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Background: There are few published reports describing the clinical characteristics of acute pancreatitis (AP) patients with multi-
drug-resistant organism (MDRO) infection.
Methods: This was a retrospective analysis of AP patients with MDRO infection in West China Hospital between July 2015 and
June 2020. Basic clinical data, disease progression states, and prognoses of the MDRO and non-MDRO infection groups were
compared and analyzed. Logistic regression analysis was performed to explore the related risk factors for MDRO infection. The
prognoses of different MDRO infection types were compared.
Results: In total, 9812 AP patients were included, 2436 (24.83%) of whom had healthcare-associated infections (641 [26.31%]
MDRO infections and 1795 [73.69%] non-MDRO infections). The main MDRO strain was carbapenem-resistant Acinetobacter
baumannii (CRAB) (400/62.40%). The rate of discharge against doctor’s advice, mortality, hospitalization expenses, and hospitaliza-
tion days was higher in the MDRO infection group than in the noninfection group. By logistic regression analysis, the independent risk
factors associated with MDRO infection included male sex (OR 1.36, 95% CI 1.09~1.70), severity (OR 1.40, 95% CI 1.10~1.78), ICU
referral (OR 2.48, 95% CI 1.79~3.44), abdominal puncture (OR 2.78, 95% CI 1.93~4.02), fiberoptic bronchoscopy (OR 1.95, CI
1.35~2.81), and PICC/CVC placement (OR 1.48, CI 1.06~2.06). Compared with biliary and hypertriglyceridemia (HTG) (OR 0.94,
95% CI 0.73~1.23), alcohol (OR 0.30, 95% CI 0.19~0.47) and other etiologies (OR 0.58, 95% CI 0.41~0.81) conferred a lower risk of
MDRO infection. The carbapenem-resistant Klebsiella pneumoniae (CRKP) infection rate was highest in the patients who died.
Conclusion: The CRAB proportion was highest in AP patients with MDRO infection. MDRO infection is related to many factors, has
a poor prognosis, and increases the patient burden. CRKP infection is directly related to poor prognosis.
Keywords: acute pancreatitis, multidrug-resistant organisms, infection

Introduction
Acute pancreatitis (AP) is a common critical disease of the digestive system, and its incidence is increasing yearly.1 Mild
AP is usually relieved spontaneously within 1–2 weeks. Approximately 20% of patients develop moderate to severe AP,
with a mortality rate of 20–40%.2–4 Organ failure and infection secondary to peripancreatic necrosis may be two
independent risk factors for a poor AP prognosis.5,6 In the past 10 years, the treatment concept changed from early
surgery to conservative treatment with internal medicine, minimally invasive surgery, and endoscopic surgery, which
improved the cure rate of AP.7 Changes in surgical methods have reduced the need for invasive operations, but the
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infection caused by multidrug-resistant organisms (MDROs) shows an upward trend and affects the prognosis of AP
patients.8–10 Therefore, it is necessary to conduct a large-sample survey of AP patients with MDRO infection and
summarize the clinical characteristics of such patients to provide a basis for the prevention and identification of early
infections and treatment and prevention measures.

Scholars have performed some studies on the clinical progress and prognoses of patients with partial infectious
pancreatic necrosis (IPN) and walled-off pancreatic necrosis (WOPN) combined with MDRO infection.8–11 However,
due to the small sample size, there are certain limitations in comprehensively describing the clinical characteristics,
influencing factors, and disease prognosis of MDRO infection in AP. Therefore, this study aimed to further expand the
sample size and retrospectively analyze the clinical data of AP patients with MDRO infection admitted to West China
Hospital of Sichuan University over the past five years to explore the effect of MDRO infection on the progression and
prognosis of AP.

Methods
Study Design and Data Collection
We retrospectively analyzed the clinical data of AP patients admitted to West China Hospital of Sichuan University
(including multiple hospitalized patients, counted by cases) between July 2015 and June 2020 (in a total of five years).
AP patients were mostly admitted to the following departments: integrated traditional Chinese and Western Medicine,
pancreatic surgery, gastroenterology, and the ICU. The inclusion criteria were as follows: patients diagnosed with AP and
hospitalized at West China Hospital, Sichuan University between July 2015 and June 2020. The exclusion criteria were
as follows:① age < 18 years,② hospital stay < 24 hours, and ③ incomplete main research indicators. The members of
this study group included clinicians, information center engineers, hospital infection management department research-
ers, statisticians, research nurses, hospital infection prevention and control nurses, and clinical nurses. The diagnoses and
classifications of all patients were conducted by recognized international guidelines.12 This study protocol was approved
by the institutional review committee of West China Hospital, Sichuan University (Approval number: 20201245). The
ethics committee waived informed consent because this was a retrospective study. Patient data came from the medical
record system, no names or identifying information were indicated on the checklists, and confidentiality was assured
throughout the study. The methods were carried out following the relevant guidelines and regulations of the West China
Hospital, Sichuan University. Our study was conducted in accordance with the Declaration of Helsinki.13

Definition
The diagnoses and severity classifications of AP patients were based on the 2012 Atlanta International Consensus.12

Regarding the etiologies, biliary AP was defined as choledocholithiasis or other biliary-related factors associated with
AP. HTG-AP was defined as serum triglyceride (TG) level ≥1000 mg/dl on admission after ruling out common
etiologies.14 Alcoholic AP was defined as a drinking history >35 standard drinks per week, especially with a pattern
of binge drinking.15 Other causes included autoimmune diseases, endoscopic retrograde cholangiopancreatography
(ERCP), drug-induced diseases, and trauma.16,17 The measures of the prognoses included discharge against doctor’s
advice, mortality, hospitalization expenses, and hospitalization days. These were recorded during the index hospitaliza-
tion or during 3 months of follow-up. The diagnostic criteria for hospital infection management issued in China in 200118

and the relevant provisions of the United States Centers for Disease Control and Prevention19 were used to classify the
specimen sources and sites of drug-resistant bacterial infections. MDROs are defined as bacteria that are resistant to
commonly used antibiotics of three or more categories.20 In this study, different types of drug-resistant bacteria in the
same infected patient were statistically analyzed separately and counted as individual cases. When the same type of drug-
resistant bacteria was detected in specimens from different tissues of the same patient, statistical analysis was carried out
on only the first specimen sent for inspection. AP was treated by medical treatment strategies and surgical treatment
strategies. The commonly used surgical methods included percutaneous catheter drainage (PCD), minimally invasive
retroperitoneal pancreatic necrosis removal (MARPN), and open pancreatic necrosis removal (OPN).8,9,16 The commonly
performed invasive operations mainly included abdominal puncture, chest puncture, fiberoptic bronchoscopy, deep vein
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catheterization (peripherally inserted central catheters [PICCs] and central venous catheters [CVCs]), arterial catheter
insertion, continuous renal replacement therapy (CRRT), and tracheal intubation.

Statistical Analysis
The entered data were checked for accuracy and normality using the Kolmogorov–Smirnov test. Continuous variables are
expressed as the mean and standard deviation (normally distributed) or as the median and interquartile range (non-
normally distributed). Qualitative variables are expressed as the number and percentage, while quantitative variables are
expressed as the mean and standard deviation. The t test or Mann–Whitney test was chosen to compare continuous
variables, and the chi-squared test or Fisher’s exact test was used to compare categorical variables. Factors associated
with MDRO infection were identified using multivariate logistic regression analysis. The odds ratio (OR) and 95%
confidence interval (CI) were calculated. Results with a two-sided p value less than 0.05 were deemed statistically
significant. All analyses were completed with Microsoft Excel 2016 and IBM SPSS (version 22.0).

Results
Patient Infections
This study analyzed the medical records of patients with AP who were first diagnosed at West China Hospital of Sichuan
University between July 2015 and June 2020. A total of 9812 patients with AP were admitted within 5 years. There were
2436 patients with healthcare-associated infections (including nosocomial infection and out-of-hospital entry), including
641 cases of nosocomial MDRO infection (26.31%) and 1795 cases of non-MDRO infection (73.69%). A total of
53.20% of specimens were collected from sputum, followed by peritoneal drainage fluid (32.92%) and blood (9.67%).
The main MDRO strain was carbapenem-resistant Acinetobacter baumannii (CRAB) (400/62.40%), followed by
carbapenem-resistant Klebsiella pneumoniae (CRKP) (121/18.88%) and carbapenem-resistant Pseudomonas aeruginosa
(CRPA) (65/10.14%). There were 436 cases of nosocomial MDRO infection (68.02%) and 205 cases of external hospital
infection (31.98%).A total of 364 patients (83.49%) had used antibiotics before MDRO infection (Supplemental Table 1).

Basic Clinical Data, States of Disease Progression, and Prognoses of Patients
The basic clinical data, states of disease progression, and prognoses of the MDRO infection group and non-MDRO
infection group were analyzed by single-factor analysis. The results showed that the proportion of male and severe AP in
the MDRO infection group was higher. Biliary and HTG-AP were apparently higher than alcohol in the MDRO infection
group. The proportions of patients who underwent invasive procedures and operations and ICU referrals in the MDRO
infection group were significantly higher than those in the non-MDRO infection group. In terms of prognosis, the rate of
discharge against doctor’s advice, mortality, hospitalization expenses, and hospitalization days was worse than those in
the non-MDRO infection group (P < 0.05) (Table 1).

Logistic Regression Analysis of Influencing Factors of MDRO Infection in AP Patients
By logistic regression analysis, the independent risk factors associated with MDRO infection included male sex (OR
1.36, 95% CI 1.09~1.70), severity (OR 1.40, 95% CI 1.10~1.78), ICU referral (OR 2.48, 95% CI 1.79~3.44), abdominal
puncture (OR 2.78, 95% CI 1.93~4.02), fiberoptic bronchoscopy (OR 1.95, CI 1.35~2.81), and PICC/CVC placement
(OR 1.48, CI 1.06~2.06). Compared with biliary and hypertriglyceridemia (HTG) (OR 0.94, 95% CI 0.73~1.23), alcohol
(OR 0.30, 95% CI 0.19~0.47) and other etiologies (OR 0.58, 95% CI 0.41~0.81) conferred a lower risk of MDRO
infection (Table 2).

Effects of Different Drug-Resistant Bacteria on Patient Prognosis
By analyzing the effects of different drug-resistant bacterial infections on patient prognosis, we found that the mortality
rate of patients with CRKP infection was the highest among the patients who died (Table 3).
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Discussion
This study was a large-scale investigation of the status of AP combined with MDRO infection in tertiary hospitals in
China and was performed to evaluate the drug-resistant bacterial status, clinical characteristics, and prognosis of patients
with infection. We found that MDRO infection was associated with adverse clinical outcomes, including a high rate of
discharge against doctor’s advice, high mortality, high hospitalization expenses, and long hospitalization days. Thus,
MDRO infection may be one of the main obstacles in preventing and treating the complications of AP infection in

Table 1 Comparison of Baseline Characteristics and Outcomes Between Patients with and without MDROs

Parameters MDROs Infection
Group (n=641)

Non-MDROs Infection
Group (n=1795)

Statistical Value
(t/χ2/Z)

P value

Age, years, n (%) −3.83 <0.001

18~44 260 (40.6) 625 (34.8)

45~59 240 (37.4) 621 (34.6)

≥60 141 (22) 549 (30.6)

Sex, male, n (%) 422 (65.8) 1046 (58.3) 11.28 0.001

Severe AP, n (%) 394 (61.5) 593 (33.0) 158.41 <0.001

Etiology, n (%) 25.68 <0.001

Biliary 373 (58.2) 937 (52.2)

HTG 168 (26.2) 411 (22.9)

Alcohol 33 (5.1) 188 (10.5)

Other 67 (10.5) 259 (14.4)

Invasive procedure, n (%)

Abdomen puncture 411 (64.1) 437 (24.3) 329.26 <0.001

Chest puncture 136 (21.2) 107 (6.0) 122.41 <0.001

Fiberoptic bronchoscopy 156 (24.3) 68 (3.8) 238.86 <0.001

PICC/CVC placement 230 (35.9) 150 (8.4) 271.80 <0.001

Arterial catheterization 78 (12.2) 63 (3.5) 64.94 <0.001

CRRT, n (%) 24 (3.7) 24 (1.3) 14.17 <0.001

Tracheal intubation, n (%) 288 (44.9) 229 (12.8) 292.41 <0.001

Operation, n (%) 458 (71.5) 627 (34.9) 255.03 <0.001

ICU referral, n (%) 356 (55.5) 271 (15.1) 404.14 <0.001

Discharged without doctor’s advice,
n (%)

199 (31.0) 211 (11.8) 125.56 <0.001

Mortality, n (%) 42 (6.6) 42 (2.3) 25.17 <0.001

Hospitalization expenses, dollars (K),

median (IQR)

28.75 (20.30,46.03) 4.60 (2.64,7.74) 35.70 <0.001

Hospitalization days 30 (21, 42) 13 (9, 19) 23.80 <0.001

Abbreviations: HTG, hypertriglyceridemia; PICC, peripherally inserted central catheter; CVC, central venous catheter; CRRT, continuous renal replacement therapy; ICU,
intensive care unit; IQR, interquartile range.
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Table 2 Logistic Regression Analysis of AP Patients with MDRO Infection

Variables B S.E. Wald OR 95% CI P value

Male 0.31 0.11 7.38 1.36 1.09–1.70 0.007

Age

18~44 – – 3.65 – – –

45~59 −0.09 0.12 0.49 0.92 0.72–1.17 0.486

≥60 −0.28 0.15 3.62 0.76 0.57–1.01 0.057

Severe 0.34 0.12 7.70 1.40 1.10–1.78 0.006

Etiology

Biliary – – 35.12 – – –

HTG −0.06 0.14 0.19 0.94 0.73–1.23 0.665

Alcohol −1.20 0.23 27.24 0.30 0. 19–0.47 <0.001

Others −0.55 0.17 10.22 0.58 0.41–0.81 0.001

ICU referral, n (%) 0.91 0.17 30.03 2.48 1.79–3.44 <0.001

Operation −0.02 0.20 0.01 0.98 0.66–1.44 0.908

Invasive procedure

Abdomen puncture 1.02 0.19 29.81 2.78 1.93–4.02 <0.001

Chest puncture 0.14 0.18 0.61 1.15 0.81–1.61 0.435

Fiberoptic bronchoscope 0.67 0.19 12.56 1.95 1.35–2.81 <0.001

PICC/CVC placement 0.39 0.17 5.25 1.48 1.06–2.06 0.022

Arterial catheterization −0.15 0.25 0.36 0.86 0.52–1.41 0.551

CRRT −0.21 0.39 0.28 0.81 0.38–1.76 0.596

Tracheal intubation 0.15 0.17 0.81 1.16 0.84–1.62 0.370

Abbreviations: B, Beta; S.E., standard error; OR, odds ratio; CI, confidence interval; HTG, hypertriglyceridemia; ICU, intensive care unit; PICC, peripherally inserted
central catheter; CVC, central venous catheter; CRRT, continuous renal replacement therapy.

Table 3 Effects of Different Drug-Resistant Bacteria on Prognosis

Bacterial Species Infection Cases Deaths Death Rate

CRAB 400 23 5.75%

CRKP 121 17 14.05%

CRPA 65 1 1.54%

MRSA 19 0 0

CRE 22 1 4.55%

VRE 14 0 0

Abbreviations: CRAB, carbapenem-resistant Acinetobacter baumannii; CRKP, carbapenem-resistant Klebsiella pneumoniae;
CRPA, carbapenem-resistant Pseudomonas aeruginosa; MRSA, methicillin-resistant Staphylococcus aureus; CRE, carbapenem-
resistant Enterobacteriaceae; VRE, vancomycin-resistant Enterococcus.
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China.11 MDRO infection in AP patients is related to sex. Males were significantly more often infected with MDROs
than females, which may be related to the slightly higher incidence of AP in males than in females.21 Among the AP
patients with MDRO infection in this study, 55.5% had been previously admitted to the ICU, which again suggests to
some extent that ICU hospitalization is a risk factor for cross-infection of multidrug-resistant bacteria.22–24 On the one
hand, because of the critical conditions of such patients, a large number of invasive operations destroy the functions of
the original mucosa and vascular barrier and increase the risk of nosocomial infection. On the other hand, the lack of
strict implementation of hospital infection prevention and control measures by medical personnel affects the ICU.

The sources and locations of drug-resistant bacteria in this study were classified according to the diagnostic criteria of
nosocomial infection in China and the relevant provisions of the United States Centers for Disease Control and
Prevention.17–19 The results showed that more than half of the specimens were collected from the sputum of patients
with lower respiratory tract infection, and 44.9% of all patients with infection had received tracheal intubation. Moreover,
the multivariate analysis showed that bronchoscopy was one of the risk factors for MDRO infection, which suggests that
drug-resistant bacteria easily invade the respiratory tract, and it is necessary to prevent the occurrence of in-hospital
cross-infection when performing invasive respiratory operations such as tracheal intubation and bronchoscopy. In this
study, since the same drug-resistant bacteria were detected in specimens from different parts of the same patient,
statistical analyses were carried out on the first specimen. Since sputum was the first source of specimens, this was
also the reason why the largest proportion of specimens was obtained from sputum.

CRAB accounted for the largest proportion of MDROs infected with AP, followed by CRKP and CRPA. It is a matter
of national and international concern, as they are emerging causes of hospital-acquired infection (HAI) that pose
a significant threat to public health.25 These bacterial infections are difficult to treat due to high levels of antimicrobial
resistance (AMR) and are associated with high mortality rates. Importantly, they have the potential for the widespread
transmission of resistance via mobile genetic elements.26 This will also allow the earlier introduction of infection
prevention and control (IPC) measures in health care settings to prevent pathogen transmission to other patients in the
hospital environment, with particular attention to patients infected with CRKP. This study found that the risk of MDRO
infection in biliary AP and HTG-AP was significantly higher than that in alcoholic AP and other causes (autoimmune
disorders, ERCP, drug-induced, traumatic, etc.). Whether alcohol can increase antibacterial activity in a patient needs
further research.

At present, antibiotic resistance has become a major public health threat worldwide.27 In this study, 83.49% of
patients who used antibiotics before the MDRO infection became infected in the hospital. In the 2020 Guidelines for the
Treatment of AP, it was pointed out that early related infections in AP patients, such as pneumonia or bacteremia, and
secondary pancreatic or peripancreatic necrosis can lead to sepsis and have a significant impact on clinical prognosis.28

Nevertheless, the prophylactic use of antibiotics does not reduce the risk of secondary infection,29,30 and the use of
prophylactic antibiotics is related to the development of overlapping infections of multidrug-resistant bacteria and fungi.
Therefore, antibiotics can be selected when a secondary infection is diagnosed or clinically suspected, and antibiotics can
be used under the guidance of clear evidence of infection and drug sensitivity tests. Once infection control needs to be
discontinued as soon as possible, it is not recommended to use antibiotics routinely.8,31

In this survey, 71.5% of AP patients with MDROs underwent different degrees of surgery. Multivariate analysis showed
that abdominal puncture, fiberoptic bronchoscopy, and PICC/CVC increased the risk of MDRO infection. There are some
disputes about whether AP patients need surgery and the method of surgery. For most AP patients with aseptic inflammation
or peripancreatic necrosis, conservative treatment can be performed regardless of the amount and scope of exudation.14,32

Over time, most of the exudation can be absorbed by itself,33 and blind drainage can cause iatrogenic infection.5,34,35 At the
same time, some doctors who advocate active surgery believe that, for some patients who ultimately need surgical
intervention, the Traditional “step-up” sequential treatment procedure should be crossed, and the “step-jump” treatment
strategy should be adopted for early surgical intervention.36 In summary, regardless of which surgical method is adopted,
strict infection control measures, including hand hygiene, contact isolation, active screening, environmental surface disin-
fection, and the management of restrictive antibiotic use, are the key to preventing MDROs in AP.

Of the AP patients surveyed, 31.98% of MDROs were imported from outside the hospital, and these patients had
a poor prognosis. If AP cannot be treated in large hospitals in a timely manner after onset, it will directly affect the
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prognosis of patients. An Indian scholar found that patients with AP who were referred to tertiary hospitals in the second
and third weeks had worse outcomes than those who were referred within the first week.37 This finding may be related to
timely fluid resuscitation, organ system support, nutritional support and antibiotic use for patients in tertiary hospitals,
and timely radiation, endoscopic or surgical intervention.

Conclusion
In summary, the CRAB proportion was highest in AP patients with MDRO infection. MDRO infection is related to many
factors, has a poor prognosis, and increases the patient burden. CRKP infection is directly related to poor prognosis.

Limitations of the Study
This study has several limitations. First, this was a retrospective study; hence, bias in the documentation was unavoid-
able. Second, this study included only patients with an initial diagnosis of AP, and patients with diagnoses other than AP
were not included. Third, the results of this study were obtained from a single center and cannot be generalized to other
hospitals. Further multicenter and prospective original research will provide more accurate data to clarify potentially
confusing results.
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