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ABSTRACT
PURPOSE: To investigate the role of a previous abdominal infection on peritonitis.
METHODS: Twenty-seven adult female Wistar rats were submitted to fecal peritonitis by an intraperitoneal injection of a solution of 
rat feces. The animals were divided into three groups (n = 9 each): Group 1 – control – intraperitoneal injection of an amount of fecal 
solution known to be lethal (10 ml/kg), Group 2 – reinfection – intraperitoneal injection of an amount of fecal solution known not to be 
lethal (2 ml/kg) followed by an injection of fecal solution (10 ml/kg) 30 days later, Group 3 – late reinfection – intraperitoneal injection 
of 2 ml/kg feces followed by an injection of 10 ml/kg four months later.
RESULTS: All animals in Group 1 died within seven days after injection of the fecal solution. In contrast, in the pre-infected Group 2 
only one animal died 24 hours after injection of the fecal solution (10 ml/kg). In Group 3, eight of the nine animals in each subgroup 
died over a period of seven days. The difference in survival time between groups 1, 2 and 3 was for p = 0.0042 (logrank test).
CONCLUSIONS: Milder peritoneal sepsis due to fecal infection raises the organic resistance to a new more intense fecal contamination 
occuring after a short period of time. However, this protection did not persist over a prolonged period of time.
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RESUMO
OBJETIVO: Investigar o efeito de uma nova infecção peritoneal após realização de peritonite fecal prévia.
MÉTODOS: Foram utilizados 27 ratos fêmea Wistar adultos submetidos à peritonite fecal com injeção intraperitoneal de uma solução 
de fezes de ratos. Os animais foram distribuidos em três grupos (n = 9): Grupo 1 - controle: injeção intraperitoneal de solução de 
fezes com uma quantidade sabidamente letal (10 ml/kg); Grupo 2 - reinfecção: injeção intraperitoneal de solução de fezes com uma 
quantidade sabidamente não letal (2 ml/kg) e, após 30 dias, injeção de solução de fezes (10 ml/kg); Grupo 3 - reinfecção tardia: injeção 
intraperitoneal de fezes a 2ml/kg e, após quatro meses, injeção de 10ml/kg. 
RESULTADOS: Todos os animais do Grupo 1 morreram dentro de sete dias após a injeção da solução de fezes. Em contraste, no grupo 
de reinfecção precoce Grupo 2 apenas um animal morreu 24 horas após a injecção da solução de fezes (10 ml / kg). No Grupo 3, oito 
dos nove animais  morreram durante um período de sete dias. A diferença no tempo de sobrevivência entre os grupos 1, 2 e 3 foi de p = 
0,0042 (teste de logrank).
CONCLUSÕES: Uma sepse peritoneal menor por fezes eleva a resistência orgânica a nova contaminação fecal mais intensa que ocorra 
após um período curto. Contudo, essa defesa não persiste por tempo mais prolongado.
Descritores: Peritonite. Sepse. Infecção. Fezes. Imunidade. Ratos. 
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Introduction

Most peritoneal infections are caused by gram-negative 
and anaerobic bacteria, specially Escherichia coli and Bacteroides 
fragilis,. Escherichia coli predominates during the acute phase of 
the process, whereas in the chronic phase, when abscess formation 
occurs, the predominance is of anaerobic bacteria, mainly 
Bacteroides fragilis and enterococci, which act synergistically1,2. 

The association between sepsis and peritonitis has not 
been fully clarified. During the acute phase, after invasion by gram-
negative bacteria, the organism recognizes lipopolysaccharide 
(LPS) and its major molecule, lipid A, as signals of bacterial 
penetration. Lipopolysaccharide binding protein (LBP) transfers 
LPS to CD14 on the surface of monocytes, macrophages and 
neutrophils3. This phenomenon induces the production and 
release of mediators, such as tumor necrosis factor α (TNF-α) and 
interleukins 1, 6 and 8, generating the amplification of the LPS 
signal in plasma and its transmission to other cells and tissues4. 
Associated with these cytokines there is release of phospholipids-
derived factors and coagulation factors, complement activation, 
increased vascular endothelium permeability, and nitric oxide 
production5. It is important to emphasize the occurrence 
of resistance to peritoneal infection by means of activation 
of complement factors C3 and C4, mast cells, TNF- α, and 
immunoglobulin M (IgM)6.

The first line of defense against a peritoneal infection 
is natural immunity (neutrophils, macrophages and complement 
activation, and specific acquired immunity to the invading 
pathogens by the action of IgM7. The natural immune response is 
activated immediately after the antigenic stimulus but it lasts for 
only a short time after the end of this stimulus. However, acquired 
immunity persists for a longer time. The possible activation of T 
cell clones may generates a more prolonged and effective immune 
defense during subsequent infections. Humoral immunity seems 
to be the major response that specifically protects against bacteria 
in its extracellular form8.

Few studies are available in the literature about the 
effects of a new infection after septic peritonitis, and their results 
are conflicting9,10. According to Feterowski et al.9a new aggression 
during the acute phase of a septic phenomenon generates a better 
response by the organism as long as it occurs four days after the 
initial infection. The explanation for this result was that previous 
exposure to LPS may modulate the defense or the organism 
by amplifying the natural immunity. Previous exposure may 
be responsible for the activation and increase in the number of 
neutrophils by inhibition of apoptosis at the site of infection9. In 

addition, Zhou et al.10 observed that exposure to LPS reduced the 
recruitment of monocytes in the peritoneal cavity by inhibitory 
regulation of CCR2 receptors on the surface of peripheral blood 
cells, generating a reduction of the natural immune response.

In a survey of the literature we did not find any report 
about the results of peritoneal reinfection after longer period of 
time. The purpose of this study was to provide information about 
the acquired immunity and possible persistence of the immune 
defense against this infection

Methods

This study was performed according to the 
recommendations of the Guiding Principles in the Care and Use 
of Animals, and was approved by the Ethics Committee of the 
Department of Surgery, Medical School, Federal University of 
Minas Gerais.

Twenty-seven adult female rats, ranging in weight from 
2450 to 2700g, were housed in cages and received rat food and 
water ad libitum. They were observed for health status during a 
10 days-period. The animals were divided at random into three 
groups (n=9) according to the following protocol:

Group 1 – control: intraperitoneal injection of a quantity 
of fecal solution known to be lethal (10 ml/kg), as determined in a 
pilot study. This solution was introduced on the same day when the 
second injection of fecal solution was applied to Group 2.

Group 2 – reinfection: initial intraperitoneal injection of 
a small amount of fecal solution known not to be lethal (2 ml/kg) 
as determined in a pilot study. After a 30 day follow-up, a new 
inoculation of fecal solution (10 ml/kg) was performed, the same 
injected into group 1.

Group 3 – late reinfection: initial intraperitoneal injection 
of the fecal solution (2 ml/kg). After a 4 month follow-up, the 
same fecal solution (10 ml/kg) as injected into groups 1 and 2 was 
inoculated into this group.

The 10% fecal solution was prepared by placing 2g of rat 
feces in a beaker and adding enough water to complete 20 ml. This 
mixture was homogenized and filtered through gauze to remove 
fecal particles.

Anesthesia was obtained with an intramuscular injection 
of 100 mg/kg ketamine hydrochloride. The fecal solution was 
injected into the peritoneal cavity with a syringe fitted with a 25 x 
7 neddle at the level of the umbilical scar, 0.5 cm to the left of the 
abdominal rectus muscle.

All animals had free access to rat chow and water. They 
were daily monitored and followed during the period determined 
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for their group. The rats that died were submitted to autopsy
Data were presented as mean ± SEM. The weight of the 

animals of the different groups was assessed one-way ANOVA and 
the Tukey-Kramer tests. Paired t test compared the initial and final 
animal weight of the same group. Survival curves of Groups 1, 2 
and 3 were plotted using the Kaplan and Meier method and then 
compared by the log-rank test. P values < 0.05 were considered 
significant.

Results

The mean of the initial weight of animals of group 1 
was 234.8 ± 12.32g, of group 2 was 224.9 ±  8.82g and group 
3 was 217.54 ± 7.93g (p=0.2843) demonstrating that the groups 
were homogeneous and could be compared. Table 1 shows the 
mean weight of the rats of the three groups in different periods 
after intrabdominal injection of fecal solution. The absence of 
difference between the three groups suggests similar caloric intake 
by the rats of all groups in the different periods.

TABLE 1 - Mean weight ± standard deviation of mean 
(g) of the animals of groups 1, 2 and 3 after intrabdominal injection 
of fecal solution.

PERIOD

GROUPS Initial 30 days 4 months p

1 234.8 ± 12.32 - - -

2 224.9 ± 8.82 250.30 ± 6.90 - 0.0422 *

3 217,54 ± 7.93 248.12 ± 5.45 312.25 ± 11.87 0.0032 **

p 0.2843 + 0.359 ++

* Group 2: difference between initial and after 30 days (paired t test)
** Group 3: difference between initial, after 30 days and after four months 
(ANOVA)
+ : Difference between groups 1, 2 and 3, considering their initial weight 
(ANOVA) 
++ : Difference between groups 2 and 3 after 30 days (paired t test)

All nine animals in group 1 died within a period of 
seven days after injection of the fecal solution. In contrast, only 
one animal in group2, which had been pre-infected, died after 24 
hours, while the eight other rats remained alive throughout the 30 
days of follow-up and showed progressive gain of weight (250.30 
± 6.90) (p = 0.0422 – paired t test). The difference in survival time 
between groups 1 and 2 was for p = 0.0002 (logrank test). The 
survival curves of the Groups 1 and 2 (p = 0.025) were discrepant. 
Numerically, the estimated hazard ratio for mortality in these two 

groups was 14.35 (CI: 3.83 – 68.63) (Figure 1).

* Difference among the groups 1, 2 and 3 based on the log-rank statistic 
(p = 0.0042)
   Difference among the control group and group 2 based on the log-rank 
statistic (p = 0.0002)
  Difference among the control group and group 3 based on the log-rank 
statistic (p = 0.4738)

FIGURE 1 - Survival curve of the groups 1 – control, group 2 – reinfection 
after one month and group 3 – reinfection after four months, plotted by the 
Kaplan and Meier method.

At autopsy, an abundant fluid was detected in the abdominal cavity 
of all animals in both groups. Group 2 showed more adhesions 
than Group 1. No difference was found in microbial content of 
peritoneal fluid between the groups, and when compared the initial 
fluids with those founded by the end of the experiment.
	 In group 3, eight of the nine animals died within seven 
days after the second intraperitoneal stool injection, while the 
other rat remained alive throughout the 30 days of the follow-up. 
An increasing gain of weight was observed in these animals until 
the fourth month after intrabdominal injection of fecal solution (p 
= 0.032 – ANOVA) (Table 1). There was no difference in survival 
time between the rats of group 3 and the control group (Group 1) 
(p = 0.4738) (logrank test). It must be stressed that the survival 
time of the group 3 was considered after the second intrabdominal 
injection of fecal solution (higher amount), three months after the 
first injection (with lower amount of fecal solution). Numerically, 
the estimated hazard ratio for mortality in these two groups was 
0.7465 (CI: 0.2131 – 2.051). A large amount of pus was detected 
in all animals of this group at autopsy. 
	 The difference in survival time between groups 2 and 3 
was for p = 0.0005 (logrank test). The survival curves of the Groups 
2 and 3 (p = 0.027) were discrepant. This comparison considered 
the survival time of the group 3 after the second injection of fecal 
solution. The estimated hazard ratio for mortality in these two 
groups was 12.89 (CI: 4.15 – 71.48) (Figure 1)

The difference in survival time between groups 1, 2 and 
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3 was for p = 0.0042 (logrank test). (Figure 1) Thus the animals of 
group 2 survived much more (30 days) than the rats of group 1 and 
of those included in group 3. As may be observed above, there was 
no difference between groups 1 and 3.

Discussion

The present experiment showed that, when reinfection 
was induced after a short period of time, mortality was much lower 
than in the control group. This result indicates that the reduction 
in mortality after reinfection may be due, at least in part, to the 
immune defense acquired during the first infection. However, this 
protection is only temporary, since in the group studied after late 
reinfection mortality was exactly the same as in the control group. 
Two control groups were used to insure that the two fecal solutions 
used at different times were indeed lethal to the rats, whose age and 
weight were similar in the experiment groups and their respective 
controls.

The importance of IgM is recognized in the defense of 
the organism against bacterial infection in peritonitis, by inducing 
both local and systemic responses11. This opsonin promotes an 
increase in TNF-α, IL-6 and neutrophil levels, in addition to 
activating the complement cascade, mainly C3. This mechanism 
possibly reduces the amount of peritoneal E. coli and serum 
LPS. The lack of specific IgM worsens all these parameters, 
increasing mortality12,13. Thus, it is probable that after one month 
the serum levels of IgM and of other immune factors were still 
elevated in group 2 animals, in contrast to group 3 animals, who 
did not show an adequate response to the new bacterial agression. 
However, it was not objective of the present investigation to test 
these hypotheses. In view of the results obtained, it is of pivotal 
importance to continue investigating this line of research in order 
to understand the defense mechanism induced by peritonitis, 
which protects the organism in the case of peritoneal reinfection. 
Even considering several hypotheses, we could not find data that 
may indicate the mechanisms resulting in the animals survival 
periods. Further studies must be proposed in order to evaluate 
these mechanisms.

The fact that late reinfection was followed by elevated 
mortality suggests that the acquired organic defense, that was 
effective in controlling peritonitis due to reinfection during an 
initial period, did not persist. This shows that the immune response 
to this infection probably does not depend on T lymphocytes, a fact 
that may explain this non-induction of immunological memory.

Conclusions

A milder peritoneal sepsis induced by a fecal solution 
elevates the organic resistance to a new, more intense, fecal 
contamination occuring after a short period of time. However, this 
defense does not persist over a prolonged period of time.
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