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Abstract

Endotoxemia often occurs in patients with gram-positive infections. The possible mechanism is thought to be bacterial translocation
after enterocyte hypoperfusion injury. However, the association between endotoxemia and enterocyte injury among patients with
gram-positive septic shock has never been assessed. The aim of this study was to evaluate the association between endotoxemia
and enterocyte injury in gram-positive septic shock patients and to evaluate the association among endotoxemia, subsequent clinical
course, and other related factors.
This was a posthoc analysis of a prospective observational study that evaluated the capability of intestinal fatty acid-binding protein
(I-FABP), an indicator of enterocyte injury, to predict mortality. Among 57 patients in septic shock, those whose causative
microorganisms were gram positive were included. The correlation between endotoxin activity (EA), which indicates endotoxemia,
and I-FABP levels upon admission to the intensive care unit (ICU), the clinical course, and other related factors were evaluated.
A total of 21 patients were examined. One-third of the patients presented with high EA levels at the time of ICU admission.
However, there was no signiﬁcant correlation between EA and I-FABP levels (Spearman r = 0.002, P = .993). Additionally, high EA
levels were not associated with abdominal complications after ICU admission or mortality. Similarly, high EA levels were not
associated with severity scores, inotropic scores, or lactate levels upon ICU admission, which were previously reported to be factors
related to high EA levels.
In this posthoc analysis, no correlation was observed between endotoxemia and enterocyte injury among patients in gram-positive
septic shock. Additionally, high EA levels were not associated with the clinical course and reported factors related to endotoxemia.
Although our results need to be validated in a large prospective cohort study, hypoperfusion enterocyte injury might not be a cause of
endotoxemia in these patients. Thus, if there is no correlation between EA and I-FABP levels, other mechanisms that induce high EA
levels among patients with gram-positive septic shock should be elucidated.
Abbreviations: APACHE = Acute Physiology and Chronic Health Evaluation, EA = endotoxin activity, ICU = intensive care unit, I-

FABP = intestinal fatty acid-binding protein, MOF = multiple organ failure, PMX-DHP = polymyxin B-direct hemoperfusion, SOFA =
Sequential Organ Failure Assessment.
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1. Introduction
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Endotoxin, or lipopolysaccharide, is a main component in the
membranes of gram-negative bacteria and plays a key role as an
activator of innate immunity and inﬂammatory responses leading
to multiple organ failure (MOF) and, eventually, poor patient
outcome.[1,2] It is well-known that there is a close association
between endotoxemia and gram-negative infections, and between
the endotoxin levels and the risk of MOF after intensive care unit
(ICU) admission.[3,4] Therefore, the removal of endotoxin by an
absorption column is receiving increasing attention as a novel
therapeutic option for gram-negative septic shock patients.[5] On
the contrary, it has also been reported that endotoxemia often
occurs in patients with gram-positive infections.[4,6,7] However,
the impact on mortality and the cause of endotoxemia have never
been elucidated. The possible mechanism of endotoxemia in these
cases is thought to be translocation of gut microbial ﬂora and
endotoxin secondary to intestinal hypoperfusion.[4,5] This
hypothesis is supported by evidence of high levels of endotoxin
detected in patients after cardiac surgery with cardiopulmonary
bypass and patients following multiple trauma.[8,9] However,

The authors have no conﬂicts of interest to disclose.
a

Division of Intensive Care, Nagasaki University Hospital, Sakamoto, Nagasaki,
SB Bioscience Co, Ltd, Suita, Osaka, c Clinical Research Center, d Department
of Anesthesiology, Nagasaki University Hospital, e Department of Anesthesiology,
Nagasaki University Graduate School of Biomedical Science, Sakamoto,
Nagasaki, Japan.
b

∗

Correspondence: Motohiro Sekino, Division of Intensive Care, Nagasaki
University Hospital, 1-7-1 Sakamoto, Nagasaki 852-8501, Japan (e-mail:
m-sekino@nagasaki-u.ac.jp).

Copyright © 2019 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NCND), where it is permissible to download and share the work provided it is
properly cited. The work cannot be changed in any way or used commercially
without permission from the journal.
Medicine (2019) 98:28(e16452)
Received: 10 September 2018 / Received in ﬁnal form: 23 May 2019 /
Accepted: 20 June 2019
http://dx.doi.org/10.1097/MD.0000000000016452

1

Sekino et al. Medicine (2019) 98:28

Medicine

gender, Acute Physiology and Chronic Health Evaluation
(APACHE) II score, Sequential Organ Failure Assessment
(SOFA) score, inotropic score,[17] interventions during ICU stay
for septic shock management including vasopressin, low-dose
hydrocortisone, continuous renal replacement therapy, and
polymyxin B-direct hemoperfusion (PMX-DHP),[5] which absorb
circulating endotoxin, site of infection, causative organism, and
bacteremia status. Additionally, the patients’ estimated glomerular ﬁltration rates (eGFRs) were calculated using the serum
creatinine (Cr) level at the time of ICU admission according to the
following equation for Japanese patients: eGFR (mL/min/1.73
m2) = 194  Cr1.094  age0.287(if female  0.739).[18]
Blood chemistry tests were conducted on ICU admission to
gauge the severity of septic shock, including evaluations of
arterial lactate, procalcitonin, and serum N-terminal pro-B-type
natriuretic peptide (NT-proBNP). Lactate levels were measured
using an ABL800 FLEX system (Radiometer Medical, Copenhagen, Denmark). Procalcitonin and NT-proBNP levels were
determined from electrochemiluminescence immunoassays
(Roche Diagnostics, Indianapolis, IN). All these data were
determined at Nagasaki University Hospital.
Clinical suspicion of bowel ischemia after ICU admission was
evaluated by 2 independent critical care physicians. Reasons for
suspicion included newly developed abdominal distention,
persistent or newly developed lactic acidosis and/or shock, and
gastrointestinal bleeding. Information was also collected regarding nonocclusive mesenteric ischemia (NOMI) and life-threatening abdominal complications that needed surgical intervention as
determined by a radiologist and/or surgeon. Patient outcomes,
including all-cause 28-day mortality and inpatient mortality,
were also recorded.

these studies did not investigate the presence of intestinal
hypoperfusion injury.
Intestinal fatty acid-binding protein (I-FABP) is a small (14–15
kDa) cytosolic protein speciﬁcally expressed by enterocytes in the
small intestinal mucosa.[10] I-FABP is a useful marker of
enterocyte injury, especially in the early stages of small bowel
ischemia[11] and necrotizing enterocolitis.[12] Recently, the
association between endotoxemia and enterocyte injury, as
assessed by I-FABP, has been investigated in patients undergoing
cardiopulmonary bypass[13] and patients after cardiac arrest.[14]
However, to the best of our knowledge, the association between
endotoxemia and enterocyte injury among patients in grampositive septic shock has never been studied. Enterocyte injury
might contribute to the pathophysiology of endotoxemia in such
patients, and enterocyte injury and/or endotoxemia might be a
potential therapeutic target.
The aim of this study was to evaluate the association
between endotoxemia at the time of ICU admission and
enterocyte injury based on I-FABP levels among patients in
gram-positive septic shock. We also aimed to elucidate the
association between endotoxemia and the subsequent clinical
course, abdominal complications, and other factors related to
endotoxemia.

2. Materials and methods
2.1. Study design and oversight
This study was a posthoc analysis of a prospective observational
study on the capability of I-FABP levels to predict mortality, and
the association between macroscopic tongue ischemia and
enterocyte injury among patients in septic shock.[15,16] The data
of the original study were used to address novel clinical questions
with new statistical tests. The original study was conducted in a
general ICU at Nagasaki University Hospital (Nagasaki, Japan)
from May 2012 to March 2015. Ethics approval of the original
study and this posthoc analysis was provided by the Institutional
Review Board of Nagasaki University Hospital (Nos: 12042382
and 18082010), and written informed consent was obtained
from the patients’ relatives in the original study.

2.4. Endotoxin activity assay
Endotoxin levels at ICU admission were measured using the
chemiluminescent endotoxin activity (EA) assay (Spectral
Diagnostics, Toronto, ON, Canada), as described previously,
which were considered reliable compared to the chromogenic
limuls amebocyte lysate assay.[4,19] Brieﬂy, 50 mL samples of
whole blood were incubated in duplicate with saturating
concentrations of an anti-lipid A IgM antibody, and stimulated
with opsonized zymosan. The resulting respiratory burst activity
was detected as light release from the lumiphor luminol by a
chemiluminometer (Berthold technologies, Bad Wildbad,
Germany). By measuring basal and maximally stimulated
responses, EA levels can be expressed in relative units derived
from the integral of the basal and stimulated chemiluminescent
responses. EA levels were classiﬁed as “low” (0.0–0.39),
“intermediate” (0.40–0.59), and “high” (≥0.60). EA levels of
0.4 and 0.6 are approximately equivalent to endotoxin
concentrations of 500 and 1500 pg/mL, respectively.[20] The
EA levels were measured at Nagasaki University Hospital.

2.2. Study population
Over a period of 2 years 11 months, 100 adult (aged ≥18 years)
patients with septic shock who received mechanical ventilation
were prospectively screened for inclusion, and a total of 57 patients
were enrolled in the original study.[15,16] Patients with conﬁrmed or
strongly suspected intestinal ischemia and/or necrosis as a source of
infection, a history of previous small intestine surgery, chronic
small bowel disease, pregnancy, uncontrolled bleeding, or in the
terminal stage of a comorbid condition were excluded. Among the
57 patients in septic shock, this posthoc analysis included patients
with conﬁrmed gram-positive septic shock, and excluded patients
whose causative microorganisms were gram-negative, fungi,
mixed ﬂora, and unknown according to the results of cultures
(blood culture and culture from the source of infection) before and/
or at ICU admission.

2.5. Serum I-FABP measurement
The I-FABP was used as a marker of enterocyte injury caused by
intestinal hypoperfusion and ischemia. In the original study,
blood samples were collected upon ICU admission (day 0) and
again on days 1 to 7, 10, and 14 to examine the serum I-FABP
levels. In this study, we used only the data obtained at the time of
ICU admission because I-FABP is rapidly eliminated by
kidney and renal replacement therapy after intensive care

2.3. Data collection
For this study, we used the database of the original study.[15,16]
Baseline values were recorded upon ICU admission and within
the ﬁrst 24 hours of admission, and included the following: age,
2
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treatment[15,21]; namely, reliability of I-FABP as a marker of
enterocyte injury is highest at ICU admission. The details of the
measuring method were described previously.[15] Brieﬂy, all
measurements were conducted at a single laboratory (DS Pharma
Biomedical Co, Ltd, Osaka, Japan) using a human I-FABPspeciﬁc enzyme-linked immunosorbent assay (DS Pharma
Biomedical Co, Ltd).[22] Previous studies applying the same
technique determined that the mean serum I-FABP level in
healthy volunteers was 1.1 ± 0.9 (range, 0.1–5.5) ng/mL,[22] and
the optimal cutoff point for diagnosing intestinal ischemia was
9.1 ng/mL.[11] Attending critical care physicians were blinded to
patient I-FABP results, therefore the results had no effect on
clinical treatment decision making.

reported factors related to endotoxemia evaluated by EA
levels.[4,7,23] NT pro-BNP[24] and procalcitonin,[25] which have
been reported to be prognostic biomarkers for sepsis, were also
compared. The association between variables was assessed using
Wilcoxon rank sum testing and Fisher exact test.
All tests were 2-sided, and P < .05 was considered statistically
signiﬁcant. Statistical analyses were conducted using JMP pro 14
(SAS Institute Inc, Cary, NC).

3. Results
3.1. Study population
A total of 21 patients in gram-positive septic shock were selected
for this posthoc analysis (Fig. 1). The patient’ baseline characteristics are presented in Table 1. The median APACHE II score and
SOFA score were relatively high at 30 (range: 26–35.5) and 13
(range: 10.5–15), respectively. Sites of infection were found in 7
cases (33.3%) with soft tissue/bone disease, 4 cases (19.0%) with
cardiovascular disease, 4 cases (19.0%) with abdominal disease,
3 cases (14.3%) with lung/thorax disease, and 3 cases (14.3%)
with other pathologic sites. Causative microorganisms with EA
levels were as follows: 12 cases (57.1%) of Staphylococcus aureus
(including 5 cases with methicillin-resistant S aureus) with
median EA levels of 0.45 (range: 0.14–0.77), 5 cases (23.8%) of
Streptococcus species (including 3 cases with S pneumonia, 1 case
with S pyogenes, and 1 case with S agalactiae) with median EA

2.6. Statistical analysis
Baseline characteristics are presented as medians and interquartile ranges for quantitative variables and as frequencies for
categorical variables. The correlation between EA and I-FABP
levels at the time of ICU admission was evaluated using Spearman
rank correlation coefﬁcient, r. We then compared the incidence
of clinically suspected bowel ischemia, actual life-threatening
abdominal complications, and patient outcomes between
patients with EA < 0.6 (low intermediate) and those with EA
≥ 0.6 (high). Additionally, we compared the APACHE II scores,
SOFA scores, inotropic scores, lactate, and Cr levels, which are

Figure 1. Flow diagram of included patients.
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levels of 0.59 (range: 0.3–0.86), 2 cases (9.5%) of Enterococcus
faecium with EA levels of 0.56 and 0.65, 1 case (4.8%) of
Clostridium paraputriﬁcum with EA levels of 0.53 and 1 case
(4.8%) of Propionibacterium acnes with EA levels of 0.60.
Bacteremia was observed 16 cases (76.2%) in this study. Soft
tissue/bone was a major site of infection and S aureus was a major
causative microorganism.

Table 1
Summary of baseline characteristics.
Characteristics
Age, yrs
Male sex, n (%)
APACHE II score
SOFA score
∗
Inotropic score
Laboratory data at ICU admission
White blood cells, 103/mm3
Platelets, 103/mm3
Creatinine, mg/dL
Lactate, mmol/L
Procalcitonin, ng/mL
NT-proBNP, ng/mL
eGFR†, mL/min/1.73 m2
Intervention after ICU admission
Vasopressin, n (%)
Low-dose hydrocortisone, n (%)
Continuous renal replacement therapy, n (%)
Polymyxin B-direct hemoperfusion, n (%)

Value
74
9
30
13
35
14.8
8.4
2.4
2.9
30.1
14,807
18.5
9
17
18
10

(65.5–80.5)
(42.9)
(26–35.5)
(10.5–15)
(29–54)

3.2. Correlation between EA level and I-FABP upon ICU
admission

(4.7–21.8)
(4.2–14.4)
(1.2–3.8)
(2.3–8.1)
(9.4–129.0)
(3114.5–37,078)
(11.3–38.8)

The EA levels at ICU admission were as follows: high levels
(≥0.60) of EA were observed in 7 cases (33.3%), intermediate
levels (0.40–0.59) in 10 cases (47.6%), and low levels (0.0–0.39)
in 4 cases (19.0%) of patients. The correlation between EA levels
and I-FABP levels upon ICU admission is shown in Figure 2. The
EA levels were not correlated with the I-FABP levels (Spearman
r = 0.002, P = .993).

(42.9)
(81.0)
(85.7)
(47.6)

3.3. I-FABP level upon ICU admission and the clinical
course and related factors in patients with EA < 0.6 and
EA ≥ 0.60

Data are presented as medians (interquartile range) or n (%).
APACHE = Acute Physiology and Chronic Health Evaluation, SOFA = Sequential Organ Failure Assessment,
NT-proBNP= N-terminal pro-B-type natriuretic peptide, eGFR = estimated glomerular ﬁltration rate.
∗
Inotropic score calculated as (dopamine dose  1) + (dobutamine dose  1) + (epinephrine dose 
100) + (norepinephrine dose  100), where all doses are expressed as micrograms per kilogram per
minute.
†
eGFR calculated as 194  Cr1.094  age0.287(if female  0.739).

The I-FABP levels at the time of ICU admission, the incidence of
bowel ischemia suspected clinically after ICU admission, NOMI,
life-threatening abdominal complications, and mortality in
patients with EA < 0.6 (n = 14) and EA ≥ 0.60 (n = 7) are

Figure 2. Correlation between endotoxin activity (EA) levels and intestinal fatty acid-binding protein (I-FABP) at the time of admission to the intensive care unit. The
EA levels were not correlated with the I-FABP levels.
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Table 2
Intestinal fatty acid-binding protein level upon intensive care unit admission and clinical course.
Characteristics
I-FABP, ng/mL
Bowel ischemia suspected clinically, n (%)
Reason to suspect bowel ischemia
∗
Lactic acidosis and/or shock, n (%)
†
Abdominal distension, n (%)
Gastrointestinal bleeding, n (%)
Nonocclusive mesenteric ischemia, n (%)
Other abdominal complication,‡ n (%)
Total abdominal complications,x n (%)
28-d mortality, n (%)
Inpatient mortality, n (%)

EA < 0.6 (n = 14)

EA ≥ 0.6 (n = 7)

P-value

2.1 (0.8–67.0)
8 (57.1)

1.6 (0.5–4.0)
1 (14.3)

.526
.159

8
7
1
2
1
3
6
7

(64.3)
(50.0)
(7.1)
(14.3)
(7.1)
(21.4)
(42.9)
(50.0)

1
1
0
0
0
0
2
2

(14.3)
(14.3)
(0)
(0)
(0)
(0)
(28.6)
(28.6)

.159
.174
1.000
.533
1.000
.521
.656
.642

Data are presented as medians (interquartile range) or n (%). P-values are determined by Wilcoxon rank sum test or Fisher exact test.
EA = endotoxin activity, I-FABP = intestinal fatty acid-binding protein.
∗
Deﬁned as persistent or newly developed lactic acidosis and/or hypotension.
†
Deﬁned as newly developed abdominal distention.
‡
Deﬁned as life-threatening abdominal complication requiring surgical intervention.
x
Deﬁned as nonocclusive mesenteric ischemia + other abdominal complication.

arrest[14] and cardiopulmonary bypass.[13] The highest EA levels,
found on ICU days 0 to 3, were positively correlated with the
highest urinary I-FABP levels in the 21 successfully resuscitated
patients.[14] On the contrary, there was no correlation between
EA and I-FABP levels in 16 patients with congenital heart disease
after cardiac surgery that required cardiopulmonary bypass.[13]
In a recent report that investigated the association between
cardiopulmonary bypass, enterocyte injury, and endotoxemia in
34 patients, prolonged cardiopulmonary bypass was found to be
a risk factor for high I-FABP levels and endotoxemia assessed by
the limuls amebocyte assay.[26] However, the correlation between
I-FABP and endotoxin levels was not described in the manuscript.
In summary, there are only a few studies investigating the
association between endotoxemia and intestinal hypoperfusion
injury. Deﬁnitive conclusions have not yet been reached
regarding this matter, even for critically ill patients after cardiac
arrest and cardiopulmonary bypass.
To the best of our knowledge, this is the ﬁrst report
investigating a correlation between EA and I-FABP levels among
patients in gram-positive septic shock. However, we found no
correlation between EA and I-FABP levels measured at the time of
ICU admission. Furthermore, high EA levels were not associated
with mortality, severity score, or abdominal complications after
ICU admission, which have been reported to be risk factors for
elevated EA levels. The fact that one-third of the patients
presented with high EA levels at the time of ICU admission means

shown in Table 2. There were no signiﬁcant differences between
the 2 groups. Additionally, the APACHE II scores, SOFA scores,
inotropic scores, the lactate and Cr levels (which are factors
related to EA activity), and procalcitonin and NT pro-BNP levels
(which are reported to be prognostic biomarkers of sepsis) of the
2 groups are shown in Table 3. There were also no signiﬁcant
differences between the 2 groups.

4. Discussion
In this posthoc analysis, one-third (7/21) of the patients in grampositive septic shock presented with high EA levels at the time of
ICU admission. However, there was no signiﬁcant correlation
between EA and I-FABP levels. Additionally, high EA levels were
not associated with abdominal complications after ICU admission or with mortality. Similarly, high EA levels were not
associated with APACHE II scores, SOFA scores, inotropic
scores, or lactate and Cr levels at the time of ICU admission,
which are factors related to high EA levels.
The frequency of endotoxemia, speciﬁcally with high EA levels,
in cases of gram-positive sepsis was reported to be 32%[4] to
40%.[7] These data are almost equivalent to our ﬁndings of 33%.
The possible mechanism is thought to be a translocation of the
gut microbial ﬂora and endotoxin.[4,5] However, only a few
studies have been published that investigated the association
between EA and I-FABP levels in patients following cardiac

Table 3
Intestinal fatty acid-binding protein level upon intensive care unit admission and related factors.
Characteristics
APACHE II score
SOFA score
∗
Inotropic score
Lactate, mmol/L
Creatinine, mg/dL
Procalcitonin, ng/mL
NT-proBNP, ng/mL

EA < 0.6 (n = 14)
30
12.5
35
3.05
2.41
72.015
14,845

EA ≥ 0.6 (n = 7)

(27.8–36)
(9.8–15.5)
(27.3–55)
(2.28–9.4)
(1.403–4.125)
(12.333–140.875)
(2927.3–42,070.8)

26
13
35
2.6
1.33
9.15
14,807

(25–36)
(11–15)
(30–53)
(1.4–3.9)
(1.16–3.61)
(7.39–42.53)
(5432–19,824)

P-value
.431
.871
1.000
.432
.535
.129
.971

Data are presented as medians (interquartile range).
APACHE = Acute Physiology and Chronic Health Evaluation, EA = endotoxin activity, NT-proBNP = N-terminal pro-B-type natriuretic peptide, SOFA = Sequential Organ Failure Assessment.
∗
Inotropic score calculated as (dopamine dose  1) + (dobutamine dose  1) + (epinephrine dose  100) + (norepinephrine dose  100), where all doses are expressed as micrograms per kilogram per minute.
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injury might not be a cause of endotoxemia. In that case, if there is
no correlation between EA and I-FABP levels, other mechanisms
inducing high EA levels among patients in gram-positive septic
shock should be elucidated. Revealing the pathophysiology of
endotoxemia in these patients might help identify a potential
therapeutic target.

that the cause happened prior to the ICU admission. Previous
studies that have investigated the usefulness of I-FABP for
diagnosing acute intestinal ischemia reported a cutoff point of
9.1 ng/mL.[11] Applying those data to our study, one-third (7/21)
of the patients exceeded the cutoff point, indicating that intestinal
hypoperfusion and enterocyte injury had occurred upon or prior
to ICU admission, similar to intestinal ischemia and necrosis.
However, there was only 1 patient who was categorized as having
a high EA level. Additionally, among 14 patients who presented
with normal levels of I-FABP (mean 1.1 ± 0.9 [range, 0.1–5.5] ng/
mL),[22] 6 of them presented with high EA levels. From the results
of our study, we believe that enterocyte injury might not be the
cause of high EA levels. In other words, high EA levels might not
be indicative of enterocyte injury, intestinal ischemia, and
bacterial/toxin translocation. As far as we know, there have
been no previous reports that have investigated the association
between EA levels and true intestinal ischemia or necrosis
diagnosed on contrast computed tomography, gastrointestinal
endoscopy, and/or surgical intervention. We may need to
elucidate the correlations among these patients ﬁrst, and then,
if there is no correlation between endotoxemia and intestinal
ischemia, we should reveal alternative mechanisms and factors
related to elevated EA levels among patients in gram-positive
septic shock. This will require additional studies in the future
using a much larger study population. We believe revealing the
pathophysiology of endotoxemia in these patients might help
identify a potential therapeutic target. For example, the removal
of endotoxin, namely PMX-DHP, might become an effective
therapeutic option even in patients with gram-positive septic
shock.[6] Additionally, if endotoxemia was caused by bacterial
translocation from enterocyte injury and intestinal ischemia,
antibiotic therapy targeting intestinal bacteria might have to be
added for better outcomes. Clinical practice guidelines regarding
gram-positive septic shock patients might change by clarifying
the mechanism of endotoxemia.
There are several potential limitations to this study. First, the
nature of posthoc analysis presents inherent limitations.
Additionally, the number of patients was very small. Our
ﬁndings need to be validated in a much larger prospective cohort
study. However, it might be difﬁcult to prospectively identify a
large number of patients with gram-positive septic shock because
the causative microorganism is rarely identiﬁed upon ICU
admission. Second, the serum level of I-FABP is inﬂuenced by
renal function.[21] Previous studies that evaluated serum I-FABP
did not take this into account despite the fact that critically ill
patients often suffer from renal problems.[27] In this study, the
patients’ mean eGFR was 18.5 (range: 11.3–38.8) mL/min/1.73
m2, and the eGFR was distributed in a relatively narrow range.
Although it may have had little impact on our results, the
inﬂuence of renal function on I-FABP levels should be considered
in future studies.
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