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Abstract
Background—Gut translocation of bacte-
ria has been shown in both animal and
human studies. Evidence from animal
studies that links bacterial translocation
to the development of postoperative sepsis
and multiple organ failure has yet to be
confirmed in humans.
Aims—To examine the spectrum of bacte-
ria involved in translocation in surgical
patients undergoing laparotomy and to
determine the relation between nodal mi-
gration of bacteria and the development of
postoperative septic complications.
Methods—Mesenteric lymph nodes
(MLN), serosal scrapings, and peripheral
blood from 448 surgical patients undergo-
ing laparotomy were analysed using
standard microbiological techniques.
Results—Bacterial translocation was
identified in 69 patients (15.4%). The most
common organism identified was Es-
cherichia coli (54%). Both enteric bacte-
ria, typical of indigenous intestinal flora,
and non-enteric bacteria were isolated.
Postoperative septic complications devel-
oped in 104 patients (23%). Enteric organ-
isms were responsible in 74% of patients.
Forty one per cent of patients who had
evidence of bacterial translocation devel-
oped sepsis compared with 14% in whom
no organisms were cultured (p<0.001).
Septic morbidity was more frequent when
a greater diversity of bacteria resided
within the MLN, but this was not statisti-
cally significant.
Conclusion—Bacterial translocation is as-
sociated with a significant increase in the
development of postoperative sepsis in
surgical patients. The organisms respon-
sible for septic morbidity are similar in
spectrum to those observed in the me-
senteric lymph nodes. These data strongly
support the gut origin hypothesis of sepsis
in humans.
(Gut 1998;42:29–35)
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Gut translocation of bacteria is defined as the
passage of gastrointestinal microflora across the
lamina propria to local mesenteric lymph nodes
(MLN) and from there to extranodal sites. It has
been proposed that bacterial translocation may
initiate a cytokine response from macrophages
encountered in mesenteric lymph nodes.1 In

certain conditions this may predispose the host
to the development of septic morbidity.
Many studies in animals using a wide variety

of experimental situations support this concept
of the gut as the originator of septic complica-
tions and that bacterial translocation may be an
important intermediary mechanism in the
development of such sepsis. The evidence in
humans to date has been less convincing but
the well recognised phenomenon whereby
nosocomial infection is frequently a conse-
quence of gut derived organisms such as
Escherichia coli does lend credence to the
hypothesis. Few previous studies have investi-
gated a causal relationship between microbio-
logically confirmed bacterial translocation in
humans and subsequent septic morbidity.
We have previously reported an incidence in

bacterial translocation of 10.3% in a consecu-
tive series of 242 patients undergoing
laparotomy for a variety of surgical complaints.2

When translocation occurred the incidence of
septic complications was 28% compared with
11.5% when it did not (p<0.05).
The aim of this study was to examine the

spectrum of microbiological flora identified
within the MLN, serosal scrapings, and periph-
eral blood cultures at the time of laparotomy and
to determine whether there was a similarity
between these bacteria and the causative organ-
isms identified from the patients in whom septic
postoperative complications occurred.

Patients and methods
All patients presenting to the Combined Gastro-
enterology Service at ScarboroughHospital who
required laparotomy were entered into this
study. Patients were excluded if there was any
evidence of intraperitoneal sepsis or contamina-
tion, if sampling of lymph nodes was not possi-
ble or clinically inappropriate, or if antibiotics
had been administered preoperatively. Where
there was any doubt regarding intraperitoneal
sepsis an intra-abdominal swab was taken for
culture and the patients were excluded if this was
positive for bacteria. All patients gave informed
consent to participate in the study which was
approved by the Scarborough Locally Organised
Research Ethics Committee.
At the start of laparotomy a serosal scraping

was obtained from the antimesenteric border of
the terminal ileum. A lymph node from the
mesentery of the terminal ileum was excised by
the use of a separate clean surgical blade. The
samples were transported promptly in separate
containers in sterile saline solution for microbio-
logical analysis. Simultaneously, a peripheral
blood sample was obtained by means of
venepuncture. This was placed into aerobic and
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anaerobic blood culture bottles. Prophylactic
antibiotics were only given to the patients after
these samples were obtained.

TISSUE CULTURES

Serosal scrapings and lymph nodes were sepa-
rately homogenised in saline by means of a
stomacher (Seward Medical, London, UK).
Each homogenate was inoculated onto Colum-
bia blood agar and cysteine lactose electrolyte
deficient (CLED) media for aerobic incubation
and incubated in air with 5% carbon dioxide and
onto Wilkins-Chalgren blood agar with neomy-
cin and Columbia blood agar for anaerobic cul-
ture. Anaerobic cultures were incubated in a
Don Whitley anaerobic workstation in an
atmosphere of 80% nitrogen, 10% hydrogen,
and 10% carbon dioxide. Aerobic cultures were
incubated at 37°C for two days and anaerobic
cultures were incubated at 37°C for five days.

BLOOD CULTURES

Aerobic and anaerobic blood culture bottles
were incubated constantly at 37°C for seven
days. The aerobic bottles were additionally
mechanically agitated for the first 48 hours.
Bacterial growth in the blood culture bottles
was detected on a Bactec NR730 machine
(Becton Dickinson Europe, Meylan Cedex,
France) which samples CO2 in the head space
of the culture vials twice daily for the first three
days and then once daily for the last four days
of the incubation period. The machine indi-
cates a positive culture whenever the culture
bottle head space CO2 concentration exceeds
baseline threshold levels. All blood culture vials
with positive readings had 0.5 ml of media
extracted which was examined by Gram stain-
ing and further inoculated onto Columbia
blood agar, chocolate Columbia blood agar,
and CLED media, and incubated in air with
5% carbon dioxide, and onto Columbia blood
agar; incubation was for 48 hours in an anaero-
bic atmosphere as described previously.3

Isolates grown from mesenteric lymph
nodes, serosal scrapings, and peripheral blood
samples were identified by characteristic colo-
nial and microscopic appearances and by using
standard microbiological tests. Whenever re-
quired, full speciation of organisms belonging
to the family Enterobacteriaceae was per-
formed using API 20E strips (bioMerieux,
France). Enterococcus faecalis and other strepto-
cocci were identified as follows: microscopic
and colonial appearances; Lancefield grouping
by the Streptex kit (Murex, UK); and where
appropriate by using API 20 Strep strips
(bioMerieux, France). Obligate anaerobic iso-
lates were identified by characteristic colonial
growth characteristics, senstivity to metronida-
zole, microscopic appearances, and rapid
ID32A strips (bioMerieux, France). Obligate
aerobic isolates and non-fermenting Gram
negative bacilli were identified using API 20NE
strips (bioMerieux, France). Yeasts were iden-
tified by characteristic colonial and micro-
scopic appearances, the germ tube reaction,
and API 20AUX strips (bioMerieux, France).
Bacillus species and coryneforms were identi-
fied by standard microbiological tests.4

Organisms belonging to the genus Staphylo-
coccus were identified by microscopic and mac-
roscopic appearances, catalase reaction, coagu-
lase reaction, and DNAse reaction.
Organisms were broadly grouped into indig-

enous gastrointestinal flora and bacteria which
would not normally be found resident in the
gut. Anaerobic organisms were identified by
their ability to grow in a strict anaerobic
atmoshere. Their Gram reaction susceptibility
to metronidazole and biochemical reactions
(API) were identified by their microscopic and
macroscopic morphology germ tube reaction
and by the Candida API biochemical reactions.
Postoperative sepsis was defined as the pres-

ence of clinical, haematological, or radiographic
evidence of infection where positive bacterial
culture was obtained from a septic focus.

STATISTICAL ANALYSIS

All data were expressed as median and
interquartile range. Comparisons between
non-parametric groups of data were made
using the ÷2 test or the Mann-Whitney U test.

Results
Tissue samples were obtained from a total of
448 consecutive patients (216 men and 232
women, median age 67 years, range 14–94
years) who met the inclusion criteria. Table 1
presents clinical details of the patients. The
clinical details and point prevalence of bacterial
translocation for the first 242 patients in this
series have been previously published.2

Bacterial translocation occurred in 69 pa-
tients, giving a prevalence of 15.4%. Table 2
lists the clinical presentations of patients in
whom translocation occurred. Patients were
stratified according to the presence or absence
of clinical conditions which have been associ-
ated with translocation in previous studies
(table 3). There was no significant diVerence in
the prevalence of translocation for malignancy,
inflammatory bowel disease, jaundice, signifi-
cant preoperative weight loss, or the administra-
tion of total parenteral nutrition preoperatively.
In contrast, there was a significant increase in
the prevalence of bacterial translocation in

Table 1 Patient details at presentation—individual
patients may be included in more than one category

Total number of patients 448
Male:female 216:232
Median (range) age (y) 67 (14–94)
Diagnosis
Malignancy 219
Colonic carcinoma 80
Gastric carcinoma 37
Rectal carcinoma 61
Pancreatic carcinoma 24
Other 17

Inflammatory bowel disease 40
Crohn’s disease 21
Ulcerative colitis 19

Obstruction 83
Gastric outlet 10
Small bowel 39
Large bowel 34

Jaundice 33
Pancreatic carcinoma 22
Hepatocellular carcinoma 1
Gastric carcinoma 1
Pancreatitis 2
Choledocholithiasis 7

Malnutrition 59

30 O’Boyle,MacFie,Mitchell, et al
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patients who were aged greater than 70 years
(21% versus 11%), in patients who were
operated on non-electively (21% versus 12%),
and in patients presenting with distal bowel
obstruction at laparotomy (41% versus 13%).
A total of 98 separate positive cultures was

obtained on the 69 positive nodal samples.
Multiple organisms were cultured in 22 (32%)
patients. E coli was the most commonly identi-
fied organism and was found in 38 (55%)
patients (table 4). Organisms belonging to the
family Enterobacteriaceae (including E coli)
comprised 61% of positive cultures. Coagulase
negative staphylococci were the most frequent
non-enteric bacterial species to translocate and
were present in 18 (26%) nodal samples. Aero-
bic and facultative anaerobic bacteria as well as
obligate anaerobes were identified. Interest-
ingly there was no evidence of fungal transloca-
tion. Aerobic bacteria (which includes the fac-
ultative anaerobes) were cultured in 91%
(89/98). Seventy seven per cent (75/98) of cul-
tured organisms were typical of indigenous
intestinal flora. The remainder consisted of
organisms which would not frequently be asso-
ciated with colonisation of the gastrointestinal
tract: coagulase negative staphylococci, Staphy-
lococcus aureus, Bacillus spp, coryneforms, and
Pseudomonas aeruginosa. Enteric bacterial iso-
lates were part of a multiorganism growth in

56% of cultures compared with 36% of
non-enteric bacterial cultures (p<0.02). The
obligate anaerobes Clostridium perfringens and
Bacteroides fragilis were isolated invariably as
part of a multiorganism colonisation in associ-
ation with facultative anaerobes.
Forty eight positive cultures were obtained on

the serosal scrapings from 38 patients (8.5%).
The prevalence of positive serosal scrapings in
node negative patients was 2.9% (11/379) com-
pared with 39% (27/69) in those patients with
culture positive nodes (÷2 = 68.4, p<0.0001).
The Enterobacteriaceae were present in 52% of
cultures and E coli was again the most com-
monly identified organism, occurring in 37% of
patients. Of the 27 patients who had positive
nodal cultures and positive serosal scrapings, 23
(85%) had similar species at both sites.
Blood cultures were positive in 9/69 patients

(13%) in whom translocation to lymph nodes
was identified. Three of these patients grew
similar species from their nodal samples. E coli,
Citrobacter freundii, and coagulase negative sta-
phylococci were the organisms cultured. Two
of these patients developed postoperative septic
complications; one was diagnosed with an E
coli urinary tract infection and the other grew
coagulase negative staphylococci from a dis-
charging wound.
Postoperative septic complications developed

in 104 patients (23%) (fig 1). Eighteen patients
(17%) developed more than one complication.
Enteric organisms were cultured from septic
foci in 77 patients (74%).Members of the fam-
ily Enterobacteriaceae (E coli, Klebsiella spp,
Proteus spp, Enterobacter spp, Citrobacter spp,
Morganella spp) were isolated in 70 of these
cases (table 5). Forty five per cent of patients
who had evidence of bacterial translocation
developed sepsis compared with 19% in whom
no organisms were cultured (p<0.001). Septic
morbidity was more frequent when a greater
diversity of bacteria resided within the MLN
(50% versus 45%) (table 6), but this was not
statistically significant. In those patients with
evidence of translocation at laparotomy and
who developed postoperative sepsis, 32% (10/
31) grew the same genus of bacteria from both

Table 2 Prevalence of positive cultures and of postoperative sepsis by clinical subgroup. Translocation is defined as positive nodal culture with or without
positive serosal culture

Diagnosis
No of
patients Positive nodal sample (%)

Positive serosal
scrapings (%)

Both samples
positive (%)

Positive
blood
cultures (%) Sepsis (%)

Colorectal carcinoma 141 20 (14) 10 (7) 7 (35) 4 (3) 34 (24)
Gastric carcinoma 37 5 (14) 3 (8) 2 (40) 0 10 (27)
Pancreatic carcinoma 24 2 (8) 0 0 1 (4) 7 (29)
Miscellaneous carcinoma 17 1 (6) 4 (24) 1 (25) 2 (12) 4 (24)
Inflammatory bowel disease 40 7 (18) 5 (13) 4 (57) 5 (13) 9 (23)
Aortic aneurysm 26 3 (12) 2 (8) 1 (33) 6 (23) 5 (19)
GI haemorrhage 19 4 (21) 0 0 0 6 (32)
Adhesions 26 5 (19) 2 (8) 1 (20) 0 6 (23)
Diverticular disease 27 6 (22) 4 (15) 3 (50) 2 (7) 4 (15)
Cholelithiasis 22 3 (14) 1 (5) 1 (33) 2 (9) 2 (9)
Complicated hernia 7 2 (29) 2 (29) 2 (100) 1 (14) 1 (14)
Early appendicitis 12 2 (17) 1 (8) 1 (50) 1 (8) 2 (17)
Pancreatitis 8 2 (25) 1 (13) 1 (50) 2 (25) 3 (38)
Miscellaneous 42 7 (17) 3 (7) 3 (43) 2 (5) 11 (26)

Adenoma rectum (2)
Chronic peptic ulcer (3)
Small bowel stricture (1)
Duodenocolic fistula (1)

Total 448 69 (15) 38 (8) 27 (39) 28 (6) 104 (23)

GI, gastrointestinal.

Table 3 The prevalence of bacterial translocation in diVerent preoperative clinical settings

Total Translocation Percentage Significance

Malignancy 220 28 13
No malignancy 228 41 18 ÷2=2.49 p=0.11
IBD 40 7 18
No IBD 408 62 15 ÷2=0.15 p=0.70
Weight loss >10% 59 6 10
No weight loss 389 63 16 ÷2=1.43 p=0.23
Obstructive jaundice 33 2 6
No jaundice 415 65 16 ÷2=2.22 p=0.14
TPN 56 10 18
No TPN 392 59 15 ÷2=0.29 p=0.59
Age <70 years 254 28 11
Age >70 years 194 41 21 ÷2=8.93 p<0.01
Elective surgery 292 36 12
Non-elective surgery 156 33 12 ÷2=6.08 p<0.02
No obstruction 365 48 13
Proximal obstruction 49 7 14
Distal obstruction 34 14 41 ÷2=18.6 p<0.001

TPN, total parenteral nutrition; IBD, inflammatory bowel disease.
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the preoperative nodal sample and the postop-
erative septic focus (table 7): E coli was isolated
in four cases of urinary tract infection and two
wound infections, coagulase negative staphylo-
cocci was isolated in two cases of septicaemia, P
mirabilis caused a wound infection, and K
oxytoca a urinary tract infection. Table 2
summarises the prevalence of positive cultures
and of postoperative sepsis by clinical subgroup.

Discussion
This is the largest series examining gut translo-
cation of bacteria in humans. It confirms that
translocation does occur and is more common
in the presence of distal bowel obstruction,when
patients are elderly, and when urgent surgery is
required. The prevalence of bacterial transloca-
tion in our 448 patients was 15.4%. The
presence of distal intestinal obstruction at
laparotomy was the strongest predictor of trans-
location and occurred in 41% of patients (table
3). This is in keeping with a number of previous studies in humans.2 5 6 Age greater than 70 years

and the necessity for urgent surgery were also
associated with significantly increased transloca-
tion rates (both 21%). This is the first study
which shows an association between bacterial
translocation and these two parameters. Distal
bowel obstruction might be expected to be more
prevalent in the elderly as the incidence of
colorectal carcinoma is higher. This does not
explain the increased translocation found with
age in our series as there was no significant dif-
ference in the incidence of distal bowel obstruc-
tion in older patients compared with those aged
less than 70 years (9% versus 6%,NS). Further-
more, the incidence of translocation in patients
aged less than 70 years who did not have distal
obstruction was just 8.4%. If we exclude urgent
laparotomy cases from this group the transloca-
tion rate was just 7% (11/155).

Figure 1 Postoperative infective complications (n=104 patients, 23%). Eighteen patients
experienced more than one septic event.

Septicaemia
(n = 10)

Intraabdominal
(n = 9) Respiratory

(n = 33)

Wound
(n = 37)

Urinary
(n = 33)

Table 4 Organisms translocating to mesenteric lymph nodes (98 isolates in 69 patients) and to serosa (48 isolates in 38
patients)

Organism Patient n (%)
Polyculture
(5)

Mesenteric lymph node cultures
Escherichia coli* FA 38 (55) 15 (39) 


















Klebsiella oxytoca* FA 7 (10) 3 (43)
Proteus mirabilis* FA 4 ( 6) 2 (50) Enterobacteriaceae
Enterobacter cloacae* FA 4 ( 6) 3 (75)

Enteric bacteriaCitrobacter freundii* FA 4 ( 6) 2 (50)
Morganella morgani* FA 3 ( 4) 2 (67)
Enterococcus faecalis FA 6 ( 9) 6 (100)
Clostridium perfringens OA 2 ( 3) 2 (100)
Bacteroides fragilis* OA 7 (10) 7 (100)
Coagulase negative staphylococcus FA 18 (26) 5 (28) 






Staphylococcus aureus FA 2 ( 3) 2 (100)
Bacillus spp FA 1 ( 1) 0 ( 0) Non-enteric bacteria
Coryneforms A 1 ( 1) 1 (100)
Pseudomonas aeruginosa* A 1 ( 1) 0 ( 0)
Serosal tissue cultures
Escherichia coli* FA 14 (37) 6 (43) 


















Klebsiella oxytoca* FA 4 (11) 2 (50)
Proteus mirabilis* FA 2 (5) 1 (50) Enterobacteriaceae
Enterobacter cloacae* FA 3 (8) 1 (33)

Enteric bacteriaCitrobacter freundii* FA 1 (3) 0 (0)
Morganella morgani* FA 1 (3) 1 (100)
Enterococcus faecalis FA 3 (8) 3 (100)
Clostridium perfringens OA 2 (5) 2 (100)
Bacteroides fragilis* OA 2 (5) 2 (100)
Coagulase negative staphylococcus FA 12 (32) 1 (8) 




Bacillus spp FA 2 (5) 0 (0) Non-enteric bacteria
Coryneforms A 1 (3) 1 (100)
Acinetobacter spp* OA 1 (3) 0 (0)

FA, facultative anaerobe; OA, obligate anaerobe; A, aerobe; *Gram negative.

Table 5 Microbiology of postoperative infections.More
than one organism was cultured in a number of patients

Organism Patient (n (%))

Enterobacteriaceae 70 (67)
Enterococcus faecalis 22 (21)
Bacteroides fragilis 4 (4)
Coagulase negative staphylococci 15 (14)
Staphylococcus aureus 3 (3)
Streptococcus spp 10 (10)
Candida spp 10 (10)
Pseudomonas aeruginosa 16 (15)
Haemophilus spp 9 (8)
Coryneforms 1 (1)

Table 6 Septic complications in relation to number of
species cultured from nodal samples

No of organisms No of patients (%) Complications (%)

One 47 (68) 21 (45)
Two 16 (23) 9 (58)
Three 5 (7) 2 (40)
Four 1 (1) 0 (0)

32 O’Boyle,MacFie,Mitchell, et al
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We recognise that a study such as this may
underestimate the true incidence of bacterial
translocation and that more extensive tissue
sampling or culture of portal venous blood
might have shown a greater number of positive
cultures. We chose to undertake sampling only
from ileal serosa and ileal lymph nodes because
previous animal work suggests that these would
provide the most productive tissues for
analysis,7 and we did not feel that more exten-
sive sampling was clinically appropriate or
ethically acceptable. Furthermore, it could be
argued that the identification of enteric organ-
isms in the tissues sampled in this study was a
consequence of bacterial contamination
through mechanisms other than translocation.
We consider this unlikely for a number of rea-
sons. Firstly, the spectrum of bacteria isolated
is typical of enteric bacteria. Secondly, the
blood cultures were positive in only a minority
of patients subsequently confirmed as being
positive for translocation. Thirdly, while it is
recognised that bacteria may appear in extrain-
testinal tissues after bowel manipulation8 we
have avoided this by immediate sampling of
tissue after opening the peritoneum. Fourthly,
patients with peritoneal contamination from
any cause were excluded from this analysis.
Finally, the significant association between
positive cultures obtained from MLNs and
serosal samples suggests movement of bacteria
occurs from within the intestinal lumen to the
outside. If the converse were true one would
anticipate a higher prevalence of positive sero-
sal samples than was observed in mesenteric
lymph nodes.
Both human and animal research has

suggested that the presence of obstructive
jaundice,9 inflammatory bowel disease,10 the
administration of total parenteral nutrition
(TPN),11–13 and malignant disease14 are all
associated with an increased incidence of bac-
terial translocation.We have found no evidence
to support these findings. The diVerences in
bacterial translocation between those patients
with and without inflammatory bowel disease
and those who did and did not receive TPN
were negligible, while jaundice and malignant
disease were associated with reduced transloca-
tion rates (not significant).
Three primary mechanisms that promote

bacterial translocation have been identified:
intestinal bacterial overgrowth; increased per-
meability of the intestinal mucosal barrier; and
deficiencies in host immune defences. These
mechanisms may not be mutually exclusive
and more than one may be relevant in
individual patients.

BACTERIAL OVERGROWTH

In this study Gram negative facultative anaer-
obes, and particularly E coli, were the most com-
mon organisms identified in mesenteric lymph
nodes and serosal scrapings. Obligate anaerobes
were cultured less frequently. In healthy subjects
the distal ileum harbours aerobic and anaerobic
bacteria at a concentration of approximately 108

organisms. Distal to the ileocaecal valve the bac-
terial concentration is of the order of 1012 colony
forming units per ml, with anaerobic bacteria
outnumbering aerobes by 1000-fold.15 16 The
predominant isolates are Bacteroides spp, Bifido-
bacterium spp, Eubacterium spp, Lactobacillus
spp, and Clostridium spp. Intraluminal popula-
tion density of bacteria would therefore not
appear to be the most significant influence on
bacterial translocation as one would expect
significantly greater numbers of obligate anaer-
obes to be identified in extraintestinal tissues.17 18

Previous authors have found a very low inci-
dence of bacterial translocation by obligate
anaerobes.19–21 This has prompted suggestions
that obligately anaerobic bacteria are the princi-
pal inhibitors of bacterial overgrowth and trans-
location of E coli and other potentially patho-
genic bacteria.17–19 These observations are based
again on animal studies where it was noted that
a relative increase in numbers of oxygen tolerant
bacteria in the distal bowel was associated with
an increase in translocation of these organisms
without a concomitant increase in anaerobic
bacterial translocation. We cultured obligate
anaerobes from the mesenteric lymph nodes in
13% of patients (9/69).This is a high proportion
of these organisms when compared with previ-
ous studies and would appear to refute the
theory of an entirely protective role for these
organisms in humans. This would be in keeping
with the possibility that obligate anaerobes actu-
ally translocate at the same rate as facultative
anaerobes across the intestinal epithelium but
that the obligate anaerobes are more likely to be
destroyed in microenvironments which are not
oxygen deficient and which may well prevail
within the mesenteric lymph nodes or en route
to them. Our finding that whenever obligate
anaerobes were isolated, they were part of a
multiorganism culture involving facultative
anaerobes, might reflect in some way poor oxy-
genation or perfusion of these tissues.

INTESTINAL PERMEABILITY

Migration of organisms across the bowel wall
may occur by pinocytosis in epithelial cells and
has been proposed as the principle mechanism
of translocation in the presence of an intact
mucosal barrier.22 23 However, many studies
have identified alterations in intestinal perme-
ability in critically ill patients. Using dual sugar
probe techniques the most frequent finding is
that lactulose absorption is increased while the
absorption of the smaller molecules is
unchanged.21 This suggests that changes in
intestinal permeability are caused by loss of tight
junction integrity or by areas of cell loss at villous
tips. Theoretically this might predispose to pas-
sive movement of bacteria across the intestinal
epithelium on the presumption that bacteria
would follow the pathway of large molecules. In

Table 7 Patients in whom the same organism was cultured from nodal sample and site of
sepsis (n=10)

Organism n UTI RTI Wound Septicaemia

Escherichia coli 6 4 0 2 0
Proteus mirabilis 1 0 0 1 0
Klebsiella oxytoca 1 1 0 0 0
Coagulase negative
staphylococcus 2 0 0 0 2

UTI, urinary tract infection; RTI, respiratory tract infection.

Microbiology of bacterial translocation in humans 33
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support of this Berg has shown in non-published
data that non-viable latex particles of similar
diameter to E coli translocate with similar
eYciencies to viable indigenous bacteria.23 Such
a mechanism could account for the diversity of
microorganisms which we found in mesenteric
lymph nodes.

IMMUNE STATUS

Under normal circumstances translocating bac-
teria should be phagocytosed within the me-
senteric lymph nodes. This would explain the
failure to culture viable bacteria from the MLN
of healthy rodents.20 However, if the host is
immunocompromised the normal defence
mechanisms may fail, permitting egress and sur-
vival of these bacteria at distant extraintestinal
sites, the inference being that with increasing
severity of illness bacterial translocation occurs
because of the inability of the host to deal
adequately with the numbers of bacteria
present. Much experimental evidence exists to
support this concept. Bacterial translocation is
more common in athymic mice than in cont- rol
animals, suggesting a specific role for
T cell mediated immunity in inhibiting
translocation.24 Immunosuppressant agents
and leukaemia have been associated with
increased translocation to mesenteric lymph
nodes in rodents25–27 and leukaemia has been
associated with increased translocation to
blood in humans.28 Deficiencies in humoral
immunity (serum immunoglobulins) have been
implicated in the penetration of pathogenic
Vibrio cholerae and Salmonella enteritidis into the
lamina propria.29 30 The possibility that bacte-
rial translocation may not be an all or none
phenomenon has been previously suggested.31

Experimental evidence exists in human studies
which attest to the invariable presence of E coli
â galactosidase in the cytoplasm of mesenteric
lymph nodes but positive cultures in only 5% of
the same patients.32 This would suggest trans-
location and subsequent control in the me-
senteric nodes. The association between multi-
organism colonies and an increasing incidence
of postoperative sepsis as shown in this series is
compatible with this speculative mechanism of
translocation and is probably a manifestation of
immunosuppression.33 Furthermore it is of
some interest to note that our results do show
that the incidence of bacterial translocation
was greatest in patients aged over 70, in those
undergoing urgent surgery, and in patients with
intestinal obstruction, all of whom might be
expected to have a degree of impaired immu-
nity. Bacterial translocation may then serve as a
promoter of septic morbidity but may not
actually be the initiator.
An important finding of this study is the

association between bacterial translocation and
postoperative sepsis. Forty five per cent of
patients in whom bacterial translocation oc-
curred developed a septic focus compared with
19% of patients who showed no evidence of
bacterial translocation. Furthermore, the com-
monest translocating organisms, the Enterobac-
teriaceae, were also the organisms responsible
for postoperative septic complications in 67%
(70/104) of cases. Of those patients in whom

bacteria were cultured from the MLN and who
developed postoperative sepsis, 32% (10/31)
grew at least one phenotypically similar species
type at both sites (table 7). This is the first com-
pelling evidence from human studies that
confirms a potential pathological significance for
bacterial translocation. Despite this, we recog-
nise that our data do not prove causality between
translocation and septic morbidity and that
there are some obfuscating findings in our data.
For instance, the occasional culture of non-
enteric organisms such as coagulase negative
staphylococci from MLNs in patients subse-
quently identified as having organisms similar to
the predominant organism in septic foci is diY-
cult to explain on the basis of intestinal translo-
cation. We accept that these organisms may be
skin contaminants and thereby could reflect
poor sampling technique. Our experimental
protocol endeavoured to avoid such problems
and the low incidence in this series of such
growth suggests that this was not a major prob-
lem. We feel that on no account do these
findings invalidate the overall observations made
from this study, but rather reflect the inherent
methodological problems associated with inves-
tigating a pathophysiological phenomenon in a
clinical setting with an inevitably heterogeneous
patient population. Confirmation of proof of
causality between translocation and sepsis
would necessitate specific species subtyping of
bacteria from the lumen of the gut, MLNs, or
other extaintestinal tissue and subsequent septic
foci with all their respective temporal relation-
ships in terms of sampling times recorded. This
will be logistically very diYcult to achieve but
does emphasise the need for additional prospec-
tive studies in the clinical setting as well as in the
controlled environment of the laboratory.
These data also provide a rationale for the

use of selective gut decontamination. The
principle behind this treatment is that by selec-
tive elimination of enteric Gram negative
Enterobacteriaceae using specific antibiotic
therapy, translocation rates and subsequent
postoperative sepsis may be reduced. While
some studies have shown significant reductions
in septic morbidity the results remain contro-
versial and there is no firm evidence to date of
enhancement of survival.34 Our results suggest
that selective gut decontamination may have a
role to play in the prevention of gut derived
sepsis. Our findings of significant translocation
by anaerobic bacteria suggest a role for therapy
directed against these organisms. We found no
evidence of candidal translocation in any of our
tissue samples. However, Candida species were
cultured from 10% of postoperative septic foci
in this study. We have previously reported the
presence of Candida spp in gastric microflora35

and although others have shown that Candida
spp can translocate36 37 our data would suggest
that opportunistic infection caused by Candida
spp probably occurs by a mechanism other
than translocation. Consequently, treatment
directed against intestinal yeast may be unnec-
essary. Finally, selective gut decontamination
does not influence translocation of bacterial
endotoxin which may itself be responsible for
continued cytokine release and may influence

34 O’Boyle,MacFie,Mitchell, et al
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host susceptibility to postoperative infection.
The implication therefore is that manipulations
of microflora alone are insuYcient to overcome
the eVects of altered barrier function and
diminished immune defences. It is interesting
to speculate, therefore, that selective gut
decontamination directed only at enteric aero-
bic and anaerobic bacteria, possibly in con-
junction with immune enhancing agents, may
provide an optimal treatment strategy for criti-
cally ill patients which may significantly
decrease septic morbidity.

Conclusion
This is the largest study of bacterial transloca-
tion in humans. Unlike many previous studies
in humans bacterial translocation was esti-
mated by culture of viable extragastrointestinal
organisms rather than by indirect assessment of
microbial particles or bacterial endotoxin.
Organisms cultured in the MLN and serosa
reflect the spectrum of bacteria resident within
the gut lumen. We have shown a significant
association between bacterial translocation and
postoperative morbidity. The majority of septic
events were caused by indigenous gut organ-
isms. This strongly supports the “gut origin”
hypothesis of nosocomial infection. The wide
variety of organisms cultured suggests a
non-specific passive mechanism of absorption,
the rate of which probably depends on the
nature and severity of illness. Bacterial translo-
cation probably occurs in healthy individuals
but is not clinically significant in the presence
of a fully functional immune system. Isolation
of viable bacteria in MLN once translocation
has occurred is dependent on the immunologi-
cal competence of the host and individual bac-
terial virulence factors which prevent their
destruction. In more severely immunocompro-
mised individuals, such as the aged and those
with distal bowel obstruction, there is a failure
to prevent the propagation of these viable bac-
teria from the MLN to extraintestinal sites
which become sites of postoperative sepsis.
Thus bacterial translocation appears to be an
important early step in the promotion of sepsis
in debilitated postoperative patients, rather
than the sole initiator. Elucidation of the
defence mechanisms by which intestinal micro-
flora are confined within the gut lumen and
translocation rates are kept to a minimum will
be a significant advance in the understanding
of gut derived infection.
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