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Role of intestinal bacterial overgrowth and intestinal motility in
bacterial translocation in experimental cirrhosis
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ABSTRACT

Background: intestinal bacterial overgrowth (IBO) is related
to small bowel motility and has been involved in the pathogenesis
of bacterial translocation (BT) in experimental models, and both
overgrowing gut flora and translocating bacteria to mesenteric
lymph nodes are common features in cirrhosis.

Objectives: the aims of this study were to analyze cecal aero-
bic bacteria and intestinal transit in cirrhotic rats, and their rela-
tionship with BT, evaluating the role of intestinal bacterial over-
growth and small bowel dismotility in the development of BT in
experimental cirrhosis.

Material and methods: we included twenty-seven male
Sprague-Dawley rats with carbon tetrachloride-induced cirrhosis
without ascites and ten controls. Cultures of mesenteric lymph
nodes (MLN), peripheral and portal blood, liver, spleen and cecal
samples were carried out. Small intestinal transit was determined
in ten cirrhotic rats and in ten control rats.

Results: the prevalence of bacterial translocation was 56%.
Total cecal aerobic bacteria count was significantly higher in cir-
rhotic rats than in control rats (p < 0.001). Cirrhotic rats with
translocated bacteria had higher total aerobic intestinal counts
than culture-negative MLN bacteria (p < 0.05). The prevalence of
total intestinal bacterial overgrowth in cirrhotic animals was 67%,
and 0% in control animals (p < 0.001). According to BT, total
IBO was more frequent in cirrhotic rats with BT versus those
without BT (93 vs. 33%) (p < 0.001). Of the translocating bacte-
ria, 95.6% were found to be overgrown in the cecum. The small-
intestinal transit was slower in cirrhotic rats (60.5 + 12.7 cm wvs.
81.2 + 5.7 cm) than in control animals (p < 0.001).

Conclusions: these results suggest that the increase of intesti-
nal aerobic bacteria in experimental cirrhosis is associated with
translocation. In addition, IBO is frequent in cirrhotic rats, and is
supposed to play an important role in the development of BT. Im-
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paired motility of the small intestine is a common feature in cir-
rhosis and may be implicated in the pathogenesis of IBO.
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INTRODUCTION

The passage of viable flora from the gastrointestinal
tract to the mesenteric lymph nodes (MLN) is known as
bacterial translocation (BT) (1). This process has been
documented to occur in numerous clinical situations, and
has been associated with the development of sepsis by
gram-negative bacteria (2).

Infections are frequent in the setting of cirrhosis, and
organisms of enteric origin cause most of them (3). Sev-
eral studies have documented the importance of BT in
cirrhosis (4,5), and it appears to play a key role in the
pathogenesis of spontaneous bacterial peritonitis (SBP)
(6,7). The mechanisms promoting the translocation of the
gut flora in cirrhosis are not totally understood, although
endotoxemia and malnutrition have both been involved
(8-10). The disruption of the gut flora equilibrium is re-
lated to the development of BT (11,12). Intestinal bacter-
ial overgrowth (IBO) has been reported in cirrhotic pa-
tients and related to the development of SBP (13-16). In
addition, selective intestinal decontamination with sup-
pression of aerobic intestinal bacteria prevents BT in cir-
rhotic rats, and is the current prophylaxis for SBP in hu-
mans (17-20). On the other hand, several studies have
shown that impaired intestinal motility is one of the fac-
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tors contributing to enteric bacterial overgrowth, and also
that intestinal transit is delayed in the setting of cirrhosis
mainly related to the severity of disease (21-24).

The aims of the present study were: first, to evaluate
the aerobic cecal flora in cirrhotic rats and its relationship
with BT; second, to establish the role of IBO in bacterial
translocation; and third, to study intestinal motility in ex-
perimental cirrhosis.

MATERIAL AND METHODS

Twenty-seven rats with carbon tetrachloride-induced
cirrhosis and ten normal rats were studied. The induction
of cirrhosis was performed according to the experimental
model described by Runyon et al. (25). Male Sprague-
Dawley rats were caged under constant temperature and
humidity conditions, with a 16/8 hour light/dark cycle,
and fed with standard rodent chow, all in agreement with
the guidelines for animal research in the Guide for the
Care and Use of Laboratory Animals. Rats were observed
daily. Cirrhosis induction began with the animals weigh-
ing 100-150 g, and by administering 1.5 mmol/l of phe-
nobarbital in the drinking water. When the rats reached
200 g of body weight, intragastric CCl, was given using a
50% dilution with olive oil by esophagic cannulation
with a special needle and no anesthesia. CCl, was given
weekly with a starting dose of 40 ul, with subsequent
doses being increased depending on the change in body
weight.

Bacterial translocation and IBO study

When the animals reached an established cirrhotic sit-
uation (between 9 and 11 weeks) various samples were
obtained for later processing. Anesthesia was induced by
inhalation of ethyl ether (Iganalitica, Probus S.A.
Barcelona, Spain). One sample of peripheral blood was
taken before laparotomy.

Laparotomy was then carried out under aseptic condi-
tions, following removal of the abdominal fur and apply-
ing a local antiseptic solution. The peritoneum was then
opened and potential sources of infection were searched
for. Samples were obtained in the following order: portal
blood, mesenteric lymph nodes from the ileo-cecal area,
liver, and spleen; in all cases, this was performed before
death. Finally, cecal samples were collected. Sections of
the liver were also obtained for histological analysis.

Samples of peripheral and portal blood were cultured
by immediate inoculation into blood culture bottles
(Bactec Plus/ aerobio) and by later processing in a Bactec
9240 system (Becton-Dickinson. Maryland. USA). Liver,
spleen, and MLN samples were homogenized in brain-
heart medium and then plated (0.1 ml) on CNA and Mac-
Conkey agar for twenty-four hours. Blood bottles with a
positive culture were plated in the same way. Cecal sam-
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ples were homogenized in brain-heart medium, and dilut-
ed to 10-2, 10-4 and 10-6. Diluted homogenates of cecal
samples were cultured (0.1 ml) in the same plates (CNA,
and MacConkey). Microorganisms were identified by
usual bacteriological methods: API 20E (Bio Mérieux
SA. Mercy I’Etolile. France) and MicroScan (Baxter
Healthcare, West Sacramento, CA, USA).

Bacterial translocation was defined as culture-positivi-
ty of MLN. Intestinal aerobic bacterial overgrowth was
defined as a cecal bacterial count higher than the mean
value plus two standard deviations of bacterial count in
normal rats.

Intestinal transit determination

Gavage feedings of nonabsorbable liquid markers
were given via an orogastric tube to determine intestinal
transit. One hour before the BT study, 0.1 ml of Evans
Blue solution (50 mg in 1 ml of 0.9% NaCl, Sigma
Chemical Co.) was administered via the orogastric tube.
Upon completion of the BT study, the whole small intes-
tine was evaluated. As previously reported (26), intesti-
nal transit was determined by measuring the distance be-
tween the gastric pylorus and the distal site of small
intestine that was colored in blue.

Statistical analysis

Results are expressed as means or proportions, as re-
quired. Stools and MLN counts of colonies are presented
as log" colony-forming units (CFU) per ml of ho-
mogenate. Intestinal transit is expressed as the distance in
centimeters between the gastric pylorus and the distal site
of small bowel that was colored in blue. Kruskal-Wallis
non-parametric ANOVA test was used for multiple com-
parisons. Mann-Whitney U test and Chi square or Fish-
er’s exact test were used for comparisons between
groups. A p-value of less than 0.05 was considered sig-
nificant.

RESULTS

All the rats had cirrhosis at the time of the study. Re-
garding BT, pathogenic bacteria were cultured from the
MLN of 56% of rats. None of the control rats translocat-
ed (p < 0.02). The majority of bacteria isolated were en-
teric gram-negative organisms, and the most frequent
cultured organism was E. coli, which grew in 66.7% of
cultures. Seven polymicrobial cases of BT were found.
Total MLN bacterial count in translocated rats was 3.37 +
1.24. Table I shows bacteria isolated in cecal samples and
mesenteric lymph nodes.

Total cecal aerobic bacterial CFU was significantly
higher in cirrhotic rats (15.61 = 5.36 log" CFU) than in

REV Esp ENFERM DIG 2005; 97(11): 805-814
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Table I. Cultures of samples from cirrhotic rats
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Rat n° Cecum sample MLN
1 E. coli, EB E. coli
2 E. coli, EB, PRT NG
3 E. coli, EB, EC, PRT EB, EC
4 E. coli, EB, EC, PRT NG
5 E. coli, EB, EC, PRT NG
6 E. coli, EB, EC, PRT EC, PRT
7 E. coli, PT, PS E. coli, PS, PRT
8 E. coli, PRT, Aerogenes PRT, Aerogenes
9 E. coli, EC, PS E. coli, EC
10 E. coli, PRT E. coli
11 E. coli, EB, EC NG
12 E. coli, EB, PRT E. coli, EB
13 E. coli, EB, EC, PRT EC
14 E. coli, EB, PRT NG
15 E. coli NG
16 E. coli, EB, Klebsiella E. coli
17 E. coli, PRT E. coli, PRT
18 E. coli, EB E. coli
19 E. coli NG
20 E. coli, EB EB
21 E. coli NG
22 E. coli, PRT NG
23 E. coli, EB NG
24 E. coli, EB, P E. coli
25 E. coli, Proteus E. coli
26 E. coli, EB NG
27 E. coli, EB, PRT NG

EB: Enterobacter sp.; EC: Enterococci; PRT: Proteus sp., PS: Pseudo-
monas sp.; NG: no growth.

control rats (7.89 + 2.07 log" CFU) (p < 0.001). This in-
crease of cecal bacterial count was mainly due to a greater
UCF count of Escherichia coli (p < 0.001) and Proteus sp.
(p < 0.001) (Table II). Enterococci were cultured in 7 cir-
rhotic rats and Enterobacter sp. in 17 cirrhotic animals,
while they were not detected in control rats.

Cirrhotic rats were classified according to the presence
or absence of BT; in 12 animals bacterial translocation
was not detected. Total aerobic cecal bacterial counts in
both groups and in controls are illustrated in figure 1. Cir-
rhotic rats with translocated bacteria had higher total aer-
obic intestinal counts (17.36 = 4.71 log" CFU) compared
to culture-negative MLN bacteria (13.39 + 5.52 log"
CFU) (p < 0.05). Cecal bacterial count was also higher in

Table Il. Aerobic bacterial intestinal population (log™ UFC)

Controls Cirrhotics

Total flora 7.89+207 1561+536 p<0.001
E. coli 7.88 +2.07 15.02 £5.23 p < 0.001
Enterococci 0 17.52 £ 4.89
Enterobacter 0 1461 +5.76
Pseudomonas 0 18.97 +0.77

Proteus 5.66 +0.93 15.33+4.34 p < 0.001
Klebsiella 0 11.51
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Fig. 1. Total intestinal aerobic bacteria (log') in cecal samples of nor-
mal rats, cirrhotic rats without bacterial translocation (BT) and cirrhotic
anmals with BT.

Numero total de bacterias aerobias intestinales (log10) en muestras de
ciego de rats controles y ratas cirroticas con o sin traslocacion bacteria-
na.

animals without BT than in controls (7.89 + 2.07 log"
CFU). Significant differences in bacterial count were ob-
served between groups (KW = 17.32, p < 0.001).

The prevalence of total intestinal bacterial overgrowth
in cirrhotic animals was 67%. According to BT, total IBO
was more frequent in cirrhotic rats with BT than in those
without BT (93 vs. 33%) (p < 0.001) (Fig. 2). The rela-
tionship between translocation of a specific organism and
the presence of intestinal overgrowth for this microorgan-
ism in cirrhotic rats was evaluated (Table III). Bacterial
translocation of a specific bacterium was almost always
associated with the IBO for that organism, and this oc-
curred in all but one case of BT (only one enterococcus
translocated without enterococci overgrowth in the ce-

IBO
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Fig. 2. Prevalence of intestinal bacterial overgrowth (IBO) in cirrhotic
rats with and without bacterial translocation (BT).

Prevalencia del sobrecrecimiento bacteriano intestinal (SBI) en ratas ci-
rroticas con o sin traslocacion bacteriana (TB).
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Table Ill. Presence of bacterial translocation for a specific or-
ganism in cirrhotic rats with and without intestinal bacterial

overgrowth

IBO () IBO (+)
Total 179 14/18
E. coli 0/9 10/18
Enterococci 1/21 3/6
Enterobacter sp. 0/12 3/15
Pseudomonas sp. 0/25 1/2
Proteus sp. 0/12 4/15
Klebsiella sp. 0/26 0/1
Aerogenes sp. 0/26 1Al

cum, although it was present in cecal cultures). Cecal
overgrowth of one specific organism was not always as-
sociated with the translocation of that organism, and each
organism showed a different translocation rate: E. coli
56%, Enterococci 50%, Pseudomonas sp. 50%, Proteus
sp. 27%, Enterobacter sp. 20%. One animal presented ce-
cal overgrowth and translocation to MLN regarding
Aerogenes sp. (Table III).

Intestinal transit was delayed in cirrhotic animals; the
nonabsorbable marker travelled 60.5 + 12.7 cm distal to the
pylorus in cirrhotic rats, versus 81.2 £ 5.7 cm in controls (p
< 0.05) (Fig. 3). It was not possible to establish a significant
relationship between BT and intestinal transit time.
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Fig. 3. Intestinal transit in cirrhotic rats and controls.
Transito intestinal en ratas cirrdticas y controles.

DISCUSSION

The passage of gut flora to MLN (bacterial transloca-
tion) has been postulated as the main pathogenic mecha-
nism in cases with infection due to enteric gram-negative
bacteria (1,27). Infectious complications by enteric flora
are common in the setting of cirrhosis, and BT has been
demonstrated to play an important role in the develop-
ment of spontaneous bacteremia and spontaneous bacter-
ial peritonitis (28-32).
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This study confirms the high prevalence of BT in ex-
perimental cirrhosis, even in the early stages of the dis-
ease without ascites. In previous studies the development
of BT was more frequent in cirrhotic rats with ascites,
and Garcia-Tsao found BT only in cirrhotic animals with
ascites (4,6). Our data suggest that ascites is not neces-
sary for the development of BT, and there must be other
promoting factors in cirrhosis. There may be several
causes for this high prevalence of BT in cirrhosis, such as
intestinal mucosal abnormalities, associated malnutrition,
immunological alterations, and intestinal bacterial over-
growth (4,33-39).

In the present study cirrhotic rats showed a significant-
ly higher total intestinal aerobic bacteria count than con-
trol animals, mainly due to gram-negative enterobacteria
(E. coli and Proteus). This moved the rate of IBO up to
67% in cirrhotic animals, which is in agreement with
findings by other author (39,40). These bacteria are the
most frequently implicated in the development of BT, as
previously published (7,10,30,39). Moreover, we ob-
served that the intestinal bacterial count in cirrhotic rats
was higher in animals with BT than in those without it.
Similarly, cirrhotic rats with IBO showed a higher rate of
BT than those without IBO.

Such a relationship between IBO, BT, and the occur-
rence of infection has been seen as much at the experi-
mental level as in human studies. In animal models IBO
leads to translocation, and in cirrhotic animals it also
leads to the development of SBP (6,7,41). Our results
stand for the presumed role of bacterial overgrowth as a
promoting factor of bacterial translocation in liver cirrho-
sis, then favoring the development of SBP. In fact, our
group has previously found that in cirrhotic patients the
presence of IBO was related to a higher incidence of SBP
during hospitalization (13). All these data suggest that in
liver cirrhosis intestinal bacterial overgrowth promotes
BT and then the development of infectious complications
such as SBP.

A point to highlight in our study is that even when
translocation of a specific bacterium from the gut was as-
sociated with a cecal overgrowth of that same organism,
not all animals with IBO showed translocation. Thus, in
experimental cirrhosis, IBO for each bacteria is a neces-
sary but not sufficient factor for the translocation of that
organism, and therefore some other factors must be in-
volved. Intrinsic virulence of bacteria might be one of
these factors; there are microorganisms that are more pre-
disposed to translocate, perhaps because of differences in
its ability to penetrate the intestinal epithelium (42-44).
Indeed, in our study we observed that the translocation
rate of overgrown bacteria was different —FE. coli and En-
terococci were more predisposed, which is consistent
with published results.

The indigenous gut flora is controlled by different de-
fensive physiological mechanisms, such as gastrointesti-
nal motility, gastric acidity, and bacterial interactions
(36,42,45-47). Some of these can be impaired in cirrho-

REV Esp ENFERM DIG 2005; 97(11): 805-814
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sis, where hypoclorhidria (15) and delayed small intesti-
nal transit (47-51) have been described. Evidence from
various studies has shown that altered intestinal motility
may be involved in the pathogenesis of IBO in patients
with liver disease (23,51), and could be associated with a
higher incidence of SBP (24). A number of studies where
the administration of prokinetic drugs caused a decrease
in both IBO and BT point at the contribution of altered
intestinal motility to these phenomena. In our study, cir-
rhotic animals showed a slower intestinal transit than
controls, although a significant relationship between this
dismotility and BT could not be established. The lack of
this statistic correlation may be due to the non-direct na-
ture of the method used to assess intestinal transit com-
pared with the more precise methods used in other stud-
ies (55,56).

Taken together, these data suggest that intestinal bacte-
rial overgrowth in the setting of cirrhosis may appear ear-
ly, yet in the absence of ascites, and it is one of the factors
triggering bacterial translocation. In addition, it seems
that overgrowth of a specific bacteria is a necessary but
non-sufficient condition to produce translocation. Finally,
cirrhosis is associated with reduced intestinal motility,
which prevents normal peristaltic clearance; this may re-
sult in enteric bacterial overgrowth and subsequent
translocation.
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