temperature. 

Mouse strain. Is is not clear from the information provided what the weights of the mice are in the Candida albicans infection experiment. The dose seems very low for systemic infection leading to 60% mortality at day . Would be useful if the authors provided references in support of the increased susceptibility of Swiss Webster mice in Candida infection experiments.
Something to consider about US Swiss Webster mice... Charles River website says that progeny of their colony were outbred from a single pair to form a new stock - how outbred are these mice? (www.criver.com)
We agree that the origins of mouse strain colonies could have an impact on the variable susceptibility to fungal sepsis. We have included statements to address this variable.  

Inoculum Sizes - also need to include references about effects of different inoculum sizes (lines 519-521)
Appropriate references have been included. 

Need to include references for appropriate volumes for administering substances in animals e.g. Turner et al JAALAS 2011 PMID 22330705
Appropriate references have been included. 

Preparation section
line 132 - remove "proper" from the sentence. It would be assumed that any training provided would be proper - could add that support/supervision would be required until become competent.
We agree and has revised the sentence.

Section 1.2.2 maybe include vehicles used for administration of IV drugs. What is meant by growth medium? Do you mean mammalian cell culture medium or fungal growth medium?
Growth media for mammalian cell culture should be used. We have revised the section to clarify the applicable vehicles for tail vein injection. 

Why is some text highlighted?
Highlights indicate the action items for filming for the visualized portion of the manuscript. 

Section 2.2
Do you recommend switching on the machine at least 10 minutes before the experiments begins?
Yes we have included this procedure in the protocol.

How was it determined that 20-30 minutes are acceptible/safe as an incubation time? Was this determined experiementally?
Although not formally tested, we have not evidenced any adverse effect based on the typical duration of usage in our laboratory. 

Section 2.3.5
Local regulations may determine the maximum number of attempts per animal
We agree and have included a note to consult local IACUC regulations.

Section 3.1
line 314-315 what is meant by "... at modified inocula"?
These are inoculum sizes optimized for specific fungal strains or mouse strains by individual laboratories. We have revised the section to clarify the information.
 
Line 316 remove comment in brackets and refer to the supplementary figure
This error has been corrected.

Section 3.2
What is specifically meant by "condition the animals"? Do you mean train them in the procedure before the day that you actually carry out the experiment? Or do you mean that you will follow the procedures in Section 2?
This indicate the procedure to induce vasodilation by treating the animals with the rodent warming device per the protocol in Section 2. We have revised the Section 3.2 to clarify this procedure.

Results and Figures
Figure 1 part C - what does 11 indicate? not mentioned in the figure legend for part B
We have revised the figure legend to indicate 11 in both part B and part C.

Figure 1 part D - 20 and 21 might be mis-labelled
[bookmark: _Hlk53140912]This error has been corrected in the Protocol and Figure legend.

Figure 3B mouse looks uncomfortable as if pulled back quite hard - maybe add to legend and description that mouse was pulled back until the base of the tail reached the tip of the cone, then it was gently rotated and the leg positioned upwards.
We believe that this procedure be best demonstrated as a movie and agree that the figure legend need more detailed description how this position can be achieved. The legend has been revised as suggested. 
 
How was 5-10 minute incubation time determined for the device?
We found that heat treatment for a period of 5-10 min is typically needed to induce visible dilation of the tail vein at the recommended temperature range. Since the tail skin is directly exposed to air without fur, the incubation time largely depends on the room temperature prior to heat treatment.    

Figure 4C does not add to the figure (not much more detail that 4B) - could be removed. Legend: for part A don't need "that courses" in the sentence - could be very confusing to a non-native English speaker.
We have made the changes in Figure 4 and the legend.

Figure 7 Graph's main axis is in degree centigrade but data legend is in Farenheit (centrigrade in brackets) - explain why this is (machine thermometers are not centigrade!)
We recognize that Centigrade should be used consistently. Although the device thermostat is scaled in Fahrenheit as fabricated in the US, we indicate all Fahrenheit values in Centigrade in the manuscript. We are in the process of resolving this issue with the production team to fabricate all subsequent devices to utilize Centigrade exclusively.  

Figure 8 and description of results. The figure legend does not describe what the data in part B represent and how many mice they represent (no of mice; mean/median; standard deviations/SEMs). How many mice were immunized with Candida dubliniesis? How many were immunized with the highly attenuated Candida albicans strain? Should they be amalgamated into a single dataset? Are the data in the graph data amalgamated from 4 experiments or a representative set? Needs to be clear in the figure legend and should be clear how many mice are used in each group and in each graph.
Need to include details of the vaccination protocols also state now non-immunized mice were treated.

In figure 8, there is relatively tight data until day 4... then the day of death becomes much more variable. Is this due to injection variation or inoculum effects or variation between the different experiments.
We have included a supplementary figure to show 4 independent experiments with C. dubliniensis. The higher variability seen at later time points appear to be due to the variations between animals (e.g. varying microbial burden and severity in tissue damage) which occurred reproducibly in all 4 separate experiments.

Discussion of C. albicans strains (line 530) where mention CAF-2 and CAI-4; these are all derivatives of SC4314 (not independent wild type strains).
This statement has been removed.

There is some disconnect in the manuscript regarding male and female mouse susceptibility to infection - in some places it says that there is a difference, then in another place it says that there is no difference. Need to support by references. Could depend on whether inoculum is adjusted to take into account weight differences.
[bookmark: _GoBack]We agree and have removed the statements in discussion regarding sex differences in Swiss Webster mice. Although literature suggests that differences in susceptibility to an i.v. challenge between Swiss Webster males vs. females are minimal, it is possible that the effect of sex differences may be more pronounced in inbred strains.  

Need to change Balb/c to BALB/c throughout
This error has been corrected.

