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A B S T R A C T

Objective

This work aimed to evaluate the effect of fructooligosaccharide and inulin added to an enteral diet on the
translocation of Klebsiella sp. in mice.

Methods

Four- to six-week–old Swiss albino mice were divided into nine groups and fed enteral diets containing
different combinations of fructooligosaccharide, inulin, antibiotic and corticoid, inoculated or not with
Klebsiella pneumoniae. On day 5, the animals of four groups were fed an enteral diet contaminated with
approximately 1010CFU/g of K. pneumoniae. At defined times, two animals of each group were sacrificed and
their organs (spleen, heart, liver, lungs, and kidneys) were aseptically collected, weighed, and analyzed for the
presence of typical Klebsiella sp. colonies.

Results

A higher number of CFU/g of Klebsiella was detected in the organs of the animals in the immune-suppressed
group fed the diet contaminated with K. pneumoniae and without prebiotics. Animals fed the diet enriched
with fructooligosaccharide and inulin, at a concentration of 15.3mg/g of body weight, had a shorter period of
Klebsiella sp. translocation, compared with those not fed prebiotics in the diet.

Conclusion

The addition of fructooligosacharide and inulin in enterais diets at a concentration of 15.3mg/g of body
weight resulted in the reduction of translocation of Klebsiella for spleen, heart, liver, lung and kidneys of mice
that had received the diet contaminated associated or not with antibiotic and imunodepressor drug.

Indexing terms: Inulin. Klebsiella sp. Enteral nutrition. Bacterial translocation.
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R E S U M O

Objetivo

Avaliar o efeito da administração de frutooligossacarídeo e inulina, adicionados à dieta enteral, na translocação
de Klebsiella sp. em camundongos.

Métodos

Camundongos albinos suíços, com quatro a seis semanas de vida, foram divididos em nove grupos e tratados
com dietas enterais contendo diferentes combinações de frutooligossacarídeos, inulina, antibiótico e corticóide,
inoculadas ou não com Klebsiella pneumoniae. No quinto dia de experimento, os animais dos tratamentos IV,
V, VIII e IX foram alimentados com dieta enteral contaminada com, aproximadamente, 1010UFC/g de Klebsiella
pneumoniae. Em tempos definidos (sexto, sétimo, nono, décimo primeiro e décimo terceiro dia de experimento),
dois animais de cada grupo foram sacrificados e seus órgãos: baço, coração, fígado, pulmões e rins, foram
coletados assepticamente, pesados e analisados quanto à presença de colônias típicas de Klebsiella sp.

Resultados

Maior número de UFC/g de Klebsiella sp. foi detectado em órgãos de animais do grupo imunodeprimidos,
que receberam dieta com Klebsiella pneumoniae e sem prebióticos. Animais que receberam dieta enriquecida
com frutooligossacarídeo e inulina, na concentração de 15,3mg/g de peso corporal, apresentaram menor período
para a translocação de Klebsiella sp., quando comparados aos animais que não receberam prebióticos na dieta.

Conclusão

A adição de frutooligossacarídeos e inulina em dietas enterais na dose de 15,3mg/g de peso corporal resultou
na diminuição de translocação de Klebsiella para baço, coração, fígado, pulmão e rins de camundongos que
receberam a dieta contaminada associada ou não com droga imunodepressora e antibiótico.

Termos de indexação: Inulina. Klebsiella sp. Nutrição enteral. Translocação bacteriana.

I N T R O D U C T I O N

Gram-negative bacteria present in the
intestinal microbiota, such as Klebsiella
pneumoniae, an opportunistic pathogen, are
frequently recovered from patients and considered
to cause hospital infections1,2. Klebsiella is also one
of the bacteria most frequently found
contaminating enteral diets and is a likely source
of infection in immune-suppressed individuals3,4.
This organism’s ability to translocate from the
intestinal tract to other organs of the body is
known, being among the enterobacteria that
translocate the most5,6. Translocation seems to
occur more easily in immune-suppressed patients,
who make use of antibiotics and/or have some
intestinal epithelial injury6. Experimental studies
suggest that bacterial translocation may be
reduced by an enteral supply of nutrients to the
colon, e.g., fermentable fibers7. Inulin and
fructooligosaccharides (FOS) are considered
prebiotic ingredients because they benefit the host
by stimulating selective growth and/or the
metabolic activity of a limited number of bacteria

in the colon8,9. Bifidobacteria ferment the fibers in
the colon, producing a number of nutrients,
including short chain fatty acids, such as acetate,
propionate, and butyrate, which stimulate mucosal
growth10. They also reduce bacterial translocation
and stimulate intestinal immune defense11. Since
virulent strains of Klebsiella may contaminate
enteral diets, this work aimed to evaluate, in vivo,
the effect of adding prebiotics to an enteral diet
on the translocation of Klebsiella to different
organs.

M E T H O D S

K. pneumoniae recovered from an enteral
diet by Pereira12 was activated in Trypticase Soy
Broth (TSB, Merck) at 37ºC, for 24 h and the cells
were collected by centrifugation. The Klebsiella
cell concentrate was diluted with saline (0.85%
NaCl) to obtain a suspension containing around
1010 colony-forming-units (CFU) per milliliter of
enteral diet.

The enteral diet used was Soya Diet
without sucrose (Support®). The powdered diet
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was dissolved in sterile distilled water according
to the manufacturer’s recommendations. The

enteral diet fed to the animal groups receiving
the prebiotics was prepared by adding 15.3mg/
100g of body weight per day of FOS and 15.3mg/

100g of body weight per day of inulin, considering
a mean animal weight of 24g and a daily average
intake of approximately 20mL of diet per animal.

The animals in the control group were fed the
diet AIN-93G, ad libitum13.

Four- to six-week-old Swiss albino mice
were used, randomly separated in groups of 10

animals and kept in disinfected cages, at a room
temperature of 25ºC.

The experiment was performed in a
completely randomized design, repeated twice,

following a split-plot design with the treatments
in the plots, shown in Chart 1, and the evaluation
times in the split plots.

The immune system was suppressed from

the start until the end of the experiment by
administering 10mg/kg of prednisone to the
animals, as well as 200mg/kg of carbenicillin orally

during the first four days of the experiment. The
enteral diet contaminated with 10CFU/mL of
Klebsiella was also supplied on day 5 to the

animals in groups IV, V, VIII, and IX (Chart 1).

On days 6, 7, 9 11, and 13, two animals of
each group were killed and organs such as heart,
liver, spleen, kidneys and lungs were collected,

weighed, and stored at 4ºC for 24 hours in sterile
polyethylene bags (Whirl-Pak, Millipore). Typical

colonies of Klebsiella were counted by macerating

the organs14, preparing decimal dilutions and

inoculating them in MacConkey-Inositol-

Carbenicillin (Merck) selective agar, followed by

incubation at 37ºC for 48 hours15. The result was

expressed in CFU of Klebsiella per gram of organ.

Only the plates containing more than 25 colonies

were included.

The researchers were aware of the ethical

and legal requirements and regulations for

researches done in Brazil and of the Colégio Brasi-
leiro de Experimentação Animal (COBEA - Brazilian

College of Animal Experimentation).

R E S U L T S

Typical colonies of Klebsiella sp. in selective

McConkey-Inositol-Carbenicillin medium were not

found in the liver, spleen, heart, kidneys, and lungs
of the animals in treatments I, II and VI, which
were not given immune-suppressing medication

or contaminated diet.

On day 6, around 105 typical CFU/g of
Klebsiella sp. were found in the liver (Figure 1A)
of treatment III immune-suppressed animals fed
the uncontaminated enteral diet. Klebsiella sp. was
also recovered from the kidneys, liver, and spleen

of these animals on day 7 (Figure A).

Chart 1. Characteristics of the different treatments given to the animals. Viçosa (MG), 2004.

Diet AIN-93G (13) and healthy animals

Enteral diet with prebiotics, uncontaminated, healthy animals

Enteral diet with prebiotics, uncontaminated, immune-suppressed animals

Enteral diet with prebiotics, contaminated, healthy animals

Enteral diet with  prebiotics, contaminated, immune-suppressed animals

Enteral diet without prebiotics, uncontaminated, healthy animals

Enteral diet without prebiotics, uncontaminated, immune-suppressed animals

Enteral diet without prebiotics, contaminated, healthy animals

Enteral diet without prebiotics, contaminated, immune-suppressed animals

I

II

III

IV

V

VI

VII

VIII

IX

Treatment Characteristics
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When immune-suppressed animals were
given an enteral diet without K. pneumoniae and
addition of prebiotics (treatment VI), translocation
of indigenous Klebsiella was also confirmed and
organs such as spleen, liver, and lungs had from
103 to 105 CFU/g (Figure 1B).

The addition of the prebiotics FOS and inulin
to the enteral diet contaminated with K.
pneumoniae did not prevent Klebsiella
translocation in healthy animals (treatment IV).

However, when healthy animals were given a
contaminated diet without prebiotics (treatment
VIII), the Klebsiella count was much higher in
the organs analyzed and lasted longer (Figure
1C and D).

The treatment V immune-suppressed
animals given a contaminated enteral diet with
prebiotics had 104 to 105CFU/g of Klebsiella sp. in
the kidneys, liver and spleen (Figure 1E).
Translocation for a period of up to 9 days was

Figure 1. Klebsiella sp. colony-forming units (CFU) from organs of mice submitted to treatments: (A) III; (B) VII; (C) IV; (D) VIII; (E) V, and

(F) IX, on different evaluation days. Viçosa (MG), 2004.
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confirmed in the immune-suppressed animals of
treatments VII, VIII and IX fed either the
contaminated or uncontaminated diet with
prebiotics. The treatment IX animals presented the
highest CFU/g values of typical Klebsiella colonies,
around 106CFU/g. Prebiotics in the diet were more
effective in reducing the translocation period than
in reducing the number of translocated cells.

D I S C U S S I O N

The results obtained from the animals in
treatments I, II, and VI suggest that in uninoculated
hosts with an effective immune system, digestive
tract indigenous Klebsiella are unable to translocate
to the analyzed organs.

The translocation of Klebsiella sp. observed
in the different organs reinforces Berg´s5 statement:
K. pneumoniae is one of the bacterial species
which translocates most from the intestinal tract
of mice given prednisone and other immune-
-suppressing drugs.

The liver was the organ most often
contaminated with Klebsiella sp. (Figure 1A, B,
D, E and F) and this may be attributed to the large
number of bacteria passing from the intestinal
mucosa to the portal system, necessarily passing
through the liver lobes before reaching the
systemic circulation16. Pereira12 also observed that
the K. pneumoniae strain P15 translocated more
frequently to the liver than to other organs in
immune-suppressed animals.

The presence of bacteria in response to
immune changes, as verified in the uninoculated,
immune-suppressed animals of treatments III and
VII, corroborates the findings of other authors.
Gianotti et al.17 suggested that prednisone therapy
can modulate the intestinal barrier function of the
host and also decrease the survival of thermally
injured mice, with more translocation of exogenous
and indigenous enteric bacteria to vital organs.
Pereira12 found strains of Klebsiella genetically
distinct from those ingested in the organs of mice
whose immune systems had been suppressed with
prednisone. According to Alverdy and Aoys18,
corticosteroid treatment significantly reduces

secretory IgA concentration in the intestine. Jones
et al.19 found that increasing doses of corticoids
prolonged the presence of indigenous and
exogenous bacteria in the tissues of mice. They
also observed that prednisone can increase the
adherence of these bacteria to the intestinal cells
facilitating their translocation, besides reducing the
host’s ability to eliminate the translocated bacteria.
This fact is confirmed when the animals of
treatment VII (uncontaminated enteral diet without
prebiotics given to immune-suppressed animals)
are compared with those of treatment VI
(uncontaminated enteral diet without prebiotics
given to healthy animals). These results suggest
that the translocation seen in the animals of
treatment VII may have been eased by combining
prednisone with antibiotic.

The concomitant use of immune-
suppression, antibiotic and a contaminated enteral
diet increased the bacterial translocation process,
confirmed by the results obtained from the animals
in treatments IV (contaminated enteral diet with
prebiotics given to healthy animals), V
(contaminated enteral diet with prebiotics given
to animals treated with prednisone and
carbenicillin), VIII (contaminated enteral diet
without prebiotics given to healthy animals) and
IX (contaminated enteral diet without prebiotics
given to animals treated with prednisone and
carbenicillin). The results were in agreement with
the literature which stated that there is an increase
in translocation rate when a combination of two
or three mechanisms responsible for translocation
occurs6,15.

The data regarding the use of prebiotics in
the diet is in agreement with a number of published
studies. Inulin and FOS are indigestible
oligosaccharides classified as dietary fibers and
functional ingredients8,20,21. The target of their
functional effect is the colonic microbiota which

is capable of fermenting them and for which they
act as selective agents of gastrointestinal
physiology, immune function, among others9,20-25.

The scientific data exposed in this work show a
strong evidence of the prebiotic effect of FOS and
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inulin, since they decrease the risk of translocation
of an opportunistic pathogen in animals given
contaminated foods and immune-suppressing
drugs.

In view of the risk of enteral diets being
contaminated with bacteria that pose a threat to
patients taking corticoids and antibiotics, prebiotics
should become one of the basic ingredients of
enteral diets because of their fundamental
protective role.

C O N C L U S I O N

Animals fed FOS and inulin (15.3mg/100g
a day) had shorter periods of translocation than
animals not fed prebiotics.
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