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Abstract
Background  Secondary infection is an important factor affecting mortality and quality of life in patients with severe acute 
pancreatitis. The characteristics of secondary infection, which are well known to clinicians, need to be re-examined in detail, 
and their understanding among clinicians needs to be updated accordingly.
Aim  This study aims to investigate the characteristics and drug resistance of pathogens causing severe acute pancreati-
tis (SAP) secondary infection, to objectively present infection situation, and to provide reference for improved clinical 
management.
Methods  A retrospective analysis was performed on 55 consecutive patients with SAP who developed secondary infection 
with an accurate evidence of bacterial/fungal culture from 2016 to 2018. The statistics included the spectrum and distribution 
of pathogens, the drug resistance of main pathogens, and associations between multiple infectious parameters and mortality.
Results  A total of 181 strains of pathogens were isolated from (peri)pancreas; bloodstream; and respiratory, urinary, and 
biliary systems in 55 patients. The strains included 98 g-negative bacteria, 58 g-positive bacteria, and 25 fungi. Bloodstream 
infection (36.5%) was the most frequent infectious complication, followed by (peri)pancreatic infection (32.0%). Acinetobac-
ter baumannii, Pseudomonas aeruginosa, Klebsiella pneumoniae, Escherichia coli, and Stenotrophomonas maltophilia were 
predominant among gram-negative bacteria. Gram-positive bacterial infections were mainly caused by Enterococcus faecium 
and Staphylococcus spp. Fungal infections were predominantly caused by Candida spp. The drug resistance of pathogens 
causing SAP secondary infection was generally higher than the surveillance level. Patients in the death group were older 
(55 ± 13 years vs. 46 ± 14 years; p = 0.039) and had longer intensive care unit (ICU) stay (14 vs. 8; p = 0.026) than those in 
the survival group. A. baumannii infection (68.4% vs. 33%; p = 0.013), number of pathogens ≥ 4 (10 vs. 6; p = 0.005), pan-
creatic infection (14 vs. 15, p = 0.024), and urinary infection (8 vs. 5; p = 0.019) were significantly associated with mortality.
Conclusion  Gram-negative bacteria are the main pathogens causing SAP secondary infection, in which nosocomial infections 
play a major role. The drug resistance profile of gram-negative bacteria is seriously threatening, and the commonly used 
antibiotics in SAP are gradually losing their effectiveness. Much attention should be paid to the rational use of antibiotics, 
and strategies should be established for infection prevention in SAP.
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Introduction

As a common acute abdomen in clinical, severe acute pan-
creatitis (SAP) is the most critical form of acute pancrea-
titis and accounts for approximately 10% of such cases [1, 

2]. SAP is characterized by high mortality and morbidity, 
rapid progression in the early phase, and requirement of 
emergency treatment. In addition to the high risk of death 
caused by systemic inflammatory response syndrome and 
organ failure in the early phase of the disease, local or 
systemic infectious complications occurring in the mid-
dle and late stages are responsible for the high mortal-
ity of SAP, resulting in the second death peak of SAP. 
Approximately one-third of patients with AP suffer from 
the complications of extrapancreatic infection [3], and 
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approximately one-third of those with acute necrotizing 
pancreatitis subsequently suffer from pancreatic infection 
[4]; moreover, patients with necrotizing pancreatitis are 
more than twice as likely to die if the necrosis becomes 
infected [5]. Despite decades of fundamental and clini-
cal research on SAP secondary infection, strategies for 
prevention and control of this infection remain insuffi-
cient for effective management. Apart from the obvious 
prognostic effect of early enteral nutrition and STEP-UP 
approach for delayed surgical intervention advocated in 
recent years [6–8], minimal encouraging progress in the 
prevention and treatment of secondary infection has been 
achieved. Research on the pathogenic spectrum of SAP 
secondary infection has been performed worldwide for 
many years [9–12], and relatively stable and consistent 
conclusions have been made. However, the spectrum and 
drug resistance of pathogenic bacteria/fungi causing SAP 
secondary infection would vary with time, region, dis-
ease severity, and intervention methods due to the natu-
ral characteristics of pathogenic microorganisms. In this 
retrospective study, we aimed to elucidate the etiological 
characteristics of SAP secondary infection.

Patients and Methods

Patients

Fifty-five consecutive patients with SAP who developed 
secondary infection with an accurate evidence of bacte-
rial/fungal culture were selected from the First Affiliated 
Hospital of the China Medical University from January 
2016 to January 2018. The clinical baseline character-
istics of the patients are shown in Table 1. The patients 
included 38 men and 17 women, with an average age of 
49 ± 14 years, all of which were first-onset cases. All 
patients were retrospectively diagnosed with SAP accord-
ing to the criteria of revised Atlanta classification [13]. 
Marshall/SOFA scoring criteria were used to repeatedly 
assess the presence of persistent organ failure. Organ 
failures were defined as follows: 1) respiratory failure: 
PaO2 < 60 mmHg and need for mechanical ventilation; 
2) renal failure: urine volume < 400  mL/24  h, serum 
creatinine > 170 μmol/L, and need for hemofiltration; 
3) circulatory failure: hypotension, systolic blood pres-
sure < 90 mmHg, and need for inotropic and/or vasoactive 
agents. The main complications included abdominal com-
partment syndrome, acute respiratory distress syndrome, 
acute kidney injury, acute heart failure, local pancreatic 

Table 1   Clinical and laboratory 
characteristics of 55 patients 
with SAP

MODS multiple organ dysfunction

Characteristics No. or mean ± SD Range or percentage

Age, year 49 ± 14 27–79
Male 38 69%
Female 17 31%
Etiology
 Gallstone 20 36%
 Hyperlipidemia 15 28%
 Alcohol 11 20%
 Idiopathy 9 16%

Leukocyte count at admission, * 109/L 14.73 ± 5.20 normal: 3.5–9.5 3.44–29.42
Serum calcium ion concentration at admission, 

mmol/L
1.66 ± 0.38 0.82–2.29

No. of patients complicated with MODS 30 55%
Interval from onset to infection, day 16.4 ± 12.7 1–60
Length of hospitalization, day 49.4 ± 35.1 5–170
Patients admitted to ICU 42 76.4%
Length of ICU stay, d 20 ± 14.3 4–66
Mortality 19 34.5%
Cause of death
 Infection 14 73.7%
 Organ failure 2 10.5%
 Massive intraperitoneal hemorrhage 2 10.5%
 Acute pulmonary embolism 1 5.3%
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complications, hemorrhage (gastrointestinal, intra-
abdominal, retroperitoneal), venous thrombosis, digestive 
tract fistula, pancreatic encephalopathy, and secondary 
infection. The criteria for secondary infections included 
typical clinical manifestations of infection; significant 
abnormalities in the biomarkers of infection; and, most 
importantly, positive results obtained in the microbiologi-
cal examination of specimens.

Treatments of SAP Based on STEP‑UP Approach

After admission, patients were treated with adequate fluid 
resuscitation, gastrointestinal decompression and fasting 
(on first 1–3 days), PPIs, somatostatin, and analgesia and 
were closely monitored for organ functions. For (peri)
pancreatic necrosis, if no secondary infection occurred, 
conservative treatment was administered to closely 
observe changes in necrotic tissues; antibiotics (quinolo-
nes, third-generation cephalosporins, cefoperazone–sul-
bactam, and carbapenems) were empirically administrated 
when necessary and were adjusted according to the drug 
susceptibility of pathogens. We collected blood/secretion/
body fluid/catheter tip sample from the suspected system 
with infection for bacterial/fungal culture and identifica-
tion of the causative pathogen when symptoms such as 
chills and persistent fever (≥ 38 °C) appeared in patients 
and when abnormal levels of inflammatory biomarkers 
were noted. Fine-needle aspiration is not widely used for 
the diagnosis of infected necrotizing pancreatitis because 
of its relatively high false-negative rates and similar diag-
nostic accuracy with other clinical diagnostic tools [14]. 
CT-assisted percutaneous catheter drainage (PCD) was 
performed in patients with clinically confirmed second-
ary infection of necrotic tissues of the (peri)pancreas and 
failure of conservative treatment. Necrotic tissue and 
fluid were collected during PCD for bacterial/fungal cul-
ture and drug susceptibility test. Continuous irrigation 
and drainage of necrotic tissues were performed through 
indwelling drainage tubes. Surgery (minimally invasive 
or open) was performed according to patients’ condition, 
tolerance, and lesion extent when their condition tended 
to deteriorate or emergency complications arose (hemor-
rhage or rupture of pseudocyst) or when no significant 
improvement was observed in the absorption of retrop-
eritoneal and/or peritoneal necrotic tissues and effusion 
approximately 4 weeks after onset. Repeated operations 
were performed if necessary.

Regarding antibiotic use, all patients were adminis-
tered antibiotics in early stage (within 3 days of onset), 
with some of them used empirically for clinical infections 
and others used prophylactically in critically ill patients.

Microbiological Examination and Standards

Microbiological examinations were performed and reported 
by the Clinical Laboratory Department of the First Affiliated 
Hospital of China Medical University, which is one of the 
network centers of WHO for bacterial resistance surveil-
lance (six centers in China). All samples were collected and 
transported using standard procedures [15]. Blood samples 
were cultured under anaerobic and aerobic conditions using 
BACTEC 9240 system (Becton, Dickinson and Company, 
USA). All other samples were cultured under aerobic con-
dition. Negative results of blood culture were not reported 
until 120 h of culture. Columbia sheep blood agar (5%), 
MacConkey agar, chocolate agar, and Sabouraud dextrose 
agar were used. VITEK-2, VITEK-MS system (bioMerieux, 
France), and BD Phoenix-100 system (Becton, Dickinson 
and Company, USA) were used for identification and suscep-
tibility tests. The results were interpreted according to the 
CLSI criteria [16]. The susceptibility test for tigecycline was 
performed according to U.S. FDA criteria (https​://www.fda.
gov/Drugs​/Devel​opmen​tAppr​ovalP​roces​s/Devel​opmen​tReso​
urces​/). In case of suspicious microbiological reports (false-
negative results, suspected contaminated samples), addi-
tional samples were collected for correction after obtaining 
the report to ensure the accuracy of microbiological results. 
Quality control strains for susceptibility testing included 
Escherichia coli ATCC 25922, Pseudomonas aeruginosa 
ATCC 27853, and Staphylococcus aureus ATCC 29213.

Data Management and Statistical Analysis

Data were collected using Excel 2016, and SPSS 20.0 was 
used for further statistical analysis. Only one strain was 
recorded when the same pathogen appeared repeatedly in 
the same sample of one patient. Quantitative variables were 
presented as mean ± SD for normal distribution and median 
for non-normal distribution. Categorical variables were pre-
sented as absolute numbers and percentages. Continuous 
normally distributed variables were analyzed using t test, 
and continuous non-normally distributed variables were 
evaluated using Mann–Whitney U test. Chi-square test was 
performed on categorical variables. Tests were two tailed, 
and p < 0.05 indicated significance.

Results

Spectrum and Distribution of Pathogens

A total of 181 strains of pathogenic bacteria were isolated 
from (peri)pancreatic fluid and necrotic tissue, blood and 
catheter tip, respiratory system (tracheobronchial aspirates/
sputum/thoracic drainage), urine, and bile of 55 patients 

https://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResources/
https://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResources/
https://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResources/
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(Table 2). The strains included 98 (54.14%) gram-nega-
tive bacteria, 58 (32.04%) gram-positive bacteria, and 25 
(13.82%) fungi. Gram-negative bacteria were the main path-
ogens causing infectious complications of SAP.

Most patients (39/55) suffered from polymicrobial and 
multi-system infections. Among gram-negative bacteria, 
the main pathogens were Acinetobacter baumannii, P. aer-
uginosa, Klebsiella pneumoniae, E. coli, and Stenotropho-
monas maltophilia (in the descending order of infection 
frequency). Enterococcus faecium and Staphylococcus spp. 
(S. aureus, S. hominis, and S. epidermidis) were the main 
gram-positive bacteria. Candida albicans, C. parapsilosis, 

C. guilliermondii, and C. glabrata were the main fungi, with 
infection rates being similar for all of them.

The main infectious pathogens are listed in Table 2. 
However, there were 30 other pathogens that have not 
been included due to their low frequency; these patho-
gens included Enterobacter cloacae, Serratia marcescens, 
Corynebacterium diphtheriae, Enterobacter aerogenes, 
Sphingomonas paucimobilis, A. calcoaceticus, Aeromonas 
hydrophila, S. warneri, S. cohnii, Enterococcus faecalis, 
Burkholderia cepacian, Ralstonia pickettii, Brevundimonas 
diminuta, S. lentus, and C. striatum.

Pathogenic spectrum characteristics were classified 
according to the site of infection (Table 3). Gram-negative 
bacteria were the main pathogens in (peri)pancreatic infec-
tion, with A. baumannii showing the highest infection fre-
quency. Gram-positive bacteria were the main pathogens in 
bloodstream and biliary infections, and urinary infections 
were mainly fungal.

Data on the distribution of the pathogens are as follows: 
(1) Fifty-eight (32.0%) pathogenic strains were isolated from 
necrotic tissue/drainage fluid of (peri)pancreas and included 
38 g-negative bacteria, 18 g-positive bacteria, and two fungi. 
(2) Sixty-six (36.5%) pathogenic strains were isolated from 
bloodstream and included 31 g-positive bacteria, 21 g-neg-
ative bacteria, and 14 fungi; the main pathogens were 
Staphylococcus spp., followed by A. baumannii and fungi. 
(3) Thirty-four (18.8%) pathogenic strains were isolated 
from tracheobronchial aspirate/sputum/thoracic drainage 
and included 29 g-negative bacteria, 3 g-positive bacteria, 
and two fungi; A. baumannii accounted for approximately 
62% of the pathogens causing respiratory infections and for 
86% of the pathogens when combined with P. aeruginosa 
(representing nosocomial infections). (4) Nineteen (10.5%) 
pathogenic strains were isolated from urine and included 
9 g-negative bacteria, eight fungi, and 2 g-positive bacte-
ria; fungal infections caused by C. albicans and C. glabrata 
were predominantly observed. (5) Four (2.2%) pathogenic 
strains were isolated from bile and included 3 g-positive and 
1 g-negative bacteria.

Table 2   Composition of pathogens causing secondary infections in 
55 patients with SAP

Pathogens Strains Constituent 
ratio (%)

Gram-negative bacteria 98 54.14
 Acinetobacter baumannii 41 22.65
 Pseudomonas aeruginosa 14 7.73
 Klebsiella pneumoniae 13 7.18
 Escherichia coli 10 5.52
 Stenotrophomonas maltophilia 6 3.31
 Others 14 7.73

Gram-positive bacteria 58 32.04
 Enterococcus faecium 18 9.94
 Staphylococcus aureus 8 4.42
 Staphylococcus hominis 8 4.42
 Staphylococcus epidermidis 8 4.42
 Others 16 8.84

Fungus 25 13.82
 Candida albicans 7 3.87
 Candida parapsilosis 7 3.87
 Candida guilliermondii 6 3.31
 Candida glabrata 5 2.76

Total 181 100

Table 3   Pathogens classified according to the site of infection

Infection sites No. (n = 181) Pathogens

Bloodstream 36.5% (66) Staphylococcus hominis(8), Acinetobacter baumannii(7), Candida guilliermondii(6), Candida parapsilo-
sis(6), Staphylococcus epidermidis(6), Klebsiella pneumoniae(4), Enterococcus faecium(4), Staphylo-
coccus aureus(3), etc.

(Peri)Pancreatic tissue 32.0% (58) Acinetobacter baumannii(13), Enterococcus faecium(9), Klebsiella pneumoniae(6), Escherichia coli(5), 
Pseudomonas aeruginosa(4), Staphylococcus aureus(3), Stenotrophomonas maltophilia(3), etc

Respiratory tract 18.8% (34) Acinetobacter baumannii(18), Pseudomonas aeruginosa(7), Staphylococcus aureus(2), Klebsiella pneu-
moniae(1), Candida glabrata(1), Stenotrophomonas maltophilia(1), etc

Urinary tract 10.5% (19) Candida albicans(4), Candida glabrata(4), Escherichia coli(3), Enterococcus faecium(2), Acinetobacter 
baumannii(2), etc

Biliary tract 2.2% (4) Enterococcus faecium(3), Acinetobacter baumannii(1)
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Drug Resistance Rates of Gram‑Negative Bacteria

In this study, the resistance of 12 pathogens (146 strains), 
with high frequency of infection, to commonly used antibi-
otics was analyzed; the tested strains included 4 g-negative 
bacteria (79 strains), 4 g-positive bacteria (41 strains), and 
four fungi (26 strains). The bacterial resistance rates were 
significantly higher than the annual monitoring level of 
our medical center and the national data reported by China 
Antimicrobial Surveillance Network (CHINET) [17]. No 
obvious drug resistance in fungi was observed.

Cefazolin had no effect on the 4 g-negative bacteria, and 
they were 100% resistant to this antibiotic. P. aeruginosa, 
E. coli, and K. pneumoniae were sensitive to tigecycline 
and exhibited no drug resistance. The sensitivity of E. coli 
and K. pneumoniae to carbapenems and cephalosporin 
enzyme inhibitors was higher than that to other antibiot-
ics. The drug resistance issue was worst with A. bauman-
nii; this microorganism exhibited 100% resistance rate to 
penicillin, cephalosporins, and piperacillin–tazobactam; 
92.5% resistance rate to carbapenems; and 5.9%, 55.6%, 
70.7%, and 73.1% resistance rates to tigecycline, cefopera-
zone–sulbactam, quinolones, and aminoglycosides, respec-
tively (Fig. 1). The resistance rates of P. aeruginosa were 
100% to cefazolin, cefuroxime, and ceftriaxone; 53.5% to 
carbapenems; 25.0%, 26.2%, 21.4%, and 14.3% to quinolo-
nes, aminoglycosides, piperacillin, and piperacillin–tazo-
bactam, respectively; and 21% to ceftazidime and fourth-
generation cephalosporins. The resistance rates of E. coli 
to quinolones, carbapenems, amikacin, third-generation 
cephalosporins, and fourth-generation cephalosporins 
were 90.0%, 10.0%, 0%, 70.0%, and 60.0%, respectively. 
The resistance rates of K. pneumoniae to quinolones, car-
bapenems, third-generation cephalosporins, and fourth-
generation cephalosporins were 69.2%, 7.7%, 62.5%, and 
46.2%, respectively.

Drug Resistance Rates of Gram‑Positive Bacteria

The antibiotic resistance rates of gram-positive bacteria were 
slightly lower than those of gram-negative bacteria (Fig. 2). 
The 4 g-positive pathogens were sensitive to linezolid, tige-
cycline, vancomycin, and quinupristin–dalfopristin, with 
no drug resistance observed against these antibiotics. All 
gram-positive pathogens, except E. faecium, were sensi-
tive to nitrofurantoin. (1) E. faecium exhibited the highest 
resistance to clindamycin (100%), followed by erythromycin 
(88.2%) and nitrofurantoin (77.8%); the resistance rates to 
gentamicin and tetracycline were 55.6% and 38.9%, respec-
tively. (2) The resistance rates of S. hominis to erythromy-
cin, SMZco, and penicillin were 100% and those to gen-
tamicin and tetracycline were relatively low (25.0%). (3) 
Eight strains of S. aureus (all methicillin-resistant S. aureus, 
MRSA) were 100% resistant to erythromycin, tetracycline, 
clindamycin, and penicillin and 59.1% resistant to quinolo-
nes. (4) S. epidermidis exhibited the highest resistance rate 
to erythromycin and penicillin (87.5%) and a relatively low 
resistance rate to gentamicin and tetracycline (25.0% and 
14.3%, respectively).

Comparison with the Surveillance System

We compared the drug resistance rates of common bacte-
ria with the annual monitoring data of our medical center 
(including the data of 11,541 strains of bacteria/fungi) and 
CHINET during the same period [12] (Table 4). The resist-
ance rates of the 4 g-negative bacteria to third-generation 
cephalosporins and quinolones were significantly higher 
than the monitoring values. Furthermore, the resistance rates 
of A. baumannii, P. aeruginosa, and E. coli to carbapenems 
were significantly higher than the monitoring values. The 
resistance rates of the 4 g-negative bacteria to cephalosporin 
enzyme inhibitors and tigecycline were relatively normal. 

Fig. 1   Drug resistance rates of 
4 g-negative bacteria. There 
were no data on the resistance 
of P. aeruginosa to aztreonam 
and tigecycline, and no data on 
the resistance of K. pneumoniae 
to cefoperazone–sulbactam and 
tigecycline
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The resistance rate of K. pneumoniae to carbapenems was 
significantly lower than the monitoring value. 

The resistance rate of E. faecium to antibiotics did not 
exceed the acceptable range, except for the resistance rate to 
nitrofurantoin, which was higher than the monitoring value. 
The eight strains of S. aureus were all MRSA, indicating 
the prevalence of MRSA to be 100%, which was higher 
than the monitoring value (center: 25.4%, nation: 34.4%). 
In addition, the prevalence of methicillin-resistant coagu-
lase-negative staphylococci (MRCNS) was 75.0% (18/24), 
which was higher than the monitoring value of our medical 
center (67.6%) but lower than the national monitoring value 
(77.5%).

Associations Between Baseline/Infectious 
Parameters and Mortality

Nineteen deaths were recorded, and the mortality rate was 
34.5% (Table 5). The mean age and length of ICU stay of 
the death group were significantly higher than those of the 
survival group (55 ± 13 vs. 46 ± 14 years; p = 0.039; 14 vs. 
8 days; p = 0.026). A. baumannii infection (68.4% vs. 33%; 
p = 0.013), number of pathogens ≥ 4 (10 vs. 6; p = 0.005), 
(peri)pancreatic infection (14 vs. 15; p = 0.024), and urinary 
infection (8 vs. 5; p = 0.019) were significantly associated 
with mortality. Although P. aeruginosa (31.6% vs. 11.1%; 
p = 0.061), K. pneumoniae (31.6% vs. 11.1%; p = 0.061), and 

Fig. 2   Drug resistance rates 
of 4 g-positive bacteria. There 
were no data on the resistance 
of E. faecium to oxacillin, 
SMZco, and rifampicin
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Table 4   Comparison of resistance rates between the study and annual surveillance report of CHINET and medical center

Nation: surveillance of bacterial resistance across China; Center: surveillance of the First Affiliated Hospital of China Medical University; P. 
aeruginosa: Pseudomonas aeruginosa; K. pneumoniae: Klebsiella pneumoniae; A. baumannii: Acinetobacter baumannii; E. coli: Escherichia 
coli

Antibiotics P. aeruginosa K. pneumoniae

Nation Center Study Nation Center Study

Third-generation cephalosporin < 20.0 57.1 60.7 34.5 39.3 62.5
Piperacillin–tazobactam 13.8 16.9 14.3 18.9 21.5 15.4
Quinolones 16.7 11.5 25.0 27.8 32.1 69.2
Imipenem 28.7 34.6 50.0 15.4 18.3 7.7
Meropenem 25.3 28.5 57.1 17.9 18.3 7.7

Antibiotics A. baumannii E. coli

Nation Center Study Nation Center Study

Third-generation cephalosporin NA 77.8 100 56.6 41.6 70.0
Cefoperazone–sulbactam 43.0 57.7 55.6 NA NA NA
Piperacillin–tazobactam NA NA NA 4.0 4.2 10.0
Quinolones NA 63.5 70.7 52.9 67.7 90.0
Imipenem 68.6 80.8 95.1 1.3 2.3 10.0
Meropenem 71.4 NA 90.9 1.8 2.0 10.0
Tigecycline 8.7 3.0 5.9 0.4 0.5 0
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S. aureus (26.3% vs. 8.3%; p = 0.072) infection rates were 
not significantly different between the two groups, the infec-
tion rates in the death group were higher than those in the 
survival group.

Discussion

Local or systemic infectious complications secondary to 
SAP are the main cause of aggravation in the late phase of 
the disease and may even lead to death due to uncontrol-
lable infections. The occurrence of infectious pancreatic 
necrosis is related to the prognosis of SAP [18]. Our study 
results indicate that bloodstream infection (36.5%) was the 
most common infectious complication, followed by (peri)
pancreatic (32.0%), respiratory (18.8%), urinary (10.5%), 
and biliary (2.2%) infections. No significant difference was 
observed in the constituent ratio of pathogens between the 
present study and prior studies [9–12]. Gram-negative bac-
teria were the main pathogens.

For the origin of pathogens causing pancreatic infection, 
the theory of “intestinal bacterial translocation” is mostly 
advocated [19], but it seems unable to explain the diversity 
of pathogens causing secondary (peri)pancreatic infection; 
non-enterogenous pathogens also constitute pathogenic bac-
teria causing (peri)pancreatic infection. Delltinger et al. [20, 
21] reported that a considerable number of patients with 
necrotizing pancreatitis had the same pathogenic bacteria 
in blood culture as those in the early stage of bacteremia; 
hematogenous seeding pathway may be another source of 
secondary infection of necrotic (peri)pancreas [22]. A. bau-
mannii was the main pathogen of (peri)pancreatic infection, 
which contradicts previous studies on bacterial spectrum 
[10–12] but coincides with the results reported by Xue 
et al. [9, 23]. However, some researchers have pointed that 
therapeutic PCD does not lead to an increase in infection 
rate [24]. A prospective RCT indicated that the percutane-
ous drainage of initially sterile collections led to coloniza-
tion in 55% of cases [25]. Hematogenous seeding pathway 
and colonization are probably the two main causes of (peri)

Table 5   Association between 
characteristics of epidemiology, 
biomarkers, infection, and 
mortality in 55 patients

*p < 0.05

Parameters Death (19) Survival (36) p

Gender (M/F) 10/9 28/8 0.055
Age 55 ± 13 46 ± 14 0.039*
Leukocyte count at admission, * 109 15.64 ± 5.62 14.25 ± 4.98 0.351
Ca2+ concentration at admission, mmol/L 1.58 ± 0.40 1.70 ± 0.38 0.265
Length of Hospitalization, day 43 45 0.431
Length of ICU stay, day 14 8 0.026*
Pathogens
 Acinetobacter baumannii 13 12 0.013*
 Enterococcus faecium 7 8 0.247
 Pseudomonas aeruginosa 6 4 0.061
 Klebsiella pneumoniae 6 4 0.061
 Escherichia coli 4 6 0.688
 Staphylococcus aureus 5 3 0.072

Number of pathogens
 1 4 16 0.086
 2 2 10 0.141
 3 3 4 0.621
 ≥ 4 10 6 0.005*

Site of infection
 Bloodstream 13 18 0.190
 (Peri)pancreas 14 15 0.024*
 Respiratory tract 12 13 0.055
 Urinary tract 8 5 0.019*
 Bile tract 1 2 0.964

MODS 12 18 0.351
Respiratory failure 18 28 0.106
Renal failure 14 23 0.463
Circulatory failure 5 10 0.908
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pancreatic infections that are mainly caused by A. bauman-
nii. In this study, A. baumannii, E. faecium, P. aeruginosa, 
and K. pneumoniae were the top four pathogens. Among 
them, a typical nosocomial infection caused by A. bauman-
nii, P. aeruginosa, and K. pneumoniae accounted for 37.6% 
of all infections, and the infection rate of A. baumannii in the 
death group was significantly higher than that in the survival 
group. The high prevalence of MRSA (100%) and MRCNS 
(75%) in our study suggests that nosocomial infections play 
an important role in the infectious complications of SAP. 
Regarding fungal infections, prior studies have reported the 
predominance of C. albicans [26, 27]; in contrast, the fungal 
infections in our study were more diverse, with four patho-
genic fungi accounting for a similar proportion of infections.

Patients with SAP also presented with persistent organ 
failure, and it was predicted that approximately 92% of them 
will develop respiratory failure, 82% will develop circulatory 
failure, and 44% will develop renal failure [28]. Organ sup-
port therapy in ICU is indispensable for almost all patients 
with SAP, and the modern critical care in ICU has indeed 
improved the outcome of SAP [29]. However, the prevalence 
of acquired infections in ICU patients is significantly higher 
than that among non-ICU patients [30]. A study showed 
that the resistance rates of A. baumannii, P. aeruginosa, and 
K. pneumoniae in ICU patients were significantly higher 
than those in patients in other wards [31]. The three bacte-
rial strains with high drug resistance rates are also the main 
gram-negative pathogens in the present study. The duration 
of ICU stay in the death group was significantly longer than 
that in the survival group. The long duration of ICU stay 
may be one of the reasons for the high rate of nosocomial 
infections. Therefore, for the management of SAP, especially 
in ICU, and on the basis of results of the present study, we 
are willing to highlight a series of strategies to reduce the 
incidence of such infections; these strategies include timely 
removal of nonessential catheters; promotion of hand 
hygiene; strict surgical nursing; and implementation of care 
bundles and antimicrobial stewardships [32]. Antimicrobial 
stewardships for acute pancreatitis are both important and 
difficult and considered a dilemma, especially in Asian coun-
tries [33]. In addition, a series of strategies such as frequent 
organ function assessment and transfer to general wards as 
soon as patients’ conditions permit should be considered 
because non-ventilated ICU–hospital-acquired pneumonia 
represents approximately two-thirds of the diagnosed cases 
of nosocomial pneumonia [34].

The results of this study suggest that increased numbers 
of pathogens and secondary pancreatic infections are related 
to the mortality of patients with SAP. This finding is consist-
ent with the results of a multicenter prospective study by 
Párniczky et al. [35]. Carvalho et al. [36] indicated that age 
was an independent predictor of mortality in AP and that 
the incidence of severe AP demonstrated an age-dependent 

rise between 23 and 58 years; in contrast, the frequency of 
mild or moderate AP did not show a similar age distribu-
tion [33]. In the present study, the average age of patients 
in the death group was significantly higher than that in the 
survival group, suggesting that age is also associated with 
mortality in SAP.

In this study, the median interval from onset to infec-
tious complications was 13 days, which means that in nearly 
half (26/55) of the patients with SAP secondary infection, 
the first infectious complication appeared within 13 days. 
Among the infectious complications, 88.5% (23/26) were 
extrapancreatic infections. The earliest case of infection was 
that of a 79-year-old male patient who was admitted 6 h after 
the onset of SAP; the bloodstream of the patient was infected 
with E. coli after 24 h. Extrapancreatic infection as a compli-
cation can help predict the severity and local complications 
of acute pancreatitis with satisfactory accuracy [37]. Com-
plications of systemic infection must be controlled in time 
and should be prioritized over the management of localized 
infections [38]. Early complications of extrapancreatic infec-
tion would force clinicians to start early antibiotic adminis-
tration, which undoubtedly prolongs the use of antibiotics 
and potentially increases the risk of bacterial resistance and 
secondary fungal infections [39].

Drug resistance of pathogens causing SAP secondary 
infection was quite serious, especially that of gram-negative 
bacteria, which exhibited resistance rates that are generally 
higher than the surveillance level of our center and nation, 
indicating the seriousness and peculiarity of SAP second-
ary infection. Most pathogens were multi-drug-resistant 
bacteria, which may be related to ICU stay, as mentioned 
above, as well as closely related to previous antibiotic treat-
ment [40, 41]. Increasing the frequency of sample collection 
from the organ systems with suspected infection and starting 
targeted drug administration as soon as possible should be 
advocated to reduce the use of broad-spectrum antibiotics. 
Prophylactic antibiotic therapy is not recommended for the 
prevention of infectious complication in AP [42]. However, 
antibiotic overuse for acute pancreatitis is very high world-
wide, especially in Asia [33]. Whether prophylactic antibi-
otics should be administrated to SAP remains controversial 
[43, 44].

The resistance rates of gram-negative bacteria to third-
generation cephalosporins and quinolones were higher than 
the surveillance levels, and the therapeutic effects of these 
antibiotics were greatly reduced. The results suggest that 
carbapenems have a satisfactory antimicrobial effect against 
K. pneumoniae; however, when applied to E. coli and P. 
aeruginosa, the effect would be lower than expected. For A. 
baumannii infection, the antimicrobial effect of carbapenems 
is likely to be negligible. Our study results suggest that the 
combination of cephalosporins and β-lactamase inhibitors is 
a better choice than carbapenems in the empirical antibiotic 



2087Digestive Diseases and Sciences (2020) 65:2079–2088	

1 3

treatment for critical infectious complications in SAP; these 
combinations include piperacillin–tazobactam and cefopera-
zone–sulbactam. Our conclusions are similar to the findings 
reported by Moka [27], who stated that tigecycline is best 
reserved as a last-resort antibiotic; carbapenems may have to 
be replaced with tigecycline as an important defense against 
critical nosocomial infections in clinical practice.

There are some limitations of this retrospective study. 
We were unable to differentiate between commensals, con-
taminants, and pathogens due to the lack of data on colony 
counts, although we practiced standard and rigorous proce-
dures for microbiological sampling, transport, and culture. 
Antibiotic administration would affect the pathogens causing 
secondary infection, whereas the data on antibiotic use in 
this study are too complicated to be analyzed. We expect 
more prospective studies, including larger samples with 
standardized antibiotic regimen in the future to reveal the 
etiological characteristics of SAP secondary infection with 
more clinical significance.

In conclusion, the pathogenic spectrum of SAP secondary 
infection is dominated by gram-negative bacteria. Nosoco-
mial infections play an important role in infectious compli-
cations. The drug resistance profile of gram-negative bac-
teria is quite serious, and the commonly used antibiotics in 
SAP are gradually losing their effectiveness. In view of the 
close association of SAP management and ICU environment 
with the increasingly serious problem of bacterial resistance 
worldwide, it can be inferred that nosocomial infections may 
play an important role in secondary infection, morbidity, 
and mortality of SAP in the future. Much attention should 
be paid to the rational use of antibiotics, and strategies for 
infection prevention should be established.
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