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of fecal calprotectin with sepsis
associated liver dysfunction in
adults with sepsis
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Fecal calprotectin (FC) is a biomarker of gut inflammation but its association with sepsis associated
liver dysfunction (SALD) is unclear. This single-center, prospective cohort study investigated the
relationship between FC and SALD in adults with sepsis. FC concentrations were measured on days 1
(FC1) and 3 (FC3). The difference between FC3 and FC1 (AFC) was calculated. The relationship between
FC and SALD was assessed using multivariate analysis. Receiver operating characteristic curves were
used to assess the predictive value of SALD biomarkers. Ninety-five patients with sepsis (33 with SALD
and 62 without SALD) were enrolled between January 2023 and March 2024. The median FC3 level and
AFC were significantly higher in the SALD group than in the non-SALD group (both p<0.001), whereas
the median FC1 level did not differ significantly between groups. FC3 level and AFC were positively
associated with SALD in the adjusted analysis (both p<0.001) with areas under the curve of 0.784

and 0.848, respectively, and cut-off values of 930.88 pug/g and - 8.80 pg/g, respectively. In adults with
sepsis, SALD occurrence was more strongly associated with elevated FC3 levels and AFC than with FC1
levels; therefore, monitoring FC3 levels and AFC could help detect SALD.
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According to the Sepsis 3.0 definition, sepsis is a clinical syndrome resulting from a disordered host response
to severe infections, often leading to multiple organ dysfunction.! Among the various complications of sepsis,
sepsis associated liver dysfunction (SALD) is one of the most frequent, posing significant morbidity and
mortality risks.

The gut and the liver have a close relationship, known as the gut-liver axis, with bidirectional interactions.>
In the case of sepsis, systemic inflammation and hypoperfusion play a crucial role in the pathophysiological
processes of acute gastrointestinal injury (AGI).* AGl-associated gut barrier injury can lead to the translocation
of bacteria and toxins into the liver through the portal circulation and the lymphatic system, leading to SALD.
Our previous study found a higher incidence of AGI in patients with SALD than in those without SALD.?

Fecal calprotectin (FC) is a convenient, non-invasive biomarker that exhibits a strong correlation with gut
inflammation.® Its concentration is proportional to neutrophil migration to the gut and correlates well with fecal
leukocyte excretion.” A study observed significantly higher FC concentrations in patients with sepsis complicated
by AGI than in those without sepsis, suggesting its potential as an early diagnostic indicator for AGL3 However,
the relationship between FC and SALD remains unclear. Therefore, we conducted this prospective study to
explore the potential association between FC concentration and SALD in adults with sepsis. Furthermore, the
dynamic changes of FC from days 1 to 3 after enrollment were also investigated in our cohort prior to the onset
of SALD.

Results

Clinical characteristics of study participants

A total of 152 patients with sepsis were screened for inclusion. After exclusions, 95 patients were included in the
final analysis, with 33 and 62 in the SALD and non-SALD groups, respectively (Fig. 1).
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152 adult patients with sepsis were enrolled
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other causes of liver injury (n=3)

primary gastrointestinal disease (n=13)
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pregnant (n=1)

118 patients were included

deviation from the study protocol (n=2) deviation from the study protocol (n=1)
withdraw from the study (n=1) other causes of liver injury (n=2)
diagnosed SALD within 72 hours (n=17)

62 patients without SALD 33 patients with SALD
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Fig. 1. Study flow chart. SALD, sepsis associated liver dysfunction.

Patients in the SALD group had significantly higher Sequential Organ Failure Assessment (SOFA) scores and
intensive care unit (ICU) mortality rates than those in the non-SALD group (Table 1). Other characteristics,
including age, sex, Acute Physiology and Chronic Health Evaluation (APACHE) II score, comorbidities,
medications used, complications, infection sites, and ICU length of stay (LOS), did not differ significantly
between the two groups.

FC and laboratory indicators on days 1 and 3

The white blood cell (WBC) and neutrophil counts were significantly higher in the SALD group than in the non-
SALD group on days 1 and 3. The platelet count was significantly lower on day 1, and procalcitonin and interleukin
(IL)-6 levels were significantly higher on day 3 in the SALD group than in the non-SALD group. No significant
differences were observed between the non-SALD and SALD groups in the lymphocyte count, or procalcitonin,
C-reactive protein (CRP), IL-6, IL-1f, IL-2, IL-4, IL-5, IL-8, IL-10, IL-17, interferon (IFN)-a, IFN-y, tumor necrosis
factor (TNF)-a, D-dimer, B-type natriuretic peptide(BNP), platelet, albumin, and human leukocyte antigen (HLA)-
DR levels on day 1; or the lymphocyte count and CRP level on day 3 (p>0.05) (Table 2).

The median FC1 in the SALD and non-SALD groups was 520.00 pg/g and 342.00 pg/g, respectively, with no
significant differences between the two groups (p >0.05). However, the median FC3 was significantly higher in
the SALD group (967.21 ug/g) than in the non-SALD group (252.35 pg/g; p<0.001) (Fig. 2a). Both the median
AFC and AFC percentage were significantly higher in the SALD group (200.42 ug/g and 56.00%) than those in
the non-SALD group (—137.93 ug/g and —36.40%; p <0.001) (Table 2). From day 1 to day 3, the FC increased
by a mean of 212.75 pg/g (95% confidence interval [CI]: 13.46-412.04 pg/g) more in the SALD group than in
the non-SALD group (p=0.029) (Table 3). Additionally, the FC3 was significantly higher in patients with septic
shock and AGI than in those without (Fig. 2b, ¢). However, no significant differences in FC3 were observed
between patients with and without respiratory failure, or with and without acute kidney injury (AKI) (Fig. 2d, e).

The APACHE II (r=0.620; p<0.001) and SOFA (r=0.612; p<0.001) scores were positively correlated with
the FCI level (Figs. 3a, b). The WBC count, neutrophil count, lymphocyte count and procalcitonin level on day 1
were not significantly correlated with FC1 (Fig. 3c-f). The CRP (r=0.686; p <0.001) and IL-6 (r=0.530; p <0.001)
levels on day 1 were positively correlated with the FC1 level (Fig. 3g, h). The FC3 level was not correlated with the
WBC, neutrophil, or lymphocyte counts on day 3 (Fig. 3i-k), but were weakly correlated with the procalcitonin
(r=0.370; p<0.001), CRP (r=0.333; p<0.001), and IL-6 (r=0.425; p<0.001) levels (Fig. 31-n).

In the non-SALD group, the FC concentration decreased significantly from day 1 to day 3 (p <0.001; Fig. 4a),
with a median AFC of—137.93 ug/g. In contrast, the FC concentration increased significantly from day 1 to
day 3 in the SALD group (p <0.001; Fig. 4b), with a median AFC of 200.42 pg/g. The AFC differed significantly
between the non-SALD and SALD groups (p <0.001). Patients with AFC >0 had a significantly higher incidence
of SALD and ICU mortality than those with AFC<0 (Fig. 4c, 4d).

Association between FC3, AFC, and SALD occurrence

Three logistic regression models were constructed to assess the independent association between FC3, AFC, and
SALD occurrence. When FC3 level was analyzed as a continuous variable, a higher FC3 level was associated with
an increased incidence of SALD in all three models (Model 1: odds ratio [OR] 1.00, 95% CI 1.00-1.01, p<0.001;
Model 2: OR 1.00, 95% CI 1.00-1.01, p <0.001; and Model 3: OR 1.01, 95% CI 1.00-1.01, p <0.001). When FC3
was categorized as tertiles, compared with the first tertile of FC3, the adjusted ORs for SALD incidence were 5.23
(95% CI 1.04-26.27) for the second tertile and 9.07 (95% CI 1.81-45.41) for the third tertile. The p-value for the
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Total Non-SALD group | SALD group

Variables (n=95) (n=62) (n=33) P
Demography

Age, Median (min, max) | 70 (24, 100) 71 (24, 100) 59 (27, 96) 0.118
Male/Female 70/25 46/16 24/9 0.877
Severity score

APACHEII, Mean+SD | 20.80+9.24 19.63+£9.95 23.00+7.38 0.091
SOFA, Median (IQR) 7.00 (3.50, 10.00) | 6.00 (3.00, 10.00) 8.00 (6.00, 12.00) 0.016
Comorbidity (yes/no)

Hypertension 46/49 32/30 14/19 0.394
Diabetes 29/66 19/43 10/23 0.972
CHD 19/76 13/49 6/27 0.747
CPD 28/67 19/43 9/24 0.731
Others 40/55 24/38 16/17 0.358
Medications used (yes/no)

NSAIDs 16/79 9/53 7126 0.406
PPIs 95/0 62/0 33/0 NA
Antibiotics 95/0 62/0 33/0 NA
Corticosteroids 39/56 22/40 17/16 0.130
Complications (yes/no)

Respiratory failure 52/43 33/29 19/14 0.685
Septic shock 47/48 27/35 20/13 0.113
AKI 34/61 19/43 15/18 0.152
AGI 27/68 14/48 13/20 0.084
Infection site (yes/no)

Lung 53/42 33/29 20/13 0.490
Blood 11/84 6/56 5/28 0.506
Urinary tract 27/68 16/46 11/22 0.439
Abdominal cavity 24/71 14/48 10/23 0.410
Skin and soft tissue 11/84 8/54 3/30 0.742
Others 10/85 5/57 5/28 0.309
Prognosis in ICU

LOS, Median (IQR) 15.50 (9.75, 36.25) | 15.00 (10.00, 28.50) | 19.00 (10.00, 49.00) | 0.494
Death/Survival 22/73 10/52 12/21 0.026

Table 1. Comparison of patient characteristics between non-SALD and SALD groups. SALD Sepsis associated
liver dysfunction; APACHE Acute physiology and chronic health evaluation; SD Standard deviation; SOFA
Sequential organ failure assessment; IQR Interquartile range; CHD Coronary heart disease; CPD Chronic
pulmonary disease; NSAIDs Nonsteroidal anti-inflammatory drugs; PPIs Proton pump inhibitors; AGI Acute
gastrointestinal injury; AKI Acute kidney injury; ICU Intensive care unit; LOS Length of stay. Significant values
are in bold.

trend of FC3 with categorical variables in the fully adjusted model was consistent with the results reported when
FC3 was treated as a continuous variable.

Furthermore, a higher AFC value was associated with an increased incidence of SALD in all three models
when AFC was treated as a continuous variable (Model 1: OR 1.01, 95% CI 1.00-1.01, p <0.001; Model 2: OR
1.01, 95% CI 1.00-1.01, p<0.001; and Model 3: OR 1.01, 95% CI 1.01-1.01, p <0.001). Compared with AFC<0,
the adjusted OR for SALD occurrence was 22.37 (95% CI 4.31-116.01) for AFC >0 (Table 4).

Receiver operating characteristic (ROC) analysis of FC3 and AFC for SALD occurrence

The effectiveness of FC3 and AFC in predicting SALD occurrence was analyzed using the ROC curve. The cut-
off value for FC3 was 930.88 pg/g and —8.80 ug/g for AFC. The sensitivity was 51.52% and 90.91% for FC3 and
AFC, respectively. The specificity was 98.39% and 72.58% for FC3 and AFC, respectively. The area under the
curve (AUC) was 0.784 (95% CI 0.687-0.881) for the FC3 level and 0.848 (95% CI 0.770-0.927) for AFC. The
positive predictive values were 94.44% for the FC3 level and 63.83% for AFC, with negative predictive values of
79.22% and 93.75%, respectively (Fig. 5).

Discussion
This study is the first to investigate the relationship between FC concentration and SALD in adult patients with
sepsis. The results revealed that dynamic changes in FC concentration from days 1 to 3 were associated with
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Variables Reference range | Total (n=95) Non-SALD group (n=62) | SALD group (n=33) P

Laboratory indicators on day 1
WBC count, median (IQR), 10%/uL 3.50-9.50 10.60 (6.60, 16.00) 9.90 (6.05, 14.00) 13.50 (8.40, 19.60) 0.017
Neutrophil count, median (IQR), 103/uL | 1.80-6.30 8.70 (5.80, 14.50) 8.20 (5.20, 12.00) 12.10 (6.77, 17.88) 0.010
Lymphocyte count, median (IQR), 103/uL | 1.10-3.20 0.63 (0.46, 1.20) 0.70 (0.48, 1.13) 0.60 (0.44, 1.20) 0.769
Procalcitonin, median (IQR), ng/mL <0.50 0.99 (0.19, 7.89) 0.76 (0.16, 6.72) 1.31 (0.35, 11.05) 0.302
C-reactive protein, median (IQR), mg/L <6.00 93.50 (48.30, 152.40) 91.45 (44.98, 149.35) 98.20 (52.40, 153.50) 0.725
IL-6, median (IQR), pg/mL <6.80 144.15 (59.63, 335.22) 123.40 (53.07, 332.56) 209.50 (88.55, 335.22) 0.344
IL-1B, median (IQR), pg/mL <6.50 1.99 (0.86, 3.69) 1.56 (0.79, 3.48) 2.78 (1.33, 4.00) 0.142
IL-2, median (IQR), pg/mL <5.20 1.11 (0.60, 2.47) 1.12 (0.51, 2.33) 1.11 (0.75, 2.61) 0.894
IL-4, median (IQR), pg/mL <4.50 2.81 (1.68, 6.36) 2.51 (1.47, 6.14) 4.34 (2.44, 8.15) 0.170
IL-5, median (IQR), pg/mL <4.00 1.40 (0.88, 3.86) 1.23 (0.75, 3.86) 2.40 (1.15, 3.86) 0.405
IL-8, median (IQR), pg/mL <8.00 87.13 (48.85,92.61) 87.13 (41.97, 88.37) 87.13 (63.24, 123.31) 0.213
1L-10, median (IQR), pg/mL <420 11.54 (6.76, 32.34) 11.54 (6.56, 30.81) 11.54 (7.17, 34.63) 0.577
IL-17, median (IQR), pg/mL <6.50 10.27 (4.64, 14.62) 10.27 (4.26, 14.34) 10.78 (6.05, 20.44) 0.338
IFN-a, median (IQR), pg/mL <8.50 1.34(0.60, 1.65) 1.34 (0.62, 1.51) 1.34 (0.60, 1.80) 0.693
IFN-y, median (IQR), pg/mL <5.50 14.56 (6.61, 24.79) 14.39 (6.61, 24.19) 16.15 (7.92, 25.75) 0.405
TNF-a, median (IQR), pg/mL <6.10 2.22 (1.00, 5.00) 2.22 (1.10, 5.00) 2.22(0.97, 4.88) 0.953
D-dimer, median (IQR), mg/L <0.50 3.40 (2.05, 9.56) 3.12(1.83, 8.05) 3.88 (2.35,15.84) 0.138
BNP, median (IQR), pg/mL 5-100 163.00 (64.33, 427.50) 163.00 (71.40, 449.00) 174.00 (40.25, 401.00) 0.726
Platelets, median (IQR), 10%/pL 125-360 162.50 (104.25, 239.50) 170.00 (117.00, 246.00) 141.00 (93.00, 182.00) 0.044
Albumin, median (IQR), g/L 40-55 27.05 (21.65, 29.13) 27.20 (24.45, 29.25) 26.00 (19.40, 28.60) 0.128
HLA-DR, median (IQR), % 80-100 32.00 (16.70, 54.65) 34.50 (17.80, 54.20) 29.90 (16.10, 54.70) 0.897
FC1, median (IQR), ug/g <50.00 374.00 (110.48, 989.00) 342.00 (130.38, 872.00) 520.00 (59.04, 1000.00) 0.894

Laboratory indicators on day 3
WBC count, median (IQR), 103/uL - 11.10 (7.70, 14.70) 10.05 (7.13, 13.53) 12.80 (9.50, 16.95) 0.028
Neutrophil count, median (IQR), 10%/pL | - 9.10 (6.10, 12.30) 8.55(5.43,11.23) 10.20 (7.95, 14.40) 0.011
Lymphocyte count, median (IQR), 10%/uL | - 0.70 (0.40, 1.20) 0.70 (0.50, 1.20) 0.60 (0.35, 1.05) 0.081
Procalcitonin, median (IQR), ng/mL - 0.97 (0.27, 4.49) 0.54 (0.18, 2.15) 2.08 (1.02, 7.05) <0.001
C-reactive protein, median (IQR), mg/L - 72.10 (32.65, 127.25) 71.05 (34.47, 122.10) 79.60 (33.00, 140.60) 0.563
IL-6, median (IQR), pg/mL - 103.16 (35.80, 446.34) 71.97 (32.08, 233.12) 320.34 (87.93, 654.77) 0.020
FC3, median (IQR), ug/g - 383.40 (113.14, 667.45) 252.35 (104.46, 526.18) 967.21 (339.07, 1000.00) | <0.001
AFC, median (IQR), ug/g - —17.60(-196.00, 112.45) | —137.93 (-309.81,7.04) | 200.42 (0.00, 327.45) <0.001
AFC percentage, median (IQR), % - —3.28(-54.36, 67.72) —36.40 (—61.02, 5.08) 56.00 (0.00, 465.12) <0.001

Table 2. Comparison of laboratory indicators between non-SALD and SALD groups on days 1 and 3. SALD
Sepsis associated liver dysfunction; WBC White blood cell; IQR, Interquartile range; IL-6 Interleukin 6; IL-1
Interleukin 1f; IL-2 Interleukin 2; IL-4 Interleukin 4; IL-5 Interleukin 5; IL-8 Interleukin 8; IL-10 Interleukin
10; IL-17 Interleukin 17; IFN-« Interferon a; IFN-y Interferon y; TNF-« Tumor necrosis factor a; BNP B-type
natriuretic peptide; HLA-DR Human leukocyte antigen DR; SD Standard deviation; FCI Fecal calprotectin

on day 1; FC3 Fecal calprotectin on day 3; AFC Change in fecal calprotectin between day 1 and day 3; AFC

percentage, (calculated by dividing AFC by FC1 and multiplying by 100). Significant values are in bold.

SALD occurrence. This suggests that monitoring FC concentration dynamically is more effective than single FC
measurements for the early detection of SALD occurrence in sepsis. Moreover, only the APACHE II score, SOFA
score, and CRP and IL-6 levels were correlated with FC1.

Calprotectin, a calcium- and zinc-binding protein derived from neutrophils, monocytes, and macrophages,
is an important biomarker of acute inflammatory cell activation.”!? The protein is a heterodimer composed of
S100A8 and S100A9, and widely distributed throughout the human body, including in cells, tissues, and body
fluids, with varying concentrations at different locations.!! Once inflammatory injury to the gut mucosa occurs,
FC begins to rise and can persist for about 7 days at room temperature. FC concentration, more accurate and
sensitive than serum calprotectin, reflects gut mucosa inflammation and exudation owing to the direct contact
of stool with the gut mucosa. Clinically, FC aids in differentiating organic intestinal diseases from inflammatory
bowel disease (IBD) and in assessing IBD activity index.*!2.

However, relevant studies on patients with sepsis are limited and yield inconsistent results. Li et al.3 performed
a prospective analysis of 54 adult patients with sepsis and 15 healthy volunteers. They observed significantly
higher FC concentration in sepsis patients with AGI than those without AGI and healthy volunteers. FC
concentration had a significant positive correlation with serum D-lactic acid, serum IL-6 levels, and APACHE
IT and SOFA scores. ROC analysis indicated a moderate predictive power of FC for AGI, with an AUC 0f 0.74, a
sensitivity of 62.80%, and a specificity of 76%. An earlier study by Effenberger et al.'* found significantly higher
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Fig. 2. FC concentration in patients with sepsis. (a) comparison of FC concentrations according to SALD
status groups on days 1 and 3; (b) comparison of FC concentrations between patients with and without septic
shock; (¢) comparison of FC concentrations between patients with and without AGI; (d) comparison of FC
concentrations between patients with and without respiratory failure; (e) comparison of FC concentrations
between patients with and without AKIL. AGI, acute gastrointestinal injury; AKI, acute kidney injury; FC, fecal
calprotectin; SALD, sepsis associated liver dysfunction. *p < 0.05; **p <0.01; ***p <0.001.

Adjusted mean difference between FC3 Group-
and FC1 (95% CI) by-time Adjusted mean
Non-SALD group interaction | difference between
Outcome (n=62) SALD group (n=33) Non-SALD group SALD group | effect groups (95% CI) P
FCI, median (IQR), ug/g | 342.00 (130.38, 872.00) | 520.00 (59.04, 1000.00) | — 142.32(~ 228.36-56.28) | 169608613 ¢ 5, 212.75 (13.46~ 0.029
253.08) 412.04)
FC3, median (IQR), ug/g | 252.35 (104.46, 526.18) | 967.21 (339.07, 1000.00)

Table 3. The FC concentrations between non-SALD and SALD groups on days 1 and 3. FC Fecal calprotectin;

SALD Sepsis associated liver dysfunction; IQR Interquartile range; CI Confidence interval; FCI Fecal
calprotectin on day 1; FC3 Fecal calprotectin on day 3. Significant values are in bold.

FC concentrations in both patients with COVID-19 and resolved diarrhea (symptom disappearance>48 h at
inclusion) and those with acute diarrhea (symptom onset <48 h at inclusion) than in patients without diarrhea.
Additionally, a significant positive correlation was observed between FC concentration and serum IL-6 levels
but no significant correlation with CRP or ferritin levels. Another study observed significantly elevated FC
concentrations in patients with COVID-19 compared with healthy controls, with notable differences among
patients with COVID-19 according to disease severity.'* However, FC concentrations did not differ significantly
between COVID-19 patients with and without gastrointestinal symptoms, nor among those with different
gastrointestinal symptoms. Among patients with COVID-19 with and without diarrhea, FC concentration also
showed no significant difference. The authors attributed this finding to the non-inflammatory nature of diarrhea
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Fig. 3. Correlation between FC concentration and clinical parameters. (a) scatter plot of FC1 concentration
and APACHE 11 score; (b) scatter plot of FC1 concentration and SOFA score; (c) scatter plot of FC1
concentration and WBC count on day 1; (d) scatter plot of FC1 concentration and neutrophil count on day
1; (e) scatter plot of FC1 concentration and lymphocyte count on day 1; (f) scatter plot of FC1 concentration
and procalcitonin on day 1; (g) scatter plot of FC1 concentration and C-reactive protein on day 1; (h) scatter
plot of FC1 concentration and IL-6 on day 1; (i) scatter plot of FC3 concentration and WBC count on day 3;
(j) scatter plot of FC3 concentration and neutrophil count on day 3; (k) scatter plot of FC3 concentration and
lymphocyte count on day 3; (1) scatter plot of FC3 concentration and procalcitonin on day 3; (m) scatter plot
of FC3 concentration and C-reactive protein on day 3; (n) scatter plot of FC3 concentration and IL-6 on day
3. FC, fecal calprotectin; APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential
Organ Failure Assessment; WBC, white blood cell; IL-6, interleukin 6.
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Fig. 4. AFC concentration in patients with sepsis. (a) AFC concentration in patients without SALD; (b) AFC
concentration in patients with SALD; (c) the incidence of SALD in patients with AFC<0 and > 0; (d) the
mortality in patients with AFC<0 and > 0. AFC, change in fecal calprotectin between days 1 and 3; SALD,
sepsis associated liver dysfunction. ***p <0.001.

FC3 1.00 (1.00-1.01) <0.001 | 1.00 (1.00-1.01) <0.001 | 1.01 (1.00-1.01) <0.001
FC3

Triplicate 1 | 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Triplicate 2 | 4.35 (1.16-16.23) 0.029 | 4.17 (1.11-15.66) 0.034 | 5.23 (1.04-26.27) 0.044

Triplicate 3 | 7.18 (1.96-26.3) 0.003 | 6.06 (1.53-24.02) 0.010 | 9.07 (1.81-45.41) 0.007

Trend test 0.003 0.011 0.008
AFC 1.01 (1.00-1.01) <0.001 | 1.01 (1.00-1.01) <0.001 | 1.01 (1.01-1.01) <0.001
AFC

<0 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

>0 6.51 (2.44-17.38) | <0.001 | 26.21 (5.52-124.44) | <0.001 | 22.37 (4.31-116.01) | <0.001

Table 4. Multivariable analyses of biomarkers predictive of SALD. Model 1: adjusted for age, sex; Model 2:
adjusted for Model 1 and APACHE II score, SOFA score; Model 3: adjusted for Model 2 and WBC count on
days 1 and 3, neutrophil count on days 1 and 3, platelet count on day 1, procalcitonin on day 3 and IL-6 on day
3. SALD Sepsis associated liver dysfunction; OR Odds ratio; CI Confidence interval; FC3 Fecal calprotectin on
day 3; AFC Change in fecal calprotectin between day 1 and day 3. Significant values are in bold.
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Fig. 5. Receiver operating characteristic curves of FC3 and AFC concentrations for SALD. AUC, the area
under the curve; AFC, change in fecal calprotectin between day 1 and day 3; FC3, fecal calprotectin on day 3.

in COVID-19, primarily caused by viral etiology rather than inflammatory mechanisms, supported by the
absence of fecal leukocytes in samples from patients with diarrhea.

It is widely recognized that the gut and liver engage in intricate bidirectional communication known as the
“gut-liver” axis.? Under septic conditions, hypoperfusion and inflammation are the two primary causes of AGI,
characterized by gut barrier dysfunction, gut flora disorder, and bacterial translocation.!® Bacterial pathogens
and toxins translocate from the gut lumen into the blood circulation and subsequently enter the liver through
the portal vein, resulting in hepatic impairment.!® Among these pathogenic factors, lipopolysaccharides (LPS),
which is produced by approximately 100 trillion microorganisms in the gut, amounting to > 1 g/d, plays a specific
role. In cases of sepsis, inflammation adversely affects the components of the gut barrier, as evidenced by the
dysregulation of intestinal epithelial cell apoptosis. Thisleads to the gradual failure of luminal defense mechanisms
that typically prevent excessive transfer of LPS into the systemic circulation. Consequently, the transmigration
of LPS to various organs, including the liver, increases leading to uncontrolled immunoinflammatory responses.
Gut-derived pathogen-associated molecular patterns (PAMPs) and damage-associated molecular patterns
(DAMPs) are two other factors that enter the liver via the portal vein or biliary tract. PAMPs are identified by
effector cells located within the hepatic vasculature, thereby establishing a network of immune surveillance.
DAMPs engage and activate Toll-like receptors on hepatic macrophages and other cell types. Together, these
pathogenic factors serve as critical triggers that can precipitate maladaptive immune responses or excessive
inflammation, leading to compromised elimination of pathogenic hepatic bacteria, contributing to metabolic
disturbances. The imbalance of gut microbiota significantly contributes to the activation of immune responses
and enhances the permeability of the intestinal barrier. Short-chain fatty acids, which serve as important
metabolic products of bacterial activity, play a vital role in maintaining immune homeostasis, enhancing the
structural integrity of the intestinal barrier, and promoting the maturation of regulatory T cells.>'” However, the
mechanisms by which the intestine affects liver function during sepsis require further investigation.

Kuang et al.!® designed a mouse model of gut-origin sepsis using the cecal ligation and perforation method
and observed pronounced bacterial translocation, elevated serum pro-inflammatory factors, and decreased
serum anti-inflammatory factors in the model group than in the sham group. This model group also exhibited
significant liver injury, as evidenced by serum liver function indicators and hematoxylin and eosin staining of
the liver tissue. Liang et al.'® investigated the effects of metformin on the liver in a SALD model of aged rats.
They reported that metformin alleviated colonic inflammation, decreased gut barrier dysfunction, normalized
intestinal flora, and ameliorated liver injury. Another study examined the effect of terlipressin on the gut-
vascular barrier in a mouse model of sepsis.2’ The results demonstrated that terlipressin attenuated gut-vascular
barrier damage, as observed by decreased expression of intestinal plasmalemma vesicle-associated protein-1 and
vascular endothelial-cadherin. Furthermore, terlipressin decreased the translocation of gut macromolecules and
bacteria, along with the downregulation of inflammatory factors in liver tissue. Despite these findings, clinical
studies on the gut and SALD are limited.

Our previous study revealed a higher incidence of AGI among patients with abdominal infections and
SALD than in those without SALD, showing a severity-dependent relationship between AGI grade and SALD
occurrence.” Additionally, patients with SALD exhibit persistent gut flora disorders during the first week. In
the current study, we excluded patients who developed SALD within 72 h of enrollment, which was the time
window for FC measurement. This approach aimed to minimize the effects of SALD on the gut, primarily
through disrupted immune-inflammatory responses, impaired bacterial clearance, and bile acid secretion, which
contribute to gut inflammation and subsequent FC elevation. In addition, medications that directly or indirectly
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affect FC levels were also considered. Administration of nonsteroidal anti-inflammatory drugs (NSAIDs) is
known to be associated with a moderate elevation in FC levels; however, this typically takes several days of
treatment to manifest.?! Proton pump inhibitors (PPIs) are another important class of drugs that influence FC
levels. Lundgren et al.?2 conducted a cohort study of 1,263 patients undergoing colonoscopy and found that
PPI use was significantly associated with increased FC levels. The administration of broad-spectrum antibiotics
can potentially suppress the growth of sensitive gut microorganisms, promoting the proliferation of drug-
resistant bacteria. This process ultimately contributes to the disruption of the gut microbiota and increases gut
bacterial translocation.?® Although this can affect FC concentrations, it typically takes a few days for antibiotic
administration to have an effect.?.

The results showed no significant difference in FC1 between patients who developed SALD and those who did
not. However, both FC3 and AFC were significantly higher in patients with SALD than in those without SALD.
These results indicate a persistent exacerbation of gut inflammatory injury in patients with SALD during the
early stages, whereas patients without SALD experience some degree of relief from gut inflammation. Therefore,
persistent gut inflammation might be an important factor contributing to SALD occurrence.

This study has some limitations. First, none of patients had indicators reflecting gut barrier function and
microbiota. Second, for economic reasons, we monitored FC concentrations only on days 1 and 3 after inclusion
rather than daily or over a longer time frame. This may have resulted in the omission of some important
information. Third, the sample size was relatively small, mainly because this was a single-center study. Further
multicenter, large-sample prospective cohort studies are required to assess the generalizability of our findings.

Conclusions

Dynamic changes in FC concentration from days 1 to 3 were closely associated with SALD occurrence in adult
patients with sepsis. In the future, monitoring these dynamic changes in FC concentrations may be a better way
to detect the occurrence of SALD.

Methods

Study participants

This single-center prospective cohort study enrolled consecutive adult patients (aged > 18 years) with sepsis,
admitted to the Nanjing Drum Tower Hospital between January 2023 and March 2024. The study protocol
was approved by the Medical Ethics Committee of Nanjing Drum Tower Hospital (number: 2023-396-03).
All patients or their immediate family members provided informed consent, and all study procedures were
performed in accordance with the Declaration of Helsinki.

The exclusion criteria were: (1) Patients with gastrointestinal diseases such as gastrointestinal malignancies
and IBD; (2) Patients with severe chronic liver diseases such as Gilbert syndrome, decompensated cirrhosis and
advanced liver cancer; (3) Patients hospitalized for primary hepatobiliary disease, such as trauma, hepatitis, and
hepatic abscess; (4) Patients already diagnosed with SALD at enrollment; (5) Patients discharged or deceased
within 72 h after enrollment; and (6) Pregnant individuals.

All eligible patients were treated according to the Sepsis 3.0 guidelines, including managing the source
of infection, early administration of antibiotics, and other supportive therapies to preserve organ function.
Patients were followed through the entire ICU stay. The patients were divided into non-SALD and SALD groups
according to whether SALD was diagnosed during their ICU stay. Patients were also excluded if the following
occurred during the study period: (1) Deviation from the study protocol for any reason; (2) Presence of other
causes of liver injury, such as drugs and poisons; (3) Diagnosis of SALD within 72 h after enrollment; or (4)
Decisions by the patients or their relatives to withdraw from the study.

Data collection and outcomes

The primary study outcome was the FC concentration (<50.00 pg/g), which reflects the severity of gut
inflammation. Fecal samples (5-10 g) were collected from patients in sterile tubes on days 1 and 3 after enrollment
and stored at 4 °C. Approximately 100 mg of fecal matter was homogenized in 5 mL of an extraction buffer (1:49),
followed by centrifugation of the suspension at a force of 3000 x g for 5 min. An aliquot of 100 pL of supernatant
was extracted with a pipette gun and diluted to 1:50. Using commercial enzyme-linked immunosorbent assay
(ELISA) plates (EK-CAL, Bithlmann Laboratories AG, Schonenbuch, Switzerland), procedures were conducted
according to the manufacturer’s instructions, with a range spanning from 50 to 1000 pg/g, and each sample was
repeated three times. The optical density values were ultimately read at a wavelength of 450 nm.

Inflammatory markers in the serum, including IL-1f, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, IL-17, IFN-aq,
IFN-y and TNF-a, were quantified using flow cytometry, according to the manufacturer’s protocols (EasyCell,
Hangzhou Biogroup Technology Co., Ltd., Zhejiang, China). Blood cell and platelet counts were performed
using a blood analyzer (XN-9000, Sysmex Corporation, Kobe, Japan). Transaminases, bilirubin, albumin and
CRP were quantified using a biochemical analyzer (AU 5800, Beckman Corporation, Brea, CA, USA); D-dimer
levels were quantified using an automated coagulation analyzer (Sysmex CS-5100, Sysmex Corporation, Kobe,
Japan); procalcitonin levels were quantified using an automatic chemiluminescence immunoanalyzer (Cobas
C8000; Roche Ltd., Basel, Switzerland); BNP levels were quantified using a fluorescence immunoassay (Triage
MeterPro, Quidel Corporation, San Diego, CA, USA); and HLA-DR expression was quantified using flow
cytometry (FACSort, BD Corporation, Franklin Lakes, NJ, USA) and CellQuest software (BD Corporation).

The following information was collected within the first 24 h of enrollment: demographic characteristics
(age and sex); comorbidities; source of infection; disease severity scores, including APACHE II score and SOFA
score; medications, including NSAIDs, PPIs, antibiotics and corticosteroids; complications such as respiratory
failure, septic shock, AKI, and AGI; levels of inflammatory factors; and other indicators including HLA-DR,
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albumin, BNP, D-dimer levels and platelet count. The following indicators were assessed on days 1 and 3 after
enrollment: WBC count, neutrophil count, lymphocyte count, CRP, procalcitonin, and IL-6. Additionally,
prognostic indicators, including ICU LOS and ICU mortality, were recorded.

Definitions

According to the Sepsis 3.0 guidelines,' sepsis was diagnosed in individuals who either had verified or suspected
sources of infection accompanied by a concurrent SOFA score > 2. Septic shock was defined by the presence of
sustained hypotension (such as systolic blood pressure <90 mmHg, mean arterial pressure <65 mmHg, or blood
lactate level >2 mmol/L), despite sufficient fluid resuscitation and vasopressor administration to maintain the
mean arterial pressure > 65 mmHg in individuals diagnosed with sepsis. SALD was diagnosed when patients met
either of the following criteria in the context of sepsis after excluding other potential sources of liver injury:*
(1) Serum aminotransaminase levels, including alanine aminotransferase and aspartate aminotransferase
level >800 IU/L; or (2) Total bilirubin > 2 mg/dL. AKI was diagnosed according to the Kidney Disease Improving
Global Outcomes (KIDIGO) clinical practice guidelines.’® AGI was diagnosed according to the 2012 European
Society of Intensive Care Medicine (ESICM) recommendations.?” The abbreviation “FC1” represented the FC
concentration on day 1; “FC3” represented the concentration on day 3; “AFC” represented the difference between
FC3 and FC1; and the percentage of AFC was calculated by dividing AFC by FC1 and multiplying by 100.

Statistical analysis

For all continuous variables, the Shapiro-Wilk test was used to test for normality of the distribution. Normally
distributed continuous variables were reported as the mean + standard deviation, and non-normally distributed
continuous variables were reported as the median (interquartile range [IQR]). The Wilcoxon signed-rank test
was used to assess the statistical significance of within-group comparisons, whereas the independent samples
t-test or Mann-Whitney U-test was used for comparisons of normally distributed and non-normally distributed
continuous variables between different groups, respectively, as appropriate. Categorical data were expressed as
absolute values (ratios) and were compared using the chi-squared test. Comparisons of the FC concentrations
between the groups at various timepoints were assessed using generalized estimation equations. Multivariable
logistic regression was used to assess the association between FC3, AFC, and SALD occurrence. Model 1 was
adjusted for age and sex; Model 2 was adjusted for the variables in Model 1, plus the APACHE II and SOFA
scores. Model 3 was adjusted for the variables in Model 2, plus the WBC count on days 1 and 3, neutrophil count
on days 1 and 3, platelet count on day 1, procalcitonin level on day 3, and IL-6 level on day 3. ROC curves and
AUCs were used to evaluate the ability of FC3 and AFC levels to identify SALD. All analyses were performed
using the R statistical software package (http://www.R-project.org, The R Foundation for Statistical Computing,
Vienna, Austria) and Free Statistics software version 1.9. P values <0.05 were considered statistically significant.

Data availability
All datasets generated for this study are included in the article.
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