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Abstract

Background The use of antibiotic therapy in acute pancreatitis remains controversial and is currently recommended
only for confirmed infections of peripancreatic necrosis. However, reliable early predictors of septic complications and
unfavorable outcomes are substantially lacking.

Methods Patients with acute pancreatitis were retrospectively reviewed and divided into two groups: one with a
septic course defined by pathogen detection [GERM(+)] and one without [GERM(-)]. After propensity score matching,
both groups were compared regarding clinical outcomes. Early predictors of pathogen detection were evaluated by
multivariate analysis.

Results 424 patients with acute pancreatitis were included. After propensity score matching 123 GERM(-) patients
were compared to 74 GERM(+) patients. GERM(+) patients demonstrated significantly worse clinical outcomes with
higher rate of intensive care treatment (59.5% vs. 35.0%; p = 0.0011) and consecutive longer stay in intensive care unit
(11.5+25.2d vs. 3.0+ 7.9d; p = 0.0007), longer in-hospital stay (26.8+22.0d vs. 14.7 + 15.0d; p=0.0003) as well as worse
results in the composite outcome length of in-hospital stay > 15d or death (67.6% vs. 31.7%; p <0.0001). Prescence of
ascites and elevated white blood cell count at the onset of acute pancreatitis were identified as significant predictive
factors in the early disease associated with invasive infection and pathogen detection. The most frequently detected
pathogens were commensals of the gastrointestinal tract, observed in 70.7% of the examined body fluids and 50.7%
of the examined blood cultures.

Conclusions Detection of pathogens is associated with unfavorable clinical outcomes in acute pancreatitis. The
presence of ascites and elevated white blood cell count at onset of acute pancreatitis are significant predictive factors
indicating the risk of invasive infection with relevant bacterial load. Thus, an aggressive, early anti-infective strategy
against pathogens of intestinal origin should be considered in these cases and may improve patient outcomes.
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Introduction

Acute pancreatitis (aP) is a common disease in industri-
alized countries, characterized by high rates of mortality,
especially in severe cases [1]. The revised 2012 Atlanta
classification defines three degrees of severity: mild,
moderate, and severe. These encompass local or systemic
complications with organ failure [2]. Despite advances in
local therapy strategies, such as the step-up approach [3]
and modern intensive care therapy, mortality rates are
still approaching 35% in patients with severe aP [4].

During the natural course of the disease, two peaks of
mortality arise [2]. The first typically occurs within the
first two weeks, driven by severe sterile inflammation
as part of the systemic inflammatory response syndrome
(SIRS). This is triggered by cytokine cascade activation,
resulting in early (multi-) organ failure. Thereafter, the
compensatory anti-inflammatory response syndrome
(CARS) underlies the second peak of mortality [5]. In this
context, translocation of intestinal bacteria leads to infec-
tion of (peri-) pancreatic necroses [6, 7] and other infec-
tious complications in distant organs such as pneumonia
[7-9].

However, distinguishing between severe non-infection-
triggered SIRS and infectious complications remains
challenging in clinical practice [10-12]. Diagnosis often
relies on indirect signs of infected necrosis, such as char-
acteristic imaging findings [10, 13] or clinical deteriora-
tion of the patients [14]. Nevertheless, in patients with
confirmed infected pancreatic necrosis [10, 15] anti-
biotic therapy is uncontroversial [10, 12, 13, 16, 17]. In
other cases, the use of antibiotics remains debated [7,
13, 18]. This restrictive approach for prophylactic antibi-
otics in clinical routine [10, 12, 17-19] is driven by the
risk of significant adverse effects, including bacterial or
fungal overgrowth [9] and the development of multi-
drug resistant pathogens [20], which negatively impact
on morbidity and mortality of the patients [21-23]. This
underscores the urgent need to identify and implement
risk factors in clinical practice that guide the appropri-
ate and targeted use of antibiotics at an early stage of the
disease [13, 18]. This approach aims to prevent infectious
complications and reduce morbidity and mortality asso-
ciated with aP.

The aim of this study was to assess the impact of patho-
gens on clinical outcomes in patients with aP and to
identify early risk factors predictive of bacterial load and
infection. These factors determine the necessity of initi-
ating targeted prophylactic antibiotic therapy at an early
stage of the disease, aiming to improve patient outcomes
by preventing the progression of infection.
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Methods

This retrospective, exploratory single-center study was
conducted in line with the latest Declaration of Hel-
sinki and was approved by the local ethics committee of
the University of Giessen medical faculty (approval No.
174/20). Data collection, manuscript drafting, and sub-
mission adhered to the COPE (Committee on Publication
Ethics) guidelines as well as the Strengthening the report-
ing of observational studies in epidemiology (STROBE)
statement [24]. All patients received treatment according
to the institutional standard of care.

Patients (212 years of age) who underwent in-hos-
pital treatment from 01/2010 to 12/2021 at the Univer-
sity Hospital of Giessen for aP diagnosed according to
the revised Atlanta classification were included into
the study [2]. Patients with recurrent aP were included
multiple times as single cases if there were no signs of a
chronic disease and if there was significant temporal dis-
tance between hospital discharge and readmission, pro-
vided there were no signs of persistent pancreatitis upon
readmission. The morphological differentiation of aP was
conducted according to the revised Atlanta Classifica-
tion, distinguishing between edematous and necrotizing
aP [2]. Even for patients with mild clinical symptoms who
did not undergo further imaging or specific treatment, aP
was retrospectively classified as edematous pancreatitis.
According to the revised Atlanta Classification, the sever-
ity of aP was categorized into the three groups: mild,
moderate, and severe [2].

Patient data were retrospectively collected from the
prospectively maintained institutional databases. These
included general patient characteristics, etiology and
severity of aP, treatment information, patient outcomes
with length of hospital stay, in-hospital morbidity and
mortality. Detection of pathogens in blood culture, bile,
(peri-) pancreatic necrosis, ascites and/or pleural effusion
indicated invasive infection. Laboratory markers were
assessed at onset of aP as well as on treatment days 1 and
3. White blood cell count (WBC) and C-reactive protein
(CRP) were used as routine markers for systemic inflam-
mation and infection; serum lipase, amylase and total
bilirubine at onset indicated pancreatic injury and etiol-
ogy of aP; pathological serum creatinine, Quick’s value
and total bilirubine indicated renal and liver dysfunc-
tion during aP treatment. The composite outcome, which
includes in-hospital stay longer than 15 days (aligned
with the mean length of stay for the entire cohort) or
mortality, served as the surrogate parameter for clinical
outcome in patients with aP. Retrospective availability of
data was >97%.

Microorganisms detected during the hospital stay were
taken into consideration and were revised regarding their
resistance profile according to current EUCAST (The
European Committee on Antimicrobial Susceptibility
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Testing) guidelines (breakpoint tables for interpretation
of minimum inhibitory concentrations and zone diam-
eters, version 14.0, 2024, EUCAST antifungal clinical
breakpoint table, v 10.0, 2020, and expected resistant and
susceptible phenotypes, v 1.2, 2023; http://www.eucast.or
g) as previously described [25].

Institutional treatment standards of acute pancreatitis

As recommended in current guidelines, the management
of aP therapy included fluid resuscitation, analgesia and
symptomatic therapy [4, 26, 27]. Patients received enteral
nutrition whenever feasible. Those with severe aP, criti-
cal illness, or signs of organ dysfunction were generally
treated in the intensive care unit (ICU).

Anti-infective therapy was used restrictively. Empirical
antibiotic therapy was initiated in patients showing signs
of infection and subsequently adjusted based on micro-
biological findings. In cases of biliary etiology, bile duct
clearance was performed as promptly as possible utiliz-
ing endoscopic retrograde cholangiopancreatography
(ERCP). Cross-sectional imaging was indicated in cases
of severe aP, including those with organ failure, suspected
infection or local complications, such as infected necro-
sis. The latter was treated following the step-up approach
[3]. Surgical intervention was indicated as second-line
treatment when previous endoscopic or radiological
interventions had failed or if severe surgical complica-
tions arose.

Statistical analyses

The patient cohort was divided into two groups regarding
the diagnosis of invasive infection by detection of patho-
logical microorganisms in body fluids during the hospital
treatment of aP into a germ-negative [GERM(-); n=332]
and germ-positive [GERM(+); n=92] group of patients.

Statistical analyses were performed using GraphPad
Prism (Version 10 for Windows, GraphPad Software, San
Diego, CA, USA; www.graphpad.com). Fisher’s exact or
Pearson’s x ? test were performed for intergroup com-
parisons of categorical data, Student’s t-test was used
for two-group comparisons of continuous variables.
One-way ANOVA was used to evaluate global effects in
multiple-group comparisons. If applicable, differences
between all groups were investigated post-hoc with
Tukey’s test after correction for multiple testing. Data in
tables are given in n (%) or means * standard deviations.
Column bar graphs in figures indicate means and stan-
dard deviations.

Because of imbalances in basic patient characteristics
between both groups, 1:2 propensity score pair match-
ing (PSM) with a match tolerance=0.1 was performed
using the package Match it with R (version 4.3.2). The
propensity score was calculated with relevant parameters
of patient characteristics and relevant characteristics of
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aP (including etiology and severity of aP, cardio-vascular
disease, chronic kidney disease and Charlson comorbid-
ity index). Group comparisons of the propensity score
matched cohorts [P*"GERM(-) versus P*"GERM(+)] were
performed as described above.

Simple linear regression was used for univariable analy-
sis and multiple linear regression for multivariable analy-
sis to evaluate relevant early predictors and risk factors
associated with bacterial load and worse clinical outcome
of patients with aP. Therefore, variables with Spearman’s
?>0.05 and p<0.01 in univariable analysis were consid-
ered as relevant for inclusion into multivariable analysis.
Statistical significance was indicated by p-value < 0.05.

Results

Patient cohort and baseline characteristics

424 patients underwent in-hospital treatment of aP dur-
ing the observational period and were included in the
study. After subdividing the total cohort, 92 patients
were found to have an invasive infection, as evidenced by
positive bacterial cultures from blood, bile fluid, pleural
effusion, ascites, and/or pancreatic necrosis [GERM(+)],
whereas 332 patients did not [GERM(-)]. Baseline char-
acteristics of both patient cohorts were significantly dif-
ferent regarding comorbidities (including higher rates of
chronic diseases and higher scores in Charlson comor-
bidity index: 3.1 £ 2.7 versus 4.2 + 2.7; p =0.0008), etiology
and severity (severe: 3.0% versus 19.6%; p<0.0001) of aP,
to the disadvantage of the GERM(+) group of patients
(Table 1).

Outcome analysis of the unmatched patient cohort

Patients from the GERM(+) group had significantly
higher rates of pleural effusion and ascites, as well as
poorer outcome in terms of in-hospital mortality rate.
Additionally, the rate of intensive care treatment was
higher in the GERM(+) cohort, as were the lengths of
stay in the ICU and total hospital stay. This resulted in a
higher incidence of worse composite outcome, including
prolonged hospitalization beyond the mean duration of
hospitalization of the total patient cohort or in-hospital
mortality (19.6 vs. 71.7%; p < 0.0001; Table 1). These find-
ings suggest poorer clinical outcomes in patients with
invasive infection, evidenced by positive bacterial cul-
tures in body fluids. Supplement 1 provides evidence of
higher serological markers of inflammation and infec-
tion, WBC and CRP, in GERM(+) patients. Although sys-
temic lipase and amylase values at onset and during the
early treatment phase did not differ between the groups
(Supplement 2), creatinine values and serum total bili-
rubin were markedly increased, Quick values indicating
prothrombin time as a global parameter for liver (dys-)
function were significantly decreased in patients from
the GERM(+) group (Supplement 3). This indicates the
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Table 1 Characteristics of patients, characteristics of acute pancreatitis and clinical outcome before and after propensity score

matching
Variable All patients Propensity score-matched patients
Germ(-) Germ(+) p value PSMGerm(-) PSMGerm(+) p value
n=332 n=92 n=123 n=74

Patient characteristics
Male gender [n] 183 (55.1%) 52 (56.5%) 0.9057 82 (66.7%) 40 (54.1%) 0.0957
Age [years] 570+179 608 £17.5 0.0763 633+ 16.1 599+180 0.1675
BMI [kg/mz] 282+ 64 272+6.7 0.1916 272+55 275+72 0.7547
Active abuse [n]

Alcohol 82 (24.7%) 21(228%) 07843 31 (25.2%) 12 (16.2%) 0.1572

Smoking 90 (27.1%) 13 (14.1%) 0.0092 36 (29.3%) 13 (17.6%) 0.0883
Liver cirrhosis [n] 4(1.2%) 2 (2 2%) 0.6148 1 (0.8%) 2 (2.7%) 0.5576
Diabetes mellitus [n] 61 (18.4%) 8(19.6%) 0.7645 32 (26.0%) 15 (20.3%) 0.3926
Cardiovasculary disease [n] 193 (58.1%) 67 (72.8%) 0.0111 87 (70.7%) 50 (67.6%) 0.6360
Chronic lung disease [n] 51 (15.4%) ( .7%) 0.1569 27 (22.0%) 17 (23.0%) 0.8618
Chronic kidney disease [n] 27 (8.1%) 0(21.7%) 0.0006 20 (16.3%) 3(17.6%) 0.8452
Cerebrovasculary disease [n] 14 (4.2%) 6 (65%) 0.4030 7 (5.7%) 4 (5.4%) 1.000
Charlson comorbidity index [score] 31+27 42+27 0.0008 45+29 40+26 0.2680
Characteristics of acute pancreatitis
Etiology [n] 0.0021 0.2308

Biliary 168 (50.6%) 29 (31.5%) 46 (37.4%) 27 (36.5%)

Post-ERCP 69 (20.8%) 20 (21.7%) 6 (29.3%) 18 (24.3%)

Ethyltoxic 5(4.5%) 5(5.4%) ( 1%) 5 (6.8%)

Postoperative 26 (7.8%) 16 (17.4%) 4(11.4%) 12 (16.2%)

Idiopathic 27 (8.1%) 6 (6.5%) 0(8.1%) 2 (2.7%)

Other 7 (8.1%) 16 (17.4%) 7 (5.7%) 10 (13.5%)
Morphological classification [n] <0.0001 0.2681

Edematous 305(91.9%) 62 (67.4%) 102 (829%) 56 (75.7%)

Necrotizing 27 (8.1%) 30 (32.6%) 21 (17.1%) 18 (24.3%)
Severity * [n] <0.0001 03373

Mild 280 (84.3%) 44 (47.8%) 83 (67.5%) 43 (58.1%)

Moderate 42 (12.7%) 30 (32.6%) 31 (25.2%) 22 (29.7%)

Severe 10 (3.0%) 18 (19.6%) 9 (7.3%) 9(12.2%)
Outcomes and length of hospitalization
Antibiotic therapy [n] 139 (41.9%) 39 (42.4%) 1 66 (53.7%) 31 (41.9%) 0.1410
Interventional (endoscopic or radiologic) treatment of 23 (6.9%) 25 (27.2%) <0.0001 13 (10.6%) 17 (23.0%) 0.0243
(peri-) pancreatic necroses [n]
Surgical intervention of (peri-) pancreatic necroses [n] 3(0.9%) 19 (20.7%) 0.0003 3(24%) 3(17.6%) <0.0001
Pleural effusion [n] 84 (25.3%) 63 (68.5%) <0.0001 47 (38.2%) 46 (62.2%) 0.0012
Ascitic fluid [n] 78 (23.5%) 9 (64.1%) <0.0001 38 (30.9%) 43 (58.1%) 0.0003
Intensive care treatment [n] 74 (22.3%) 62 (67.4%) <0.0001 43 (35.0%) 44 (59.5%) 0.0011
Length of stay on ICU [d] 15+£51 13.7+ 247 <0.0001 30+£79 11.5+252 0.0007
Length of In-hospital stay ® [d] 11.3£10.7 298 £249 <0.0001 14.7 £15.0 268+220 0.0003
Composite outcome #n] 65 (19.6%) 66 (71.7%) <0.0001 39 (31.7%) 50 (67.6%) <0.0001
In-hospital mortality [n] 8 (2.4%) 15 (16.3%) <0.0001 7 (5.7%) 7(9.5%) 0.3930

Data are given in mean and SD or n (%). PSM = propensity score matching; BMI=Body mass index; ERCP =Endoscopic retrograde cholangiopancreatography; ICU =
Intensive care unit

* Severity of acute pancreatitis was assessed concerning the revised Atlanta classification of 2012 [2]
§ Excluding patients who suffered from in-hospital mortality

# The composite outcome was defined as a prolonged in-hospital stay > 15 days (based on the mean length of stay of the entire cohort) or mortality and was used as
the surrogate indicator for overall acute pancreatitis outcome
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systemic impact of aP, organ failure, and the critical ill-
ness of these patients.

Patient characteristics and outcome analysis after
propensity score matching

To overcome initial imbalances between both groups,
patients were matched using propensity score in a 1:2
ratio. Consequently, 123 patients from the GERM(-)
group were matched with 74 patients from the GERM(+)
group, resulting in balanced basic patient character-
istics (Table 1). Especially severity and etiology of aP
were equalized between the groups. However, even after
propensity score matching, the serological markers of
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inflammation and infection, WBC and CRP, were mark-
edly increased at onset and during the early treatment
phase of aP (Fig. 1), whereas serological markers, specific
for the hepato-biliary-pancreatic system, including total
bilirubin, lipase and amylase, were not (Figs. 2 and 3).
Although in-hospital mortality did not differ between
the two matched cohorts, patients from the P"GERM(+)
group had higher rates of fluid shifts with pleural effu-
sions and ascites. They also had higher rates of intensive
care treatment, longer stays in the ICU, and extended
in-hospital stays (Table 1). Additionally, they exhibited
a tendency toward lower Quick values as well as higher
systemic creatinine values at onset of aP or during early
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Fig. 1 Serological markers for systemic inflammation or infection. Columns indicate means and bars represent the respective standard deviations of
white blood cell counts (a-c) and C-reactive protein values (d-f) in peripheral blood of the propensity score matched (psm) patient cohorts without
[PMGERM(-)] and with [P°MGERM(+)] pathogen detection during acute pancreatitis therapy at onset of acute pancreatitis (a, d) and at in-hospital treat-
ment day 1 (b, e) and day 3 (c, f). The corresponding p values for each two-group comparison are indicated in the respective figures
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Fig. 2 Serum lipase and amylase as serological markers for acute pancreatitis. Columns indicate means and bars represent the respective standard
deviations of serum lipase (a-c) and serum amylase values (d-f) in peripheral blood of the propensity score matched (psm) patient cohorts without
[PMGERM(-)] and with [P™GERM(+)] pathogen detection during acute pancreatitis therapy at onset of acute pancreatitis (a, d) and at in-hospital treat-
ment day 1 (b, e) and day 3 (c, f). The corresponding p values for each two-group comparison are indicated in the respective figures

treatment, respectively (Fig. 3), indicating organ fail-
ure and critical illness in these patients. Consequently,
the composite outcome (length of in-hospital stay>15
days or death), remained significantly different between
the PP"GERM(-) and P*"GERM(+) group (31.7% versus
67.6%; Table 1).

In the multi-group comparisons between patients with
or without positive microbiology and stratified by clinical
signs of either mild or moderate to severe aP according to
the revised Atlanta classification [2], the stay in the ICU
as well as the total duration of hospitalization were pro-
longed in GERM(+) patients with moderate to severe aP.
Particularly, the duration in the ICU was significantly dif-
ferent compared to the GERM(+) counterparts with mild

disease as well as to both GERM(-) patients with either
mild or moderate to severe aP. These findings were con-
sistent both before and after propensity score matching
(Fig. 4).

Early risk factors for bacterial load and invasive infection in
acute pancreatitis

Two-group comparisons revealed a significant impact of
bacterial load on outcomes of patients with aP. To further
investigate early risk factors associated with microbial
contamination and poorer outcomes, relevant demo-
graphic, etiological, and clinical variables from the early
course of the disease were included into univariable and
multivariable analyses. Therefore, rather than focusing
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Fig. 3 Serological markers for liver and kidney dysfunction. Columns indicate means and bars represent the respective standard deviations of serum total
bilirubin (a-c), prothrombin time in percentage, i.e. Quick (d-f) and serum creatinine (g-i) in peripheral blood of the propensity score matched (psm)
patient cohorts without [P°"GERM(-)] and with [**"GERM(+)] pathogen detection during acute pancreatitis therapy at onset of acute pancreatitis (a, d, g)
and at in-hospital treatment day 1 (b, e, h) and day 3 (c, f, i). The corresponding p values for each two-group comparison are indicated in the respective

figures
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Fig. 4 Lengths of hospital stay. Columns indicate means and bars represent the respective standard deviations. The total as well as propensity score
matched (psm) patient cohorts without [GERM(-)] and with [GERM(+)] pathogen detection during acute pancreatitis therapy were subdivided regarding
the severity of acute pancreatitis into patients with mild or moderate to severe (mod/sev) diseases concerning the revised Atlanta classification [2]. a,
c depict the length of stay on intensive care unit (ICU) or total length of in-hospital stay of the total, unmatched patient cohorts. b, d depict the length
of stay on intensive care unit (ICU) or total length of in-hospital stay of the propensity score matched patient cohorts. p values of multigroup compari-

sons<0.05 are depicted

on the severity or etiology of aP, elevated white blood
cell counts at onset and the development of ascites dur-
ing the early course of aP were evaluated as independent
early predictors for microbial contamination, as shown in
Table 2.

Pathogens from microbiological cultures of the acute
pancreatitis patient cohort

The heatmap in Fig. 5 depicts all detected microorgan-
isms from systemic blood cultures and local samples,
including ascites, pleural effusion, (peri-) pancreatic
necroses, and bile fluid, from the aP patient cohort. In
both blood cultures and other samples, commensals of
the physiological intestinal microbiome were the most
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Table 2 Relevant predictors and risk factors associated with detection of pathogens
Variable Univariable Analysis Multivariable Analysis

r p value Coefficients t p value

B Std. Error 95% ClI

Bacterial contamination
Sex 0.016 0.0782 - - - - -
Age [years] 0.010 0.1675 - - - - -
BMI [kg/m?] 0.001 0.7547 - - - - -
Moderate pancreatitis * 0.002 0.4903 - - - - -
Severe pancreatitis * 0.007 0.2553 - - - - -
Post-ERCP 0.002 0.5664 - - - - -
WBC [giga/l] onset 0.052 0.0013 0.015 0.006 0.004-0.027 2636 0.0091
WBC [giga/I] day 1 0.035 0.0093 - - - - -
CRP [mg/1] 0.019 0.0521 - - - - -
onset
CRP [mg/1] 0.024 0.0315 - - - - -
day 1
Creatinine [mg/dl] onset 0.007 0.2342 - - - - -
Creatinine [mg/dl] day 1 0.015 0.0909 - - - - -
Lipase [U/1] 0.000 0.8943 - - - - -
onset
Lipase [U/l] day 1 0.001 0.7141 - - - - -
Amylase [U/I] onset 0.000 0.8753 - - - - -
Amylase [U/l] day 1 0.000 0.8085 - - - - -
Biliary Etiology 0.002 04916 - - - - -
Pleural effusion 0.054 0.0010 0.086 0.077 -0.066-0.238 1.116 0.2657
Ascitic fluid 0.070 0.0002 0.198 0.077 0.047-0.349 2.589 0.0104
Volume therapy (first 24 h) 0.007 0.2511 - - - - -
Volume therapy (24-48 h) 0.005 0.3370 - - - - -
Volume therapy (after 48 h) 0.008 0.2370 - - - - -

Simple linear regression was used for univariable analysis and multiple linear regression for multivariable analysis to evaluate relevant early predictors and risk
factors associated with bacterial load and consecutively worse clinical outcome. Variables with Spearman’s r> > 0.05 and p < 0.01 in univariable analysis were
considered as relevant for inclusion into multivariable analysis. BMI = Body mass index; ERCP = Endoscopic retrograde cholangiopancreatography; WBC = White

blood cell count; CRP = C-reactive protein

* In accordance with the revised Atlanta classification of 2012 [2]

frequent. Of the 67 organisms detected in blood cul-
tures, 34 (50.7%) were attributed to gastrointestinal tract
commensals. Similarly, 116 out of 164 (70.7%) organisms
detected from other materials were of intestinal origin.

Enterococcus species and non-aureus Staphylococci
were the most frequently identified pathogens, both
demonstrating high rates of acquired drug resistance.
Among gram-negative bacteria, Escherichia and Kleb-
siella species were predominant, with particularly high
rates of drug resistance observed in E. coli species. Fungi
were detected less frequently, with 13.4% at the systemic
level in blood cultures and in 14.6% locally.

Discussion

The present study highlights significantly poorer out-
comes in patients with aP who develop invasive infec-
tions, as indicated by the detection of pathogens in either
blood cultures or other body fluids and pancreatic necro-
ses. Pathogen detection was associated with higher rates

of critical illness, prolonged ICU stays and extended in-
hospital stays.

It is known that infectious complications in aP, includ-
ing infected pancreatic necroses and extrapancreatic
infections such as pneumonia or bacteremia, contribute
to organ failure and increased mortality [7, 28—31]. Simi-
lar findings, particularly in aP patients with extrapancre-
atic infections, were observed in the retrospective study
by Jiang et al. [31]. This underscores the critical impor-
tance of initiating early, targeted anti-infective therapy in
high-risk patients at the point of care. However, positive
microbial identification in clinical practice can be chal-
lenging, particularly during the early phase of aP when
clear clinical signs of infectious complications or sep-
sis may not yet be apparent. Early predictors for septic
progression at the onset or during the initial phase of aP
are largely lacking [13, 18]. Identifying high-risk patients
for developing septic complications early in disease pro-
gression is crucial for prophylactic antibiotic treatment
to prevent septic complications, potentially reducing
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Fig. 5 Heatmap of detected pathogens and corresponding acquired antibiotic or antifungal drug resistances. Colored boxes depict frequency distribu-
tion of acquired drug resistances of the detected pathogens from 0% in blue to 100% in red. Intrinsic resistances of the detected pathogens pursuant to
the EUCAST (The European Committee on Antimicrobial Susceptibility Testing; http://www.eucast.org) documents are depicted as black boxes. a patho-
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morbidity, mortality, and prolonged ICU resource utili-  clinical practice and provide strong indicators for initiat-

zation and hospital stays [13]. Our multivariable analy- ing appropriate anti-infective therapy.

sis identifies two relevant predictors of bacterial load During the early phase of aP, mortality is often caused

at the onset of aP: blood leukocytosis and the develop- by sterile inflammation through SIRS, with organ failure

ment of ascites. Both factors are easily assessable in  driven by an overwhelming cytokine release [5]. Identi-
fying patients at high risk for infection during the later
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course of severe aP is crucial, as CARS increases suscep-
tibility to infections due to impaired intestinal barrier
function and translocation of gut pathogens [5, 9, 32] into
the bloodstream and/or locally into peritoneal fluid and
necrotic (peri-) pancreatic tissue [28, 33, 34]. As a result,
sepsis with organ failure leads to significant mortality
[31, 35].

Prophylactic anti-infective strategies in aP are contro-
versial [7, 13, 36—38]. While Ukai et al. and Ding et al.
demonstrated lower rates of infected pancreatic necro-
ses [38] and extrapancreatic infections [36], respectively,
mortality was not improved in the more recent meta-
analysis by Ding et al. [36]. In this context, Montravers
et al. analyzed a multicentric cohort of patients admit-
ted to ICU with aP and found that delayed initiation of
anti-infective therapy was associated with higher rates
of severe septic complications compared to early ther-
apy. Their findings highlight the critical importance of
timely intervention in managing infectious complications
in aP, particularly in high-risk patient populations [39].
However, these studies did not evaluate early predictors
of septic progression and did not stratify aP patients by
early risk factors for infection, limiting the generalizabil-
ity of their findings.

In the present study, we highlight ascitic fluid as an
independent risk factor for bacterial load and invasive
infection. In this line, ascites has previously been shown
to be a negative prognostic factor in aP patients [40, 41].
The pathophysiology of ascites in aP is attributed to the
severity of SIRS during the early phase and CARS in the
late phase. Contributing factors include capillary leakage,
fluid overload, hypoproteinemia, and local complications
such as pancreatic duct injury, portal vein thrombosis,
and obstructing peripancreatic fluid collections leading
to lymphatic leakage [42-44]. Additionally, our analysis
reveals that the translocation of pathogens, particularly
those of gastrointestinal origin, into the abdominal cav-
ity — due to impaired intestinal barrier function during
the pathophysiologic course of aP [5, 9, 28, 32-34] — is
associated with the development of ascites and poorer
clinical outcomes. The second early predictor of bacterial
load in our analysis was blood leukocytosis at the onset
of aP, a well-known indicator of infectious courses, severe
local and distant organ complications in aP patients [2, 4,
12, 45].

Our detailed data analysis shows that both predictors
from the early onset of aP indicate an infectious compli-
cation in patients with aP. This suggests that prophylactic
anti-infective therapy for these high-risk patients should
be considered at an early stage of the disease, potentially
reducing morbidity and mortality thereafter. Therefore,
the detailed analysis of pathogens and their drug resis-
tance profiles in the GERM(+) patient cohort, as shown
in Fig. 5, holds significant clinical value. It supports the
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selection of appropriate antimicrobial therapy for high-
risk patients and those with infectious complications of
aP. The results of our pathogen and antibiotic suscepti-
bility analysis align with findings from the large retro-
spective study by Wen et al. [46], which reported that
early administration of broad-spectrum carbapenems in
patients with severe biliary aP was associated with lower
length of hospital stay and, most importantly, reduced
mortality [46]. As our analysis indicates, a key reason
for this could be the high susceptibility of the detected
pathogens to carbapenems, which may help to prevent
infectious and septic complications at the point of care by
ensuring effective early antimicrobial coverage.

Despite its clinical relevance, our study has limitations.
Overall, the retrospective, single-center study design lim-
its the generalizability of the results. Furthermore, in our
study, post-ERCP was the second most common cause of
aP, surpassing biliary etiology. This may be attributed to
more complex interventions performed in our tertiary
center. The imbalanced patient cohort characteristics
necessitating PSM further limit the unrestricted clinical
applicability of our findings. Another limitation is the
restricted availability of advanced laboratory param-
eters in this retrospective analysis from clinical routine
data, such as procalcitonin [7]. Procalcitonin has been
identified in the expert consensus on antibiotic therapy
for acute pancreatitis as a potential biomarker to reduce
unjustified antibiotic use [18]. Future prospective stud-
ies are needed to evaluate its predictive accuracy against
our findings, specifically the predictive value of elevated
WBC, for guiding early anti-infective decision-making.
Nonetheless, our results warrant cautious consider-
ation and verification in larger patient cohorts and form
hypotheses for prospectively conduced trials to evalu-
ate improvements in morbidity and mortality through
prophylactic anti-infective therapy in high-risk patients,
as defined by predictive factors from our multivariable
analysis.

In conclusion, our findings underscore the hypoth-
esis that pathogen detection in aP patients is associated
with worsened clinical outcomes. Early predictive factors
might enable timely initiation of prophylactic anti-infec-
tive therapy, potentially preventing septic complications
and reducing morbidity and mortality in high-risk aP
patients.

Abbreviations

aP acute Pancreatitis

BMI Body Mass Index

CARS Compensatory Anti-inflammatory Response Syndrome
CRP C-Reactive Protein

ERCP Endoscopic Retrograde Cholangiopancreatography

EUCAST  The European Committee on Antimicrobial Susceptibility Testing
ICU Intensive Care Unit

PSM Propensity Score Matching

SIRS Systemic Inflammatory Response Syndrome

WBC White Blood Cell Count



Bender et al. Gut Pathogens (2025) 17:5

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/513099-024-00671-3.

Supplementary Material 1: Supplement Fig. 1 Column bar graphs for
markers for systemic inflammation or infection in the unmatched patient
cohort without detection of pathogen [GERM(-)] and with [GERM(+)].
White blood cell count in peripheral blood [giga/l] at a onset, b day 1 and
c day 3 and C-reactive protein [mg/I] at d onset, e day 1 and f day 3

Supplementary Material 2: Supplement Fig. 2 Column bar graphs for mark-
ers for pancreatic injury in the unmatched patient cohort without detec-
tion of pathogen [GERM(-)] and with [GERM(+)]. Lipase [U/I] at a onset, b
day 1 and c day 3 and amylase [U/I] at d onset, e day 1 and f day 3

Supplementary Material 3: Supplement Fig. 3 Column bar graphs for
markers for organ dysfunction in the unmatched patient cohort without
detection of pathogen [GERM(-)] and with [GERM(+)]. Bilirubin [mg/dl] at a
onset, b day 1 and ¢ day 3, Quick's-values [%] at d onset, e day 1 and f day
3 and creatinine [mg/dl] at g onset, h day 1 and i day 3

Acknowledgements
Not applicable.

Author contributions

All authors contributed substantially to the manuscript, and were involved
in drafting the work, manuscript writing, or revising it critically for important
intellectual content. All authors have read the manuscript and gave final
approval for submission of the final version. All authors have agreed both to
be personally accountable for the author’s own contributions and to ensure
that questions related to accuracy or integrity of any part of the work, even
ones in which the author was not personally involved, are appropriately
investigated, resolved, and the resolution documented in the literature.
Conception and design of the work: FB, AH, and MR. Acquisition of data:

FB, TK, MW, and JB. Analysis of data: MR and JPK. Interpretation of data: MR,
MF, and MH. Writing the original draft of the manuscript: FB, AH, and MR.
Substantial revision of the original draft of the manuscript: MH, MF, JPK, and
MW. The revision of the manuscript was carried out by FB and MR. The revised
version was approved by all authors.

Funding
Open Access funding enabled and organized by Projekt DEAL.
Not applicable.

Data availability
Data available on reasonable request from the corresponding author.

Declarations

Ethics approval and consent to participate

This retrospective, exploratory single-center study was conducted in line
with the latest Declaration of Helsinki and was approved by the local ethics
committee of the University of Giessen medical faculty (approval No. 174/20).
Data collection, manuscript drafting, and submission adhered to the COPE
guidelines.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

‘Department of General, Visceral, Thoracic and Transplant Surgery,
University Hospital of Giessen, Rudolf-Buchheim-Strasse 7, 35392 Giessen,
Germany

Department of Pulmonary and Critical Care Medicine, University Hospital
of Giessen, Klinikstrasse 33, 35392 Giessen, Germany

*Institute of Medical Microbiology, Justus-Liebig-University of Giessen,
Schubertstrasse 81, 35392 Giessen, Germany

Page 12 of 13

“Medical Statistics, Institute of Medical Informatics, Justus-Liebig-
University of Giessen, Rudolf-Buchheim-Strasse 6, 35392 Giessen,
Germany

°Department of Anaesthesiology, Intensive Care Medicine and Pain
Therapy, University Hospital of Giessen, Rudolf-Buchheim-Strasse 7,
35392 Giessen, Germany

Received: 18 September 2024 / Accepted: 24 December 2024
Published online: 19 January 2025

References

1. Peery AF, Dellon ES, Lund J, et al. Burden of gastrointestinal disease in the
United States: 2012 update. Gastroenterology. 2012;143:1179-87. https://doi.
0rg/10.1053/j.gastro.2012.08.002.

2. Banks PA, BollenTL, Dervenis C, et al. Acute Pancreatitis classification Working
Group. Classification of acute pancreatitis - 2012: revision of the Atlanta clas-
sification and definitions by international consensus. Gut. 2013;62:102-11.
https://doi.org/10.1136/gutjnl-2012-302779.

3. van Santvoort HC, Besselink MG, Bakker OJ, et al. A step-up approach or open
necrosectomy for necrotizing pancreatitis. N Engl J Med. 2010;362:1491-502.
https://doi.org/10.1056/NEJM0a0908821.

4. van Dijk SM, Hallensleben NDL, van Santvoort HC, et al. Acute pancreatitis:
recent advances through randomised trials. Gut. 2017;66:2024-32. https://doi
0rg/10.1136/gutjnl-2016-313595.

5. Kyldnpad ML, Repo H, Puolakkainen PA. Inflammation and immunosuppres-
sion in severe acute pancreatitis. World J Gastroenterol. 2010;16:2867-72.
https://doi.org/10.3748/wjg.v16.i23.2867.

6. Garg PK, Singh VP. Organ failure due to systemic injury in acute pancreatitis.
Gastroenterology. 2019;156:2008-23. https://doi.org/10.1053/j.gastro.2018.12
041.

7. Severino A, Varca S, Airola C, et al. Antibiotic utilization in Acute Pancreatitis: a
narrative review. Antibiot (Basel). 2023;12:1120. https://doi.org/10.3390/antibi
otics12071120.

8. LiuJ Huang L, Luo M, et al. Bacterial translocation in acute pancreatitis. Crit
Rev Microbiol. 2019;45:539-47. https://doi.org/10.1080/1040841X.2019.16217
95.

9. Zerem E.Treatment of severe acute pancreatitis and its complications. World
J Gastroenterol. 2014,20:13879-92. https://doi.org/10.3748/wjg.v20.i38.13879.

10.  Baron TH, DiMaio CJ, Wang AY, et al. American Gastroenterological Associa-
tion clinical practice update: management of pancreatic necrosis. Gastroen-
terology. 2020;158:67-e751. https://doi.org/10.1053/j.gastr0.2019.07.064.

11. Timmerhuis HC, van den Berg FF, Noorda PC, et al. Overuse and misuse of
antibiotics and the clinical consequence in necrotizing pancreatitis: an obser-
vational multicenter study. Ann Surg. 2023;278:e812-9. https://doi.org/10.109
7/SLA.0000000000005790.

12.  Leppaniemi A, Tolonen M, Tarasconi A, et al. 2019 WSES guidelines for the
management of severe acute pancreatitis. World J Emerg Surg. 2019;14:27.
https://doi.org/10.1186/513017-019-0247-0.

13. Badia JM, Amador S, Gonzalez-Séanchez C, et al. Appropriate use of antibiotics
in Acute Pancreatitis: a scoping review. Antibiot (Basel). 2024;13:894. https://d
0i.0rg/10.3390/antibiotics13090894.

14.  Trikudanathan G, Wolbrink DRJ, van Santvoort HC, et al. Current concepts
in severe acute and necrotizing pancreatitis: an evidence-based approach.
Gastroenterology. 2019;156:1194-e20073. https://doi.org/10.1053/j.gastro.20
19.01.269.

15.  van Baal MC, Bollen TL, Bakker OJ, et al. The role of routine fine-needle
aspiration in the diagnosis of infected necrotizing pancreatitis. Surgery.
2014;155:442-8. https://doi.org/10.1016/j5urg.2013.10.001.

16.  Wolbrink DRJ, Kolwijck E, Ten Oever J, et al. Management of infected pan-
creatic necrosis in the intensive care unit: a narrative review. Clin Microbiol
Infect. 2020;26:18-25. https://doi.org/10.1016/j.cmi.2019.06.017.

17. Stigliano S, Sternby H, de Madaria E, et al. Early management of acute pancre-
atitis: a review of the best evidence. Dig Liver Dis. 2017,49:585-94. https://doi.
0rg/10.1016/j.dld.2017.01.168.

18. Pérniczky A, Lantos T, Téth EM, Hungarian Pancreatic Study Group, et al. Anti-
biotic therapy in acute pancreatitis: from global overuse to evidence based
recommendations. Pancreatology. 2019;19:488-99. https://doi.org/10.1016/j.
pan.2019.04.003.


https://doi.org/10.1186/s13099-024-00671-3
https://doi.org/10.1186/s13099-024-00671-3
https://doi.org/10.1053/j.gastro.2012.08.002
https://doi.org/10.1053/j.gastro.2012.08.002
https://doi.org/10.1136/gutjnl-2012-302779
https://doi.org/10.1056/NEJMoa0908821
https://doi.org/10.1136/gutjnl-2016-313595
https://doi.org/10.1136/gutjnl-2016-313595
https://doi.org/10.3748/wjg.v16.i23.2867
https://doi.org/10.1053/j.gastro.2018.12.041
https://doi.org/10.1053/j.gastro.2018.12.041
https://doi.org/10.3390/antibiotics12071120
https://doi.org/10.3390/antibiotics12071120
https://doi.org/10.1080/1040841X.2019.1621795
https://doi.org/10.1080/1040841X.2019.1621795
https://doi.org/10.3748/wjg.v20.i38.13879
https://doi.org/10.1053/j.gastro.2019.07.064
https://doi.org/10.1097/SLA.0000000000005790
https://doi.org/10.1097/SLA.0000000000005790
https://doi.org/10.1186/s13017-019-0247-0
https://doi.org/10.3390/antibiotics13090894
https://doi.org/10.3390/antibiotics13090894
https://doi.org/10.1053/j.gastro.2019.01.269
https://doi.org/10.1053/j.gastro.2019.01.269
https://doi.org/10.1016/j.surg.2013.10.001
https://doi.org/10.1016/j.cmi.2019.06.017
https://doi.org/10.1016/j.dld.2017.01.168
https://doi.org/10.1016/j.dld.2017.01.168
https://doi.org/10.1016/j.pan.2019.04.003
https://doi.org/10.1016/j.pan.2019.04.003

Bender et al. Gut Pathogens

20.

22.

23.

24,

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

(2025) 17:5

Group W APA/IAP. IAP/APA evidence-based guidelines for the management
of acute pancreatitis. Pancreatology. 2013;13(4):e1-15. https://doi.org/10.101
6/j.pan.2013.07.063.

Li F, Zhang F, Wan X, et al. Infections in acute pancreatitis: organisms,
resistance-patterns and effect on mortality. Dig Dis Sci. 2023,68:630-43.
https://doi.org/10.1007/510620-022-07793-1.

Ning C, Huang G, Shen D, et al. Adverse clinical outcomes associated with
multidrug-resistant organisms in patients with infected pancreatic necrosis.
Pancreatology. 2019;19:935-40. https://doi.org/10.1016/j.pan.2019.09.008.
Wu D, LuW, Huang Y, et al. The impact of multi-drug resistant Pseudomo-

nas aeruginosa infections on acute pancreatitis patients. BMC Infect Dis.
2023;23:340. https://doi.org/10.1186/512879-023-08230-y.

Wirstle S, Hapfelmeier A, Wohrle C, et al. Changes in pathogen spectrum and
antimicrobial resistance development in the time-course of acute necrotiz-
ing pancreatitis. J Gastroenterol Hepatol. 2019;34:2096-103. https://doi.org/1
0.1111/jgh.14748.

von Elm E, Altman DG, Egger M, et al. STROBE Initiative. The strengthening
the reporting of Observational studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. Lancet. 2007,370:1453-7.
https://doi.org/10.1016/50140-6736(07)61602-X.

Bender F, Eckerth L, Fritzenwanker M, et al. Drug resistant bacteria in perianal
abscesses are frequent and relevant. Sci Rep. 2022;12:14866. https://doi.org/1
0.1038/541598-022-19123-6.

Boxhoorn L, Voermans RP, Bouwense SA, et al. Acute pancretaitis. Lancet.
2020;396:726-34. https://doi.org/10.1016/50140-6736(21)02377-1.

Mederos MA, Reber HA, Girgis MD. Acute Pancreatitis: a review. JAMA.
2021;325:382-90. https://doi.org/10.1001/jama.2021.5789.

Besselink MG, van Santvoort HC, Boermeester MA, et al. Timing and impact of
infections in acute pancreatitis. Br J Surg. 2009;,96:267-73. https://doi.org/10.1
002/bjs.6447.

Marstrand-Joergensen MR, Bertilsson S, Kalaitzakis E. Extrapancreatic infec-
tions are common in acute pancreatitis and they are related to organ failure:
a population-based study. Eur J Gastroenterol Hepatol. 2020;32:1293-300.
https://doi.org/10.1097/MEG.0000000000001847.

Xue P, Deng LH, Zhang ZD, et al. Infectious complications in patients with
severe acute pancreatitis. Dig Dis Sci. 2009;54:2748-53. https://doi.org/10.100
7/510620-008-0668-1.

Jiang X, Shi JY, Wang XY, et al. The impacts of infectious complications on
outcomes in acute pancreatitis: a retrospective study. Mil Med Res. 2020;7:38.
https://doi.org/10.1186/540779-020-00265-5.

Flint RS, Windsor JA. The role of the intestine in the pathophysiology and
management of severe acute pancreatitis. HPB (Oxford). 2003;5:69-85. https:/
/doi.org/10.1080/13651820310001108.

Gianotti L, Munda R, Alexander JW, et al. Bacterial translocation: a potential
source for infection in acute pancreatitis. Pancreas. 1993;8:551-8.

Marotta F, Geng TC, Wu CC, et al. Bacterial translocation in the course of acute
pancreatitis: beneficial role of nonabsorbable antibiotics and lacitol enemas.
Digestion. 1996;57:446-52. https://doi.org/10.1159/000201373.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

Page 13 of 13

Padhan RK, Jain S, Agarwal S, et al. Primary and secondary organ failures
cause mortality differentially in acute pancreatitis and should be distin-
qguished. Pancreas. 2018;47:302-7. https://doi.org/10.1097/MPA.00000000000
00998.

Ding N, Sun YH, Wen LM, et al. Assessment of prophylactic antibiotics admin-
istration for acute pancreatitis: a meta-analysis of randomized controlled
trials. Chin Med J (Engl). 2020;133:212-20. https://doi.org/10.1097/CM9.00000
00000000603.

Lim CL, Lee W, Liew YX, et al. Role of antibiotic prophylaxis in necrotizing
pancreatitis: a meta-analysis. J Gastrointest Surg. 2015;19:480-91. https://doi.
0rg/10.1007/511605-014-2662-6.

UkaiT, Shikata S, Inoue M, et al. Early prophylactic antibiotics administration
for acute necrotizing pancreatitis: a meta-analysis of randomized controlled
trials. J Hepatobiliary Pancreat Sci. 2015,22:316-21. https://doi.org/10.1002/jh
bp.221.

Montravers P, Kantor E, Constantin JM, et al. Epidemiology and prognosis of
anti-infective therapy in the ICU setting during acute pancreatitis: a cohort
study. Crit Care. 2019;23:393. https://doi.org/10.1186/513054-019-2681-5.
Maringhini A, Ciambra M, Patti R, et al. Ascites, pleural, and pericardial effu-
sions in acute pancreatitis. A prospective study of incidence, natural history,
and prognostic role. Dig Dis Sci. 1996;41:848-52. https://doi.org/10.1007/BFO
2091521,

Samanta J, Rana A, Dhaka N, et al. Ascites in acute pancreatitis: not a silent
bystander. Pancreatology. 2019;19:646-52. https://doi.org/10.1016/j.pan.2019
.06.004.

Bush N, Rana SS. Ascites in acute pancreatitis: clinical implications and man-
agement. Dig Dis Sci. 2022;67:1987-93. https://doi.org/10.1007/510620-021-0
7063-6.

Fujita M, Masamune A, Satoh A, et al. Ascites of rat experimental model of
severe acute pancreatitis induces lung injury. Pancreas. 2001;22:409-18.
https://doi.org/10.1097/00006676-200105000-00012.

Komara NL, Paragomi P, Greer PJ, et al. Severe acute pancreatitis: capillary
permeability model linking systemic inflammation to multiorgan failure. Am J
Physiol Gastrointest Liver Physiol. 2020,319:G573-83. https://doi.org/10.1152/
ajpgi.00285.2020.

Chen X, Ning J, Li Q, et al. Prediction of acute pancreatitis complications
using routine blood parameters during early admission. Immun Inflamm Dis.
2022;10:e747. https://doi.org/10.1002/iid3.747.

WenY, Xu L, Zhang D, et al. Effect of early antibiotic treatment strategy on
prognosis of acute pancreatitis. BMC Gastroenterol. 2023;23:431. https://doi.o
rg/10.1186/512876-023-03070-1.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1016/j.pan.2013.07.063
https://doi.org/10.1016/j.pan.2013.07.063
https://doi.org/10.1007/s10620-022-07793-1
https://doi.org/10.1016/j.pan.2019.09.008
https://doi.org/10.1186/s12879-023-08230-y
https://doi.org/10.1111/jgh.14748
https://doi.org/10.1111/jgh.14748
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1038/s41598-022-19123-6
https://doi.org/10.1038/s41598-022-19123-6
https://doi.org/10.1016/S0140-6736(21)02377-1
https://doi.org/10.1001/jama.2021.5789
https://doi.org/10.1002/bjs.6447
https://doi.org/10.1002/bjs.6447
https://doi.org/10.1097/MEG.0000000000001847
https://doi.org/10.1007/s10620-008-0668-1
https://doi.org/10.1007/s10620-008-0668-1
https://doi.org/10.1186/s40779-020-00265-5
https://doi.org/10.1080/13651820310001108
https://doi.org/10.1080/13651820310001108
https://doi.org/10.1159/000201373
https://doi.org/10.1097/MPA.0000000000000998
https://doi.org/10.1097/MPA.0000000000000998
https://doi.org/10.1097/CM9.0000000000000603
https://doi.org/10.1097/CM9.0000000000000603
https://doi.org/10.1007/s11605-014-2662-6
https://doi.org/10.1007/s11605-014-2662-6
https://doi.org/10.1002/jhbp.221
https://doi.org/10.1002/jhbp.221
https://doi.org/10.1186/s13054-019-2681-5
https://doi.org/10.1007/BF02091521
https://doi.org/10.1007/BF02091521
https://doi.org/10.1016/j.pan.2019.06.004
https://doi.org/10.1016/j.pan.2019.06.004
https://doi.org/10.1007/s10620-021-07063-6
https://doi.org/10.1007/s10620-021-07063-6
https://doi.org/10.1097/00006676-200105000-00012
https://doi.org/10.1152/ajpgi.00285.2020
https://doi.org/10.1152/ajpgi.00285.2020
https://doi.org/10.1002/iid3.747
https://doi.org/10.1186/s12876-023-03070-1
https://doi.org/10.1186/s12876-023-03070-1

	﻿Impact of invasive infections on clinical outcomes in acute pancreatitis: early predictive factors and implications for prophylactic anti-infective therapy
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Institutional treatment standards of acute pancreatitis
	﻿Statistical analyses

	﻿Results
	﻿Patient cohort and baseline characteristics
	﻿Outcome analysis of the unmatched patient cohort
	﻿Patient characteristics and outcome analysis after propensity score matching
	﻿Early risk factors for bacterial load and invasive infection in acute pancreatitis
	﻿Pathogens from microbiological cultures of the acute pancreatitis patient cohort

	﻿Discussion
	﻿References


