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Abstract

Numerous models are available for the preclinical study of sepsis, and they fall into one of three 

general categories: (1) administration of exogenous toxins (e.g., lipopolysaccharide, zymosan), (2) 

virulent bacterial or viral challenge, and (3) host barrier disruption, e.g., cecal ligation and 

puncture (CLP) or colon ascendens stent peritonitis (CASP). Of the murine models used to study 

the pathophysiology of sepsis, CLP combines tissue necrosis and polymicrobial sepsis secondary 

to autologous fecal leakage, as well as hemodynamic and biochemical responses similar to those 

seen in septic humans. Further, a transient numerical reduction of multiple immune cell types, 

followed by development of prolonged immunoparalysis, occurs in CLP-induced sepsis just as in 

humans. Use of the CLP model has led to a vast expansion in knowledge regarding the intricate 

physiological and cellular changes that occur during and after a septic event. This updated article 

details the steps necessary to perform this survival surgical technique, as well as some of the 

obstacles that may arise when evaluating the sepsis-induced changes within the immune system. It 

also provides representative monoclonal antibody (mAb) panels for multiparameter flow 

cytometric analysis of the murine immune system in the septic host.
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Basic Protocol: Cecal ligation and puncture in the mouse
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CECAL LIGATION AND PUNCTURE IN THE MOUSE

BASIC PROTOCOL

The following protocol describes the method for performing the murine cecal ligation and 

puncture (CLP) model of polymicrobial sepsis. CLP is a well-established experimental 

model with >3800 published articles representing the cumulative efforts of >12,000 

individual authors (Fig. 1A). Initially described as a porcine model of sepsis (Imamura & 

Clowes, 1975), CLP was rapidly adapted to other animal model systems. The first report 

using CLP in mice was published in 1983 (Baker, Chaudry, Gaines, & Baue, 1983), and the 

mouse is now the predominant CLP animal model used to study sepsis, accounting for >65% 

of all CLP publication in the last 10 years (Fig. 1A–D). Interestingly, CLP has also been 

employed to address questions regarding acute lung and brain injury (Singer et al., 2016; 

Wang et al., 2019; Ye et al., 2019; Yehya et al., 2015), demonstrating that CLP can be used 

as a tool to address a diverse array of experimental questions. Since the previous publication 

of the CLP methodology in Current Protocols in Immunology in 2010 (Cuenca, Delano, 

Kelly-Scumpia, Moldawer, & Efron, 2010), the number of papers published using CLP has 

doubled (Fig. 1B), with the number of murine CLP papers increasing 2.4-fold (Fig. 1C). 

Notably, this increase has come from the efforts of ~7700 authors using CLP that had not 

done so prior to 2010 (Fig. 1A). This surge in utilization necessitates some reflection on the 

current state and flexibility of the technique. Thus, we herein describe strategies to 

manipulate the severity of sepsis induced by CLP, possible methodologic hurdles one may 

encounter when performing the CLP surgery, troubleshooting of those problems, and 

incorporation of images/data to aid in the proper utilization of this technique.

NOTE:  Protocols involving survival surgeries on live animals must be reviewed and 

approved by the investigator’s Institutional Animal Care and Use Committee (IACUC). 

Appropriate personal protective equipment (e.g., gloves, surgical mask, hair net, lab coat, 

protective sleeves) should be worn based on institutional guidance and regulations. In 

addition, use of any controlled substances (e.g., ketamine) requires appropriate licensure and 

storage.

Materials

Mice

General anesthetic: isoflurane (2.5% in oxygen gas) or ketamine/xylazine

Ophthalmic lubricant ointment (Akorn Animal Health, 9399-162-35)

Local antiseptic: 5% povidone-iodine

Local anesthetic: bupivacaine (6 mg/kg s.c. in 100 μl) or lidocaine
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Tissue adhesive/surgical glue (e.g., Vetbond, 3M, 1469SB)

Sterile injectable normal saline (0.9%)

Post-operative analgesia: Meloxicam (2 mg/kg s.c. in 1 ml 0.9% saline) or flunixin 

meglumine

Biological safety cabinet

Autoclavable instrument packs

Small animal scale

Veterinary anesthesia machine with isoflurane vaporizer, flow meter, and nose cone

Plexiglas induction chamber

Sterile surgical pad/drape

Heated surgical mat

Electric razor

Sterile surgical sponge or swab

Stainless steel, straight, blunt tipped surgical scissors

Stainless steel, blunt tipped forceps

Stainless steel, serrated forceps (2)

4–0 silk suture

25-G hollow-bore needle (or other size depending on desired severity of sepsis)

4–0 absorbable polyfilament sutures

Heating pad

Surgical instrument micro bead sterilizer

Prepare for surgery

1. Place surgical tools in sterilization pouches and sterilize by autoclaving.

2. Record mouse weights on the day of surgery.

Anesthetize and prepare first mouse

3. Set up the veterinary anesthesia machine and place the animal into the induction 

chamber. Administer an isoflurane concentration of 2.5% with O2 flow at 2 L/

min.

A injected cocktail of ketamine and xylazine is another commonly used 

anesthetic that can also be used for this procedure. Dosing amounts are based on 

mouse weight: generally 87.5 and 5–12.5 mg/kg, respectively, although this may 

vary based on IACUC guidelines.
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4. Determine depth of anesthesia by firmly pinching the foot pad while the mouse 

lies on its back.

When properly anesthetized, the mouse should be nonresponsive to foot pad 

pinching. An over-anesthetized mouse will display gasping respiration.

5. Once the mouse is fully anesthetized, remove it from the induction chamber, 

place it on a heated surgical mat, and secure the nose cone (Fig. 2A). Apply 

ophthalmic ointment.

6. Shave the lower abdomen and clean the skin with 5% povidone-iodine antiseptic 

using a surgical sponge (Fig. 2B). If needed, clear residual fur from the surgical 

area using a piece of gauze dipped in 70% ethanol.

Removing fur will aid in making and closing the incision, but care should be 

taken not to use too much ethanol, as this could increase the chance of 

hypothermia.

7. Administer bupivacaine (6 mg/kg s.c.) to the site where the paramidline 

laparotomy will be performed.

Perform CLP

8. Make a small paramidline incision ~1 cm in length though the skin, being careful 

to avoid cutting the abdominal wall (Fig. 2C). Once the skin has been cut and the 

abdominal wall identified, make an incision through the abdominal wall.

To avoid cutting the intestines, use scissors with blunt tips, grasp the abdominal 

wall firmly with forceps, and pull it away from the mouse prior to cutting.

9. Use forceps to locate and externalize the cecum (Fig. 2D).

The cecum is commonly located on the animal’s left side (or right when the 

mouse is on its back), but this location can vary, particularly in larger mice.

10. Using forceps and a 4–0 silk suture, tie one knot to ligate the distal third (~1 cm) 

of the cecum (Fig. 3A).

This step is important in governing the severity of the CLP. Ligating a smaller 

portion of the cecum will cause less-severe sepsis and lower mortality, whereas 

ligating a larger portion will result in a more-severe sepsis, heightened 

inflammatory response, and higher mortality rate.

11. Using a 25-G hollow-bore needle, puncture the ligated portion of the cecum from 

the basolateral side into the lumen (Fig. 3B). Carefully verify puncture 

placement by extruding a small amount of cecal material though the puncture 

with forceps (Fig. 3C).

Extrusion of cecal material should be done slowly and with minimal pressure to 

avoid tearing and further perforation of the cecum. In conjunction with the 

ligation step, the amount of cecal material released into the peritoneum will 

determine the severity of the sepsis and subsequent response. Variation in the 
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number and size of the puncture(s) can be used to modulate sepsis severity, 

inflammatory response, and mortality rate.

A new needle should be used after every ten mice to ensure consistent puncture 

of the cecum and reduce the chance for luminal tearing during verification. 

Needles should also be exchanged between different experimental groups to 

prevent potential effects of distinct microbiota.

12. Return the ligated cecum to the abdomen.

It is important to return the cecum well into the abdominal cavity, as cecal tissue 

necrosis near the abdominal incision can lead to degradation of the sutures and 

cause the incision to heal improperly or even reopen.

13. Close the peritoneum using serrated forceps to tie two or three 4–0 absorbable 

polyfilament uninterrupted sutures (Fig. 3D).

Alternatively, sutures can be hand-tied.

14. Close the skin using tissue adhesive (Fig. 3E).

An autoclip wound-closing system can be used to close the skin, if preferred. 

Clips will need to be removed as the skin heals (following institutional 

requirements).

With practice, one CLP procedure can be completed in 5 min or less. Depending 

on protocols for instrument sterilization, the total length of a procedure and prep 

time per animal is 10–15 min.

Perform post-operative care

15. Inject post-operative analgesia (e.g., meloxicam, 2 mg/kg) in 1 ml saline 

subcutaneously into the scruff of the neck or flank.

Other common analgesic agents include opioids (such as buprenorphine) or 

nonsteroidal anti-inflammatory drugs (NSAIDs). Recommended and approved 

analgesics may vary by IACUC.

Post-operative analgesia and fluid resuscitation are typically given at the 

conclusion of surgery and for multiple days following the procedure. The length 

of time that analgesia/fluids are given will depend on individual institutional 

requirements.

16. Place the mouse on its back on sterile paper towel in a clean cage. Position the 

cage on a heating pad set on low, such that half of the cage is heated by the mat. 

Monitor the mouse until it has regained consciousness and is able to move 

around the cage.

Depending on the anesthesia method, the recovery time may be quite short 

(using isoflurane) or long (using ketamine/xylazine). Animals should be 

monitored at regular intervals until they are alert and ambulatory.
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Perform additional CLPs

17. Before beginning the next CLP, sterilize the surgical tools using a bead sterilizer 

or alcohol.

18. Repeat for the desired number of animals, including sham (control) animals that 

are processed through all the above steps except steps 10–11 (cecal ligation and 

puncture).

19. Monitor animals every 24 hr for 5 days for weight loss, signs of pain or distress, 

or changes in grooming, posture, and mobility.

Signs of pain and distress include vocalization when touched and labored 

breathing. If mice are showing signs of pain or distress, changes in grooming, 

posture, or mobility, further analgesia or euthanasia should be considered.

Post-operative monitoring is done to avoid or minimize discomfort, distress, and 

pain and prevent animals from spontaneous death. Check with your IACUC for 

guidelines on post-operative monitoring and euthanasia. Moist food can be given 

to help to keep the mice hydrated.

COMMENTARY

Background Information

Sepsis is defined as life-threatening organ dysfunction caused by a dysregulated immune 

response that occurs as the result of an infection (Shankar-Hari et al., 2016). Sepsis causes 

thousands of deaths annually (Rudd et al., 2020). Improvements in intensive care over the 

last 40 years have reduced mortality from an initial infection from 80% to 20%−30% (Angus 

& van der Poll, 2013; Angus, Pereira, & Silva, 2006). Despite these gains, survivors of the 

initial infection suffer from long-term impairments in immunity and increased susceptibility 

to common secondary infections (Hotchkiss, Monneret, & Payen, 2013). In fact, ~70% of 

sepsis-related deaths occur after the patient has recovered from the initial septic event as a 

result of immunosuppression, with many deaths occurring weeks or months later (Donnelly, 

Hohmann, & Wang, 2015; Hotchkiss et al., 2013).

For many years, sepsis was considered a hyperinflammatory response, driven by 

proinflammatory cytokines and chemokines in the presence of a disseminated infection (van 

der Poll, van de Veerdonk, Scicluna, & Netea, 2017). Although it is clear that 

proinflammatory signals dominate the initial response, sepsis consists of both excessive 

inflammatory and immune suppressive responses that occur simultaneously (van der Poll et 

al., 2017). During a septic event, patients experience a sharp reduction in the number of 

immune cells as the result of apoptotic lymphocyte death. Lymphopenia contributes to 

decreased responses to new or secondary infections and reactivation of latent viruses 

(Hotchkiss et al., 1999, 2001, 2002; Kollef et al., 2008; Limaye et al., 2008; Luyt et al., 

2007; Otto et al., 2011; Unsinger et al., 2010). This sepsis-induced lymphopenia is transient, 

and the immunoparalysis that develops after a septic event extends beyond the point of the 

recovery of absolute lymphocyte numbers (Cabrera-Perez, Condotta, Badovinac, & Griffith, 

2014; Condotta, Cabrera-Perez, Badovinac, & Griffith, 2013; Danahy, Strother, Badovinac, 
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& Griffith, 2016; Hotchkiss et al., 2013; Jensen, Sjaastad, Griffith, & Badovinac, 2018a). 

Persistent immune suppression following a septic event is now considered a leading reason 

for extended increased susceptibility to pathogens that are normally cleared in healthy 

individuals.

With the goal of identifying novel and effective therapies for the treatment of sepsis, 

researchers have developed numerous animal models to study the disease and test potential 

therapies. These include administration of exogenous toxins such as lipopolysaccha-ride and 

zymosan, virulent bacterial or viral challenges, and host barrier disruption as in the CLP and 

CASP models. CLP is the most commonly used sepsis model, in part because it replicates 

many factors and complexities of human sepsis through the combination of necrosis, tissue 

damage, and initiation of a polymicrobial infection. Following induction of sepsis in the 

CLP model, levels of proinflammatory cytokines (including IL-1β, IL-6, IFNγ, and TNF) in 

the blood increase substantially, peaking at ~6 hr post-induction (Fig. 4). Closely following 

the rise of proinflammatory cytokines, levels of anti-inflammatory cytokines (e.g., IL-10 and 

IL-4) increase. Similarly, increased serum levels of TNF, IL-6, IL-1β, IL-10 are commonly 

observed in human septic patients (Chaudhry et al., 2013), and high serum levels of TNF 

and IL-6 are associated with poor outcomes in human sepsis (Damas et al., 1992; Hu, Chen, 

Pang, & Chen, 2019; Neilson, Kavanagh, & Rao, 1996; Remick, Bolgos, Siddiqui, Shin, & 

Nemzek, 2002; Retsas et al., 2018; Song et al., 2019).

Critical Parameters and Troubleshooting

Mice—As with other research techniques that use the mouse for in vivo experimentation, 

properly controlling for strain, age, and sex is important for reproducibility in the CLP 

model. Factors in animal source and care have also received attention recently, as differences 

in CLP outcomes have been reported based on animal vendor (Hilbert et al., 2017; Wilmore 

et al., 2018), housing conditions (Hamilton et al., 2020; Huggins, Jameson, & Hamilton, 

2019a), and diet (Zhang, Dong, Xie, & Yu, 2018). In many cases, these differences are 

related to the composition of the gut microbiome. In addition, the maturation level of the 

immune system of the mouse can influence the magnitude of the septic response following 

CLP. Most (if not all) preclinical sepsis research done to date has used specific pathogen–

free (SPF) mice, but the immune systems of SPF-housed mice are equivalent to those of 

neonatal humans (Beura et al., 2016). Environmental pathogen exposure is one important 

difference between basic human and laboratory mouse biology that must be considered 

when using mice to evaluate CLP-induced sepsis changes to the immune system 

composition and fitness (Hamilton et al., 2020; Huggins et al., 2019a; Masopust, Sivula, & 

Jameson, 2017). Humans are exposed to a multitude of microbes (both commensal and 

pathogenic) daily from birth. Consequently, the immune system of adult humans has been 

trained and shaped by each infection and vaccination experienced. While SPF housing of 

laboratory mice has been instrumental in increasing experimental reproducibility, it has 

simultaneously further distanced the mouse as a model from humans, largely because SPF 

mice live their lives with limited microbial exposure (Foster, 1959). It is important to 

emphasize that the use of SPF-housed laboratory mice in the CLP sepsis model has and 

continues to reveal a wealth of information into the pathophysiology and immunoparalysis 

seen during sepsis, but the use of microbially experienced (“dirty”) mice can provide sepsis 
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researchers with another important preclinical tool for interrogating sepsis. For example, 

there is a significant increase in CLP-induced mortality in dirty mice compared to SPF mice 

that correlates with an increased systemic cytokine response (Fig. 4).

Surgery—One of the strengths of the CLP model is the ability to tune the severity of sepsis 

through small quantifiable modifications to the procedure. Parameters commonly modulated 

to adjust sepsis severity include the amount of cecum ligated, amount of cecal contents 

introduced into the peritoneum (dependent on the number/size of punctures and quantity of 

cecal material extruded), skill and experience of the surgeon, time of day the procedure is 

performed, and mouse strain, age, and sex. Interestingly, these attributes can simultaneously 

be considered weaknesses of the technique, as some researchers—particularly those with 

little CLP experience—may find it difficult to control the severity of the septic event.

Critical variables in the CLP procedure include the size of the cecal ligation and quantity of 

cecal contents introduced into the peritoneum. Using a ruler for reference while making the 

ligation is recommended for controlling ligation size (Fig. 3A). Controlling the amount of 

cecal material introduced into the peritoneum can be more difficult to standardize. The best 

practice is to hold a small portion of the ligated cecum taut and puncture the cecum as 

desired, maintaining consistency in puncture number and size. Then, with a second set of 

forceps, slowly apply minimal pressure until the desired amount of cecal material is 

extruded.

Although rarely reported, another surgical parameter important in determining severity CLP-

induced sepsis is the time of day the procedure is carried out (Heipertz et al., 2018). 

C57BL/6 mice develop sepsis more rapidly and experience worse outcomes when the 

disease is induced during nighttime compared to daytime (Heipertz et al., 2018). Performing 

CLP later in the afternoon compared to early morning can also result in higher mortality 

rates (F. Sjaastad, unpublished observations). Furthermore, variations in the quantity and 

consistency of cecal contents can vary based on the time of day (F. Sjaastad and I. Jensen, 

unpublished observations).

Lastly, sepsis severity and survival in the CLP model is highly dependent on the experience 

of the researcher. Long procedure times, large incisions, and increased trauma to intestinal 

tissue while locating the cecum are common when first learning the procedure and will 

increase sepsis severity and variability. Practicing the technique before using it on a set of 

experimental animals will improve the reproducibility of experimental outcomes.

Post-operative care—Immediately following induction of sepsis, it is standard to give 

fluid resuscitation (e.g., 1 ml of 0.9% saline) in combination with an analgesic. Common 

analgesic agents include opioids (such as buprenorphine) or nonsteroidal anti-inflammatory 

drugs (such as meloxicam). Many IACUCs recommend giving analgesics following CLP, 

but there is evidence that opioids and NSAIDs can alter sepsis-induced inflammation and 

lethality, making their use in the CLP model controversial. For example, the NSAID 

flurbiprofen has been reported to improve hypotension, reduce organ damage, and prolong 

survival (Anuar, Whiteman, Bhatia, & Moore, 2006). Others have found that buprenorphine, 

when given post-CLP, can increase production of inflammatory cytokines and reduce 
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survival (Cotroneo et al., 2012; Chen et al., 2019b). Additionally, opioids may make it 

difficult to assess signs of morbidity.

The use of antibiotics in the CLP model is also variable (Table 1), and may not significantly 

change sepsis severity or outcome (Iskander, Vaickus, Duffy, & Remick, 2016). However, in 

the effort to improve translation of preclinical sepsis research into clinical practice, there is a 

growing push to reproduce the treatment septic patients receive in mouse sepsis models, 

including the use of antibiotics, fluid resuscitation, and monitoring of vital processes 

(Guillon et al., 2019).

Flow cytometry of immune cells—It is becoming more evident from both preclinical 

and clinical investigation that sepsis establishes a state of chronic immunoparalysis, 

characterized by severe but transient lymphopenia and prolonged lymphocyte dysfunction. 

Consequently, many investigators incorporate flow cytometry into their experiments to 

examine how CLP-induced sepsis affects the cellular composition and function of the 

immune system, especially when testing ways to therapeutically restore the immune system 

to a more pre-sepsis state.

With the increasing capacity of modern flow cytometers, scientists now use a wide 

assortment of fluorophores to generate complex and comprehensive mAb panels to detect 

and extensively phenotype a range of immune cells in individual samples. One way to 

extend the range of fluorophores available is through the use of tandem dyes (for example, 

by conjugating Cy7 to allophycocyanin to yield APC-Cy7; Gerstner et al., 2002). When 

excited by a laser, the primary fluorophore transfers energy to the secondary conjugate via 

Förster resonance energy transfer (FRET), altering the emission spectrum of the primary 

fluorophore (Gerstner et al., 2002). One drawback of these tandem dyes is that they can 

degrade and lose their capacity transfer energy, leading to emission in the spectrum of the 

primary fluorophore. Tandem dye degradation is a well-established phenomenon, making it 

increasingly critical to include proper instrument compensation to dealing with dye 

degradation and overlap in fluorescence channels. Yet, compensation also assumes 

equivalent conditions between samples and experimental groups.

We recently identified increased production of reactive oxygen species (ROS) during CLP-

induced sepsis as another potential confounder of flow cytometric analyses. Specifically, the 

ROS produced after CLP can facilitate the degradation of tandem dyes, leading to 

production of a phantom signal (Jensen et al., 2020). Subsequently, we have identified 

several modifications to sample preparation and staining protocols that can help with 

detecting and/or reducing the problem of tandem dye degradation. First, although this will 

reduce the number of additional channels, the extent of tandem dye degradation can be 

determined by including an empty channel for the primary fluorophore that is part of the 

tandem dye (e.g., leave an empty APC channel when staining with APC-Cy7). Second, a 

reducing agent such as 2-mercaptoethanol can be added to the staining buffer. Third, 

antibodies that recognize highly expressed targets with a clearly defined population can be 

used for the primary fluorophore. For example, use APC-labeled anti-Thy1.1 mAb an 

exceptionally bright antibody with a clear positive population, when staining with APC-Cy7. 

Moreover, it is important to note that accurate determination of the level of protein 
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expression (gMFI, MFI, etc.) cannot be done, as degrading fluorophores may influence this 

assessment unequally. Fourth, the cells can be fixed prior to staining with tandem dye-

conjugated mAb, as only living cells can produce ROS. Fixation can, however, introduce 

some new complications to the staining, since fixation can alter target antigens and affect 

mAb binding (e.g., the anti-NK1.1 mAb PK136 does not bind to fixed cells). Lastly, samples 

can be depleted of granulocytes (the predominant ROS-producing cells) prior to staining to 

reduce the amount of ROS present in the sample. Based on the above parameters, some 

potential mAb panels to identify different immune cell populations are provided in Table 2 

(Jensen et al., 2018b; Kotov & Jenkins, 2019; Sjaastad et al., 2018).

Understanding the Results

The CLP model induces intra-abdominal peritonitis and a chronic septic state characterized 

by the loss of appetite and body weight, ruffled hair, shivering, diarrhea, and/or peri-orbital 

exudates. After CLP, the amount of pro- and anti-inflammatory cytokines and chemokines 

will increase quickly, peaking 6–12 hr after sepsis induction. The major adverse post-

procedural event that could occur in this model is death. Animals that die from CLP surgery 

most often do so within the first 48 hr. Mortality rates can be influenced by differences in 

mouse size, weight, age, vendor, and housing conditions, and there are no methods to predict 

which mice will survive the surgery short of actual survival. In cases where a milder sepsis is 

induced, the mice will become lethargic and lose weight over the initial 2–3 days after 

surgery but will recover. Sham mice are expected to survive, with minimal increases in 

serum cytokines and chemokines. At 24–48 hr post-surgery, a numerical reduction of several 

immune cell types in the blood and various lymphoid tissues can be observed. Using the 

technique described in this protocol (cecal ligation of 1 cm and a single puncture with a 25-

G needle), a survival rate of 80%−90% is typically observed. Increasing the ligation size, 

number/size of punctures, and amount of cecal content extruded will reduce the survival 

rate.
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Figure 1. 
Utilization of the cecal ligation and puncture (CLP) model over time based on publications. 

Total and murine CLP results were generated by PubMed searches of “cecal ligation and 

puncture” or “mouse cecal ligation and puncture,” respectively, performed on June 25, 2020. 

Indexing information was downloaded and used for evaluation. Total CLP results include 50 

review articles, 26 published since 2010. Murine CLP results include 21 review articles, 10 

published since 2010. (A) Synopsis of CLP publications, murine CLP publications, and 

number of unique authors, in total and since 2010. The number of unique authors that have 

only published a CLP paper since 2010 is also included. (B,C) Numbers of total and murine 

CLP publications per year from 1975 to 2019. (D) Representation of murine CLP 

publications among all CLP publications in 5-year periods from 1981 to present.
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Figure 2. 
Prepping the mouse and exposing the cecum. (A) The mouse is positioned on heated 

surgical mat and the nose cone secured. (B) The abdominal fur is shaved and 5% povidone-

iodine antiseptic is applied. (C) A small (~1 cm) paramidline incision is made through the 

skin. (D) The cecum is externalized.
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Figure 3. 
Performing CLP. (A) The cecum is ligated using a ruler as a guide. (B) The cecum is 

punctured from the basolateral side into the lumen using a 25-G needle. (C) To verify 

puncture placement, a small amount of cecal material is extruded though the puncture using 

forceps. (D) The peritoneum is closed using two or three 4–0 absorbable polyfilament 

uninterrupted sutures. (E) The skin is closed using Vetbond tissue adhesive.
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Figure 4. 
Increased morbidity/mortality in CLP-treated microbially experienced (dirty) mice correlates 

with an exacerbated cytokine storm. Specific pathogen–free (SPF) and dirty co-housed 

(CoH) B6 mice underwent sham or CLP surgery. (A) Survival was monitored over time (n = 

8–17 mice/group; ** p ≤ .01). (B) Serum samples were obtained 6 hr after surgery and the 

amount of CXCL1, CXCL10, IL-1β, IL-6, IL-10, IFNγ, and TNF was determined by 

BioPlex. (C) Additional samples were collected at 12 and 24 hr post-surgery to quantify 

changes in IL-1β, IL-6, IFNγ, and TNF over time (n = 4–7 mice/group/time point; *p ≤ .05, 

** p ≤ .01, *** p ≤ .005 for SPF-CLP vs. CoH-CLP at the indicated time points). Data are 

adapted from Huggins et al. (2019b).
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