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Abstract

Bacterial translocation (BT) is a phenomenon in which live bacteria or its products cross
the intestinal barrier. Gut translocation of bacteria has been shown in both animal and
human studies. BT and its complications have been shown clearly to occur in animal

models, but its existence and importance in humans has been difficult to ascertain. We
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Introduction

The presence of bacterial concentration in the order of 10" per
milliliter in an estimated 200 m? intestinal lumen surface,'? and
the fact that only a unicellular epithelial layer is the barrier
between this hostile environment and the sterile bloodstream, has
instigated research by scientists for centuries.

In the late 19th century, investigators defended a theory in which
the gut was the origin of sepsis and that peritonitis could result
from viable bacteria passing through the intact intestinal wall.** A
series of experimental studies were performed supporting the
translocation hypothesis. Viable bacteria were detected in the peri-
toneal cavity of dogs subjected to hemorrhagic shock and these
microbes were the same as those identified in normal intestinal
microflora.>® Other studies supported the notion that intestinal
microflora could be responsible for sepsis. Nosocomial infections
were correlated with indigenous gut bacteria isolated in blood
cultures and surgical wounds’”® and enteric microorganisms were
identified in the blood and ascites of cirrhotic patients with spon-
taneous bacterial peritonitis.’

All these facts, associated with evidence that Gram-negative and
Gram-positive bacteria, fungi and endotoxins could cross the
mucosal barrier of the intestines,’ made the hypothesis of bacterial
translocation (BT) a convincing theory. No doubt resided that the
gut bacteria was responsible for sepsis, but the mechanisms of
translocation still remained unclear.

Therefore, BT was defined as the invasion of indigenous intes-
tinal bacteria through the gut mucosa into normal sterile tissue,
causing disease.'” New evidence showed that bacteria itself might
not need to transpose the epithelial intestinal barrier. Translocation
of inflammatory compounds produced at the intestinal wall or
toxic products from the gut might be responsible for the systemic
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injuries (symptoms). This thought broadened the definition of BT
in relation to intestinal permeability, including not only the
passage of viable bacteria but also endotoxins or antigens from the
intestinal lumen into the circulation causing systemic inflamma-
tion and distant organ injury.

Normal gut flora and normal gut barrier
mechanisms

The human intestinal microflora contains 300 to 500 different
species of bacteria. The upper gastrointestinal tract contains
only a few species of bacteria due to the composition of the
luminal environment, hostile for bacterial growth, and because
of the phasic propulsive motor activity, which difficult a
stable colonization. In contrast, the colon contains a very high
intraluminal concentration of living bacteria. In fact, a great pro-
portion of the fecal mass consists of bacteria (around 60% of
fecal solids)."'"1?

Some of these bacteria are potential pathogens and can be a
source of infection and sepsis under some circumstances. Never-
theless, interaction between the host and its microbial guests deter-
mines important health benefits to human organisms.!>!

Evidence obtained through studies using animals bred under
germ-free conditions suggests that microflora have important
physiological functions.'> The most important are fermentation of
non-digestible dietary residue and endogenous mucus by the
colonic microflora, production of short-chain fatty acids by the
anaerobic metabolism of peptides and proteins, participation in the
synthesis of K vitamin, and the absorption of calcium, magnesium
and iron. Also, epithelial cell proliferation and differentiation in
the bowel are affected by interactions with resident microorgan-
isms. The intestinal mucosa is the main interface between the
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immune system and the intraluminal environment and the devel-
opment of a competent immune system depends partially on intes-
tinal bacteria. Another major function of intestinal microflora is
protection against exogenous microorganisms; adherent non-
pathogenic bacteria can prevent attachment and subsequent
entrance of pathogen enteroinvasive bacteria in the epithelial cells,
and normal flora can also inhibit the growth of pathogenic bacteria
through the synthesis of antimicrobial substances or by nutrient
competition. Nevertheless, under special conditions, even
saprophytic bacteria can translocate.!>'®!7

Knowledge of the structural organization of the intestinal
mucosal barrier and the mechanisms of permeability of com-
pounds through it is essential for understanding translocation.
Electron microscopy studies documented the components of the
epithelial barrier that include, from the intestinal lumen to the
outermost surface, an internal water lining, followed by an epithe-
lial surface layer composed of phospholipids and mucous gel coat,
the epithelial cells, subepithelial connective tissue and the capil-
lary endothelium."

Between the epithelial cells, holding them together, are the
so-called tight junctions.!" These allow for selective paracellular
permeability, normally excluding passive movement of large
hydrophilic non-charged compounds, such as bacteria and macro-
molecules (e.g. lipopolysaccharides and peptidoglycans).

The function of the barrier depends on the normal intestinal
flora (ecologic barrier), mucous epithelia (mechanical barrier) and
secreting IgA and immune cells (immune barrier). Thus the integ-
rity of the mucosa and the mucus layer and the defensive factors,
such as epithelial secretions, immunocompetent cells and an
adequate mucosal blood flow, play a role in the barrier function
of the gut!” The intestinal mucosal barrier against luminal
macromolecules and microorganisms consists of both non-
immunological and immunological defense mechanisms. The epi-
thelial barrier selectively restricts micromolecular permeation and
almost completely restricts macromolecular permeation, while the
endothelial barrier has a very limited restriction to micromolecules
and only partly to macromolecules. Maintenance of the barrier
depends on the integrity of cellular plasma membranes and tight
junctions, as well as the elaboration of endothelial and epithelial
secretory products.'13

Mechanisms of injury to the gut barrier

Epithelial cell hypoxic injury and subsequent reperfusion have
been postulated as major mechanisms involved in BT occurring in
several conditions, such as trauma, shock of any origin and thermal
injury. Oxygen tension at the tip of the intestinal villus is lower
than it is in arterial blood even under normal conditions. Thus, any
reduction in blood flow can decrease tissue oxygenation, leading
to mucosal acidosis, and consequently epithelial cell injury. Aci-
dosis results in increased mucosal permeability mediated by the
production of oxygen free radicals. These substances disarrange
the mucosa cytoskeleton, thus increasing epithelial permeabil-
ity.”*!> The mechanisms involved during ischemia/reperfusion
injury are complex and seem to be mediated by reactive oxygen
metabolites followed by activation of polymorphonuclear neutro-
phils. Ischemia prevents aerobic energetic metabolism and deter-
mines the depletion of intracellular levels of adenosine
triphosphate (ATP). Large amounts of xanthine dehydrogenase are
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converted to xanthine oxidase during ischemia by a calcium-
dependent proteolytic process. Oxygen free radicals are formed
and cause mucosal injury by direct action and by secondary acti-
vation of polymorphonuclear neutrophils, and consequently
increase intestinal permeability. When reperfusion is achieved
before irreversible alterations and oxygen is reintroduced to the
tissues, tissue injury can be exacerbated leading to microvascular
injury, cellular necrosis and apoptosis. With the return of blood
perfusion, the influx of calcium into the intracellular medium
increases, followed by an increase in phospholipase A2 activity
and consequent release of arachidonic acid. Metabolism of arachi-
donic acid generates prostaglandins, thromboxane, prostacyclins
and leukotrienes. These substances can cause vasoconstriction,
vasodilatation, increased vascular permeability, stimulate platelet
aggregation and chemotaxia in the polymorphonuclear neutro-
phils. Thus, ischemia and reperfusion can provoke the rupture of
the mucosa barrier, BT and the activation of inflammatory
responses.! 2131517

However, under normal conditions, even if bacteria run through
the intestinal epithelia they should be destroyed by phagocytes
before reaching the blood circulation. Gut-associated lymphoid
tissue (GALT), considered the largest immunological organ of the
body, is organized very similarly to lymph nodes and plays a key
role in controlling BT. Thus, immune dysfunction is another major
factor involved in BT."

Other factors may affect the mucosal barrier and increase
permeability, such as nitric oxide (NO) overproduction,'®!
interleukin-6 (IL-6),%° certain commensal bacteria such as E. coli
and Klebsiella pneumoniae,* alcohol and non-steroidal anti-
inflammatory drugs. NO may be important for intestinal perme-
ability and motility and it has potent antimicrobial properties; thus
it may be protective in normal amounts. However, its sustained
upregulation may be detrimental, because it may lead to decreased
endothelial viability. Hypoxia and acidosis by itself per se, asso-
ciated with endotoxins, is also related to hyperpermeability.?

From all these related studies it can be concluded that gut
translocation might be mediated by a three-hit model as proposed
by Deitch.?® The first gut insult might be hypoperfusion and
ischemia. Restoration of the intestinal blood flow is the second hit,
with migration of neutrophils to the intestinal microcirculation,
release of cytokines by leukocytes and GALT and enterocyte
damage through an ischemia-reperfusion mechanism. The third hit
is the loss of integrity of the gut barrier function, providing trans-
location of intestinal endotoxins and bacteria and exposure to
immune cells. The majority of these bacteria are phagocytosed and
contribute to the intestinal inflammatory response. However, some
of translocated bacteria and toxic compounds are drained by the
mesenteric lymph system and are trapped in the intestinal lymph
nodes, causing an inflammatory reaction.

Mechanisms and routes of bacterial
translocation

Current data suggest two major pathways of gastrointestinal per-
meability that might cause translocation: transcellular through the
enterocytes and paracellular using the tight junctions.” Transcellu-
lar permeability is under the control of specific enterocyte chan-
nels and membrane pumps.”* There is experimental evidence
showing viable bacteria, including E. coli and Proteus mirabilis,
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within intact enterocytes of rats, providing evidence of transcellu-
lar passage through enterocytepinocytosis and active bacteria
invasion of the mucosa barrier.”> Tight junctions translocation is
affected by luminal osmolality and direct damage to the enterocyte
cytoskeleton and its protein support structures composed of actin
filaments and microtubules. An example is cytotoxic chemo-
therapy that causes hyperpermeability through tight junction
damage.”®?” Macromolecules, as endotoxins, may reach the sub-
epithelial mucosal layer and subsequently the bloodstream due to
the unbending of the tight junctions. However, translocation gen-
erally occurs transcellularly and directly, even through morpho-
logically intact enterocytes.

In the same way, there are two major routes that bacterial com-
pounds might gain access to the systemic circulation: through the
enteric venous system to the portal vein or following lymphatic
enteric drainage. To answer this question, investigations were con-
ducted worldwide. The first study assumed that the BT route
pathway was the one that suggested that bacterial compounds
would drain from intestinal subepithelial capillaries, following
enteric venous drainage to the portal vein. But when portal vein
blood cultures were analyzed in trauma patients only eight were
positive out of 212 and the presence of bacteria was not a predictor
of occurrence of multiple organ dysfunction syndrome (MODS).?
A search for endotoxins in portal vein blood was also performed
and did not correlate with MODS.?® The lack of association
between isolation of bacteria and endotoxins in portal blood and
the development of systemic inflammatory response system
(SIRS) and MODS suggested that another route could be respon-
sible for translocation.

The lymphatic route was investigated and convincing evidence
suggested that it might be the principal pathway of translocation.?
Experimental and clinical studies detected viable bacteria in
mesenteric lymph nodes (MLN). Animal studies demonstrated the
MLN as the first or the single site presenting indigenous and
non-indigenous bacteria.”® In patients requiring surgery for the
treatment of abdominal infection, an important clinical study dem-
onstrated that septic complications were significantly more preva-
lent in patients with bacteria in their MLN, and that the organisms
responsible for the septic condition were correlated with those
identified in the MLN.?

Measures of bacterial translocation

Several methods have been used to identify BT, including direct
and indirect methods. The identification of intestinal bacteria in
normally sterile MLN is considered direct evidence of BT.?*3
Thus, sampling of MLN is a method broadly used in experimental
and clinical studies, even if it is recognized that this technique
probably underestimates the real incidence of BT. Data using
radioactively labeled bacteria, another direct method to measure
BT, indicate that BT can occur even if culture of MLN failed to
identify any microbe, because most bacteria which breach the
epithelial barrier are killed by the GALT.**¢

As an indirect marker, any detection of intestinal bacteria in
cultures of the portal or peripheral blood may suggest BT, as may
the detection of endotoxins in peripheral blood.*’** Recent methods
involving polymerase chain reaction (PCR) have been introduced
for detecting microbial DNA in blood; these methods have a higher
sensitivity than blood cultures for assessing BT from the intestine.
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Intestinal permeability can be assessed by a variety of tech-
niques. Most commonly used is the assessment of the differential
urinary excretion of orally administered non-metabolizable sugars,
such as lactulose and mannitol, which are known to pass paracel-
lularly or transcellularly through the epithelium, providing a spe-
cific index of intestinal permeability.***

Permeability tests are performed by the measurement of its
urine excretion ratio concentration after oral administration of
inert sugars (lactulose and mannitol). It is known that the passage
of lactulose through the intestinal mucosa barrier is paracellular
because of its large molecule composition.>* Mannitol has a
smaller molecule that causes transcellular enterocyte absortion.>*?
It was then assumed that an increased urine dose of mannitol and
lactulose, after oral administration, indicates lost of integrity of the
mucosal barrier, consequently increasing the risk of BT. In fact,
some authors consider the increased permeability of these tracers
as an indirect demonstration of BT.**** Nevertheless, increased
intestinal permeability is only a permissive factor for BT, because
BT does not always occur in hyperpermeability states. Thus, an
elevated index of intestinal permeability does not prove the occur-
rence of BT.

Bacterial translocation in health and
disease

BT may be a phenomenon that occurs in healthy individuals and
may be a normal physiologic event without deleterious conse-
quences.® Translocation of endotoxins from viable or dead bacte-
ria in very small amounts probably constitutes a physiologically
important boost to the reticuloendothelial system, especially to the
Kupfter cells in the liver. The baseline rate of translocation in
human studies is 5-10%. Berg'® stated that there is a normal rate in
animals of approximately 10-20%. It seems that the frequency of
translocation in humans is much lower than that observed in
animal models. However, in several disorders such as MODS and
intestinal ischemia, rates of positive culture are much higher
(16-40%).

An increased permeability to lactulose and mannitol was
observed in patients with severe trauma,*® in burns patients with
infection,***” and in Child C cirrhotic patients presenting with
bacteremia and spontaneous bacterial peritonitis.*! Moreover,
intestinal hyperpermeability was the only variable predictor of
MODS in a clinical study*®® and death was correlated with the
degree of hyperpermeability.*®

BT in humans was postulated to occur in several clinical con-
ditions, especially when a known predisposing factor for BT was
present, for example, bacterial overgrowth in small bowel (second-
ary to alterations in motility, use of antibiotics, absence of intes-
tinal bile etc.), damage to the gut barrier (secondary to alterations
of the intestinal microvasculature in situations such as shock,
systemic inflammatory response syndrome, or direct injury etc.)
and states of systemic immunossuppression.'>!® In this way, pub-
lications have identified BT in a wide group of diseases, such as
hemorrhagic shock,"” acute pancreatitis, cirrhosis, obstructive
jaundice, abdominal surgery,*”* malignancy, heart failure, aortic
aneurysm repair, cardiopulmonary bypass, and bowel
transplant.’’* However, BT was more convincingly associated
with a poor outcome or infectious complications in a few situa-
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Figure 1 Normal intestinal barrier is sustained by a balance among the

immunologic system, intestinal flora and intestinal motility. Insults
allowing a disruption of this balance cause damage to barrier function
and consequently permit bacterial translocation and its infectious
complications.

tions, such as acute pancreatitis, cirrhosis, intestinal obstruction
and conditions with an intense inflammatory response or hypoten-
sion (hemorrhagic shock, trauma and major burn injury) (Fig. 1).

Evidence and clinical impact of
bacterial translocation

Some studies have demonstrated that BT from the gut to MLN is
not a rare event, occurring in 4-59% of patients having various
clinical conditions, especially when intestinal obstruction or
Crohn’s disease is present. O’Boyle et al.? observed this phenom-
ena in 15% of a large series of patients undergoing laparotomy.
They also found a significant increase in postoperative sepsis in
patients with evidence of BT (45%) compared with those with
negative MLN cultures (19%). Furthermore, the organisms
responsible for clinical infections were similar to those isolated in
the MLN. Conversely, most of the patients with evidence of BT to
MLN had no clinical infectious complications, supporting the
hypothesis that it could be a natural event in some situations and
not clinically significant in the presence of a fully functional
immune system.

In systemic infection, isolation of the bacteria responsible for
the disease is sometimes not possible in spite of routine bacterial
cultures.* The knowledge that inflammatory compounds are
responsible for clinical symptoms, and not necessarily the bacteria
itself, advanced the understanding of SIRS. When the pathogenic
bacteria is isolated the patient is considered to have sepsis, when it
cannot be identified the diagnosis is of SIRS and antibiotic treat-
ment is administrated either way. This concept that inflammation
causes clinical symptoms was transposed to the translocation
theory. It was assumed that intestinal injury caused by ischemia
secondary to hemorrhagic shock, trauma, burns, intestinal obstruc-
tion, sepsis or gastrointestinal injury might result in the gut becom-
ing a cytokine generating organ.”

An interesting association is that of lung injury observed in the
adult respiratory distress syndrome (ARDS) occurring in septic
patients and its correlation to translocation. The anatomic expla-
nation for this association is that the mesenteric lymph flows
through the thoracic duct, reaches the systemic circulation through
the subclavian vein draining to superior vena cava, then to left
atrium and finally to the pulmonary artery and pulmonary vascu-
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lature. Thus, the lungs are the first organ to receive the lymph
drainage from the gut. To evaluate that translocation might be
responsible for lung injury, an animal trauma-hemorrhagic shock
model was performed.*-!

It was observed that lung injury was prevented by the interrup-
tion of the main lymph duct exiting the gut and that factors in the
mesenteric lymph, and not in the portal blood, were capable of
activating neutrophils, injuring endothelial cells and increasing
endothelial permeability.***! The mesenteric lymph was sterile and
the exact factors that caused neutrophil activation and endothelial
injury and hyperpermeability were not identified.***' A study of
the thoracic duct lymph of patients in an intensive care unit (ICU)
identified that cytokine and cytokine-receptor-antagonist levels
were higher in those with MODS, bacteria were not isolated and
endotoxin levels were low.™!

Bacterial translocation in some
important disease states: Systemic
inflammatory response syndrome and
multiple organ dysfunction syndrome

The human response to severe stress, SIRS, is characterized by
massive cytokine release (such as tumor necrosis factor o and
IL-1), endothelial cell damage, tissue edema, increased tissue per-
meability, activation of the coagulation system, platelet aggrega-
tion, local tissue hypoxia with shunting, and a hypermetabolic
state.”® The degree of the SIRS response seems to be critical to the
clinical outcome. In severe SIRS, a state of immunosuppression
may develop, which may then lead to more severe infections. A
key event in the pathogenesis of SIRS and multi system organ
dysfunction may be intestinal hypoperfusion with reperfusion.®-’

BT could indeed be a critical component in the development of
SIRS, but human studies addressing this question are plagued by
methodological problems because serial cultures of the MLN are
not possible in humans. More frequent permeability studies and
the use of more reliable and specific markers of BT are urgently
needed.

MODS is a syndrome that has reached epidemic proportion in
most ICUs and is the most common cause of death in the surgical
ICU. MODS is responsible for 50-80% of all ICU deaths and its
treatment is mainly supportive, because of a failure to fully under-
stand the pathophysiology of this syndrome. The hypothesis of
gut-induced sepsis in critically ill patients was initially that during
shock or stress there was a decreased blood flow to the intestines,
which would lead to gut injury and loss of normal gut barrier
function.’® This gut barrier failure would allow bacteria and their
toxic products, such as endotoxins, to escape from the gut and
enter the systemic circulation,® thereby causing systemic sepsis
and MODS. 3146061 Several human studies have showed a correla-
tion between loss of gut barrier function and the development of
systemic infection and MODS.** Other studies established a rela-
tionship between the route of nutrient administration, infection
and gut barrier function. The physiopathology of this hypothesis
has not been completely elucidated.’ Experimental studies showed
that hemorrhagic shock, trauma, or a major burn injury induce the
gut to release proinflammatory and tissue injurious factors carried
to the MLN,**% suggesting that BT and production of biologically
active mediators from the gut could be responsible for the MODS
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observed in these disease states, even if no bacteria is recovered in
portal or systemic circulations.

Bacterial translocation and acute
pancreatitis

The overall mortality rate of patients with acute pancreatitis is
10-15%% and in patients with severe disease, the mortality rate is
approximately 30-40%.% In the first week after the onset of acute
pancreatitis, MODS is the main cause of death in these patients.
Late mortality and morbidity are particularly due to sepsis.* Infec-
tious complications are the most frequent and severe complication
of acute necrotizing pancreatitis,* with a mortality rate of up to
80%.93%¢ Enteric bacteria are responsible for most pancreatic and
peripancreatic infections associated with acute pancreatitis.’”
The pathogenesis of this pancreatic infection still remains unclear,
but some there is some evidence of translocation of bacteria from
the gut to the necrosed tissue.®

The route of bacteria migration has not yet been clarified. It
could be a direct transmural migration to the peritoneal cavity or
retroperitoneum and then to the pancreas; or secondary to lym-
phatic or hematogenous dissemination to the pancreas.®” Although
the route of dissemination is not clearly identified, the pathogen-
esis of BT in acute pancreatitis comprise some known morpho-
logical and functional alterations, such as small bowel
hypomotility, overgrowth of intestinal bacterial, rupture of the gut
barrier and systemic immunossuppression.®*”

Intestinal dismotility and bacterial overgrowth

Small bowel motility is important in regulating the enteric bacte-
rial population. The relationship between interdigestive myoen-
teric activity and motility has been shown in animal experiments
and there is accumulated evidence that acute pancreatitis resulted
in a significant delay in small-intestinal transit time.®*’ A postu-
lated mechanism by which acute pancreatitis alters the motility of
the gut is that the secretion of some gastrointestinal peptides
during acute pancreatitis is disturbed. Consequently, the delayed
transit time results in bacterial overgrowth, especially in the small
bowel, which is a known predisposing factor to BT.%? Also, the use
of morphine (a known inhibitor of coordinated myoenteric activ-
ity) causes a marked reduction in propulsion and excessive bacte-
rial overgrowth.®

Mucosal intestinal damage

The integrity of the gut mucosa is one of the principal factors in
gut protective mechanisms and it is necessary for an adequate
delivery of oxygen and nutrients by a normal blood flow to pre-
serve this integrity. It is known that experimental pancreatitis is
associated with gross distortion of the local and systemic
microvasculature, resulting in reduced oxygen delivery and
damage to the tight junctions and the epithelium of the enteric
villi.®*”! Because of these microcirculatory disturbances, an
increase in oxygen radicals from macrophages and leukocytes may
occur,” which could lead to increased mucosal permeability.”
Some studies in experimentally induced acute pancreatitis demon-
strate an impairment of the small bowel mucosa, evident by an
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increased mucosal permeability to fluorescent latex microspheres,
associated with damage to the apical portion of the villi and an
alteration in the mucosal microvasculature.”’ The enteric origin of
microorganisms translocating to MLN and to the pancreas was
evident using labeled bacteria.’”* The mechanism of mucosal
damage would be ischemic injury, resulting in alteration of the
microvasculature.

Immunosuppression

Immunosuppression is associated with severe acute pancreatitis
and the immune-mediated immunosuppression may play an
important role in the development of secondary infections in the
later course of acute pancreatitis.” Larvin et al.”> showed an
impaired clearance of circulating macromolecular enzyme inhibi-
tor complexes during severe acute pancreatitis. Recently, Mentula
et al.” demonstrated a low HLA-DR (a method to monitor immu-
nosuppression) in patients with acute pancreatitis and correlated
immunosuppression with the development of organ failure in acute
pancreatitis. When BT occurs in patients with immunocompetent
cells, the bacteria migrating from the gut would be destroyed.”
However, if there is impairment of the immune system, such as in
acute pancreatitis, viable bacteria could reach the pancreatic
necrosis and develop infectious complications.

In summary, patients with severe acute pancreatitis present
functional and morphological disorders that could be associated
with pathological BT and pancreatic contamination, that is, dis-
ruption of the gut barrier (morphological mucosal alterations),
intestinal bacterial overgrowth (secondary to intestinal hypomotil-
ity) and immunosuppression. Therefore, BT in acute pancreatitis
appears to play a key role in the occurrence of infectious compli-
cations in this disease.

Bacterial translocation in cirrhosis

Patients with cirrhosis have increased susceptibility to severe
infections such as spontaneous bacterial peritonitis (SBP), pneu-
monia, urinary tract infections and bacteremia.”® Several alter-
ations in the defensive mechanisms could explain the high
incidence of these complications.” It is known that cirrhotic
patients have a decreased small bowel motility, hypochloridria and
a reduced secretion of IgA into the intestinal lumen.’® These
factors could be responsible for the occurrence of intestinal bac-
terial overgrowth.®!

About one-third of cirrhotic patients have intestinal hypomo-
tility, which is more important in patients with more severe
hepatic dysfunction.®? In this way, Pardo et al.®® showed that
patients with cirrhosis had small bowel bacterial overgrowth,
which was improved by cisapride. They speculated that cisapride
may lower the incidence of BT in humans with cirrhosis and
may thereby reduce the number of episodes of sepsis and bac-
terial peritonitis. Furthermore, some evidence suggests an
increased intestinal mucosal permeability when portal hyperten-
sion is present.*’ A cohort of 73 cirrhotic patients®* showed a
reduced risk of post-surgical infections with the use of propra-
nolol preoperatively. This reduced risk was probably due to a
reduction in portal hypertension, increasing bowel motility and
then indirectly decreasing BT.
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Intestinal bacterial overgrowth, intestinal hypomotility and
increased mucosal permeability are mechanisms suggested to
increase BT. In addition, cirrhotic patients have impaired host
immune defenses, which is also a major mechanism implicated in
BT."2788 Cirera et al.’ evaluated the incidence of BT in 101
cirrhotic patients undergoing surgery (liver transplantation or
hepatectomy). They found an incidence of BT, defined as the
isolation of enteric organisms from MLN, of 9% in cirrhotic
patients. This incidence was similar in a control group of non-
cirrhotic patients (9%). However, BT of enteric organisms was
more frequent in Child C patients (31%) compared to Child B
patients (8%) and Child A patients (3%). These findings were
probably related to an impaired immune function in patients with
more severe liver dysfunction. Lin et al.*” also showed that endot-
oxemia occurred frequently in humans with a variety of chronic
liver diseases and that the severity of liver disease correlated with
the degree of endotoxemia. Guarner et al.®® showed that patients
with cirrhosis had increased serum endotoxin concentrations and
increased NO levels compared with control participants. They
hypothesized that NO could be the cause of the hyperdynamic
state seen in humans with cirrhosis.

Thus, although BT is not the only source of sepsis in cirrhosis it
appears to be an important route of entry of bacteria into the
cirrhotic host.*!3% BT becomes clinically significant when it pro-
duces infectious complications and contributes to the morbidity
and mortality in cirrhosis, probably by exacerbating the deteriora-
tion of the circulatory disturbance present in these patients.*'’8

In summary, translocation of bacteria and their products is an
undeniable phenomenon that occurs naturally in healthy humans
and its occurrence is increased in a certain number of clinical
pathological conditions. In this way, BT is certainly involved in the
physiopathological mechanisms of many diseases. However, it is
probably not the most important factor in most cases. Progress in
understanding the mechanism involved in the gut barrier function,
BT and host response to this phenomenon will allow future clinical
studies to provide answers about the actual impact of BT in various
human diseases.

References

Simon GL, Gorbach SL. The human microflora. Dig. Dis. Sci. 1986;
31: 147-62.

Ellis M. Preventing microbial translocation in hematological
malignancy. Br. J. Hematol. 2004; 125: 282-93.

Lemaire LCJM, van Lanschot JJB, Stoutenbeek CP et al. Bacterial
translocation in multiple organ failure: cause or phenomenon still
unproven. Br. J. Surg. 1997; 84: 1340-50.

4 Flexner S. Peritonitis caused by the invasion of the micrococcus
Lanceolatus from the intestine. John Hopkins Hosp. Bull. 1985; 6:
64-7.

Schweinburg FB, Frank HA, Frank ED, Heimberg F, Fine J.
Transmural migration of intestinal bacteria during peritoneal
irrigation in uremic dogs. Proc. Soc. Exp Biol. Med. 1949; 71:
150-3.

Lillehei RC. The prevention of irreversible hemorrhagic shock in
dogs by controlled cross perfusion of the superior mesenteric artery.
Surg. Forum 1957, 7: 6-11.

7 Emori TG, Gaynes RP. An overview of nasocomial infections,
including the role of the microbiology laboratory. Clin. Microbiol.
Rev. 1993; 6: 428-44.

[\

W

W

=)}

Journal of Gastroenterology and Hepatology 22 (2007) 464-471 © 2007 The Authors

oo

=]

10

12

13

14

15

16

17

18

19

20

2

—_

22

23

24

25

26

27

28

29

30

3

—

Bacterial translocation

Marshal JC, Christou NV, Meakins JL. The gastrointestinal tract; the
undrained abscess of multiple organ failure. Ann. Surg. 1993; 218:
111-19.

Wong F, Bernardi M, Balk R ef al. Sepsis in cirrhosis: report on the
7th meeting of the International Ascites Club. Gut 2005; 54: 718-25.
Berg RD, Garlington AW. Translocation of certain indigenous
bacteria from the gastrointestinal tract to the mesenteric lymph nodes
and other organs in gnotobiotic mouse model. Infect. Immun. 1979;
23: 403.

Madara JL. Pathobiology of the intestinal epithelial barrier. Am. J.
Pathol. 1990; 137: 1273-81.

Wiest R, Rath HC. Bacterial translocation in the gut. Best Pract.
Res. Clin. Gastroenterol. 2003; 17: 397-425.

Berg RD. Bacterial translocation from the gastrointestinal tract.
Trends Microbiol. 1995; 3: 149-54.

Steinberg SM. Bacterial translocation: what it is and what it is not.
Am. J. Surg. 2003; 186: 301-5.

Baumgart DC, Dignass AU. Intestinal barrier function. Curr. Opin.
Clin. Nutr. Metab. Care 2002; 5: 685-94.

Ding LA, Li JS. Gut in diseases: physiological elements and their
clinical significance. World J. Gastroenterol. 2003; 9: 2385-9.
Faintuch S, de Cleva R, Faintuch J, Gama-Rodrigues JJ. Increased
intestinal permeability after upper gastrointestinal surgery during
enteral nutrition. J. Parenter. Enteral. Nutr. 2000; 24: 49-50.
Kukuruzovic R, Brewster DR, Gray E et al. Increased nitric oxide
production in acute diarrhea is associated with abnormal gut
permeability, hypokalemia and malnutrition in tropical Australian
aboriginal children. 7. R. Soc. Trop. Med. Hyg. 2003; 97: 115-20.
Nadler EP, Ford HR. Regulation of bacterial translocation by nitric
oxide. Pediatr. Surg. Int. 2000; 16: 165-8.

Yang R, Han X, Uchiyama T et al. IL-6 is essential for development
of gut barrier dysfunction after hemorrhagic shock and resuscitation
in mice. Am. J. Physiol. Gastrointest. Liver Physiol. 2003; 285:
621-9.

Garcia-Lafuente A, Antolin M, Guarner F et al. Modulation of
colonic barrier function by the composition of the commensal flora
in the rat. Gut 2001; 48: 503-7.

Schatten WE, Desprez JD, Holden WD. A bacteriologic study of
portal-vein blood in man. Arch. Surg. 1955; 71: 404-9.

Deitch AE. Bacterial translocation or lymphatic drainage of toxic
products from the gut: what is important in human beings? Surgery
2002; 131: 241-4.

MacFie J. Current status of bacterial translocation as a cause of
surgical sepsis. Br. Med. Bull. 2004; 71: 1-11.

Wells CL, Erlandsen SL. Bacterial translocation: intestinal epithelial
permeability. In: Rombeau JL, Takala J, eds. Update in Intensive
Care and Emergency Medicine, Gut Dysfunction in Critical Iliness.
Berlin: Springer-Verlag, 1996; 137-45.

Keefe DM, Brealey J, Goland GJ et al. Chemotherapy for cancer
causes apoptosis that precedes hypoplasia in crypts of the small
intestine in humans. Gur 2000; 47: 632-7.

Gasbarrini G, Montalto M. Structure and function of tight junctions.
Role in intestinal barrier. /tal. J. Gastroenterol. Hepatol. 1999; 31:
481-8.

Moore FA, Moore EE, Poggeti R ef al. Gut bacterial translocation
via portal vein: a clinical perspective with major torso trauma. J.
Trauma 1991; 31: 629-38.

O’Boyle CJ, MacFie J, Mitchell CJ et al. Microbiology of bacterial
translocation in humans. Gur 1998; 42: 29-35.

Magnotti LJ, Upperman JS, Xu DZ, Lu Q, Deith EA. Gut derived
mesenteric lymph but not portal blood increases endothelial cell
permeability and potentiates lung injury following hemorrhagic
shock. Ann. Surg. 1998; 228: 518-27.

Upperman JS, Deith EA, Guo W, Lu Q, Xu DZ. Post-hemorrhagic

469

Journal compilation © 2007 Journal of Gastroenterology and Hepatology Foundation and Blackwell Publishing Asia Pty Ltd



Bacterial translocation

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

shock is cytotoxic to endothelial cells and activates neutrophils.
Shock 1998; 10: 407-14.

Lemaire JC, van Lanschot JB, Stoutenbeck CP, van Deventer SJ.
Thoracic duct in patients with multiple organ failure: no major route
of bacterial translocation. Ann. Surg. 1999; 229: 128-36.

Takesue Y, Kakehashi M, Ohge H e al. Bacterial translocation: not
a clinically relevant phenomenon in colorectal cancer. World J. Surg.
2005; 29: 198-202.

Woodcock NP, Robertson J, Morgan DR, Gregg KL, Mitchell CJ,
MacFie J. Bacterial translocation and immunohistochemical
measurement of gut immune function. J. Clin. Pathol. 2001; 54:
619-23.

Diniz SOF, Barbosa AJA, Aratjo ID et al. Assessment of bacterial
translocation in obstructive jaundice using Tc-99m Escherichia coli.
Braz. Arch. Biol. Tech. 2005; 48: 45-9.

Joao SA, Alencar SSS, Medeiros AC et al. Translocation of 99mTc
labeled bacteria after intestinal ischemia and reperfusion. Acta Circ.
Bras. 2004; 19: 328-33.

Madaria E, Martinez J, Lozano B et al. Detection and identification
of bacterial DNA in serum from patients with acute pancreatitis. Guz
2005; 54: 1293-7.

Rush BF, Redan JA, Flanagan JJ et al. Endotoxemia and
bacteraemia during hemorrhagic shock. Ann. Surg. 1988; 207:
549-54.

Moore FA, Moore EE, Poggetti RS et al. Postinjury shock and
early bacteremia: a lethal combination. Arch. Surg. 1992; 127:
893-8.

Le Voyer T, Cioffi WG, Pratt L et al. Alterations in intestinal
permeability after thermal injury. Arch. Surg. 1992; 127: 26-30.
Campillo B, Pernet P, Bories BN, Richardet JP, Devanlay M,
Aussel C. Intestinal permeability in liver cirrhosis: relationship with
severe septic complications. Eur. J. Gastroenterol. Hepatol. 1999;
11: 755-9.

Bijlsma PB, Peeters RA, Groot JA, Dekker PR, Taminiau JA,

Van Der Meer R. Differential in vivo and in vitro intestinal
permeability to lactulose and mannitol in animals and humans: a
hypothesis. Gastroenterology 1995; 108: 687-96.

Souza DA, Greene LJ. Intestinal permeability and systemic
infections in critically ill patients: effect of glutamine. Crit. Care
Med. 2005; 33: 1125-35.

Redl H, Bahrami S, Schlag G. Is bacterial translocation clinically
relevant? In: Rombeau JL, Takala J, eds. Update in Intensive Care
and Emergency Medicine, Gut Dysfunction in Critical Illness.
Berlin: Springer-Verlag, 1996; 150-63.

Sedman PC, MacFie J, Sagar P et al. The prevalence of gut
translocation in humans. Gastroenterology 1994; 107: 643-9.
Faries PL, Simon RJ, Martella AT, Lee MJ, Machiedo GW.
Intestinal permeability correlates with severity of injury in trauma
patients. J. Trauma 1998; 44: 1031-5.

Ziegler TR, Smith RJ, O’Dwyer ST et al. Increased intestinal
permeability associated with infection in burn patients. Arch. Surg.
1988; 123: 1313-19.

Marshall JC, Cook DJ, Christou NV et al. Multiple organ
dysfunction score: a reliable descriptor of a complex clinical
outcome. Crit. Care Med. 1995; 23: 1638-52.

Wilmore DW, Smith RJ, O’Dwyer ST, Jacobs DO, Ziegler TR,
Wang XD. The gut: a central organ after surgical stress. Surgery
1988; 104: 917-23.

Carrico CJ, Meakins JL, Marshall JC, Fry D, Maier RV.
Multiple-organ-failure syndrome. Arch. Surg. 1986; 121:

196-208.

MacFie J. Enteral versus parenteral nutrition: the significance of
bacterial translocation and gut barrier function. Nutrition 2000; 16:
606-11.

470

52

53

54

55

56

57

58

59

60

61
62

63

64

65

66

67

68

69

70

71

72

73

74

S Balzan et al.

Van Der Hulst RR, Von Meyenfeldt MF, Van Kreel BK et al. Gut
permeability, intestinal morphology, and nutritional depletion.
Nutrition 1998; 14: 1-6.

Sugiura T, Tashiro T, Yamamori H et al. Effects of total parenteral
nutrition on endotoxin translocation and extent of the stress response
in burned rats. Nutrition 1999; 15: 570-5.

Kompan L, Kremzar B, Gadzijev E, Prosek M. Effects of early
enteral nutrition on intestinal permeability and the development of
multiple organ failure after multiple injury. Intensive Care Med.
1999; 25: 157-61.

Souza DG, Vieira AT, Soares AC et al. The essential role of the
intestinal microbiota in facilitating acute inflammatory responses. J.
Immunol. 2004; 173: 4137-46.

Cicalese L, Billiar TR, Rao AS, Bauer AJ. Interaction between
ischemia/reperfusion-induced leukocyte emigration and translocating
bacterial enterotoxins on enteric muscle function. Transplant. Proc.
1997; 29: 1815.

Sorkine P, Szold O, Halpern P et al. Gut decontamination reduces
bowel ischemia-induced lung injury in rats. Chest 1997; 112: 491.
Wang ZT, Yao YM, Xiao GX, Sheng ZY. Risk factors of
development of gut-derived bacterial translocation in thermally
injured rats. World J. Gastroenterol. 2004; 10: 1619-24.
Nettelbladt CG, Katouli M, Bark T, Svenberg T, Mollby R,
Ljungqvist O. Orally inoculated Escherichia coli strains colonize the
gut and increase bacterial translocation after stress in rats. Shock
2003; 20: 251-6.

Yeh DC, Wu CC, Ho WM er al. Bacterial translocation after
cirrhotic liver resection: a clinical investigation of 181 patients.

J. Surg. Res. 2003; 111: 209-14.

Deitch EA. Multiple organ failure. Ann. Surg. 1992; 216: 117-34.
Penalva JC, Martinez J, Laveda R et al. A study of intestinal
permeability in relation to the inflammatory response and plasma
endocab IgM levels in patients with acute pancreatitis. J. Clin.
Gastroenterol. 2004; 38: 512-17.

Dervenis C, Smailis D, Hatzitheoklitos E. Bacterial translocation
and its prevention in acute pancreatitis. J. HBP Surg. 2003; 10:
415-18.

Buchler M, Gloor B, Muller C, Friess H, Seiler C, Uhl W. Acute
necrotizing pancreatitis: treatment strategy according to the status of
infection. Ann. Surg. 2000; 232: 619-26.

Medich D, Lee TK, Melhem MF et al. Pathogenesis of pancreatic
sepsis. Am. J. Surg. 1993; 165: 46-52.

Company L, Sdez J, Martinez J et al. Factors predicting mortality in
severe acute pancreatitis. Pancreatology 2003; 3: 144-8.

Beger HG, Bittner R, Block S et al. Bacterial contamination of
pancreatic necrosis—a prospective clinical study. Gastroenterology
1986; 91: 433-8.

Bradley EL III, Allen K. A prospective longitudinal study of
observation versus surgical intervention in the management of
necrotizing pancreatitis. Am. J. Surg. 1991; 161: 19-24.

Runkel NSF, Moody FG, Smith GS. The role of the gut in the
development of sepsis in acute pancreatitis. J. Surg. Res. 1991; 51:
18-23.

Gianotti L, Munda R, Alexander JW. Pancreatitis-induced microbial
translocation: a study of mechanisms. Res. Surg. 1992; 4: 87-91.
Cicalese L, Sahai A, Sileri P et al. Acute pancreatitis and bacterial
translocation. Dig. Dis. Sci. 2001; 46: 1127-32.

Tarpila E, Nystrom PO, Franzen L et al. Bacterial translocation
during acute pancreatitis in rats. Eur. J. Surg. 1993; 159: 109-13.
Wetsphal O, Jann K, Himmelspach K. Chemistry and
immunochemistry of bacterial lipopolysacharides as cell wall
antigens and endotoxins. Prog. Allergy 1983; 33: 9-39.

Kazantsev G, Hecht D, Rao R. Plasmid labelling confirms bacterial
translocation in pancreatitis. Am. J. Surg. 1994; 167: 200-7.

Journal of Gastroenterology and Hepatology 22 (2007) 464-471 © 2007 The Authors
Journal compilation © 2007 Journal of Gastroenterology and Hepatology Foundation and Blackwell Publishing Asia Pty Ltd



S Balzan et al.

75 Larvin M, Switala S, McMahon M. Impaired clearance of circulating
macromolecular enzyme inhibitor complexes during severe acute
pancreatitis: an important aspect of pathogenesis? Digestion 1987,
38: 32-3.

76 Mentula P, Kyldnpiéd-Bick M-L, Kemppainen E et al.

Decreased HLA (human leucocyte antigen)-DR expression on
peripheral blood monocytes predicts the development of organ
failure in patients with acute pancreatitis. Clin. Sci. 2003; 105:
409-17.

77 Deitch E. Bacterial translocation of the gut flora. J. Trauma 1990;
30: S184-9.

78 Thalheimer U, Triantos CK, Samonakis DN, Patch D, Burroughs
AK. Infection, coagulation, and variceal bleeding in cirrhosis. Gut
2005; 54: 556-63.

79 Rimola A, Soto R, Bory F et al. Reticuloendothelial system
phagocytic activity in cirrhosis and its relation to bacterial infections
and prognosis. Hepatology 1984; 4: 53-8.

80 Ramachandran A, Balasubramanian KA. Intestinal dysfunction in

liver cirrhosis: its role in spontaneous bacterial peritonitis. J.

Gastroenterol. Hepatol. 2001; 16: 607-12.

Casafont F, Almohalla C, Garcia P et al. Small bowel bacterial

overgrowth in patients with alcoholic cirrhosis. Dig. Dis. Sci. 1996;

41: 552-6.

8

—_

Journal of Gastroenterology and Hepatology 22 (2007) 464-471 © 2007 The Authors

82

83

84

85

86

87

88

89

Bacterial translocation

Madrid AM, Cumsille F, Defilippi C. Altered small bowel motility
in patients with liver cirrhosis depends on severity of liver disease.
Dig. Dis. Sci. 1997; 42: 738-42.

Pardo A, Bartoli R, Lorenzo Zuniga V et al. Effect of cisapride on
intestinal bacterial overgrowth and bacterial translocation in
cirrhosis. Hepatology 2000; 31: 858-63.

Chelarescu O, Chelarescu D, Tircoveanu E et al. Propranolol
administration on post surgical infections in cirrhotic patients. J.
Hepatol. 2003; 38 (Suppl. 2): A173.

Garcia-Tsao G. Bacterial translocation: cause or consequence of
decompensation in cirrhosis? J. Hepatol. 2001; 34: 150-5.

Cirera I, Bauer TM, Navasa M ef al. Bacterial translocation of
enteric organisms in patients with cirrhosis. J. Hepatol. 2001; 34:
32-7.

Lin RS, Lee F-Y, Lee S-D et al. Endotoxemia in patients with
chronic liver diseases: relationship to severity of liver disease,
presence of esophageal varies, and hyperdynamic circulation. J.
Hepatol. 1995; 22: 165-72.

Guarner C, Soriano G, Tomas A et al. Increased serum nitrite and
nitrate levels in patients with cirrhosis: relationship to endotoxemia.
Hepatology 1993; 18: 1139-43.

Aldersley MA, Howdle PD. Intestinal permeability and liver disease.
Eur J. Gastroenterol. Hepatol. 1999; 11: 401-3.

471

Journal compilation © 2007 Journal of Gastroenterology and Hepatology Foundation and Blackwell Publishing Asia Pty Ltd



