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Endotoxaemia and acute pancreatitis: correlation
between the severity of the disease and the anti-
enterobacterial common antigen antibody titre
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SUMMARY Enterobacterial common antigen is a highly immunogenic component of the Gram
negative bacterial cell wall that is common to all enteric bacteria. In the present study, the
humoral antibody response against enteric bacteria was investigated by measuring antibodies to
enterobacterial common antigen in paired serum samples in 38 patients with acute pancreatitis
and in 31 healthy subjects. In mild pancreatitis (11 patients), no changes in anti-enterobacterial
common antigen titres were observed as compared with healthy controls. Nine of the 10 patients
had a significant increase (¢8 times) in anti-enterobacterial common antigen titres during the
disease. Similarly, in patients with fulminant (haemorrhagic) pancreatitis who survived, a
significant increase in anti-enterobacterial common antigen titres occurred during the course of
the disease (in nine of the 11 patients). Paradoxically, only one of the six patients with fulminant
pancreatitis with fatal outcome showed a significant increase in his anti-enterobacterial common
antigen titre. The results suggest that Gram negative bacterial components escape into the
systemic circulation in acute pancreatitis. This may have pathophysiologic significance in this
disease.

Caridis et all and Fossar and Kakkar2 were first to
describe endotoxaemia in patients with acute
pancreatitis. This has lead to speculation that
endotoxaemia might be of pathophysiologic signifi-
cance in this disease, especially in the development
of the various complications inherent to severe
pancreatitis, such as shock, pulmonary insufficiency,
disseminated intravascular coagulopathy and stress

3ulceration.
The biologically active component of endotoxin

molecule, the endotoxic lipopolysaccharide, is
difficult to measure quantitatively from body fluids.
So far, the most sensitive assay for endotoxin has
been the limulus lysate test. It is not, however,
entirely specific for endotoxin, particularly if applied
to serum or body fluids.4

Enterobacterial common antigen is an immuno-
genic component of the Gram negative bacterial cell
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wall that is common to all enteric bacteria (family
Enterobacteriaceae). Enterobacterial common
antigen is spatially closely linked to the lipopoly-
saccharide - both being components of the outer
membrane of the enteric bacteria. In some strains
the enterobacterial common antigen immuno-
determinant of Enterobacteriaceae is part of the
lipopolysaccharide molecule itself.5 Because of the
great serological heterogeneity of lipopoly-
saccharide of enteric bacteria, anti-enterobacterial
common antigen determination is so far the only
generally applicable assay for the humoral immune
response to enteric bacteria (and indirectly, to
endotoxin).

Raised anti-enterobacterial common antigen
titres have been found in patients with alcoholic
cirrhosis supporting the concept that enteric bacteria
- possibly endotoxin - have a role in the patho-
physiology of alcoholic cirrhosis.6
The present study investigates whether there is a

humoral immune response to enteric bacteria in
acute pancreatitis by assaying anti-enterobacterial
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common antigen antibody titres in such patients.
Special emphasis was laid on the relationship of
anti-enterobacterial common antigen titres with the
severity of the disease as well as with the presence of
manifest Gram negative infection.

Methods

PATI ENTS
Thirty eight patients treated for acute pancreatitis at
the Second Department of Surgery, Meilahti
Hospital, in 1979-1981 were included in the series.
The diagnosis was established clinically all patients
having raised serum amylase (>5000 Phadebas
units). The severity of the disease was assessed, in
part, using the prognostic criteria as advocated by
Ranson et al.7 According to this scale, the presence
of three or more of the 11 prognostic signs denotes
to severe pancreatitis with deteriorated prognosis.
The patients were divided in four groups as follows:

Group A: mild pancreatitis
Eleven patients (three women, eight men; mean age
44 years). In this group were included patients
whose hospital stay was less than 10 days and who
had no complications. Average number of
prognostic signs was 0 and average hospital stay
eight days. The aetiologic cause was alcohol in 10
patients and unknown in one patient.

Group B: moderate pancreatitis
Ten patients (three women, seven men; mean age 43
years). In this group were included patients whose
hospital stay was more than 14 days with or without
complications. Average number of prognostic signs
was 1-3 and the average hospital stay 20 days. The
aetiologic cause was alcohol in seven patients,
biliary tract disease in one patient and unknown in
two patients. Three of the 10-patients developed a
pseudocyst as a complication, whereas seven
patients had only prolonged course of the disease
without specific complications.

Group C: fulminant pancreatitis with survival
Eleven patients (two women, nine men; mean age
37 years). In this group were included those patients
with fulminant (haemorrhagic) pancreatitis verified
at laparotomy, who survived their disease. The
average number of prognostic signs was 3-6 and
average hospital stay 42 days. The aetiologic cause
was alcohol in nine patients, biliary tract disease in
one patient and unknown in one patient.

Group D: fulminant pancreatitis with fatal outcome
Six patients (six men; mean age 46 years). This
group includes patients suffering from fulminant

(haemorrhagic) pancreatitis verified at laparotomy,
who ultimately died of their disease. The average
number of prognostic signs was 5*3 and average
hospital stay was 39 days. The aetiologic cause was
alcohol in five patients and unknown in one patient.

CONTROLS
In addition, 31 healthy subjects (23 women, eight
men; mean age 33 years) with no recent history of
infectious diseases served as controls.

MANAGEMENT OF THE PATIENTS
Mild pancreatitis was treated by nasogastric suction
and intravenous fluids. Moderate pancreatitis was
managed in a similar manner but in addition
antibiotics (ampicillin, cephalosporin) were admin-
istered if prolonged fever or pseudocyst was present.
When fulminant pancreatitis was suspected
clinically, a laparotomy was performed and the
diagnosis was verified, whereafter the patient was
treated at random either by subtotal pancreatic
resection (see ref. 8) or peritoneal lavage via
cannulas inserted at the operation in the peri-
pancreatic area (1000 ml/h peritoneal dialysis
solution for five to seven days). The routine post-
operative care in both methods of treatment
included: intravenous fluids with total parenteral
nutrition until oral intake of food was resumed,
ventilatory support, prophylactic antibiotics
(tobramycin + clindamycin) and stress ulcer
prophylaxis (cimetidine and oral antacids in doses
sufficient to maintain intragastric pH continuously
above 5.0).

ENTEROBACTERIAL COMMON ANTIGEN ANTIBODY
ASSAY
Enterobacterial common antigen antibody was
measured with passive haemagglutination method as
described in detail earlier.9 The titre 1:4096 corres-
ponds to the 98th percentile limit in healthy Finnish
adult population. The serum samples from the
patients were drawn on admission and weekly
thereafter for at least three weeks. One serum
sample was drawn from the healthy controls. The
sera were kept at -20°C until analysed.

STATISTICAL METHODS
For statistical analysis Student's t test and x2 test
with Yates correction for small numbers were used.

Results

CORRELATION BETWEEN SEVERITY OF THE
DISEASE AND THE ENTEROBACTERIAL COMMON
ANTIGEN TITRES
Group A
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Table 1 Enterobacterial common antigen antibody titres in patients with acute pancreatitis

Incidence of
significant titre

Severity of disease Patients (no) Admission Maximal increase (¢8 times)

Mild (A) 11 389.9*(64-2048) 545(64-2048) 0/11
Moderate/complicated (B) 10 97-0 (32-512) 1176-3 (512-2048) 9/10
Fulminant survival (C) 11 226-0(32-1024) 3396(64-65 536) 9/11
Fulminant death (D) 6 50-9 (16-128) 90-5 (16-256) 1/6
Controls 31 572-1 (16-8192) - -

* Geometric mean (ranges)

The anti-enterobacterial common antigen titres of
patients with mild, oedematous pancreatitis did not
differ on admission significantly from those of
healthy controls (Table 1). Also, none of the 11
patients subsequently experienced any significant
increase (x8 or more) in their anti-enterobacterial
common antigen titres.

Group B
Patients with moderate pancreatitis (prolonged and/
or complicated course of the disease) had signifi-
cantly (p<0.01) decreased anti-enterobacterial
common antigen titres on admission as compared
with the controls (Table 1). Nine of the 10 patients
had a significant increase in anti-enterobacterial
common antigen titre during the course of the
disease.

Group C
Patients surviving after haemorrhagic pancreatitis
also had significantly (p<005) decreased anti-
enterobacterial common antigen titres on admission
as compared with controls (Table 1). During the
course of the illness, a marked increase in anti-
enterobacterial common antigen titres occurred.
This was much more extensive than in patients of
group B. Individually, in nine of the 11 patients a
significant increase in anti-enterobacterial common
antigen titres occurred. Six of these patients were
treated by peritoneal lavage and five by pancreatic
resection. The maximal anti-enterobacterial
common antigen titres were somewhat, but not
significantly, higher among patients with peritoneal
lavage (4096 vs 2702).

Group D
In six patients, who succumbed to haemorrhagic
pancreatitis and had the most severe form of the
disease (average score of positive prognostic signs
5.53 as compared with 3*55 in group C), the
anti-enterobacterial common antigen titre behaved
in a completely different way. On admission the
average anti-enterobacterial common antigen titre

was significantly (p<001) lower than in the controls
but in only one of the six patients a significant
increase in anti-enterobacterial common antigen
titre subsequently occurred during the average 38
days (range 12-74 days) hospital stay (Table 1).
Three patients were treated by peritoneal lavage
and three patients with pancreatic resection. Again,
the maximal anti-enterobacterial common antigen
titres were somewhat, but not significantly, higher
among patients with peritoneal lavage (161 vs 51).

SEPTICAEMIA
No septic infections were recorded in patients of
groups A and B.
Three patients in group C had positive blood

cultures during hospital stay. In one of them, a
Gram negative rod (Enterobacter cloacae) was
identified as the causative agent, and she exper-
ienced a significant increase in her anti-
enterobacterial common antigen titre (1024 to
8192). One patient had Candida albicans septi-
caemia but likewise experienced a significant
increase in anti-enterobacterial common antigen
titre (512 to 16 384), whereas the third patient with
Staphyloccus epidermidis as the causative agent
experienced no increase in his anti-enterobacterial
common antigen titre.

Four patients in group D had positive blood
cultures. Two of them had Gram negative
bacteraemia caused by E. coli and Proteus
mirabilis. None of these patients had any increase in
their anti-enterobacterial common antigen titre.

ABSCESS
Four patients in group C had an intra-abdominal
abscess verified (and drained) at laparotomy. In two
of them the abscess was caused by Gram negative
enterobacteria. One patient, having an E coli
abscess, had a significant increase in her anti-
enterobacterial common antigen titre (512 to
16 384), whereas the other, having Enterobacter
cloacae as the causative agent, had no increase in his
anti-enterobacterial common antigen titre. The
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remaining two patients had Staphylococcus
epidermidis as the causative agent and both of them
experienced a very strong increase in their anti-
enterobacterial common antigen titres (256 to
65 536).
Two patients in group D had intra-abdominal

abscesses. In both cases, the causative agent was E
coli, but neither of the patients had a significant
increase in their anti-enterobacterial common
antigen titres.

OTHER INFECTIONS
Six patients in group C had positive cultures from
intra-abdominal drains and/or trachea or had wound
infection. In no instance, however, was the
causative agent a Gram negative bacterium
(Staphyloccus epidermidis in five patients,
Staphylococcus aureus in one, Candida albicans in
one).
Four patients in group D had positive drain or

tracheal cultures. In three cases Gram negative
bacteria were among the causative agents (E coli
and Pseudomonas in each). All these patients had
also E coli sepsis and/or abscesses. None of the
patients experienced an increase in their anti-
enterobacterial common antigen titres.

In Table 2 is shown the relationship between
verified infection (sepsis, abscess, positive cultures
from intra-abdominal drains or trachea, or wound
infection) and anti-enterobacterial common antigen
titres in group C. No correlation was observed, no
matter whether or not the infection was caused by
Gram negative bacteria.

Discussion

The present results show that in the mildest form of
acute pancreatitis (Group A), no significant changes

Table 2 Relationship between the manifest infection and
enterobacterial common antigen antibody titre in patients
with fulminant pancreatitis (Group C)

Incidence of
Maximal titre significant

Type of Patients (geometric titre increase
infection (no) mean) (¢8 times)

Sepsis
Gram negative 1 8192 1/1
Other 2 1024 1/2

Abscess
Gram negative 2 1024 1/2
Other 2 65 536 2/2

Other infection
Gram negative - - -

Other 6 6517 5/6
No infection 5 1552 4/5

in anti-enterobacterial common antigen titres
occurred as compared with the controls. The anti-
enterobacterial common antigen titres were normal
on admission and remained unchanged during the
subsequent course of the disease, thus suggesting
absence of significant infection or endotoxaemia in
these patients.

In contrast, patients with more severe forms of
the disease did experience profound alterations in
their anti-enterobacterial common antigen titres.
Interestingly, patients with moderate and severe
pancreatitis (Group B, C, and D) had significantly
decreased anti-enterobacterial common antigen
titres on admission as compared with the controls.
Although the reason and exact mechanism of this
decrease in anti-enterobacterial common antigen
titre remains to be delineated, one can speculate
that it might be related to escape of enterobacterial
common antigen and endotoxin from portal blood
(where lipopolysaccharide is regularly en-
countered) 0 into the systemic circulation owing to
impaired hepatic reticuloendothelial system
function at the very beginning of pancreatitis.
Hepatic reticuloendothelial clearance function is
known to be depressed, for example, by ethanol"
and excessive ingestion of ethanol is by far the most
common aetiologic factor of pancreatitis in these
patients. This would lead to consumption of circulat-
ing anti-enterobacterial common antigen antibodies
because of their conversion to immune complexes.
A similar drop in anti-enterobacterial common
antigen titres, speculatively explicable in terms of
the same mechanism, has also been observed to
precede the onset of manifest sepsis in some patients
with severe haematological disorders, such as
leukaemia (our unpublished observations).

Subsequently, a significant increase in anti-
enterobacterial common antigen titres occurred in
most of these patients (Groups B and C) during the
course of the disease. The magnitude of this increase
was dependent on the severity of the disease and in
general the values measured in patients with
haemorrhagic pancreatitis (with survival; Group C)
were higher than we have ever measured for any
disease entity so far. Yet no relationship was
observed between the absolute value or relative
increase of the anti-enterobacterial common antigen
titres and the presence of Gram negative sepsis or
other infection.

Curiously, no increase in anti-enterobacterial
common antigen titre was observed in patients with
the most fulminant form of the disease (patients
with fatal outcome, who had also the highest score
of poor prognostic signs; Group D). Those patients
probably had the largest amount of endotoxaemia
and enterobacterial common antigen in their blood;
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yet only one of the six patients had a significant
increase in enterobacterial common antigen titre,
and even his titres were relatively low. The time
interval between the paired sera was about the same
in each group and therefore does not explain the
observed differences between the groups.
We have no good explanation for this paradoxical

behaviour of the anti-enterobacterial common
antigen antibodies. One possibility is some kind of
immunogenic paralysis caused by overwhelming
endotoxaemia in group D. 12 Another possibility
might be extensive consumption of the produced
anti-enterobacterial common antigen antibodies to
immune complex. Without turnover studies of the
anti-enterobacterial common antigen antibodies it is
difficult to decide between these two explanations,
but the low level of anti-enterobacterial common
antigen antibodies on admission in patients with
pancreatitis favours the latter one. Limulus assays
were not done on the same group of patients,
because they are technically difficult to do when
using serum samples and are not a very reliable
indicator of endotoxaemia.413

Several clinical manifestations and complications
frequently encountered in association with
fulminant pancreatitis may be ascribed to excessive
endotoxaemia. Fever, leukocytosis, hypotension,
and shock are inherent clinical manifestations of
fulminant pancreatitis and also signs of endo-
toxaemia.1417 Adult respiratory distress syndrome
also has been associated with fulminant pancreatitis,
and endotoxaemia and certain complement compo-
nents have been thought to play a role in the
pathogenesis of adult respiratory distress
syndrome.18 19 In the stomach, endotoxin has been
shown to promote acute gastric mucosal lesions.20
Other complications of fulminant pancreatitis that,
theoretically, might be attributable to endotoxaemia
include coagulopathy (DIC),2' 22 jaundice,23 renal
failure,24 25 and cardiac failure.26
The association of systemic endotoxaemia with

acute pancreatitis, in particular severe and compli-
cated forms of the disease, has been emphasised also
in two other recent studies. Using the limulus lysate
assay, Liehr et at27 found endotoxaemia in 66% of
patients with acute pancreatitis, and the presence of
endotoxaemia seemed to correlate with the outcome
and severity of the disease, as nine of their 21
patients with endotoxaemia died, whereas all 11
patients without endotoxaemia survived. Also
systemic complications, in particular pulmonary and
renal insufficiency, were more frequent among the
patients with endotoxaemia. Similarly, Foulis et at28
reported endotoxaemia in 50% of patients with
acute pancreatitis and, again, mortality and
incidence of extrapancreatic organ complications

were higher among the patients who had
endotoxaemia. Although these. studies, together
with the present findings, suggest a close relation-
ship between endotoxaemia and severe and compli-
cated forms of acute pancreatitis, it remains, of
course, still unsettled whether the fatal outcome or
complicated course of the illness are direct conse-
quences of circulating endotoxin or whether
endotoxaemia only coexist with other manifesta-
tions and complications of acute pancreatitis in the
most severely ill patients. A low anti-enterobacterial
common antigen titre in successive serum samples in
patients with haemorrhagic pancreatitis might be an
early indication of poor prognosis. Correspondingly,
a significant increase in the anti-enterobacterial
common antigen titre would indicate a favourable
prognosis in patients with moderate or severe
pancreatitis.

This work is supported in part by the Sigrid Juselius
Foundation, Helsinki, Finland.
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