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ABSTRACT. Successful establishment of sepsis by entrapping a dose of 150 colony forming units of Kleb-
siella pneumoniae in a fibrin clot following implantation into the peritoneal cavity of mice is reported. The
dose in the fibrin clot gave 50 % mortality in mice, spread over a period of one week. All the infected mice
showed positive blood culture up to 6 d post-infection; histopathology revealed inflammatory changes in
both liver and spleen. Introduction of K. prneumoniae into experimental mice without entrapment in fibrin
clot caused no mortality and blood culture remained positive only up to 2 d; histopathology of liver and spleen
throughout the period of study showed relatively mild inflammatory changes, which almost cleared during
14 d post-infection. The use of the fibrin-clot model may thus be considered to be useful in studying both the
initial and the persisting stage of infection in the peritoneum, whence a slow release of bacteria into the
blood takes place which finally leads to sepsis and septicemia.

Septic shock that results from a Gram-negative bacterial infection is a major cause of morbidity and
mortality, especially in elderly and hospitalized patients, and current therapies remain largely supportive
(Mayeus 1997). New ways of therapy require validation using well-controlled clinical trials to assess the
acceptability of the drugs and devices before use in humans. Therefore it is necessary to have a suitable,
reproducible and affordable animal model for initial experiments.

The available sepsis models are not representative of the clinical septic syndrome since pathophy-
siological responses they produce are not similar to those seen in septic syndrome in humans (Wichterman et
al. 1980). Only few animal models are available which closely simulate the septic syndrome in humans. In
this context the use of the fibrin clot model reported in large animals such as dogs and guinea pigs has been
found to be superior to others as this model produces an evolving septic process from the point of view of
infection that closely mimics the human septic syndrome (Natanson ef al. 1989). It has been successfully
employed in the same model in rats by DeMarsh et al. (1996). Recent reports highlighting the genetic simi-
larity between mice and humans (Kondo ef al. 2001; Mural ef al. 2002) draw attention to the fact that these
small, affordable animals can serve as useful experimental models.

Here we report the suitability of mice for a septic-shock model established with Klebsiella pneu-
moniae entrapped in a fibrin clot.

MATERIAL AND METHODS

Bacterial strains. Fifty blood isolates of K. pneumoniae were obtained from the Department of Micro-
biology, Post Graduate Institute of Medical Education and Research (PGIMER) (Chandigarh, India). Eight
standard strains of K. pneumoniae were obtained from Dr. M. Trautmann (Department of Medical Micro-
biology and Hygiene, University of Ulm, Germany); K. pneumoniae ATCC 43816 was obtained from
Dr. D.P. Speert (Department of Pediatrics, University of British Columbia, Vancouver, Canada). These were
identified biochemically according to Qrskov (1984). Both blood isolates and standard strains were evalu-
ated for their ability to cause death in the mouse fibrin—thrombin clot model. Two of the standard strains,
ATCC 43816 and B5055, were found to cause in this model a significant decrease in the survival of mice;
based on a preliminary study, an isolate of K. preumoniae ATCC 43816 was selected for further experi-
ments. The strain was maintained on nutrient agar at 4 °C.
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Mice. LACA female mice (body mass 20-25 g) were used. The mice were housed in standard plas-
tic cages and fed laboratory chow and water ad libitum.

Animal model. To seed the fibrin clot, microorganisms were grown overnight in 20 mL nutrient
broth at 37 °C. After centrifugation, they were twice washed in isotonic sterile saline and finally resuspen-
ded in normal saline. The concentration was estimated as absorbance at 600 nm. Inoculum size was assayed
based on viable counts (determined on MacConkey’s agar plates by scoring colony forming units, CFU).

Infected fibrin clots were prepared according to DeMarsh ef al. (1996). Briefly, clots were made
from commercial citrated bovine fibrinogen (Sigma, USA), which was dissolved in saline solution to a final
concentration of 1 %. The fibrinogen solution was sterilized by passing through 0.22 um Millipore filter.
K. pneumoniae cells were added to the fibrinogen solution before coagulation. Simultaneously, 10 units
of bovine thrombin (Sigma) were added and the resulting mixture was incubated at room temperature for
30 min before implantation. Operative anesthesia was obtained with diethyl ether and the abdomen prepped
with 70 % ethanol. All procedures were carried out through 5 mm midline incision and closed with con-
tinuous nonabsorbable sutures. The fibrin clot containing the bacteria was inserted in the peritoneal cavity
before suturing. Equal number of animals served as controls. The mortality rate was registered daily for
a minimum of 2 weeks.

Bacterial dose. For the preliminary dose standardization, different doses of bacteria were entrapped
in a fibrin clot and inoculated into different groups of mice (each group consisted of 8 mice); mortality was
then followed. Finally, the dose which gave 50 % mortality in mice over a period of 7 d was selected for
inducing sepsis; mice receiving a sterile clot served as control. Establishment of sepsis was also checked
with bacteria not entrapped in the clot.

Culture studies. For peripheral blood culture studies, whole blood samples were collected from the
tail vein of mice every day starting 1 d after implanting the bacterial clot. In organ culture studies, spleen
and liver were removed aseptically from the mice on different days after infection and separately placed in
sterile pre-weighed tubes. The organs were weighed and homogenized in 1 mL of sterile normal saline. For
both blood culture and organ culture studies, serial dilutions were made in saline and the number of orga-
nisms was determined by plating on MacConkey’s agar plates subsequently incubated for 1 d at 37 °C.

For histopathological examination a portion of liver and spleen was fixed in 10 % buffered aqueous
formaldehyde, processed according to the standard method (Junqueira ef al. 1989) and assessed for inflam-
matory response after hematoxylin—eosin staining; the inflammatory response was classed as mild, moderate
and severe inflammation.

RESULTS

Bacterial dose standardization. The strain of K. pneumoniae ATCC 43816 when tested in a sepsis
model was able to induce sepsis and gave a good inflammatory response. A dose of 150 CFU (established in
preliminary dose standardization experiments; Fig. 1) if

given in fibrin clot, gave 50 % mortality spread over
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a period of 7 d. High doses resulted in 100 % mortality; doses 2 x 103—6 x 10® CFU killed all animals
within 2-3 d. Thus LDsy dose was selected for developing a sepsis model in which mortality would be
spread over a 1-week period (considered as a sufficient time to produce actual disease process resembling
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human sepsis). However, no mortality was observed with this dose interval when bacteria were not entrap-
ped in a fibrin clot.

Blood culture was found to be positive in both experimental groups (entrapped in the fibrin clot or
without the clot) of mice within 1 d. The blood counts in mice receiving bacteria in the fibrin clot increased
and reached a peak of 4.04 log units before the death of the animals; in non-clot group, blood counts became
negative 2 d after infection.

Organ culture of liver and spleen. Bacteria recovered from the liver and spleen of mice infected
with fibrin—thrombin clot were in the range of 8.0-8.25 and 6.8—7.4 log units, respectively. As there was no
mortality in mice receiving bacteria without fibrin clot the mice were sacrificed and the organ culture of
liver and spleen was done after 2, 4 and 14 d after infection; after 2 weeks the organs were sterile (blood
counts became negative).

Histopathological changes were observed in both liver and spleen of mice receiving bacteria in
fibrin clot. Moderate inflammatory response was characterized by a marked congestion, organ surface cove-
red with inflammatory exudates, focal collection of acute inflammatory cells, necrotic foci and mild micro-
vesicular fatty changes; it was found in both liver and spleen when 150 CFU in fibrin clot were given
(Fig. 2). Very mild inflammatory response could be seen in both liver and spleen when animals were chal-
lenged with a dose of 200 CFU not entrapped in a fibrin clot.

DISCUSSION

In earlier studies with a similar model in larger animals such as dogs, guinea pigs and rabbits, very
high doses (108-10° CFU) were preferred for the establishment of sepsis (Fink ef al. 1984; Alexander et al.
1989; Asheg et al. 2001). However, the use of very high doses in live organisms reflects more appropriately
an acute intoxication rather than a true sepsis. In the case of a large bolus of bacteria (1011-1012) an enor-
mous amount of endotoxin is released which has been strongly implicated for its capacity to initiate genera-
lized inflammatory response (Bucklin and Morrison 1995). Therefore, an ideal situation of a more realistic
animal model would be the use of a low dose of an appropriate pathogen so that its initial colonization pro-
gresses to an evolving sepsis. Melissen et al. (1994) could establish sepsis in mice with a low dose of K. pneu-
moniae (10* CFU) by immunomodulating the immune response with injections of cyclophosphamide. How-
ever, such a model is not acceptable because it alters the immune status of the host.

We were successful in establishing sepsis within 1 d with a low dose (150 CFU) of K. pneumoniae
ATCC 43816 without using immunomodulators. DeMarsh et al. (1996) studied the hematoregulatory acti-
vity of SK&F 107647 peptide during conventional antibiotic therapy with the same rat model and found the
blood culture to be positive within 18-25 h after infection establishment. It has also been reported that
Gram-negative facultative bacteria translocate more easily than anaerobes and Gram-positive bacteria (Wells
1990). This may explain the early positive blood culture in both our study and the study by DeMarsh et al.
(1996) (the organisms under study were K. pneumoniae and E. coli, respectively).

The success of a septicemia model requires that the infecting organism becomes localized in distant
organs (cf. Waldon ef al. 2002). Nabber et al. (1998) have shown the translocation of Clostridium difficile
infection from a localized infection site to the intestinal mucosa and then to different organs. We suppose
this mechanism could function in the transfer of bacteria from the peritoneal cavity to different organs as the
cultures of liver and spleen were found to be positive. The highest counts were found in liver followed by
spleen and blood. Direct comparison of earlier results with the present data is not possible as no quantitative
measurements of bacterial load in different organs have been done.

The presence of bacteria in different organs is not sufficient to assess the septicemia and thus there
is a need to evaluate the extent of tissue damage following translocation of bacteria. Nabber et al. (2000)
found that during the development of sepsis continuous liberation of endotoxin induces the release of pro-
and anti-inflammatory mediators; the suppression of the immune system enables the bacteria present in the
organs to cause more pronounced tissue damage seen in late sepsis. Our observations were similar and con-
firm the earlier explanation.

The fibrin-clot model in mice, which can be used for infectious Gram-negative bacteria implan-
tation in a very small dose entrapped in the peritoneal cavity, successfully simulates septic shock in its cha-
racteristic parameters. The use of mice has a special advantage in the light of the recent observation by
Mural ef al. (2002) that some data from mice can be extrapolated to humans.
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Fig. 2. Microphotograph of a moderate inflammatory response shown in transverse section of liver
(above; X400) and spleen (below; X100); both hematoxylin—eosin stained.
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