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Friday, June 1, 2018 

 

 

Jaydev Upponi, Ph.D. 

Science Editor of Immunology and Infection, JOVE 

Alewife Center, Suite 200 

Cambridge, MA, USA, 02140 

 

 

Dear Dr. Upponi, 

 

As per our email discussions we hereby submit to JOVE our manuscript titled, “Neonatal 

polymicrobial sepsis: A guide for a controlled mouse model.”  

 

Human newborns are notably susceptible to infections in early life, and sepsis is one of the 

leading causes of death in this vulnerable population. Understanding disease in this group, and 

development of effective therapeutics has not been as impactful as work in other age groups, 

partly because neonatal sepsis is difficult to study in human newborns due to major limitation of 

sampling small volumes of blood as well as the rapid changes that occur in early life. As an adjunct 

strategy to investigate the mechanisms and test possible interventions, several animal models 

have been proposed, including a mouse model of neonatal sepsis (all references are provided in 

our manuscript). While neonatal mouse sepsis models, similar to the human, also are subject to 

inter-individual variability, they offer the distinct advantage of allowing standardization of the 

model to be implemented.  

 

We here report our rigorous approach to standardize methods used to induce sepsis in neonatal 

mice. This guide will serve not only the larger community working on neonatal sepsis, but all who 

work with neonatal mouse models, as they provide a detailed range of assessments of the 

health/illness of newborn mice undergoing experimentation. Specifically, we provide the data 

supporting the development of an objective a humane endpoint that accurately identifies mice 

that would not otherwise recover from disease. We also present data showing that the traditional 

parameters used, such as weight change are not sufficient to separate mice that would recover 

from those that would not recover. This  data-driven humane endpoint will greatly reduce animal 

suffering, without impacting the ability to experimentally study early life events.  
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This manuscript has not been published before, has only being submitted to JOVE, and will not 

be submitted elsewhere during the review process. If the manuscript is published then we will 

not publish it elsewhere in either similar form or verbatim without express written permission 

from the editors. The listed authors were involved with the conceptual development, design, 

interpretation, recording, drafting or revising of the manuscript and video, and have approved 

the manuscript. 

 

If there is anything else we could to do help in the submission process, please do not hesitate to 

let us know.  

 

Sincerely, 

 

 

______________________ 

Byron Brook, PhD Candidate 

Experimental Medicine 

BC Children’s Hospital Research Institute 

University of British Columbia 

Tel: 604-328-9141 

email: b.brook@alumni.ubc.ca 
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SUMMARY:  35 
This protocol provides the necessary steps to establish and evaluate neonatal sepsis in 7-day-old 36 
mice.  37 
 38 
ABSTRACT: 39 
Neonatal sepsis remains a global burden. A preclinical model to screen effective prophylactic or 40 
therapeutic interventions is needed. Neonatal mouse polymicrobial sepsis can be induced by 41 
injecting cecal slurry intraperitoneally into day of life 7 mice and monitoring them for the 42 
following week. Presented here are the detailed steps necessary for the implementation of this 43 
neonatal sepsis model. This includes making a homogeneous cecal slurry stock, diluting it to a 44 
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weight- and litter-adjusted dose, an outline of the monitoring schedule, and a definition of 45 
observed health categories used to define humane endpoints. The generation of a homogeneous 46 
cecal slurry stock from pooled donors allows for the administration into many litters over time, 47 
reducing the variation between donors, and preventing the use of potentially toxic glycerol. The 48 
monitoring strategy used allows for the anticipation of survival outcome and the identification of 49 
mice that would later progress to death, allowing for an earlier identification of the humane 50 
endpoint. Two main behavioral features are used to define the health scores, namely, the ability 51 
of the neonatal mice to right themselves when placed on their back and their level of mobility. 52 
These criteria could potentially be applied to address humane endpoints in other studies of 53 
neonatal disease in mice, as long as a pilot study is performed to confirm accuracy. In conclusion, 54 
this approach provides a standardized method to model newborn sepsis in mice, while providing 55 
resources to assess animal welfare used to define early humane endpoints for challenged 56 
animals. 57 
 58 
INTRODUCTION:  59 
Sepsis is a leading cause of human newborn infectious deaths1. Because newborn sepsis is poorly 60 
understood, little progress has been made in both the identification of at-risk newborns early 61 
during the disease and the development of efficacious treatments or prophylaxes. This 62 
necessitates the use of animal models of sepsis to better understand the process and test 63 
possible interventions. Furthermore, adult rodents respond differently to sepsis, with statistically 64 
significant differences in the number of bacteria to administer to obtain the same lethal dose 65 
(LD) and differences in the resulting host response as compared to newborns2. Thus, neonatal 66 
sepsis has to be studied in neonates. Several adult sepsis models have been used in sepsis 67 
research. These include an intravenous challenge with specific organisms implicated in adult 68 
human sepsis or cecal ligation and puncture (CLP). CLP is an endogenous challenge model where 69 
the cecum is surgically isolated, ligated, and punctured to allow leakage of intestinal contents 70 
into the peritoneum, eventually leading to the systemic dissemination of microbes and their 71 
products3. However, the surgical procedure required to establish CLP is lethal to newborn 72 
animals; therefore, an alternate method is necessary to mimic the polymicrobial challenge of CLP 73 
to induce neonatal sepsis. The cecal slurry model for neonatal polymicrobial sepsis was 74 
developed to address this need, whereby the cecal contents of animals are harvested, suspended 75 
in sterile dextrose 5% in water (D5W), and intraperitoneally injected into newborn mice2. This 76 
has, since, become an increasingly popular model to study sepsis in both newborn and adult 77 
animals and has substantially advanced mechanistic insights in the disease’s process4–15.  78 
 79 
Given the increasing use of this model and desire of researchers to directly compare results 80 
across publications, there is a need for the technical aspects to be well described and 81 
standardized across studies. Standardization applies to three aspects of the model, namely, i) the 82 
preparation of the cecal slurry stock, ii) the preparation of the challenge aliquots for injection 83 
into the experimental animals, and iii) the definition of the humane endpoint whereby animals 84 
are deemed nonsurvivors in challenge experiments. Specifically, methods to prepare the cecal 85 
slurry stock are often referenced to the original article introducing the model2. A brief summary 86 
of that model is that cecal contents from adult mice were harvested, suspended in sterile D5W 87 
to a concentration of 80 mg/mL, and used within 2 h to inject the experimental animals. This 88 



 

original model used mice of the same age, from the same vendor location, which were housed in 89 
their respective research facilities for less than 2 weeks prior to harvesting cecal contents. The 90 
use of in-house bred mice, although reducing the cost from regular vendor delivery and allowing 91 
for the use of excess mice of a broader range of sex and age, also substantially increased donor-92 
to-donor variability. This motivated the development of an alternative technique, whereby cecal 93 
contents from multiple mice were pooled together to prepare a large stock, which was then 94 
aliquoted and stored at -80 °C13. This alternate method was adapted by multiple groups14,15. 95 
However, that adaptation resulted in some technical variations, both in the storage media used 96 
(10% or 15% glycerol, or D5W alone) and in the strategy of filtration to remove particulate 97 
(multistage filtration through a 860 µm and, then, a 190 µm filter, or individual filtrations through 98 
100 µm or 70 µm filters)13–15. The injection of glycerol alone could potentially cause harm, given 99 
that 25%–50% glycerol injections have been used as a rodent model of renal injury16–20. To avoid 100 
unintended side effects of glycerol, the cecal slurry stock preparation for mice in this study is 101 
frozen in D5W without glycerol, and tests of bacterial viability from storage at -80 °C are 102 
performed. The filtration strategy used in this study is one pass through a 70 µm filter, which has 103 
not been directly compared to the other filtration strategies listed.  104 
 105 
Lethal weight-adjusted doses of injected cecal slurry may vary from facility to facility and should 106 
be titered out to the desired lethality for individual groups. With different challenge doses, the 107 
accompanying challenge volumes change by necessity. However, this methodological detail has 108 
not been reported before. Furthermore, strategies for standard procedures, such as 109 
intraperitoneal injection, are rarely elaborated on within the literature, but individual techniques 110 
may affect whether newborn mice leak when injected and impact their final outcomes. 111 
 112 
Animal welfare, including a definition of humane endpoint, is a central aspect of this model and 113 
in any model of infection and inflammation in rodents21. In 1998, the Canadian Council on Animal 114 
Care (CCAC) published extensive guidelines for humane endpoint selection, defining the humane 115 
endpoint as “any actual or potential pain, distress, or discomfort should be minimized or 116 
alleviated by choosing the earliest endpoint that is compatible with the scientific objectives of 117 
the research”22. Others also caution that humane endpoints must be established based on 118 
scientific justification rather than on a subjective interpretation of the animal’s state alone21. 119 
While there is a wealth of resources for clinical, behavioral, and body-condition sign-based 120 
criteria for humane endpoint, even in the context of infection and inflammation 121 
specifically21,23,24, none of these, including the CCAC guidelines for humane endpoint22, mention 122 
newborn mice. Thus, objectively and scientifically justified humane endpoints are much more 123 
difficult to establish for newborn animals, given both their limited behavioral capabilities and the 124 
lack of evidence from criteria like weight loss, which is commonly used for adult mice. Currently, 125 
the criteria for the humane endpoint used for 5- to 12-day-old neonatal mice in the cecal slurry 126 
literature all reference back to the original manuscript that introduced the model2. In this original 127 
paper, the definition of humane endpoint for newborn animals was based on two criteria; 128 
namely, the location of a mouse outside of the nest (scattering) and the lack of milk spots had 129 
been seen to result in death within hours. A complicating matter in assigning a humane endpoint 130 
is that milk spots become difficult to see in mouse strains with dark fur, such as the commonly 131 
employed C57BL/6J strain, after the first week of life, while sick animals are monitored until the 132 



 

14th day of life (DOL). Further, dead animals can be found postchallenge when applying these 133 
criteria (own observation; unpublished); thus, a more rigorous definition of humane endpoint is 134 
necessary to alleviate suffering to experimental animals and avoid mortality in situations where 135 
the outcome could be accurately discerned earlier.  136 
 137 
All three methodological aspects of the cecal slurry model are presented in a standard operating 138 
procedure detailing the preparation of cecal slurry stock, a method for injecting experimental 139 
animals that keeps the injection volume constant between doses and reduces the risk of leaks, 140 
and a definition of humane endpoint for 7- to 12-day-old mice based on a system of behavioral 141 
modeling. Behavioral information of mouse health scores from over 240 experimental animals 142 
was collected and grouped by final survival outcome, demonstrating an evidence-driven 143 
definition of humane endpoint. The suffering of experimental animals is reduced by identifying 144 
moribund neonatal mice at the earliest possible time point, while biologically significant survival 145 
outcomes can be inferred by observing key variables. The visual representation of both cecal 146 
slurry preparation and neonatal mouse behaviors will serve as an excellent resource to any group 147 
studying sepsis or newborn challenge model animals. 148 
 149 
PROTOCOL:  150 
All experiments in this protocol have been approved by the University of British Columbia Animal 151 
Care Committee under protocol number A17-0110. 152 
 153 
1. Tool sterilization 154 
 155 
1.1. In a biological safety cabinet (BSC), turn on and preheat the hot bead sterilizer to 250 °C, at 156 
least 30 min before use. 157 
 158 
1.2. Dip the tools in 70% ethanol. 159 
 160 
1.3. Submerge the tools into the preheated hot bead sterilizer for a minimum of 1 min. 161 
 162 
NOTE: The handles of the tools will get hot and may burn if left in the hot bead sterilizer for over 163 
1.5 min.  164 
 165 
1.4. Spray a mat of paper towels with 70% ethanol to sterilize it. 166 
 167 
1.5. Remove the tools from the hot bead sterilizer without touching the sterilized part of the tool 168 
to the nonsterile handles of other submerged tools and place them on the ethanol-sprayed paper 169 
towels. 170 
 171 
1.6. Wait for 30 s to 2 min for the tools to cool down before using them for dissection.  172 
 173 
2. Cecal slurry preparation 174 
 175 
2.1. Preweigh 15 mL centrifuge tubes (one tube for every five mice being euthanized). 176 



 

 177 
2.2. Euthanize cecal slurry donors according to local animal care guidelines or use the protocol 178 
below. 179 
 180 
NOTE: Up to 40 C57BL/6J mice between 6 and 12 weeks old were used for cecal slurry 181 
preparation, with up to five mice being euthanized at a time.  182 
 183 
2.2.1. Transfer the mice to the euthanasia chamber and set the isoflurane anesthesia machine to 184 
5% with oxygen perfusion.  185 
 186 
2.2.2. Monitor the mice to observe the loss of the ability to move and to see them entering the 187 
surgical plane of anesthesia and finally, stop breathing. 188 
 189 
2.2.3. Remove a mouse from the euthanasia chamber, pinch its paw and observe any leg 190 
retraction or inhalation. If either is present, return the mouse to the euthanasia chamber; 191 
otherwise, continue.  192 
 193 
2.2.4. Terminally euthanize the mice by sharp cervical dislocation.  194 
 195 
2.3. Perform cecum dissection, using presterilized and cooled tools (see section 1) in a BSC. 196 
 197 
2.3.1. Pin the legs of the mouse to an extruded polystyrene foam board using 23 G needles so 198 
that the mouse has its abdomen up. Secure and then spray the abdomen with 70% ethanol. 199 
 200 
2.3.2. Using sterile forceps and scissors, cut through the skin, loosen the skin from the peritoneal 201 
lining with the scissors, and cut open a rectangular region from groin to sternum, and left side to 202 
right side. Remove any fur from the peritoneum.  203 
 204 
2.3.3. Switch to a new pair of sterile tools to cut through the peritoneum, making a rectangular 205 
opening as was done for the skin, switching tools if the ones used contact the skin. 206 
 207 
2.3.4. Identify the cecum, which should be running left to right across the body. Disrupt 208 
connective tissue to identify the cecum branches from the intestines and cut the cecum away 209 
from the intestines. Place the cecum on a sterilized sheet of weighing paper. 210 
 211 
NOTE: Weighing paper can be sterilized either by spraying it with 70% ethanol on both sides and 212 
leaving it to dry, or by UV irradiation. Alternatively, the cecum can be dissected on a sterile Petri 213 
plate.  214 
 215 
2.4. Cecal content extrusion 216 
 217 
2.4.1. In a BSC, use sterile tools to cut through both ends of the cecum. 218 
 219 
2.4.2. Hold the middle of the cecum with sterile forceps and use a flat sterile metal spatula to 220 



 

gently push the cecal contents out of the cut ends, using a rolling motion and avoiding a scraping 221 
motion that could tear the epithelium. Collect the contents and place them into a preweighed 15 222 
mL centrifuge tube.  223 
 224 
2.4.3. Pool the cecal contents from a maximum of five mice into the same tube. Weigh the tube 225 
again once all the contents have been added. 226 
 227 
NOTE: Expect an average of 300 mg, and up to 390 mg of cecal slurry per mouse, requiring 1.8 to 228 
2.4 mL of D5W for resuspension per mouse; therefore, using more than five mice during this step 229 
can result in overfilling the 15 mL centrifuge tube.  230 
 231 
2.4.4. Wipe the tools clean with an ethanol-sprayed paper towel and resterilize them by 232 
repeating steps 1.2–1.6. 233 
 234 
2.5. Cecal slurry filtration  235 
 236 
2.5.1. Weigh the centrifuge tube filled with cecal contents and calculate the amount of D5W to 237 
add to the cecal contents by dividing the weight of the cecal contents by the desired stock 238 
concentration in milligrams per milliliter, as in the equation below. 239 
 240 

𝑣𝑜𝑙𝑢𝑚𝑒 𝐷5𝑊 (𝑚𝐿) =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑒𝑐𝑎𝑙 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (𝑚𝑔)

𝑑𝑒𝑠𝑖𝑟𝑒𝑑 𝑐𝑒𝑐𝑎𝑙 𝑠𝑙𝑢𝑟𝑟𝑦 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (
𝑚𝑔
𝑚𝐿)

  241 

 242 
2.5.2. In a BSC, add the required amount of ice-cold D5W to the 15 mL centrifuge tube containing 243 
the cecal contents.  244 
 245 
2.5.3. Vortex the 15 mL centrifuge tube vertically and horizontally for 30 s. Check for particulate 246 
of more than 1–3 mm in diameter, and if present, continue vortexing until all large particulate 247 
has visibly disappeared. 248 
 249 
2.5.4. Place a sterile 70 μm cell strainer into a 50 mL centrifuge tube that is placed on ice. Pipette 250 
4 mL of resuspended cecal slurry into the cell strainer and, then to the collection tube. Resuspend 251 
the particulate by pipetting up and down 2x–3x. Gently extrude bubbles to increase the filtering 252 
speed while stirring the contents with the pipette tip until there are no more droplets being 253 
filtered.  254 
 255 
NOTE: When mixing, there may be particulate large enough to plug the 5 mL pipette. In this case, 256 
repeat the vortexing from step 2.5.3, and if the solution still does not break apart, use the pipette 257 
to press the particulate against the wall of the centrifuge tube.  258 
 259 
2.5.5. Repeat step 2.5.4, changing cell strainers between each tube of cecal slurry, and pool all 260 
contents into the same 50 mL centrifuge collection tube kept on ice, or into a second 50 mL 261 
centrifuge tube if the volume of the filtrate exceeds the ice level in the ice box.  262 



 

 263 
2.6. Aliquot the cecal slurry. 264 
 265 
2.6.1. If applicable, combine multiple 50 mL cecal slurry filtrate tubes from step 2.5.5 into a larger 266 
sterile container (e.g., a 1,000 mL storage bottle). Then, vortex for 15 s and place 20 mL into a 267 
new 50 mL centrifuge tube. 268 
 269 
2.6.2. Vortex the cecal slurry stock that is in the 50 mL centrifuge tube for 5–10 s, and aliquot 500 270 
μL into three 2 mL cryogenic vials that have a rubber seal, to prevent evaporation over time. 271 
Immediately place the master stock and aliquoted cryogenic vial on ice.  272 
 273 
2.6.3. Repeat steps 2.6.1 and 2.6.2 until all of the cecal slurry has been aliquoted, vortexing the 274 
master stock after every three cryogenic vials to prevent the settling of any particulate and to 275 
maintain a homogeneous mixture.  276 
 277 
2.6.4. Freeze the cecal slurry aliquots at -80 °C.  278 
 279 
NOTE: Expect between three to four stock vials at 500 μL from each adult mouse. Each stock vial 280 
should be roughly enough to challenge one litter of eight mice at DOL 7.  281 
 282 
3. Sepsis challenge of 7-day-old neonatal mice 283 
 284 
3.1. Separate, identify, and weigh neonatal mice. 285 
 286 
3.1.1. In a BSC, transfer the neonatal mice to a new cage to keep the mice away from the dam 287 
and to reduce stress to the dam.  288 
 289 
3.1.2. Remove and rub part of the nesting material with gloves to transfer the cage’s smell to the 290 
gloves. Then, mold the nesting material into a smaller nest and place it into a new cage without 291 
the dam.  292 
 293 
3.1.3. Transfer the neonatal mice to the nesting material in the new cage. 294 
 295 
3.1.4. Transfer more nesting material to make a second, empty nest in the new cage. 296 
 297 
3.1.5. Close and remove the dam’s cage from the hood so that the dam is not stressed from 298 
hearing any of the neonatal mice’s distress. 299 
 300 
3.1.6. To track individual neonatal mice within the litter over time, use an ethanol-proof marker 301 
to mark one to five dots on the front or reverse of the tail, reapplying every 12–24 h as needed.  302 
 303 
3.1.7. Weigh each mouse that will be challenged, placing each into the secondary nest after 304 
weighing, and repeat this for all the mice.  305 
 306 



 

3.1.8. Return the entire litter to the dam before preparing the cecal slurry challenge aliquot. 307 
 308 
3.2. Calculate the individual weight-adjusted doses of cecal slurry and required dilution with D5W 309 
by completing this step for each litter separately, using the calculations below or using the 310 
provided worksheet (see Supplemental File). 311 
 312 
3.2.1. Calculate the milligrams of cecal slurry (a) to be administered to each mouse by multiplying 313 
the weight of the mouse in grams (b) by the desired challenge dose in milligrams of cecal slurry 314 
per gram of mouse (c). 315 
 316 

𝑎 = 𝑏 × 𝑐 317 
 318 
3.2.2. Calculate the individual volume of undiluted cecal slurry stock required per mouse in 319 
microliters (d) by dividing the milligrams of cecal slurry needed per mouse from step 3.2.1 (a) by 320 
the stock cecal slurry concentration, 160 mg of cecal slurry per milliliter of D5W (e), and 321 
multiplying by 1,000 µL per milliliter to convert from milliliters to microliters. 322 
 323 

𝑑 = 𝑎 ÷ 𝑒 × 1,000 μL per mL 324 
 325 
3.2.3. Average the stock volume of cecal slurry required per mouse (g) by summing the volume 326 
of cecal slurry stock (d) per mouse in a litter of n mice, divided by the number of mice (n). 327 
 328 

𝑔 = 𝑠𝑢𝑚 (𝑑𝑖→𝑛) ÷ 𝑛 329 
 330 
3.2.4. Calculate the average dilution factor for the cecal slurry stock (h) by dividing the average 331 
injection volume (100 μL) by the average stock volume of cecal slurry required per mouse (g). 332 
 333 

ℎ = 100 μL ÷ 𝑔 334 
 335 
3.2.5. Calculate each mouse’s specific injection volume in microliters (j) by multiplying each 336 
mouse’s volume of stock cecal slurry required (d) by the average dilution factor (h), and then 337 
round it off to the nearest ten (to match the 10 μL increments of the injection syringe).  338 
 339 

𝑗 = 𝑑 × ℎ 340 
 341 
3.2.6. Calculate the average required volume of D5W to dilute the cecal slurry stock (k) by 342 
subtracting the average cecal slurry stock (g) from the average injection volume (100 μL). 343 
 344 

𝑘 = 100 μL − 𝑔 345 
 346 
3.2.7. Calculate the total amount of cecal slurry stock in microliters (l) by multiplying the average 347 
stock cecal slurry per mouse in microliters (g) by the number of mice in this litter (n) and 348 
multiplying by 1.4 to create extra.  349 
 350 



 

𝑙 = 𝑔 × 𝑛 × 1.4 351 
 352 
3.2.8. Calculate the total amount of D5W in microliters (m) required to dilute the cecal slurry 353 
stock by multiplying the average required volume of D5W (k) by the number of mice (n) and 354 
multiplying by 1.4 to create extra. 355 
 356 

𝑚 = 𝑘 × 𝑛 × 1.4 357 
 358 
3.3. Prepare the challenge aliquot after calculating the amount of stock cecal slurry required (l 359 
from step 3.2.7). In a BSC, thaw the required number of cecal slurry stock vials at room 360 
temperature, pipetting its contents to mix. 361 
 362 
3.3.1. When there are no more visible ice crystals present in the thawed cecal slurry, transfer the 363 
calculated amount of cecal slurry stock (l from step 3.2.7) to a sterile 1.8 mL microcentrifuge 364 
tube.  365 
 366 
3.3.2. Dilute to the required concentration by adding ice-cold D5W as calculated in step 3.2.8 (m). 367 
Store the challenge aliquot on ice. 368 
 369 
3.3.3. Before loading the syringe, mix the microcentrifuge tube by flicking it 20x, followed by 3x 370 
of drawing up and expelling 300–500 μL of cecal slurry with a 500 cc 28 G ½ inch insulin syringe. 371 
 372 
3.3.4. Draw up roughly 150 μL of diluted cecal slurry into the same syringe. 373 
 374 
3.3.5. Flick the syringe to dislodge bubbles from the plunger, draw back slightly on the syringe, 375 
and then expel the bubbles. 376 
 377 
3.3.6. Dispense the excess cecal slurry back into the microcentrifuge tube until the correct 378 
amount of cecal slurry for one mouse, as was calculated for individual mice in step 3.2.5 (j), is 379 
loaded in the syringe. 380 
 381 
3.4. Intraperitoneally inject cecal slurry, according to relevant local animal care institution 382 
guidelines, or use the steps outlined below.  383 
 384 
3.4.1. In a BSC, separate the neonatal mice from the dam as described in step 3.1. 385 
 386 
3.4.2. Scruff the mouse by the back of the neck, using the thumb and index finger.  387 
 388 
3.4.3. Secure the mouse’s tail across the back of the middle and ring fingers, or on the front of 389 
the ring and pinky fingers.  390 
 391 
3.4.4. To minimize leaks, tilt the neonatal mouse so that it faces downward and insert the needle 392 
bevel of the needle facing up, between the leg and the genitalia, keeping the needle shallow and 393 
subcutaneous. 394 



 

 395 
3.4.5. When the needle is inserted for 1 cm, press downward and forward to feel the needle 396 
puncture the peritoneum. Slowly depress the plunger, keeping the tip of the needle as steady as 397 
possible, as lateral movements could damage the mouse’s organs.  398 
 399 
3.4.6. Carefully withdraw the needle over 5–10 s, following the same route out as in, relaxing the 400 
middle finger during the removal to reduce tension in the mouse’s body. 401 
 402 
3.4.7. To check for leaks, hold the mouse for a few seconds after the removal of the needle, to 403 
allow time for the injection site to close, and observe any leakage or bulging at the injection site, 404 
at which point the mouse should not be used in the analysis. 405 
 406 
NOTE: Bulging of the skin at the injection site indicates a failed intraperitoneal injection, with the 407 
injectant being subcutaneous. 408 
 409 
3.4.8. Place the mouse on a paper towel and allow the mouse to take a step. If the mouse is 410 
immobile for 5 s, then lightly press the tail. 411 
 412 
3.4.9. Pick up the mouse and check for any leakage of cecal slurry at the injection site. If there is 413 
a leak, exclude the mouse from the analysis and euthanize the mouse.  414 
 415 
4. Mouse monitoring 416 
 417 
4.1. Monitor the mice regularly to check them for arriving at a humane endpoint. 418 
 419 
4.1.1. Observe the mice 2 h postchallenge for any injection-related complications.  420 
 421 
4.1.2. Monitor the mice 12 h postchallenge for sepsis-related morbidity and the identification of 422 
mice at a humane endpoint (see steps 4.2–4.3 for criteria). 423 
 424 
4.1.3. Subsequently monitor every 4–6 h for the first 2 days, except for 8 h overnight, when the 425 
neonatal mice are unattended.  426 
 427 
4.1.4. Beyond 2 days postchallenge, monitor 1x–2x per day. If sick mice or mice whose health 428 
score decreases are observed, then increase the monitoring frequency to every 4–6 h.  429 
 430 
4.2. Monitoring neonatal mice 431 
 432 
4.2.1. For any procedure involving neonatal mice, transfer the bedding material to a new cage as 433 
described in step 3.1 (for the same reasons as mentioned there). Carefully check for any neonates 434 
that are dragged from the nest while nursing. Any mice that are dragged out of the litter while 435 
nursing should not be considered to be scattered mice. 436 
 437 
4.2.2. When removing the top of the nest, identify any scattering of neonatal mice either away 438 



 

from the nest or stuck in the nesting material but away from their littermates, with the exception 439 
of mice dragged away from the litter while nursing. Refer to the humane endpoint criteria in step 440 
4.5 if a mouse is found scattered. 441 
 442 
4.3. Measure the mice’s righting reflexes and mobility. 443 
 444 
4.3.1. On a paper towel, place a mouse on its back and monitor for its ability to right itself within 445 
a maximum of 4 s. When placed on its back, the mouse will fall to either the left or right side, 446 
which is when the 4 s count begins.  447 
 448 
NOTE: To be classified into the “Rights” group, the mouse must be able to get at least three of 449 
four paw pads on the paper towel for 1 s. It is still grouped as being able to right itself if it falls 450 
over.  451 
  452 
4.3.1.1. If the mouse can right itself, then wait for 8 s to determine its level of mobility. 453 
 454 
4.3.1.2. Categorize the mouse as “Rights–Mobile” if it can right itself and explore its environment 455 
by taking multiple steps in a row.  456 
 457 
4.3.1.3. Categorize the mouse as “Rights–Lethargic” if it can right itself and take a few steps to 458 
explore its environment. The mice in this group may fall over while taking a step, look shaky on 459 
their feet, and pause between steps.  460 
 461 
4.3.1.4. Categorize the mouse as “Rights–Nonmobile” if it can right itself but does not move 462 
around a lot. It may still fall over, and if it does not take any steps within 8 s, it is grouped as 463 
Rights–Nonmobile. 464 
 465 
4.3.2. If the mouse could not right itself, then categorize its mobility based on the observed hip 466 
movement. 467 
 468 
NOTE: Avoid repeating the monitoring or increasing the length of time the mouse spends on their 469 
back because this could affect the scoring system and humane endpoint, as a mouse that fails to 470 
right itself within 4 s can sometimes do so if given more time. 471 
 472 
4.3.2.1. Categorize the mouse as “Fail to right (FTR)–Mobile” if it is unable to right itself and 473 
displays hip movement that exceeds 90° angle from horizontal. Some mice can right themselves 474 
if given more than 4 s but should still be categorized as FTR, with mobility scores based on hip 475 
movement.  476 
 477 
4.3.2.2. Categorize the mouse as “FTR–Lethargic” if it is unable to right itself and displays hip 478 
movement below 90° angle from horizontal.  479 
 480 
4.3.2.3. Categorize the mouse as “FTR–Nonmobile” if it is unable to right itself and has legs that 481 
shake or vibrate but no hip movement. Limbs may extend or retract but do not have lateral 482 



 

movement. The mouse is visibly ill and has reached the humane endpoint.  483 
 484 
4.4. Repeat step 4.3 on the other side of the mouse, recording both sides.  485 
 486 
NOTE: See the Supplementary File for recording observations. 487 
 488 
4.5. Determine whether the mouse is at a humane endpoint and requires euthanasia as outlined 489 
in Table 1, and below.  490 
 491 
4.5.1. Categorize mice into different righting and mobility levels based on the monitoring 492 
observations noted in steps 4.3 and 4.4. The mouse’s mobility is measured for each side, and the 493 
mobile behavior is used to determine whether the mouse requires euthanasia.  494 
 495 
4.5.2. Assign any mice with a righting reflex of either (a) FTR–Nonmobile or (b) FTR–Lethargic and 496 
found separated from the nest to be at a humane endpoint.  497 
 498 
4.5.3. In monitoring time points beyond 20 h postchallenge, classify any mouse with a righting 499 
reflex of “fail to right” on both sides as being at a humane endpoint, because the presented data 500 
predict with high accuracy that these mice eventually succumb to disease, and do not recover.  501 
 502 
4.6. Separate mice that are to be euthanized, as determined in step 4.5. If the monitored mouse 503 
is not seen as at a humane endpoint, place it into the second empty nest in the new cage without 504 
the dam, and continue with the other neonatal mice.  505 
 506 
4.7. Once the entire litter has been monitored, move half of the nesting material into the cage 507 
with the dam, reforming a nest with room in the middle for the neonatal mice.  508 
 509 
NOTE: An improperly formed nest could cause the mice to scatter and reduce the amount of 510 
available care that the dam can offer.  511 
 512 
4.8. Transfer the neonatal mice back into the cage with the dam. 513 
 514 
4.9. Enclose the litter in the nest by putting the leftover nesting material over the litter and gently 515 
pinching it around the lid to secure the nesting material in place.  516 
 517 
4.10. Euthanize the neonatal mice separated in step 4.6 according to local institution 518 
requirements. 519 
 520 
5. Titration of the cecal slurry 521 
 522 
5.1. Challenge the mice at the desired challenge dose (section 3) and monitor the outcomes 523 
(section 4).  524 
 525 
5.2. Observe whether the final outcome results in the desired LD, and if not, repeat sections 3 526 



 

and 4 with a new litter at a higher or lower challenge dose, adjusting it by 5%–10%.  527 
 528 
NOTE: Challenge doses may be similar to Figure 1B but need to be titered in each facility and 529 
strain of mice.  530 
 531 
5.3. Also, observe whether the mice achieve a humane endpoint faster or slower than the 532 
expected kinetics in Figure 1B, and repeat sections 3 and 4 with a new litter at a higher or lower 533 
challenge dose, adjusting it by 5%–10%.  534 
 535 
REPRESENTATIVE RESULTS:  536 
Cecal slurry viability stored at -80 °C can be tested over time by serially diluting and plating 537 
aliquots of cecal slurry stock on 5% sheep’s blood tryptic soy agar followed by 24 h of aerobic 538 
incubation at 37 °C. Subsequent counting of culturable colony-forming unit (CFU) content of a 539 
cecal slurry preparation was found not to change over a 6 month period, and the viability was 540 
not affected by prolonged storage at -80 °C (Figure 2). Each donor mouse resulted, on average, 541 
in enough cecal slurry to challenge three to four litters (data not shown).  542 
 543 
Mice challenged at DOL 7 with cecal slurry to induce polymicrobial sepsis began to reach the 544 
humane endpoint within 12 h of the challenge, and polymicrobial sepsis was mostly resolved by 545 
48 h postchallenge, as observed in a Kaplan-Meier survival curve combined from data from over 546 
200 challenged mice (Figure 1A). The lethality was dependent on the challenge dose 547 
administered, with a 5% change in challenge dose resulting in a roughly 15% difference in survival 548 
rate (Figure 1B). The mouse body weight was measured at each monitoring visit. Weight loss was 549 
seen in all challenged animals, being nondiscriminatory between mice that ended up surviving 550 
and those that did not during the initial 24 h postchallenge (Figure 1C). After 24 h, most surviving 551 
animals began to regain their weight, while all nonsurvivors continued to lose weight and moved 552 
to their humane endpoint. However, a small proportion of surviving animals that had retained 553 
their righting reflex also continued to lose weight or failed to gain weight, until the end of the 554 
experiment, even losing as much as 20% of their initial body weight within 40 h of the challenge. 555 
As there was an overlap of weight loss between mice that ended up surviving and those that did 556 
not, the change in weight or a threshold of weight loss could not be used as a criterion for humane 557 
endpoint while still maintaining the goal of accurately dividing survivors from nonsurvivors.  558 
 559 
The behavior of mice was monitored as outlined in the protocol and in Table 2. Snapshots of the 560 
health categories are displayed (Figure 3A-C). These photos show the different health categories 561 
of mice who failed to right themselves after being placed on their back and outline the difference 562 
between FTR–Mobile and FTR–Lethargic, which is an important distinction. Unchallenged healthy 563 
mice of this age do not display FTR-Lethargic activity; therefore, this health category is a marker 564 
of disease and a response to challenge. Sick mice displayed FTR-Lethargic symptoms (Figure 3B) 565 
and could regress toward FTR–Nonmobile (Figure 3C), where the upper leg remains parallel with 566 
the bottom leg, with little to zero hip rocking movement, which is one of the criteria for humane 567 
endpoint. The mice might also recover, gaining increased hip movement and becoming FTR-568 
Mobile (Figure 3A). The righting reflex and mobility scores were determined for both the left and 569 
right side of each mouse, and the highest score was utilized to determine whether the mouse 570 



 

had reached a humane endpoint. Behavioral information was collected from over 240 animals 571 
challenged with a lethal dose 60 (LD60) of cecal slurry, and 144 humane endpoints were observed 572 
(Figure 3D-F and Table 1). This evidence-driven approach was used to define and refine the 573 
humane endpoint across four disease stages, categorized by the experimenters based on both 574 
behavioral differences between survivors and nonsurvivors and by the fraction of humane 575 
endpoints reached during each time frame. During early experiments, FTR-Nonmobile mice that 576 
had no hip movement were consistently found dead within 4–6 h of this behavior being observed. 577 
In the collection of the presented information, an FTR-Nonmobile health score was used as 578 
criterion for a humane endpoint. From 12–21 h postchallenge, while FTR-Nonmobile mice were 579 
euthanized, both surviving and nonsurviving animals displayed very similar behavioral patterns 580 
and could not be distinguished in any other way (Figure 3D). From 21–48 h postchallenge, the 581 
majority of surviving mice regained their righting reflex, while fewer than 1% of the FTR behaviors 582 
observed were in animals that would go on to survive the experiment (Figure 3E). Thus, mice that 583 
failed to right themselves from both sides became an additional criterion for humane endpoint 584 
during this time. Between 12 and 20 h postchallenge, 12.5% of the total number of humane 585 
endpoints were observed, versus 80.5% between 20 and 48 h, and 7% after 48 h (Table 1). A 586 
distinguishing feature between mice that ended up surviving and that eventually worsened to a 587 
humane endpoint was the loss of the righting reflex, independent of hip mobility (Figure 3F). 588 
Indeed, between 20 and 48 h after the challenge, a total of 121 mice had failed to right 589 
themselves from both sides, with 116 of these mice eventually progressing to a humane endpoint 590 
(which represents a 96% accuracy in identifying mice that would not recover). Beyond 48 h after 591 
the challenge, 11 mice were observed to fail to right themselves from both sides, and 10 of these 592 
progressed to a humane endpoint (a 91% accuracy). Beyond 20 h after the challenge, the number 593 
of mice that lost the righting reflex for both sides predicts the final outcome with an accuracy of 594 
more than 90%; therefore, this has been added to the humane endpoint criteria, to identify 595 
nonrecovering mice earlier and reduce mouse suffering (Table 1).  596 
 597 
The frequency that mice need monitoring changes over time, due to different rates of death 598 
postchallenge, and is outlined in Table 1. A mouse was considered to be at its humane endpoint 599 
at any point if it had failed to right itself and displayed nonmobile hip movement on both sides, 600 
or if the mouse was found scattered from the nest, was unable to right itself, and had lethargic 601 
hip movement. Mice with either of these conditions were not expected to be able to rejoin the 602 
litter and have been observed to be FTR–Nonmobile within 4–6 h. Starting 20 h after the 603 
challenge, a new humane endpoint was added because the presented information shows that 604 
the vast majority of mice that FTR from both sides ends up succumbing to disease.  605 
 606 
The videos, tables, and resources presented in this manuscript are an effective teaching resource 607 
for the correct behavioral assignment of challenged mice. Seven experimenters were asked to 608 
watch the training video and read both the protocol and the tables before assigning behaviors to 609 
60 challenged animals. The identification of humane endpoint assignment was accurate both for 610 
distinguishing FTR-Nonmobile mice from mice that displayed the other behaviors (Figure 4A) and 611 
FTR mice from mice that were able to right themselves within the allowable time frame (Figure 612 
4B).  613 
 614 



 

FIGURE AND TABLE LEGENDS: 615 
 616 
Figure 1: Kaplan-Meier survival curve, cecal slurry dose titration, and weight change following 617 
the cecal slurry challenge. (A) Survival outcome of neonatal C57BL/6J mice challenged with an 618 
intraperitoneal cecal slurry injection at DOL 7. The data for this figure were combined from 619 
independent experiments using multiple challenge doses, ranging from 0.7 to 1.3 mg of cecal 620 
slurry per gram body weight was administered to these mice. (B) Neonatal mice challenged with 621 
0.80 to 0.95 mg of cecal slurry per gram body weight from one cecal slurry preparation display a 622 
dose-dependent relationship between the amount of cecal slurry given and the percentage of 623 
survival. (C) The percentage of change in weight compared to the challenge weight, with the 624 
dotted line denoting a 20% loss of weight from the time of the challenge. 625 
 626 
Figure 2: CFU concentration in cecal slurry stock stored at -80 °C does not change over a 6 month 627 
period. The effect of the cecal slurry age on CFU concentration was tested using linear regression. 628 
Each point represents one aliquot of the same cecal slurry preparation, serially diluted and plated 629 
over a 6 month period. 630 
 631 
Figure 3: Hip mobility categories of mice that fail to right themselves and of animal behaviors 632 
at various times postchallenge. Mice that have been challenged with sepsis, when placed on 633 
their back, will display signs of morbidity that can be measured by the degree of hip movement. 634 
(A) A fail to right (FTR)-Mobile mouse shows hip rocking movement of their upper leg exceeding 635 
90° angle from horizontal. (B) An FTR-Lethargic mouse shows hip rocking movement but does 636 
not exceed 90° angle from horizontal at any point during the 4 s of monitoring. (C) Some FTR-637 
Nonmobile mice will extend their leg, bending at the knee, but will show very little (less than 10° 638 
angles) to zero hip rocking movement, and the legs will remain parallel to each other. (D) Animal 639 
behaviors 12–21 h postchallenge show that only FTR-Nonmobile behaviors separate survivors 640 
from nonsurvivors. (E) From 21 to 48 h postchallenge, only 4 out of the 592 observed FTR 641 
behaviors (0.67%) belong to survivors, allowing the righting reflex to predict the final outcome 642 
and be used as a new criterium for humane endpoint. (F) Beyond 48 h postinfection, 6 out of 131 643 
mice (4.55%) that had a righting reflex went on to become part of the FTR group and were 644 
sacrificed by the end of the experiment, justifying sustained monitoring throughout the course 645 
of recovery.  646 
 647 
Figure 4: Instructional resources result in accurate behavioral classification by independent 648 
experimenters. Experimenters trained by watching video accompanying this protocol 649 
categorized videos of 60 neonatal mice into different health groups. (A) The ability to distinguish 650 
a humane endpoint was determined and an average of 97% of behaviors was accurately 651 
categorized as FTR-Nonmobile or not, while only 1% of FTR-Nonmobile mice were misidentified. 652 
Two percent of the mice were falsely identified as FTR-Nonmobile. (B) The identification of the 653 
second humane endpoint criterium of correctly distinguishing between FTR mice or those having 654 
the ability to right themselves within 4 s of being placed on their back was assigned correctly in 655 
97% of the scorings, while only 0.96% of the mice were incorrectly assigned as righting 656 
themselves and 2% of mice were incorrectly assigned as FTR. 657 
 658 



 

Table 1: Frequency of monitoring and humane endpoint criteria in the different stages of 659 
disease. Monitoring frequency, humane endpoints observed, the percentage of humane 660 
endpoints, and humane endpoint criteria during different stages of disease.  661 
 662 
Table 2: Monitoring table and criteria in determining the health score of mice. The provided 663 
criteria were used to define health category groups to mice, and to reduce individual variance in 664 
assigning health scores. 665 
 666 
DISCUSSION: 667 
Postnatal neonatal mice have very limited mobility and fail to right themselves after being placed 668 
on their back, even when unchallenged. By DOL 7, the age of mice challenged in this model, a 669 
range of movement spanning from Rights–Mobile to FTR–Mobile was observed in unchallenged 670 
mice, with an important difference, namely that an unchallenged mouse at this age did not 671 
display FTR-Lethargic behavior. Only mice challenged with polymicrobial sepsis were observed to 672 
become FTR-Lethargic; therefore, this response can be a marker of disease severity. Being 673 
attentive to the cutoff of a 90° angle from horizontal for hip movement allows for the consistent 674 
and accurate assignment of lethargic or mobile hip movement in mice. The time frame of 4 s to 675 
see if a mouse can right itself was selected because unchallenged mice were able to consistently 676 
right themselves within this time frame. Repeated measurement of the same mouse was 677 
avoided, while the time to right themselves and the measurement of hip mobility was limited to 678 
4 s, to avoid excessively tiring the mouse, which could otherwise affect its ability to obtain food 679 
and warmth and could affect its prognosis to get better. Righting itself from both the left and the 680 
right side were observed, and the higher of the scores was used to determine if the mouse was 681 
at a humane endpoint, because some mice were found to display FTR-Nonmobile on one side yet 682 
have a higher mobility on the other side and be able to recover eventually.  683 
 684 
The scoring system used to evaluate mouse health relied on the application of categorical cutoffs 685 
to what is a spectrum of movement and, therefore, could be prone to individual bias. Staff was 686 
trained together to ensure each person scored the mice the same; however, there will likely 687 
remain a level of subjectivity leading to variation. The consistency of scoring was evaluated by 688 
having seven researchers who had not previously performed the neonatal mouse monitoring 689 
learn the requirements outlined in this protocol and video and, then, independently assign 690 
behaviors and determine humane endpoint. A 97% accuracy was observed with scoring 691 
performed on 60 challenged mice, suggesting that individual bias does not play a substantial role 692 
in the behavioral assignments of this model. The presented behavioral monitoring protocol is 693 
based on observations of animals challenged on DOL 7, yet mice younger than 6 days in an 694 
unchallenged healthy state cannot consistently right themselves. Thus, the described humane 695 
endpoint criteria could not be applied directly to younger mice. If younger mice are used in this 696 
experimental model or if a different challenge model with different disease kinetics is applied, 697 
then suitable humane endpoint criteria must be developed and piloted to avoid the euthanasia 698 
of mice that would otherwise, eventually, recover. The scoring system displays a robust method 699 
of improving humane endpoint classification that, with testing and confirmation, could 700 
potentially be applied to other models.  701 
 702 



 

Each preparation of cecal slurry or the use of a new mouse strain required the retitration of the 703 
cecal slurry dose to administer to achieve a similar lethal dose. Each preparation was 704 
standardized by the readout of interest, namely survival, rather than giving the same bacterial 705 
count. Each cecal slurry preparation’s viable bacterial concentration varied slightly, potentially 706 
due to differences in the donor’s commensal bacteria or due to variances in the weight left in the 707 
cell strainer of the cecal slurry stock postfiltration. During the titration of the cecal slurry, the first 708 
two litters were divided into two groups and each half of the litter were challenged with one of 709 
the two doses so that each of the doses would be tested in two litters. If the resulting survival 710 
rate did not match the required level, then the challenge dose was either increased or decreased 711 
by 5%–10% and the experiment repeated. Multiple litters were used to account for litter-to-litter 712 
differences that could cause resistance or increased susceptibility to sepsis across a litter. It was 713 
important to accurately titer the cecal slurry stock with each new preparation to ensure that the 714 
new titration of cecal slurry was comparable to previous cecal slurry preparations. Periods of 715 
excess noise and vibration, specifically during the compacting of asphalt and the construction of 716 
a nearby building and road, were observed to increase stress in the dams. This correlated with 717 
increased rates of cannibalization, and affected the mortality of the survival experiments, even 718 
affecting unchallenged mice, indicating that there can be extraneous impacts on neonatal 719 
survival that also need to be controlled for.  720 
 721 
Prior methods for cecal slurry stock preparation included either the use of fresh cecal slurry or 722 
the preparation of frozen cecal slurry, using a variety of methods, including the storage in glycerol 723 
that would inevitably be transferred during the challenge. While the use of fresh cecal slurry 724 
provides the advantage of having a bacterial composition closest to original cecal contents, there 725 
is the risk of variance between individual donor mice due to the variation of commensal bacteria. 726 
While this was minimized by using cecal donors from the same vendor with minimal time 727 
between arrival and progression of the experiment, this could become a cost-prohibitive option 728 
for some laboratories and presented another timing logistics challenge in having age-matched 729 
mice available when commencing a cecal slurry experiment in neonatal mice that were 7 days 730 
old. An alternative method to using fresh cecal slurry was utilized, where multiple adult donors’ 731 
cecal contents were pooled, resuspended in D5W, frozen at -80 °C without glycerol, and thawed 732 
one aliquot at a time for experiments. The utilization of adult donor cecal slurry to study neonatal 733 
sepsis could potentially transfer species of bacteria present in the cecal slurry that the neonatal 734 
mouse has not been exposed to, but it is a strategy that allows for the study of sepsis in neonatal 735 
mice and has been used to study neonatal mouse biology in the past13–15. Cecal slurry was diluted 736 
in D5W to provide nutrition to the bacteria, which allowed the establishment of an active 737 
infection once the bacteria were injected, and was done to mimic the availability of nutrients in 738 
the peritoneal cavity during necrotizing enterocolitis. Glycerol was not included as a stabilizing 739 
agent in freezing bacteria because of the potential negative side effects that could arise from 740 
glycerol injection alone. If glycerol had been included in the cecal slurry preparation, then the 741 
potential damage that glycerol alone could induce would need to be tested for by including a 742 
glycerol-only (lacking cecal slurry) injection in mice, which would have increased mouse usage. 743 
The bacteria viability of the cecal slurry stocks was tested after freezing the cecal slurry stock 744 
without glycerol and was found to be constant, with no change in bacteria concentration in 745 
separate aliquots of the same cecal slurry preparation stored at -80 °C over a 6 month period. 746 



 

This suggests that the storage without glycerol is feasible in providing a consistent biological 747 
outcome. The use of a bulk-prepared frozen cecal slurry stock also allowed for the use of mice 748 
bred in-house, reducing cost and utilizing male mice that would otherwise be excess from 749 
breeding, therefore reducing mouse wastage.  750 
 751 
The identification of failed challenges in mice was important to avoid adding extra noise to the 752 
system. After undergoing an intraperitoneal injection of cecal slurry, the mice were observed for 753 
the presence of a bulge underneath the skin, which indicated a failed injection that was actually 754 
subcutaneous. Mice were observed for leaks at the injection site, both immediately after needle 755 
removal and after allowing them to take a step after the injection, because mice would 756 
sometimes (rarely) leak only after moving the limb of the injection site by taking a step. The 757 
presence of a bulge or leak following the injection resulted in removing the mouse from the 758 
analysis. After all, either of these could result in a different outcome due to the incorrect amount 759 
of cecal slurry injected as a 5% difference in challenge dose has been observed to affect 760 
subsequent survival.  761 
 762 
Cecal slurry challenge experiments often required varying target lethal doses with varying 763 
weight-adjusted doses. Due to this, injection volumes can range from as little as 20 μL and up to 764 
100 μL. The proportionate experimental error associated with dead needle volume also changes 765 
along with the injection volume, increasing the difficulty to directly compare different doses. 766 
With the simple modification of standardizing the injection volume, this source of variance is 767 
removed from the experiment.  768 
 769 
The neonatal mouse’s behavioral monitoring system used in this protocol is the first of its kind. 770 
Researchers intent on conducting ethical research with newborn mice are often faced with the 771 
challenging lack of resources to assess the animal’s well-being at this age. The presented intuitive 772 
and consistent monitoring system begins to address this knowledge gap. Importantly, this 773 
evidence-driven approach not only increases the quality of the experimental data obtained but, 774 
at the same time, also reduces the suffering of the experimental animals.  775 
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Disease 

Stage

A: High 

morbidity, 

no mortality

B:  High 

morbidity, 

low 

mortality

C: High 

morbidity, 

high 

mortality

Hours post 

challenge
0−12 12−20 20−48

Monitoring 

frequency

2 h post 

challenge
every 4−6 h

Every 4−6 h, 

8 h, 

unattended 

overnight

Proportion of 

total humane 

endpoints 

observed 

0/144 18/144 116/144

Percentage of 

humane 

endpoints 

observed

0% 12.5% 80.5%

Humane 

endpoint 

criteria

2. Scattered from nest 

and is FTR−Lethargic

1. FTR−Nonmobile on 

both sides

1. FTR−Nonmobile on 

both sides

2. Scattered from nest 

and is FTR−Lethargic
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Humane 

endpoint 

criteria 3. FTR on both left or 

right side (with any 

mobility score)



D: Low 

morbidity, 

low 

mortality

>48

1−2 times 

daily, more 

if needed

10/144

7%

1. FTR−Nonmobile on 

both sides

2. Scattered from nest 

and is FTR−Lethargic



3. FTR on both left or 

right side (with any 

mobility score)



Righting 

Reflex
Mobility

Time limit to 

right after 

being placed 

on back

Mobile

Lethargic

Nonmobile

Mobile hips

Lethargic 

hips

Nonmobile 

hips

4 s 

Rights

Fail to 

right
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Time limit to measure 

amount of movement 

(mobile / lethargic / 

nonmobile)

An additional 8 s

The same 4 s used to 

measure righting reflex



Mobility scoring Criteria

The mouse takes multiple steps in a row, 

maintaining forward momentum, and explores its 

environment. Pup will not fall over.

The mouse can take a step but will stop and 

pause before taking another. Pup may fall over.

The mouse does not take any steps after righting 

itself. Pup may fall over.

Has energetic hip movement with the upper leg 

rotating beyond 90° from horizontal at least once 

within 4 s.

Hip movement up to but not beyond 90° from 

horizontal.

Limbs may move by extending and retracting but 

the hips will not rotate. Pup looks very sickly. 



Name of Material/ Equipment Company Catalog Number Comments/Description

0.1 - 20 μL pipette tips VWR 732-0799

1.8 mL Microcentrifuge tube Costar 3621

100 - 1000 μL pipette tips VWR 732-0801

1 - 200 μL pipette tips VWR 732-0800

15 mL Centrifuge tube FroggaBio TB15-25

23G1 needles
Becton 

Dickinson
305145

only the needle, not the 

syringe, used for pinning 

mouse to styrofoam

28G 0.5 mL Insulin syringe BD 329461

2 mL Cryogenic vial Corning 430488

50 mL Centrifuge tube
Fisher 

scientific
14-432-22

5 mL pipette Costar 4487

6 - 10 week old C57BL/6J adult 

mice

Jackson 

Laboratories
664

7 + day old C57BL/6J neonatal 

mice
Bred in house n.a

70 μm Cell strainer Falcon 352350

Defibrinated Sheep's Blood Dalynn HS30-500

Dextrose 5% Water (D5W) Baxter JB0080

Dissecting forceps VWR  82027-386

Dissecting Scissors, Sharp Tip VWR  82027-592
Dissecting Scissors, Sharp/Blunt 

Tip
VWR 82027-594

Ethanol (HistoPrep 95% 

Denatured Ethyl Alcohol)
Fisherbrand HC11001GL

diluted to 70% with 

double distilled water

Ethanol-proof marker; Lab marker VWR 52877-310
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EZ Anesthesia Vaporizer EZ Anesthesia EZ-155

Germinator 500, Dry sterilize 

surgicial instrument (Hot bead 

sterilizer)

Braintree 

Scientific
GER 5287-120V

Isoflurane
Fresenius 

Kabi
CP0406V2

Micro Spatula Chemglass CG-1983-12

Pipette-Aid Drummond 4-000-100

Rainin Classic Pipette PR-1000 Rainin 17008653

Rainin Classic Pipette PR-20 Rainin 17008650

Rainin Classic Pipette PR-200 Rainin 17008652

Scale Sartorius BL 150 S

Specimen forceps VWR
82027-440 / 

82027-442

Square 1000 mL Storage Bottle Corning 431433

Styrofoam board Any n.a

Sure-Seal Mouse/Rat euthanasia 

chamber
Euthanex EZ-178

Tryptic Soy Agar Sigma-Aldrich 22091-2.5KG

VX-200 Lab Vortex Mixer
Labnet 

International
S0200

weigh paper Fisherbrand 09-898-12B



ARTICLE AND VIDEO LICENSE AGREEMENT 

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/author) 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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ARTICLE AND VIDEO LICENSE AGREEMENT 

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: 
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Article Title:  
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Rebuttal letter: addressing reviewer’s comments, and concerns regarding JOVE 

manuscript titled: “Neonatal polymicrobial sepsis: A guide for a controlled mouse 

model” 

Reviewer 1’s concerns: 

We thank the reviewer for their careful critique and excellent suggestions to edit the manuscript and 

video. We have addressed each of the critiques as outlined below. 

1. The first major concern regarding the relatability of using adult mouse cecal slurry injected into 

neonatal mice: 

 in the first paragraph of the introduction we discuss some of the limitations regarding 

studying sepsis in neonatal mice. One major limitation is that the gold-standard used in 

adult mice, cecal ligation puncture, is not possible in neonatal mice as the mice do not 

survive the mock-surgery. The point that was brought up where neonatal mice could be 

exposed to bacteria that they had not previously been exposed to is a legitimate 

concern, and has been included as a limitation in the discussion section. We have also 

cited 10 articles that have used the cecal slurry method to study neonatal sepsis 

(references 4 to 14). It is not the goal of this manuscript to biologically validate the 

cecal slurry method, but only to standardize its use and improve humane endpoint 

definitions.  

2. The second major concern regarding bacterial viability in frozen cecal slurry stored in dextrose 

water, in absence of glycerol:  

 The article was revised to include more rational behind this decision. The use of frozen 

stocks was used instead of fresh donors to be both a more cost-friendly method than 

using weekly shipments of donor mice, and also to utilize excess male mice from in-

house breeding that were otherwise being euthanized without any purpose/function 

that would have led to mouse wastage. This method was adapted from its previous use 

by other researchers (references 13-15). We have reviewed Pubmed, searching for 

“Steele 2017 PLOS one” to see if there was a new 2017 reference that was available but 

of the 9 search results none of the 2017 papers contained the term glycerol. We also 

searched Pubmed for “2017 PLOS one glycerol 10%” and were not able to find any 

papers that utilized 10% glycerol to freeze bacteria. We suspect that the 2017 year was 

in error, as Steele et al from PLOS one in 2014 used 10% glycerol, but if the reviewer 

could provide a specific reference (title/PMID) we will update the manuscript.  

 Furthermore we have revised the article to present data in Figure 2 that showed 

consistent bacterial viability of the cecal slurry stock that was frozen without glycerol 

over 6 months of storage at -80 oC which suggests that the lack of glycerol in the 

storage media is inconsequential.  

3. Regarding the third concern about the glycerol and filter size within the introduction:  

 Following Reviewer 1’s suggestion about expanding on the range of glycerol used we 

have reviewed our references and found that 10% glycerol was used by Steele et al in a 

2014 publication (already cited). A direct quote from the Steele et al 2014 PLOS one 

publication is “Similar results were obtained when CS was stored in 5% and 10% 

glycerol buffer with the colony forming ability maintaining 100% of original capability 
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after cryopreservation at 280 oC for 6 weeks (data not shown).” The text in our 

manuscript was reformatted to talk about the larger range of Glycerol that has been 

used.  

 The description of the filtration steps was also re-worded to include the accurate two-

stage filtration steps that were cited, as recommended.  

 Note that these points were brought up simply to acknowledge that there is 

heterogeneity in published methods used in the study of neonatal mouse sepsis. 

4. Regarding the minor concern of the glycerol-induced kidney injury: 

 The previously provided references were, as pointed out, only in rats. We have 

appended another citation that utilized glycerol as an inducer of acute renal failure in 

mice (Zager, et al, 2006) which is a species-relevant example of the potential damage 

caused by glycerol. This was provided to explain the reasoning behind what could 

potentially cause additional damage, and was something that was avoided so to not 

introduce more variables to the challenge model.  

 The added Figure 2 displays that storage without glycerol resulted in consistent bacteria 

viability, and that since the viability is not affected then the removal of a potential 

confounder is acceptable.  

5. Regarding the minor concern about sterile weight paper: 

 We have edited the manuscript and the audio to describe the sterilization technique 

(70% ethanol spray), or the alternate use of sterile petri dishes 

 

Reviewer 2’s concerns:  

We thank the reviewer for their comments, recommendations, and positive feedback. Concerns raised 

by this reviewer were addressed as outlined below. 

1. Regarding the first major concern of cross-study applicability of endpoints in the abstract: 

 as recommended a note about the requirement of a pilot study was added to the 

abstract  

2. Regarding the second major concern of filtering cecal content stock solutions to remove large 

debris.  

 The dose that we administer to mice is not adjusted for the weight removed in the cell 

strainer, as the dose is in reference to the original weight of cecal slurry that was 

resuspended with D5W. When producing each batch of cecal slurry the filtrate is 

bubbled through the cell strainer until there are no more droplets coming from the cell 

strainer. From each of these experiments there is a similar consistency of filtered 

material. From our personal experience there has not been great variability of the 

challenge dose resulting in different mortality between different cecal slurry 

preparations which suggests that if there is noise added by not adjusting by filtrate-

weight then it is either stable and accounted for proportionally with each preparation, 

or is a small enough change that does not drastically impact the results. 

 never-the-less we recommend throughout the protocol (and ourselves do) a dose-

titration of every new cecal slurry batch as a control to determine whether the 

expected dose of cecal slurry results in the desired lethal dose, so that the experiment 



is standardized and comparable to previous results, based on the important biological 

readout of mortality. 

3. Regarding the major concern of dead mice and location in the nest 

 as suggested we have removed the location of dead mice, as it detracted from the point 

which was that the sick mice were not being identified early enough to be able to 

consistently euthanize them at a suitable humane endpoint and that there was excess 

suffering that could be reduced with an earlier humane endpoint that does not sacrifice 

accuracy of assigning outcome.  

4. Regarding the major concern of hip movement demos and data consistency 

 a new video was added to each of the hip-movement sections to provide another 

example to increase clarity.  

 As recommended to address the consistency of scoring we took 60 videos of mice that 

had been recorded after being placed on their back and gave them to 7 individuals who 

had only received this manuscript, figures, and video for training (no in person training) 

and found that the proper assignment of humane endpoints was assigned 97% of the 

time. This is presented as Figure 4 in the manuscript.  

 

5. Regarding the minor concern of data used as a singular: 

 we have gone through the manuscript and corrected these 



General Information Per Litter Protocol No. A17-0110

Experimental 

group:
tail marking

first experiment day 

weight

Mouse Litter Information

DOB Mother:

Experienced/

Not:

DOB Pups: No. pups:

Treatment Details

Pre-

Treatment:

CS Challenge:

Experimental 

group:
tail marking

first experiment day 

weight

Mouse Litter Information

DOB Mother:

Experienced/

Not:

DOB Pups: No. pups:

Treatment Details

Pre-

Treatment:

CS Challenge:

Experimental 

group:
tail marking

first experiment day 

weight

Mouse Litter Information

DOB Mother:

Experienced/

Not:

DOB Pups: No. pups:

Treatment Details

Pre-

Treatment:

CS Challenge:

Date/Time:

Date/Time:

Experimental Details:
Weighing Day + Time:

Experiment Type: 

Cage label:

Experiment Type: 

Cage label:

Date/Time:

Date/Time:

Weighing Day + Time:

Experimental Details:
Weighing Day + Time:

Experiment Type: 

Cage label:

Date/Time:

Date/Time:

Experimental Details:
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Routine Monitoring Sheet - Cecal Slurry Peritonitis

Emergency contacts: 

dose 1: vol slurry (uL) vol slurry (uL) pup DOB: Genotype: 

vol D5W (uL) vol D5W (uL) pg ______ of ______

chal.vol Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right

chal.vol Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right

chal.vol Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right

chal.vol Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right

chal.vol Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right

chal.vol Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right

chal.vol Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right

chal.vol Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right

chal.vol Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right

chal.vol Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right

Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right

Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right

Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right

Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right

Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right

Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right

Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right

Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right

Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right

Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right Order: Weight: Temp: Score Left Score Right

Visit Date + Time: 

Cage label:

(if doing) dose 2

Brief Exp Outline:

Pup No.

Visit Date + Time: Visit Date + Time: 

Make cecal 

slurry by:

Who monitored: Who monitored:

Pup No.

*notes on monitoring* each thick-linned box is a monitoring visit. We monitor following challenge at 2hr, 12hr, 18hr, 24hr, 28-30hr, 36-38hr, 44hr, 48hr, 54hr, ​62hr, 74hr, 86hr, and 98hr post-

challenge. If the mice are quite sick and could degress to humane endpoint we increase monitoring to every 4 hours. The times vary, therefore the date and time of each bolded box is left blank

*note on humane endpoints (HE)*  mice are evaluated on whether they meet humane endpoint (HE) criteria at each visit. HE's are measured by ability to righten after being placed on back, and degree 

of mobility that the mouse shows, and is the earliest moment that we know a mouse would not recover. The criteria are as follows: (any time point) fail to right (FTR) nonmobile mice, or mice scattered 

from the litter and FTR lethargic, (21 hr - end experiment) fail to right on both sides.

Visit Date + Time: Visit Date + Time: Visit Date + Time: 

*Score left and score right are mobility scores that measure the behaviour of the mouse. 

Who monitored: Who monitored: Who monitored:

Who monitored:



Cecal slurry dose calculations by stock concentration and weight-adjusted dose

Your experiment date:

[slurry 

Stock] 

(mg/ml)

Dose (mg/g 

body weight)

Cage ID:

Pup ID Pup weight (g) Inject vol (ul) 100/Av CS

#DIV/0! #DIV/0! CS / pup #DIV/0!

#DIV/0! D5W / pup #DIV/0!

#DIV/0! No. pups 0

#DIV/0!

#DIV/0! Total (ul):

#DIV/0! Slurry stock #DIV/0!

#DIV/0! D5W #DIV/0!

#DIV/0!

#DIV/0!

#DIV/0!

Average: #DIV/0!
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