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ABSTRACT 

Sepsis develops as a common inflammatory response to various infections. It runs with the picture 

of a complex heterogeneous syndrome which often leads to the development of multiple organ 

dysfunctions and causes the death of millions of people worldwide. For various reasons, detailed 

research of sepsis in humans is difficult to conduct; therefore, a lot of efforts have been made to 

model it. PURPOSE: The aim of  this paper is to present the most widely used experimental sepsis 

models developed with a view to explane the pathogenetic mechanisms of the disease, and it’s 

clinical and paraclinical characteristics, as well as opportunities for its therapeutic management. 

METHOD: This review is based on a detailed survey of the available literature. RESULTS: The 

cited models differ by the type of laboratory animals, pathogens used, and the method of their 

introduction in the organism. Models can be defined as “non-surgical” (with parenteral 

introduction of endotoxins or pathogenic bacteria), and “surgical” – referring to preceding 

operative intervention which is aimed at inducing peritonitis such as ligation and subsequent 

puncture of the cecum, insertion of a stent in the wall of the ascending colon, implantation of 

bacterial cultures or of pathogens included in the composition of different carriers. Advantages and 

disadvantages of the reviewed models are considered, as well as the extent of resemblance to 

clinical sepsis in its various forms. CONCLUSION: The fact is that not one of the created models 

is capable of reproducing entirely the complex polymorphic and dynamic picture of sepsis. 

Nevertheless, anyone of them can provide reliable information on separate components of the 

septic process.   
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Sepsis is a complex and heterogeneous 

syndrome defined as a common inflammatory 

response to infection (1). It represents a very 

severe reaction of the immune system, activation 

of the pro-inflammatory cascades and the 

compensatory anti-inflammatory response (2). 

The resulting hemodynamic changes, 

microcirculatory disturbances and cellular 

disorders create a disparity between tissue 

perfusion and metabolic demands. The 

combination of these factors causes development 

of multiple organ dysfunction and death (3).  

____________________________ 
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Vasil Aprilov Blvd., 4002 Plovdiv, Bulgaria 
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Every year an estimated 18 million people 

worldwide develop sepsis with an approximate 

30 % death rate, which makes it a serious 

healthcare and social problem (4). Research of 

sepsis in humans is difficult due to the 

complexity of pathologic processes, 

heterogeneity of the affected population, lack of 

firmly established diagnostic markers, and 

restrictions of methodological and ethical nature 

(5). Taking into account the above difficulties, 

sepsis models in animals have been created 

which are affordable and valuable research tools 

(6). They provide a unique opportunity to 

elucidate the mechanisms of the disease and 

outline the capacity and specific approaches of 

therapeutic intervention.  
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Several experimental models replicate to a 

various extent the clinical changes and 

alterations of laboratory parameters observed in 

sepsis. The created models differ mainly by the 

type of experimental animals, methods of 

infection, and the microorganisms used. In this 

review the most commonly used sepsis models 

will be presented. According to the method of 

infection they can be classified as non-surgical 

and surgical (7).   
 

І. Non-Surgical Models 

In these models, a systemic inflammatory 

response is caused by direct parenteral deposit of 

the agent which spreads rapidly in the body.  

  

1. Models of endotoxin application. 

Endotoxin, a lipopolysaccharide (LPS), is a 

component of the outer membrane of Gram (-) 

bacteria. It is involved in the pathogenesis of 

sepsis and is widely used for research related to 

this pathology. LPS is a stable compound which 

can be stored in lyophilized form. It can be 

measured precisely and given to test animals as 

bolus or infusion (6). The compound is 

introduced intravenously, intraperitoneally, or 

intratracheally and thus, the simplest sepsis 

model are created. In critically ill patients the 

growing serum concentrations of the endotoxin 

refer to development of sepsis and correlate with 

the seriousness of the disease and lethality (6, 8). 
 

Since compared to humans, laboratory animals 

show relatively lower sensitivity to LPS, a 

higher dose is needed so that an inflammatory 

response can be elicited. In studies which 

compare the effects of LPS, the dose causing a 

similar cytokine response is 250 times higher in 

mice than in humans (9).  
 

Alternatively, various animal species have 

different sensitivity to endotoxin. Rabbits, sheep 

and primates show high sensitivity while 

rodents, dogs and cats are relatively resistant (6, 

10). In them, through preliminary sensitization 

with killed microorganisms or D-galactosamine, 

the dose of LPS causing inflammatory response 

is reduced (11).  
 

Application of LPS causes systemic 

inflammation which simulates many of the initial 

clinical signs of sepsis, including increase of 

proinflammatory cytokines, such as TNF-α, IL-

1, IL-6 and IL-8; however this reaction is 

temporary (12-14). Production of cytokines 

reaches peak values 1.5 - 4.5 hours after 

application, and, thereafter, decreases as opposed 

to sepsis in humans (15). An exception is 

meningococcal sepsis, in which cytokine levels 

are comparable to those in LPS models (16).  
 

In sepsis models with endotoxin various animals 

are used, and doses and duration of application 

vary substantially. Introduction of high LPS 

doses in rats – 40 mg/kg (17), and rabbits – 5 

mg/kg (18), causes a hypodynamic circulatory 

state with reduced cardiac output, rapidly 

developing collapse and subsequent death (6, 17, 

18). With lower doses of LPS in rats (0.1 mg/kg) 

(19), and rabbits (1-3 µg/kg) (20), a 

hyperdynamic reaction occurs with early 

increase of cardiac output. Application of high-

dosed LPS in big mammals such as sheep – 4  

µg/kg (21), dogs – 2 mg/kg (22), and primates – 

10 mg/kg (23), causes hypodynamic circulation 

with a sharp drop of arterial pressure, cardiac 

output, hepatic perfusion,  tachycardia, increase 

of total vascular resistance and plasma lactate 

levels. A collapse develops rapidly and lethal 

outcome occurs. Low doses, in sheep 0.5-0.75 

µg/kg (21, 24) cause a two-stage response: initial 

decrease of cardiac output, severe pulmonary 

hypertension and hypoxemia, and a few hours 

later are observed an increase of cardiac output, 

mild pulmonary hypertension, and increased 

permeability of the pulmonary capillaries (25). 

In primates, when a low dose (2 mg/kg) is used, 

sepsis develops characterized by early 

cardiovascular and metabolic disorders, 

coagulopathy and progressive multiple organ 

dysfunction (26).   

  

Fish and Spitzer (27) studied the effect of 

chronic application of LPS in rats by introducing 

it continuously with the help of an osmotic pump 

whereby animals developed hyperdynamic 

sepsis accompanied by anorexia, leucocytosis 

and lactacidemia. Investigating the myocardial 

function of a working heart preparation isolated 

from rats treated with endotoxin, they found 

myocardial dysfunction characterized by a 

decrease of the peak systolic pressure, cardiac 

output and increased oxygen consumption per 

unit of myocardial work (28).  
 

The endotoxin models are popular because they 

are convenient and reproducible. LPS can be 
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measured precisely and its application is readily 

standardized during experiments (6). When 

using animals, the applied dose and duration of 

effect vary significantly, thence the induced 

changes also vary. Application of high toxin 

doses causes uncontrolled aggression in the 

animals (12, 29), while with medium and low 

doses they recover very quickly, for no longer 

than 48h. Continuous or multiple introductions 

of LPS causes tolerance to endotoxin (6, 27,  

30). 

    

In experimentally induced LPS sepsis it is not 

possible to reproduce exactly the characteristic 

features of clinical sepsis. For example, 

cardiovascular changes described in animals do 

not correspond to those observed in humans. 

Moreover, the cytokine responses in animals 

appear sooner and are stronger, but shorter (14, 

31). On the whole, clinical course and 

development of the disease in rodent LPS 

models are more dynamic by far than those 

observed in humans (14, 31).  
 

Currently, there is a unanimous opinion that 

application of LPS can be used to study the 

pathophysiological processes in endotoxemia 

and as model of endotoxic shock, but not of 

sepsis (32).   
 

2. Models with intravascular administration 

of pathogens. Sepsis models exist in which 

many characteristic features of clinical sepsis are 

simulated by intravascular introduction of live 

microorganisms. Various types of cultured 

bacteria, most frequently E. coli, are used. In the 

various models, dose, frequency and duration of 

effect, and last but not least, the resuscitation 

applied, vary significantly. These factors have 

their impact on the course of disease and the 

outcome thereof (6, 14, 31). For example, in rats 

a dose of 4-5•10
8
 E. coli causes a transitory 

hyperdynamic state with increase of the cardiac 

index, decrease of the total peripheral vascular 

resistance and arterial blood pressure. Treatment 

with the substantially higher dose of 12-15•10
8
 

E. coli causes a two-stage response. A 

hyperdynamic circulatory reaction is initially 

observed with an increase of the cardiac index, 

decrease of the total peripheral vascular 

resistance and arterial blood pressure. 

Subsequently, a hypodynamic circulatory state 

with a reduced cardiac index and increased total 

peripheral vascular resistance is registered (33). 

In experiments with big animals high doses of 

microorganisms are always used (32). In the case 

of baboons the intravenous administration of E. 

coli in doses of 4-10•10
10 

CFU/kg causes 

excessively great production of cytokines, severe 

changes in the coagulation and fibrinolytic 

systems, cardiovascular collapse and death (34-

36).  
 

The interdependence between the bacterial 

species used and the changes which occur in the 

experimental animals was demonstrated by 

Dehring et al. using pigs. They compared the 

effects of equal doses Gram (+) and Gram (-) 

bacteria. The continuous intravenous infusion of 

S. aureus caused minimal hemodynamic and 

pulmonary changes, while E. coli or P. 

aeruginosa brought about hemodynamic shock 

and acute respiratory insufficiency (37).   
 

A successful model reproducing the picture of 

severe clinical sepsis, as observed with 

meningococcemia, has been created in dogs by 

intravenous administration of a lethal dose 

(1.2•10
10 

CFU/kg) of E. сoli. Early severe 

cardiovascular disorders are observed 

accompanied by hypotension, very small cardiac 

output, splanchnic hypoperfusion, and strongly 

expressed metabolic changes (32). 

Cardiovascular collapse quickly occurs followed 

by death. In this model local changes prevail 

over general ones as a result of severe 

microcirculatory disorders. Such disparity 

between general and local changes is 

demonstrated both in experimental and in 

clinical investigations (38, 39).  
 

Shaw and Wolfe (40) describe a dog model of 

sepsis in which, the development of 

cardiovascular collapse had been prevented by 

prompt fluid resuscitation. Twice, every other 

hour, lethal doses of E. coli, 10
10

, and 5•10
9 

respectively, were introduced intra-arterially, 

whereupon the animals were resuscitated with 

1000 ml of Ringer-lactate solution. A short 

hyperdynamic state less than 24 hours was 

observed and complications related to anorexia 

and dehydration, also common for other models 

of peritonitis and abscess, were avoided. The 

model is predictable and reproducible. It 
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replicates hormonal, hemodynamic and 

metabolic states, similar to clinical sepsis. 
 

Breuille et al. (41) describe a highly 

reproducible sepsis model with intravenous 

injection of bacteria in which were manifested 

continuous metabolic disorders typical of sepsis. 

A single dose of E. coli (6.8•10
8
) caused 

symptoms of a serious disease with rapid 

transitory hypothermia which was observed in 

several rat models of sepsis (27, 42). The 

animals were lethargic, anorexic, with strong 

piloerection, chromodacryorrhea and diarrhea. 

Three days after inoculation their clinical 

condition began to improve, in that 

chromodacryorrhea and diarrhea stopped, and 

motor activity increased. This model reproduces 

the hypermetabolic stage of sepsis marked, in 

this case, by increased values of plasma glucose, 

insulin and lactate which are also found in 

humans but are difficult to reproduce in small 

animals (29, 30, 42). In the first two days acute 

loss of body mass was observed in the animals. 

It lasted between 6 and 8 days whereupon 

growth recovery began. Six days after the 

infection the muscle protein mass of the infected 

animals was 60 % of that of the control group. 

Researchers report correlation between the 

concentration of TNF-α measured an hour and a 

half after the infection and the change of body 

mass observed nine days later. The model 

described reproduces continuous metabolic 

disorders characteristic of sepsis which makes it 

appropriate for the study of nutritive 

intervention, particularly in terms of the effect of 

specific nutrition support.  
 

Some authors question the relevance of the 

models with intravascular inoculation of live 

bacteria to clinical sepsis because patients rarely 

have massive bacteraemia and present more 

often with a septic focus from which bacteria are 

released intermittently (6, 31). In general, a 

single application of a high dose of bacteria 

causes effects close to those observed after the 

intravenous injection of a high dose of LPS. The 

clinical course runs quickly – a hypodynamic 

circulatory state and violent growth of serum 

cytokine levels are observed, and in the absence 

of adequate resuscitation, the outcome is early 

death. In this case, an endotoxicosis model is 

achieved rather than a real model of infection, 

which is due to the quick lysis of bacteria (14, 

31). 
 

Sepsis models which use live bacteria have 

certain advantages. This method allows for the 

controlled inoculation of one type or a 

combination of various microorganisms resulting 

in an easily reproducible infection. The bacterial 

strain and applied dose can be standardized. 

Inoculation of cultured bacteria in predetermined 

doses can cause easily reproducible clinical 

manifestations. Moreover, use of different doses 

allows for the regulation of the severity of the 

disease, together with the study of various sepsis 

manifestations. This model enables researchers 

to cause specific types of sepsis, i.e. with Gram 

(+), or with Gram (-) microorganisms. Models 

with intravascular inoculation of live pathogens 

are easy to run. They do not require surgical 

intervention, thus avoiding inconveniences 

related to such a procedure, and the side effects 

which it inherently brings about.  
 

Both models with endotoxin and with bacterial 

infection can be modified so that they reproduce 

to a great extent the clinical picture of disease. 
 

ІІ. Surgical Models 

In the reviewed sepsis models surgical 

procedures for causing peritonitis are used. Some 

of the models require implantation of 

contaminated materials while in others the 

intestinal wall is disturbed in order to cause 

growth of mixed bacterial flora in the peritoneal 

cavity. 
 

1. 1. Models using cecal ligation and puncture. 

The most widely used sepsis model is achieved 

by cecal ligation and puncture (CLP) which is 

recognized as one of the models with the greatest 

compatibility in clinical terms (14, 43-45). 

Although it produces a complex series of 

pathologic manifestations, the CLP procedure is 

relatively simple and always guarantees results. 
 

“Early” sepsis models in dogs and pigs have 

been described as been induced by ligation of the 

cecum but without puncturing it (46, 47). In 

rodents, however, ligation without puncture 

causes an intra-abdominal abscess without 

subsequent general symptoms (12). Therefore, in 

rats a model with a cecal puncture was suggested 

and later adapted to mice (48). Surgical 

procedure is as follows: the cecum is 
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exteriorized through a small abdominal cut, a 

ligature is placed distal to the ileocecal valve, 

and a puncture is made with a needle. If the 

intestine is punctured without ligation the tiny 

perforations may close and no peritonitis occurs. 

In an experimental environment, a simulated 

manipulation is carried out with the animals of 

the control group where the cecum is pooled out 

and later returned to the abdominal cavity 

without ligation and puncture.  
 

Cecal puncture causes polymicrobial perotinitis 

with subsequent translocation of bacteria to the 

blood. Inflammation develops which leads to 

immune, hemodynamic and biochemical 

changes, septic shock, multiple organ failure, 

and death (12, 44). In rodents, the CLP model 

reproduces many of the clinical manifestations 

of sepsis. Several hours after CLP the animals 

show clear symptoms of the disease, such as 

tachypnea, tachycardia, hypotension, 

hypothermia, piloerection, lethargy, hunched 

posture, diarrhea, anorexia, and behavioral 

changes. Symptoms of the early, hyperdynamic 

stage of sepsis develop such as increased organ 

perfusion, hyperglycemia, and hyperinsulinemia, 

followed by the late, hypodynamic stage – 

reduced organ perfusion, hypoglycemia and 

lactacidemia (49, 50).  

 

The immune response to the CLP-induced sepsis 

is similar to that in clinical sepsis. The cytokine 

profiles and their dynamics during the two 

immunologically different stages, the pro-

inflammatory and compensatory anti-

inflammatory phase in animals, correspond to 

those reported in humans (15, 51, 52). The levels 

of IL-6 correlate exactly with survivability after 

CLP, a phenomenon also observed in humans. In 

acute models severe sepsis leads to a moribund 

state typical for the first three days after CLP, 

whereas in chronic ones the picture is not so 

serious and the animals recover after several 

days (49, 53). 
 

The extent of inflammatory response and 

seriousness of symptoms are closely interrelated 

with four essential factors i.e. length of the cecal 

ligation, number of perforations, their diameter, 

and the postoperative therapy. The 

manifestations of sepsis may be affected by a 

change in the technical procedure employed. The 

relationship between the length of the cecal 

ligation, expression of pro-inflammatory 

cytokines, and lethality among animals has been 

proved (54). In certain experimental protocols 

the necrotic cecum is cut out, and if this is done 

at the onset of sepsis, lethality drops (48). 

Changing the size of the needle used and the 

number of punctures can also alter the course of 

disease. Tests with mice indicate that in case of 

two punctures with 18 G needle lethality is 

100%. If a 21 G needle is used lethality falls to 

50%, and with 25 G – to 5%. The quantity of 

pro-inflammatory cytokines in the peritoneum 

and plasma also depends on the size of needle 

(49).    
 

Postoperative therapy is particularly important 

for the course and outcome of sepsis. Adequate 

antibiotic treatment and fluid resuscitation 

reduce lethality in the CLP-induced model (55, 

56). Antibiotics may reduce dissemination of 

bacteria, thus preventing the development of 

septic shock and restricting the multiple organ 

damage (57). Postoperative application of fluids 

is recommended due to the severe hypotension in 

animals and the risk for shock (58). 

Alternatively, it is necessary to induce a 

hyperdynamic circulatory state characteristic of 

the early stage of sepsis (12, 50). Taking into 

consideration the above mentioned factors 

allows for a flexible approach in the 

implementation of the CLP model and the 

establishment of variations in terms of 

seriousness and course of this heterogeneous 

disease process.  
 

The main advantage of the CLP model is the 

easy run: a simple surgical procedure is used, 

culturing of bacteria, their quantitative 

determination, and inoculum preparation are not 

needed. Moreover, with this sepsis model the 

peritoneum is contaminated with mixed flora in 

the presence of devitalized tissue, and 

demonstrates apparent similarity to the clinical 

situation in perforated appendicitis or 

diverticulitis (59). A serious asset of the model 

created by CLP is that it resembles to a great 

extent the development of clinical sepsis 

characterized by an early hyperdynamic state 

followed by a pronounced hypodynamic one and 

hypermetabolism.   
 

The CLP model also has certain disadvantages in 

that, it is difficult to control the amount of bowel 
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leakage and thus the septic manifestations may 

vary in quite a wide range. Furthermore, the 

intestinal flora of different animal species is not 

uniform. As a result of the CLP procedure 

significant amount of tissue necrotizes and an 

abscess is formed. The effects of the devitalized 

tissue add to the pathological changes caused by 

the infection. Thus, CLP establishes an abscess 

model and affects the course of sepsis in a 

direction different from that of most cases of 

clinical sepsis (14, 45). 
 

In the CLP model, lethality of animals is high 

(12, 29), and in modifications with longer 

survivability the severity of the clinical course 

varies substantially. Moreover, the model 

requires surgical intervention which in itself 

causes a catabolic state, and differentiation of 

sepsis from surgical intervention is not easy. It 

creates difficulties for the standardization of this 

model for metabolic research (41). The 

postoperative therapeutic approach is not 

unified. The support treatment with fluids and 

antibiotics varies substantially in the different 

laboratories, and is almost always insufficient 

because a single dose fluid and/or antibiotic is 

usually applied (60). This, in its turn, becomes a 

precondition for significant variations in the 

clinical course of sepsis.   
 

The CLP model is not standardized. Therefore, 

comparisons between studies should be made 

very carefully, taking into account variations in 

surgical procedure and postoperative care. 

Nonetheless, CLP induced sepsis is the most 

widely-used model of that heterogeneous 

syndrome.  
 

2. Models with insertion of stent in the 

wall of the ascending colon. One of the 

problems which may occur with CLP induced 

sepsis is the formation of uncontained pus 

collection, thus obtaining a model of intra-

abdominal abscess rather than a septic one. To 

solve this problem, a model has been created 

which induces peritonitis after inserting a stent in 

the ascending colon (Colon ascendens stent 

peritonitis – CASP).  
 

CASP is a relatively new model of polymicrobial 

sepsis. It was first described in mice, and later 

adapted to rats. In both animal species the 

procedure is as follows: the ascending colon is 

laid open by median laparatomy and a stent is 

inserted through the wall at some distance aboral 

to the ileocecal valve. The stent is stitched to the 

intestine. It provides continuous leakage of 

intestinal contents into the peritoneal cavity 

causing polymicrobial sepsis and peritonitis (61, 

62). After the CASP procedure bacteraemia 

occurs as the number of colony forming units 

grows exponentially between the third and 

twelfth hour, thereafter forming a plateau. 

Dissemination of bacteria in the internal organs 

is observed several hours later (61). LPS is 

present in the plasma as early as the second hour 

and grows in proportion to the increase of the 

quantity of bacteria. Direct comparison between 

the CLP and CASP models indicates stronger 

cytokine expression and higher bacteraemia in 

the CASP model, which is expected because of 

the severe diffuse peritonitis it induces. The 

inflammatory and anti-inflammatory syndromes 

develop rapidly and simultaneously in the CASP 

model (61, 63). The inflammatory response 

grows constantly, which is established by the 

increase of serum cytokines from 6 to 18 hours 

after the CASP procedure (63). In about 12 hours 

the animals demonstrate signs of severe disease 

(62). Death occurs in one to two days as a result 

of multiple organ failure including lungs, liver 

and kidneys (61-64). Both in the CPL model and 

in CASP variations in surgical procedure have an 

impact on the course of disease. The sepsis 

severity and lethality are dependent on the stent 

diameter (61-63). Control over the source of 

infection and continuity of fecal leakage may be 

carried out by random removal of the stent. In 

mice, removal of the stent up to the ninth hour 

after implantation reduces lethality (61).  
 

CASP is a relatively new and uncommon model 

of polymicrobial diffuse septic peritonitis. It 

reproduces important signs of acute clinical 

peritonitis, and in particular the profile of certain 

cytokines and LPS levels (61). In addition, the 

CASP procedure does not disturb the cecal blood 

flow, with subsequent necrosis and formation of 

abscess which occur in the CLP model (62).   

   

The main disadvantage of CASP as compared to 

CLP is the more complex surgical procedure. 

Awkward insertion of the stent leads to blockage 

and abscess formation (14). In this model the 

acute hyperinflammatory reaction is closer to the 

strong immune response to endotoxemia while 

the inflammatory reactions in the CLP model are 
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similar to the ones observed in clinical sepsis 

(65). No appropriately defined protocol is 

available for the run of the CASP model which 

makes it hard to reproduce (65). The 

hemodynamic response in CASP induced sepsis 

is still not properly described (14). Given the fact 

that cardiovascular parameters are critical for the 

validity of a certain model, in CASP there is a 

need for further studies in order to make it more 

widely accepted in sepsis research.  
 

3. Models with implantation of 

pathogens. These models also aim at causing 

sepsis by provoking peritonitis. Initially, tests to 

provoke peritonitis in experimental animals by 

implanting their own fecal matter in the 

abdominal cavity were often unsuccessful. The 

reason is the tolerance they demonstrate towards 

their own intestinal flora (66). To solve this 

problem different approaches were applied such 

as mixed fecal material from different animals, 

human feces, barium sulfate, biliary salts, and 

adding autologous hemoglobin to the fecal 

matter (59). It was found that when treating rats 

with a mixture of fecal matter from different 

animals  polymicrobial peritonitis occurred 

which caused hyperdynamic sepsis with high 

lethality (29). 

  
A variant of this model is the inducement of 

peritonitis by applying fecal pellets. It resembles 

to a great extent the sepsis induced by 

intraperitoneal introduction of feces (67). 

Instillment of feces without concomitant therapy 

leads to early death or fast recovery of animals 

(44). In many aspects the model with fecal 

pellets resembles CLP. In both cases the quantity 

of released microorganisms varies, which affects 

the severity of the course and reproducibility of 

the model. Therefore, models with implantation 

of pure bacterial cultures in the peritoneal cavity 

have been created. This allows for strict control 

both of the type of the microorganisms used and 

their combination, and of the dose applied. In 

some cases monocultures are used (68, 69), and 

in others – mixed bacterial cultures which mimic 

more precisely the gastrointestinal flora (70). 

Bacteria may be introduced in the peritoneal 

cavity by infusion, or included in the 

composition of different carriers. 
 

To create conditions closer to fecal 

contamination, Nakatani et al. used autoclaved 

fecal pellets containing E. coli and B. fragilis 

(42). They describe synergy between the two 

bacterial types and development of a localized 

intra-peritoneal abscess. A variant of this model 

is the application of sterile feces of rats 

contaminated with E. coli and wrapped in gelatin 

capsules (71).   
 

Intra-peritoneal infusion of bacteria in rats 

induces many of the clinical and histological 

changes characteristic of sepsis in humans (72, 

73), although the course of the disease is very 

severe with high lethality. Therefore, a technique 

is being developed whereby bacteria are 

introduced in the peritoneum included in a fibrin 

clot. Ahrenholz and Simmons (73) compare 

lethality in rats injected intraperitoneally with a 

suspension of E. coli in physiological solution, 

and those implanted by a clot containing the 

same number of bacteria. In the first case 

lethality within 24 hours is 100%, and in the 

second it reaches 90% as late as the tenth day. 

Fibrin impedes the release of bacteria from the 

clot and a chronic intra-peritoneal abscess 

develops as septic focus (6). Based on this 

method a reproducible model has been created 

described both in small and in big mammals. In 

general, it replicates the features of clinical 

sepsis: larvated beginning, hyperdynamic 

circulatory state, reversible left ventricular 

dilatation, intensity of cytokine response, and 

substantial, but delayed lethality (68, 69, 74). 

  

This model requires significant surgical 

intervention when implanting the fibrin clot in 

the peritoneal cavity in order to achieve a deeply 

located infection focus. Being easy to reproduce, 

the model provides an opportunity for the study 

of the dose dependent intensity of the 

inflammatory response and its dynamics by 

modifying the size of inoculum (70).  
 

CONCLUSION 

Sepsis is amongst the most difficult models of 

clinical conditions since the animal models have 

to reproduce the very complex picture of sepsis 

in humans. Ideally, the models should reproduce 

the course and seriousness of disease with 

manifestations of the typical hemodynamic, 

immunologic and metabolic stages, as well as 

show the pathohistological changes in key 

organs. It is apparent that not a single model can 

meet all these requirements as it does not 
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reproduce all aspects of sepsis. Anyone of them, 

however, may provide reliable information on 

separate components of the very complex septic 

process.  

Although animal models are often subject to 

criticism in terms of correlation of experimental 

data to clinical sepsis, they will undoubtedly 

continue to play an important role in the 

systematic study of sepsis. A detailed review of 

the advantages and drawbacks of each model 

will help the researcher make a choice consistent 

with the particular objective of the investigation, 

and, consequently, increase the use of models in 

scientific research.  
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