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Introduction

Abstract

Background and Aim: Biliary tract infection (BTI) is an inflammatory disease and
commonly associated with bacteremia. Delays in diagnosis or treatment of BTI cause
high morbidity and mortality. However, an early diagnosis depends on appropriate
clinical investigations. Appropriate biomarkers are urgently needed to improve the
BTI diagnostic rate. We hypothesized that intestinal fatty acid-binding protein
(I-FABP) might be a potential biomarker for BTI diagnosis.

Methods: We examined data from subjects aged 218 years diagnosed with BTI,
including cholangitis and cholecystitis, whose blood samples were adequate for
I-FABP and zonulin assessment. We also collected blood samples from healthy volun-
teers as the control group. We excluded subjects in both groups who received steroids,
antibiotics, or probiotics within 1 month before hospital admission (BTI cohort) or
participation in this research (controls). The main study endpoint was to compare the
diagnostic ability of I-FABP to detect BTI in comparison with high-sensitivity
C-reactive protein (hs-CRP) and zonulin.

Results: The study collected the data of 51 patients with BTI and 35 healthy subjects.
The receiver operating characteristic (ROC) area under the curve (AUC) for [-FABP
was 0.884 (95% confidence interval [CI]: 0.814-0.954), numerically higher than that
for hs-CRP (0.880; 0.785-0.976) and zonulin (0.570; 0.444-0.697). We estimated that
the optimal cutoff value of I-FABP was 2.1 ng/mL (sensitivity: 0.804; specificity:
0.829) for the diagnosis of BTIL.

Conclusions: In summary, this study suggests that -FABP may be a potential alterna-
tive biomarker to hs-CRP for diagnosing BTI. Further research should verify the use
of [-FABP as a marker for BTI diagnosis, but also for other inflammatory diseases.

acute cholangitis (low severity: 2.4%; high severity: 8.4%).”
Diagnosis of acute cholangitis used to be based solely on

Biliary tract infection (BTI), including cholangitis and cholecysti-
tis, is an inflammatory disease mainly caused by bacterial infec-
tions. High morbidity and mortality in BTI are attributed to
delays in diagnosis or treatment, especially in patients with BTI-
related septic shock.! A large-scale Asian study noted an increase
in the 30-day all-cause mortality rate with increasing severity of
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Charcot’s cholangitis triad (jaundice, fever, and pain).’ The
Tokyo Guidelines 2013 (TG13) and international practice guide-
lines for diagnostic criteria for acute cholangitis have been
reviewed and revised in the Tokyo Guidelines 2018 (TG18).*’
These more sensitive diagnostic criteria include more clinical
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findings such as systemic inflammation markers (e.g., abnormal
white blood cell [WBC] counts, increasing serum C-reactive pro-
tein [CRP] levels), cholestasis, and imaging findings
(e.g., abdominal ultrasound, computed tomography, and mag-
netic resonance imaging).” However, underdiagnosis of mild or
early-stage BTI remains a challenge, especially in patients with
normal WBC or CRP levels. Moreover, elevated WBC and CRP
levels lack specificity for BTI, as they are also upregulated in
other infectious and noninfectious diseases.® Thus, new bio-
markers are critical for the diagnosis of BTIL.

Zonulin, an analog of zonula occludens toxin secreted by
Vibrio cholerae, increases intestinal permeability of small bowel
epitheliums by altering intestinal barrier functioning.” Measure-
ment of serum zonulin levels has therefore been recommended as
a biomarker of intestinal permeability.®° Increased intestinal per-
meability has been recorded in patients with sepsis, systemic
inflammatory response syndrome (SIRS), or those who are criti-
cally ill,'®" and higher zonulin levels have been found in
patients with sepsis compared with healthy subjects.'?

Intestinal fatty acid-binding protein (I-FABP), an intracel-
lular binding protein, plays a role in transporting long-chain fatty
acids. I-FABP is elevated after abdominal trauma and in patients
with intestinal necrosis after aortic surgery,'® and is considered
to be a reliable biomarker for the detection of intestinal
injury,'*' acute intestinal ischemia,'®!” and gut barrier failure.'®

New biomarker for diagnosis of biliary tract infection

BTI elicits acute inflammation; however, no investigation to date
has evaluated the association between I-FABP and BTI. We,
therefore, sought to determine the reliability of I-FABP in the
detection of BTI and its potential as a biomarker for the diagno-
sis of BTI, compared with levels of high-sensitivity C-reactive
protein (hs-CRP) and zonulin expression.

Methods

Study design. Demographic and clinical data were obtained
from 51 patients with BTI and 35 healthy volunteers (controls)
attending Xiamen Chang Gung Hospital between 3 March 2020 and
27 July 2020. The study aimed to determine the diagnostic ability of
I-FABP for BTI, by comparing the sensitivity and specificity of
I-FABP with those of hs-CRP and zonulin. CRP is listed as one of
the diagnostic criteria for acute cholangitis in the TGI8,> while
zonulin is a well-known biomarker for gut permeability, which is
usually elevated in older people and is associated with chronic
inﬂammation,lg‘20 as well as sepsis and SIRS.'?

Ethical considerations. This study was approved by the
Institutional Review Board (IRB) of Xiamen Chang Gung Hospital
(IRB number: XMCGIRB2020027) and conducted according to
local regulations and the ethical principles outlined in the Declaration

Table 1 Characteristics and laboratory results of patients with BTI and healthy subjects

Overall n = 86 BTl n=51 Control n =35 P value®
Age, mean + SD (years) 48.5 + 15.08 50.9 + 16.63 449 +11.83 0.117
Gender, male/female 43/43 27/24 16/19 0.510
Laboratory tests
[-FABP (ng/mL) <0.001*
Mean + SD 2.8+ 1.91 3.8+ 1.77 1.4 +0.99
Median (IQR) 2.4 (37.0-60.0) 3.8 (2.4-5.0) 1.1 (0.7-1.9)
WBCs (x10%/uL) <0.001*
Mean + SD 8.2 +4.00 9.6 +4.14 54+ 124
Median (IQR) 7.0 (5.4-10.1) 8.7 (6.8-10.8) 5.1 (4.3-6.3)
hs-CRP (mg/dL) <0.001*
Mean + SD 17.2 + 45.81 22.0+51.24 1.0+ 144
Median (IQR) 2.4(0.8-10.2) 3.5(1.2-16.8) 0.4 (0.2-0.9)
Total bilirubin (pmol/L) 0.032%*
Mean + SD 31.1 +45.82 36.2 + 50.62 12.7 £3.84
Median (IQR) 15.4 (10.9-25.5) 17.6 (10.9-30.4) 12.0 (10.2-14.5)
Zonulin (ng/mL) 0.274
Mean + SD 9.9 +£12.96 9.5+ 14.22 10.5 + 11.08
Median (IQR) 5.9 (1.56-17.9) 3.6 (0.3-22.1) 11.0 (3.3-14.8)
Hemoglobin (g/L) 0.854
Mean + SD 134.5 + 23.31 134.5 + 24.06 134.1 +£21.15
Median (IQR) 139.0 (125.0-147.0) 139.0 (125.0-146.0) 133.5 (125.0-149.0)
Platelets (x10%/uL) 0.570
Mean + SD 236.9 + 58.86 234.7 + 61.89 2449 + 47.31
Median (IQR) 239.0 (201.0-269.0) 240.0 (192.0-272.0) 238.0 (222.0-261.0)

“Significant difference.

"To compare differences between the BTl and control groups, two-sample t-test or Wilcoxon signed-rank test was applied for continual variables; Chi-square
test was applied for categorical variables.
BTI, biliary tract infection; hs-CRP, high-sensitivity C-reactive protein; I-FABP, intestinal fatty acid-binding protein; IQR, interquartile range;

WBC, white blood cells.
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Figure 1 ROC AUC curves for I-FABP, hs-CRP, and zonulin for the pre-

diction of BTI. AUC, area under the curve; BTI, biliary tract infection; hs-
CRP, high-sensitivity C-reactive protein; I-FABP, intestinal fatty acid-binding
protein; ROC, receiver operating characteristic. ——, AUC of iFABP: 0.884;
——, AUC of Zonulin: 0.57, ——, AUC of Hs-CRP: 0.88.

of Helsinki. Blood samples were obtained for research purposes, and
each study participant provided informed written consent.

Subjects. Eligible BTI patients were enrolled who met the fol-
lowing criteria: (i) aged at least 18 years at the time of blood
sample collection; (ii) were diagnosed with cholangitis and cho-
lecystitis, as according to the TG18 criteria®**%; and (iii) residual
blood samples were sufficient for quantifying I-FABP and
zonulin. Healthy subjects satisfying the following criteria were
recruited: (i) aged at least 18 years and (ii) provided signed
informed consent before data collection and blood samples.
Study subjects were excluded if they had received steroids, anti-
biotics, or probiotics within 1 month before blood sample collec-
tion (BTI cohort) or participation in this research (controls).

The diagnostic criteria for acute cholangitis include:
(A) systemic inflammation, such as (A-1) fever and/or shaking chills
and (A-2) evidence of inflammatory response judged by laboratory
data; (B) cholestasis, such as (B-1) jaundice and (B-2) abnormal
liver function tests judged by laboratory data; (C) imaging, such as
(C-1) biliary dilatation and (C-2) evidence of the etiology on imag-
ing (stricture, stone, stent, etc.). Patients who had one item in each
of (A), (B), and (C) were diagnosed with acute cholangitis.21

Y-C Weng et al.

The diagnostic criteria of cholecystitis are as follows:
(A) local signs of inflammation, including (A-1) Murphy’s sign and
(A-2) right upper quadrant mass/pain/tenderness; (B) systemic signs
of inflammation, including (B-1) fever, (B-2) elevated CRP, and
(3) elevated WBC count; (C) imaging findings, including evidence
characteristic of acute cholecystitis. Patients who had one item in
(A) and one item in (B4 C) were diagnosed with acute
cholecystitis.>

Variables. Data collected from medical charts included demo-
graphics, diagnosis, disease characteristics, laboratory results
(i.e., WBC, I-FABP, hs-CRP, zonulin), SIRS scores, use of anti-
biotics, and hospitalization records. BTI severity was determined
based on TG18 severity assessment criteria.?'*?

Measurement of I-FABP and zonulin. Stored blood sam-
ples from BTI patients and freshly obtained samples from healthy
subjects in ethylenediaminetetraacetic acid tubes were centrifuged at
2000 rpm for 10 min, before they were frozen and stored at —80°C.
Frozen samples were analyzed in the Xiamen Chang Gung Hospital
laboratory with the Human I-FABP ELISA Kit (Elabscience,
Wuhan, China) and Human Zonulin ELISA Kit (Elabscience,
Wuhan, China), and I-FABP and zonulin levels were determined
using the Absorbance Microplate Reader (Molecular Devices,
Shanghai, China), according to the manufacturer’s instructions.

Each sample was measured once. The limit of detection for I-
FABP was 0.10 ng/mL, in the range of 0.16-10 ng/mL; the limit of
detection for zonulin was 0.47 ng/mL, in the range of 0.78-50 ng/mL.

Statistical methods. We compared continuous variables
using two-sample r-tests or Wilcoxon signed-rank tests and com-
pared categorical variables using the Chi-square test. The
receiver operating characteristic (ROC) curves were plotted to
present the true positive rate (i.e., sensitivity) versus the false
positive rate (1-specificity) for detecting BTI with I-FABP, hs-
CRP, and zonulin concentrations. The results of the ROC curves
were demonstrated using the area under the curve (AUC) with
95% confidence intervals (Cls), as a measure of how well a
parameter can distinguish between two diagnostic groups
(i.e., BTI and healthy cohorts). The ROC AUC varies between
0 and 1, where a higher AUC represents a better performance.
ROC curves were also used to compare patients with vary-
ing severity of BTI (mild vs moderate/severe) with healthy sub-
jects to evaluate the predictive ability of I-FABP, hs-CRP, and
zonulin in detecting BTI. The odds ratio (OR) for the association
between potential diagnostic biomarkers and BTI was acquired
using univariate logistic regression models. A significant differ-
ence was defined as a P value <0.05. Data analyses were

Table 2 Sensitivity and specificity of I-FABP, hs-CRP, and zonulin for diagnosis of BT

Index AUCROC Cutoff Sensitivity Specificity 95% Cl PPV NPV
I-FABP 0.884 2.1 0.804 0.829 0.814-0.954 0.872 0.744
hs-CRP 0.880 1.0 0.863 0.800 0.785-0.976 0.963 0.632
Zonulin 0.570 6.9 0.660 0.657 0.444-0.697 0.733 0.575

AUCRCC area under ROC curves; BTI, biliary tract infection; Cl, confidence interval; hs-CRP, high-sensitivity C-reactive protein; I-FABP, intestinal
fatty acid-binding protein; NPV, negative predictive value; PPV, positive predictive value; ROC, receiver operating characteristic.
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performed using Statistical Analysis Software (SAS®) version
9.4 (SAS Institute, Cary, NC, USA).

Results

Table 1 presents the demographics and laboratory data of the overall
population (n = 86), patients with BTI (n = 51; BTI group) and
healthy subjects (n = 35; control group). For the overall population,
the mean age (£SD) was 48.5 £ 15.08 years, and half of the sub-
jects were male. Serum measurements (mean =+ SD) of inflammatory
biomarkers included I-FABP, hs-CRP, zonulin, and WBC,
with levels of 2.8 £ 1.91ng/mL, 17.2 =+ 45.81 mg/dL,
9.9 + 12.96 ng/mL, and 8.2 + 4.00 x 10%uL, respectively. In the
BTI group, the levels of I-FABP (3.8 ng/mL), hs-CRP (22.0 mg/dL),
and total bilirubin (36.2 pmol/L) were all significantly higher than
corresponding values in the control group (1.4 ng/mL, P < 0.001;
1.0 mg/dL, P < 0.001; and 12.7 pmol/L, P = 0.032). No significant
between-group differences were observed for demographic charac-
teristics, zonulin, hemoglobin, or platelet levels. Based on the physi-
cian’s judgment, 42 patients had mild BTI and 9 had moderate/
severe BTI. Twenty-four patients (47.1%) had been treated with
antibiotics for >7 days and 28 (54.9%) had been hospitalized for
>7 days. Twenty-four patients (47.1%) had an average SIRS score
of >1 (data not shown).

Prognostic ability of I-FABP, hs-CRP, and zonulin
for BTI detection. ROC AUC curves for detecting BTI with
[-FABP, hs-CRP, and zonulin are illustrated in Figure 1. The predic-
tive ability of I-FABP seemed to be comparable to that of hs-CRP
and superior to zonulin. Among all the biomarkers, the highest
ROC AUC was observed with I-FABP (0.884 vs 0.880 for hs-CRP
and 0.570 for zonulin). The optimal cutoff value of I-FABP was
estimated to be 2.1 ng/mL in the diagnosis of BTI, with a sensitivity
of 0.804 and a specificity of 0.829 (Table 2).

We also sought to determine whether the diagnostic abilities
of I-FABP, hs-CRP, and zonulin differed among patients with differ-
ent severity of BTI (Fig. 2). We found that the ROC AUC for I-
FABP in the detection of BTI was 0.861 for mild BTI and 0.994 for
moderate/severe BTL, both of which were comparable to the ROC
AUC values for hs-CRP (mild BTIL: 0.859; moderate/severe BTI:
0.981) and higher than zonulin (mild BTL 0.559; moderate/severe
BTIL: 0.622). The results suggested that I-FABP performed similarly
to hs-CRP in identifying BTI, regardless of disease severity, which
may shed light on its application on early diagnosis (i.e., mild BTI).

Associations between BTI and I-FABP, hs-CRP,
and zonulin. Table 3 shows the outcomes of logistic regres-
sion analyses predicting the associations between potential bio-
markers and BTI. I-FABP (OR: 3.36; 95 CI: 2.02-5.59;
P <0.001) and hs-CRP (2.04; 1.06-3.93; P = 0.032) were sig-
nificantly associated with the diagnosis of BTI, whereas zonulin
was not (0.99; 0.96-1.03; P = 0.725).

Discussion

This research investigated the potential of I-FABP serving as a
diagnostic biomarker for BTI. According to the study’s ROC
AUC evidence, I-FABP discriminates in favor of BTI, with an
optimal cutoff value of 2.1 ng/mL. The diagnostic ability of

New biomarker for diagnosis of biliary tract infection

a
1.00 J
0.75
2
2
B 050
4
&
0.25
0.00
0.00 025 050 075 1.00
1-Spedfidty
1.00 /
0.75
2
2
B 050
<
&
0.25
0.00
000 025 050 075 1.00
1-Secificity
C
1.00
0.75
2
=
050
z
&
0.25
0.00
0.00 025 050 075 1.00
1-Soedificity

Figure 2 ROC AUC curves for I-FABP, hs-CRP, and zonulin for evalu-
ating the predictive ability to diagnose patients with different severities
of BTI compared with healthy subjects. (a) I-FFABP. ——, AUC of mild:
0.861;, ——, AUC of moderate/severe 0.994. (b) Hs-CRP. ——, AUC of
mild: 0.859; ——, AUC of moderate/severe, 0.981. (c) Zonulin. Forty-
two patients had mild BTI; 9 had moderate/severe BTl. ——, AUC of
mild: 0.5659; ——, AUC of moderate/severe, 0.622. AUC, area under
the curve; BTI, biliary tract infection; hs-CRP, high-sensitivity C-reactive
protein; |-FABP, intestinal fatty acid-binding protein; ROC, receiver
operating characteristic.
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Table 3 Logistic regression model for diagnosis of BTI

Odds ratio 95% Cl P value®
[-FABP 3.36 2.02-5.59 <0.001*
hs-CRP 2.04 1.06-3.93 0.032*
Zonulin 0.99 0.96-1.03 0.725

*Significant difference.

Logistic regression models.

BTI, biliary tract infection; Cl, confidence interval; hs-CRP, high-
sensitivity C-reactive protein; |-FABP, intestinal fatty acid-binding
protein.

I-FABP was comparable to that of hs-CRP and numerically
greater than zonulin, regardless of disease severity. Univariate
logistic regression analysis demonstrated a strong association
between [-FABP and BTI. These study data indicate that - FABP
may be a useful additional biochemical marker to hs-CRP for
diagnosis of inflammatory diseases. Moreover, an assessment of
I-FABP expression might assist with a physician diagnosis of
BTI in individuals without clear signs of systemic inflammation,
especially in those with early-stage disease.

Research has established that serum I-FABP concentrations
of 2 ng/mL or less can be used as normal reference values for
healthy Japanese and can be used to differentiate between them
and patients with intestinal diseases.”> This reference value is
consistent with the estimated cutoff value of 2.1 ng/mL for serum
I-FABP concentration in the diagnosis of BTI in our study. How-
ever, the application of serum [-FABP concentration values may
vary from one race of people to another. For instance, lower
serum [-FABP concentrations have been observed in Western
countries compared with our data (patients with BTI: 3.8 ng/mL;
healthy subjects: 1.4 ng/mL), with research from Poland recording
mean serum [-FABP concentrations of 166.9 pg/mL in patients
with ulcerative colitis and 61.3 pg/mL in healthy individuals,*
while German research has documented mean serum [I-FABP con-
centrations of 2101.0 pg/mL in patients with severe intestinal
injury and 351.4 pg/mL in healthy individuals.?> Moreover, Uzun
et al." and Giizel ef al.*® have recorded cutoff values of I-FABP
for acute mesenteric ischemia of >90-144.9 pg/mL in Turkey,
mostly based on patients with mild BTL

To our knowledge, this study is the first to investigate the
diagnostic ability of I-FABP for BTI and may provide useful
clinical reference data for physicians. However, some limitations
exist. Firstly, as [-FABP examinations were not regularly per-
formed as a part of routine practice, we could only enroll BTI
patients who had sufficient residual blood samples, which limited
our sample size. Our findings should accordingly be interpreted
with caution, and they require validation in a large-scale study.
Secondly, this study was conducted at a single center, restricting
its generalizability. Lastly, we did not investigate the difference
in I-FABP concentrations between BTI and other abdominal
inflammatory diseases. The specificity of I-FABP for diagnosing
BTI should be investigated further.

Conclusion

In summary, the evidence from this study suggests that I-FABP
may serve as a potential additional diagnostic biomarker to hs-CRP

Y-C Weng et al.

for diagnosis of inflammatory diseases. Although these findings
should be verified by further studies, -FABP assessment may be
an appropriate marker for BTI diagnosis and may provide more
diagnostic information in patients with normal CRP levels.
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