
O R I G I N A L  R E S E A R C H

Immune Dysfunction is Associated with 
Readmission in Survivors of Sepsis Following 
Infected Pancreatic Necrosis

Jiangtao Yin1,2,* 
Wenjian Mao1,* 
Xiaojia Xiao3 

Xianqiang Yu4 

Baiqiang Li5 

Faxi Chen5 

Jiajia Lin5 

Jing Zhou1 

Jing Zhou4 

Zhihui Tong5 

Lu Ke5 

Weiqin Li 1,5

1Department of Critical Care Medicine, 
Jinling Hospital, Nanjing Medical 
University, Nanjing, People’s Republic of 
China; 2Department of Intensive Care 
Unit, Affiliated Hospital of Jiangsu 
University, Zhenjiang, People’s Republic 
of China; 3Department of Critical Care 
Medicine, Jinling Hospital of Southern 
Medical University, Nanjing, People’s 
Republic of China; 4Southeast University 
School of Medicine, Nanjing, People’s 
Republic of China; 5Department of 
Critical Care Medicine, Jinling Hospital, 
Nanjing University, Nanjing, People's 
Republic of China  

*These authors contributed equally to 
this work  

Objective: Immunosuppression is common in patients with infected pancreatic necrosis 
(IPN) and associated with morbidity and mortality. This study aimed to investigate the 
impact of immune status on mortality and readmission after hospital discharge in patients 
with IPN-related sepsis.
Methods: In this prospective observational study, eligible adult patients with IPN-related 
sepsis requiring ICU admission were included. Monocytic human leukocyte antigen DR 
(mHLA-DR), expression of regulatory T cells (Treg), and neutrophil CD88 (nCD88) were 
measured on the diagnosis of sepsis, ICU discharge, hospital discharge, and 15, 30, 60 days 
after hospital discharge. Logistic regression model was used to assess potential risk factors 
for readmission 60-days within the index discharge.
Results: A total of 53 patients were included, 13 died during hospitalization and one 
withdrew the consent soon after discharge. Among the survivors, a tendency of immune 
recovery was observed during the consecutive follow-ups, evidenced by the increased 
expression of mHLA-DR. Sixteen patients (41.03%) were readmitted within 60 days after 
the index discharge. In the multivariable regression model, APACHE II score when sepsis 
was diagnosed >9 and mHLA-DR at discharged <14,591 AB/C were found to be indepen
dent risk factors affecting readmission.
Conclusion: Immunosuppression is common in patients with IPN-related sepsis and can 
persist until two months after discharge. The compromised mHLA-DR level at discharge was 
associated with readmission within two months after discharge.
Keywords: infected pancreatic necrosis, sepsis, immunosuppression, monocyte HLA-DR, 
readmissions

Introduction
Acute pancreatitis (AP) is a common gastrointestinal disease with clinical features 
ranging from local pancreatic inflammation to severe systemic complications. Most 
patients have mild and self-limiting courses with a low risk of death. However, 
approximately 10–20% of patients have a more severe type of disease characterized 
by the presence of pancreatic necrosis, and there are about 30% of these patients 
develop infected pancreatic necrosis (IPN), which carries a mortality of 20–30% 
due to its related septic complications.1

It is widely accepted that the mononuclear macrophage system, endothelial 
cells, and neutrophils are activated almost simultaneously in the early phase of 
AP, promoting the release of inflammatory cytokines and leading to extensive 
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destruction of pancreatic tissue and injury of remote 
organs.2 Moreover, previous studies showed that immuno
suppression illustrated by compromised monocyte func
tion, declined T cell proliferation, and unbalanced T cell 
subsets could occur very early during the course and 
persist, being associated with increased disease severity, 
development of sepsis, or decreased survival.3–9 However, 
the fluctuation of immune status in the IPN patients after 
discharge was not studied before.

Unlike other abdominal infections, management of IPN 
is commonly time-consuming due to its complexity, which 
means immunosuppression could persist for long once it 
occurs, potentially leading to secondary infection, persistent 
inflammation, immunosuppression, and catabolism syn
drome (PICS), and hospital readmission.10 Although the 
development of sepsis-induced immunosuppression during 
the hospital stay is well documented,11 to date, there are 
almost no data after hospital discharge in survivors of IPN. It 
is reported that sepsis patients with immunosuppression 
have poor long-term outcomes and worse quality of life 
after hospital discharge, even if they were deemed clinically 
cured when discharged.12 Readmission is also common in 
patients with IPN and associated with higher 1-year mortal
ity, as previously reported.13 In previous studies,14,15 immu
nocompromised status was a positive predictor of late 
readmission for sepsis patients. However, the association 
between immunosuppression and readmission in AP has 
not been studied yet.

The aim of our study was to investigate the impact of 
immune status on mortality and 60-day readmission in 
patients with IPN-induced sepsis by measuring the expres
sion of monocytic human leukocyte antigen DR (mHLA- 
DR), regulatory T cells (Treg), and neutrophil CD88 
(nCD88). We chose these three immune markers because 
they could represent both innate and acquired immunity, 
and they were reported to be associated with nosocomial 
infection and immune dysfunction in critically ill 
patients.16

Materials and Methods
Study Oversight
This is a single-center, prospective, observational cohort 
study. The protocol was approved by the ethics committee 
of the Jinling hospital. Besides, written informed consent 
for this study was obtained from each patient or their next 
of kin before study commencement.

Patients
All adult patients (aged ≥18 years) diagnosed with IPN 
admitted to the Center of Severe Acute Pancreatitis 
(CSAP) of Jinling Hospital were followed up for potential 
inclusion from December 2018 to July 2019. They were 
enrolled when they developed sepsis according to “The 
Third International Consensus Definitions for Sepsis and 
Septic Shock (Sepsis-3)”.17 Patients who met the follow
ing criteria were excluded: (1) were pregnant or lactating; 
(2) were expected to die within 48 hours: defined as those 
with norepinephrine usage at a dose of 25 mg/min or more 
under full-fluid resuscitation, with a systolic blood pres
sure <90mm Hg and serum pH values <7.0; (3) had 
a history of immune diseases or long-term administration 
of immunosuppressive drugs; (4) had preexisting cancer.

Healthy Volunteers
Eligibility criteria: (1) 18 to 70 years of age; (2) able and 
willing to complete the informed consent process. 
Exclusion criteria: (1) pregnant or lactating; (2) with 
a history of immune diseases or long-term administration 
of immunosuppressive drugs; (3) with a history of cancer.

Diagnosis and Definitions
AP and IPN were defined according to the Determinant- 
Based Classification of Acute Pancreatitis and the revision 
of the Atlanta Classification in 2012.1,18 Acute respiratory 
distress syndrome (ARDS) and acute kidney injury (AKI) 
were defined according to the Berlin definition and 
KDIGO Clinical Practice Guideline.19,20 The criteria for 
PICS were as follows: admission to the ICU >14 days; 
C-reactive protein (CRP) >50 mg/L; total lymphocyte 
count (TLC) <0.80×109 cell/L; serum albumin (Alb) 
<30.0 g/L and weight loss >10% during ICU 
hospitalization.21 A daily enteral nutrition intake of 70% 
or more of the target calorie was defined as target reaching 
of enteral nutrition (EN).22 The primary outcome of the 
study was readmission, defined as those readmitted to the 
hospital within 60 days of discharge from the index admis
sion. Readmission within 72 hours of discharge was 
counted as the same admission.

Management
The treatment of AP and sepsis was carried out according 
to the international guidelines,23,24 including appropriate 
fluid resuscitation, early enteral feeding, antibiotics when 
necessary, and analgesia treatment when necessary, and 
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avoiding surgery in patients with sterile necrosis. We 
adopted the step-up and delayed approach for IPN man
agement, and intervention could be either endoscopic or 
surgical based on the location and extent of the collections. 
An empirical antibiotic regimen was applied for IPN, and 
aerobic and anaerobic Gram-negative and Gram-positive 
microorganisms were broadly covered. Targeted anti- 
infection treatment was based on microbial cultures, such 
as specimens of sputum, blood, and drain. Transfusion was 
applied strictly following the guidelines.25

Clinical Data Collection
The following data were collected at enrollment (when 
IPN-related sepsis was diagnosed): age, gender, body 
mass index (BMI), etiology, acute physiology and chronic 
health evaluation (APACHE) II score, blood cells count, 
the level of albumin, prealbumin, C-reactive protein 
(CRP), lactic acid and procalcitonin (PCT). Furthermore, 
the systemic complications, organ support therapy, micro
organism culture results from the blood culture or infected 
pancreatic necrosis, development of PICS, hospital stay, 
ICU stay, and total cost were documented until hospital 
discharge or death. All the study patients were followed up 
until death or for 60 days after the index hospital 
discharge.

Blood Sampling and Measurements
Blood samples were obtained from all of the enrolled 
patients at six prospectively designated time points where 
possible: at enrollment when sepsis was diagnosed (T1), at 
ICU discharge if available (T2), at hospital discharge (T3), 
and at 15 (T4), 30 (T5) and 60 (T6) days after discharge. 
Immune function test included mHLA-DR, expression of 
Treg, and nCD88. Laboratory results from the blood rou
tines were also obtained at the same time points. All 
survivors were contacted by telephone and asked to 
come back to the lab for blood sampling.

All samples were collected using EDTA tubes and 
tested within an hour after sampling according to the 
standard procedure. Measurement of the three markers 
was performed using flow cytometry (NovoCyte, ACEA 
biosciences, San Diego, CA, USA) according to the 
recommendations of the manufacturer (Anti-HLA-DR 
/Anti-Monocyte, BD Biosciences, San Jose, CA, USA; 
Human Regulatory T Cell Cocktail, BD Biosciences, San 
Jose, CA, USA; Anti-hC5a R1, R&D systems, 
Minneapolis, MN, USA). Results were expressed as the 
number of anti-HLA-DR antibodies per cell (AB/C), and 

the normal reference is more than 15,000 according to 
previous studies.12 Expression of Treg was measured 
based on the expression of CD4, CD25, and CD127 as 
the proportion of the total number of CD4+ T cells, and the 
nCD88 was described by expression rate. The median 
levels of HVs were served as the reference for the latter 
two parameters. The researchers who performed the 
immunophenotyping were blinded to the clinical informa
tion of the study patients.

Statistical Analysis
Categorical variables were reported as frequencies and 
proportions. Comparison of categorical data between two 
groups was performed using the Fisher’s exact test or the 
Chi-square test as indicated. Student’s t-test or Mann– 
Whitney’s test was adopted to analyze continuous vari
ables. Two-way repeated measurements of mHLA-DR, 
Treg, and mCD88 at different time points were analyzed 
by generalized estimating equations (GEE).26 The associa
tion between the potential risk factors and the outcome of 
interest (readmission within 60 days after the index dis
charge) was evaluated by univariable logistic regression. 
Receiver Operating Characteristic (ROC) analysis was 
used to evaluate the effectiveness of continuous variables 
in predicting readmission and determine their cutoff value. 
Only those showing statistical significance (P < 0.10) in 
the univariable analysis would then enter multivariate 
regression analysis to determine the independent risk fac
tors for readmission. A P < 0.05 was considered statisti
cally significant. Calculations were performed using SPSS 
22.0 (Chicago, IL).

Results
Clinical Characteristics Between 
Survivors and Non-Survivors
As shown in Figure 1, from December 2018 to July 2019, 
a total of 53 IPN patients with sepsis were enrolled. The 
last follow-up was completed in September 2019. Of these 
study subjects, 40 survived, and 13 (24.5%) died during 
hospitalization because of sepsis-related multiple organ 
failures. One survivor withdrew the consent soon after 
discharge and was therefore excluded in the analysis of 
readmission. Ten healthy volunteers (HVs) were recruited 
and sampled as a control group (gender, seven males 
(70%); mean±SD of age, 38.4±11.4).

The baseline characteristics of these patients are shown 
in Table 1. The APACHE II score, SOFA score, PCT level, 
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and IL-6 when sepsis was diagnosed were significantly 
lower in the survivors (both P < 0.05). For the local 
complications, the extent of necrosis was comparable 
between groups, while more extrapancreatic collections 
were seen in the non-survivors group (P < 0.05). The 
survivors showed higher prealbumin levels when sepsis 
was diagnosed compared with non-survivors (P = 0.041). 
For immune status, the survivors showed higher mHLA- 
DR expression (P = 0.003), and lower Treg expression 
when sepsis was diagnosed (P = 0.044) (Table 1). The 
results of microorganisms culture showed that enterococ
cus faecium was found in 61.5% of the non-survivors 
compared with 20% in the survivors (p = 0.005) while 
fungus was found in 46.2% of non-survivors compared 
with 12.5% in the survivors (p = 0.009) (Table S1).

The Immune Trajectory of the Survivors
Measurements were completed in 39, 39, 39, 38, 36, 37 
survivors at T1-T6. For mHLA-DR, an incremental trend 
was observed among the survivors from enrollment to 60 
days post-discharge (Figure 2A). The median level of 
mHLA-DR was above the normal reference (15,000 AB/ 
C) at T3, which was at hospital discharge and kept above 
thereafter. Compared with the HVs, the study subjects 
showed significantly higher Treg levels at T5 (30 days 

after discharge) (Figure 2B) and lower nCD88 expression 
at T4 (15 days after discharge) (Figure 2C).

The Clinical Implication of Immune Status
A total of 16 patients were readmitted after the index 
discharge (41.03%). Three were due to the suppressive 
symptoms resulting from pancreatic pseudocyst or walled- 
off necrosis, and the remaining 13 patients because of 
relapse of septic symptoms. The interval between the 
index discharge and readmission ranged from 14 to 58 
days. Analyses for dynamic changes of mHLA-DR, Treg, 
and nCD88 showed that the mHLA-DR of the readmission 
group was significantly lower than that of the non- 
readmission group (P = 0.001) with β of 6120.0 (95% CI 
2507.4–9732.6), while no difference was detected for Treg 
and nCD88 (Figure 3).

For other clinical parameters, the target-reaching of EN 
at day 7 after enrollment was significantly lower (43.75% 
vs 82.61%, P = 0.017) in the readmission group. 
Furthermore, the APACHE II score when sepsis was diag
nosed was also different between groups (Table S2). 
Besides, the expression of mHLA-DR at T3, T4, and T5 
in the readmission group was much lower than the non- 
readmission group (Table S3).

ROC analysis demonstrated that age (Figure 4A), pre
albumin when sepsis was diagnosed (Figure 4B), 

Figure 1 Flow chart of the participants.
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APACHE II score when sepsis was diagnosed (Figure 4C), 
and mHLA-DR at discharged (Figure 4D) had optimal 
predictive value for readmission, with the area under the 
curve (AUC) of 0.692, 0.711, 0.705 and 0.798, respec
tively. In the multivariable analysis, APACHE II score 
when sepsis was diagnosed >9 and mHLA-DR at dis
charged <14,591 AB/C were found to be independent 
risk factors affecting readmission (OR = 23.493, 95% CI: 
1.111–496.573, P = 0.043 and OR = 22.545, 95% CI: 
1.158–438.874, P = 0.040) (Table 2).

Discussion
The fluctuation of immune function was rarely studied in 
AP patients, especially those with IPN, a pivotal compli
cation during the late phase of the disease and was thought 

to be associated with impaired immune function.27 This 
study found that cellular immunosuppression developed in 
patients with IPN-related sepsis during hospitalization and 
may persist until two months after discharge in some 
patients. Moreover, the severity and duration of immuno
suppression were associated with adverse clinical events 
like in-hospital death and readmission. The expression of 
mHLA-DR at hospital discharge, APACHE II score when 
sepsis was diagnosed were associated with readmission.

Currently, few markers could accurately reflect the 
immune status in critically ill patients. Conway Morris 
et al found that dysfunction of mHLA-DR, Treg, and 
nCD88 can predict nosocomial infection and immune dys
function in critically ill patients.16 The expression of 
mHLA-DR is a well-established biomarker for immune 

Table 1 Baseline Characteristics in Survivors and Non-Survivors

Survivors N=40 Non-Survivors N=13 P value

Gender, male(%) 29 (72.50%) 10 (76.92%) 1
Age, years, mean±SD 42.77±13.13 50.07±13.26 0.088

BMI, median (IQR) 25.02 (22.49–26.60) 24.2 (21.01–26) 0.657

Etiology (%)

Biliary 16 (40%) 7 (53.85%) 0.541
Hyperlipidemia 22 (55%) 6 (46.15%)

Iatrogenic 2 (5%) 0 (0%)

Interval between onset of AP and enrollment 42 (32–60) 36 (32–59) 0.694

APACHE II score, median (IQR) 11(9–13) 17(12–24) 0.001*

SOFA score, median (IQR) 5(3–6) 10(9–12.5) <0.001*
Numbers of extrapancreatic collections 2 (2–2) 2 (2–3) 0.012*

Extent of necrosis
≤30% 7 (17.5%) 2 (15.4%) 0.146
30–50% 9 (22.5%) 0
≥50% 24 (60.0%) 11 (84.6%)

Leukocyte count, 109, median (IQR) 9.17(6.19–13.79) 10.11(7.08–18.84) 0.374
Neutrophil count, 109, median (IQR) 7.38(4.15–12.07) 9.68(5.88–15.38) 0.292

Lymphocyte count, 109, mean±SD 1.02±0.50 0.97±0.90 0.817

CRP, mg/L, median (IQR) 38.1(12.83–106.63) 78(24.9–180.45) 0.090
PCT, ng/mL, median (IQR) 1.22(0.42–4.22) 4.73(3.04–26.74) 0.001*

Lactic acid, mmol/L, median (IQR) 3.6(2.15–5.28) 3.6(2.5–6.9) 0.444

Albumin, g/L, mean±SD 31.87±3.47 30.36±4.79 0.222
Prealbumin, g/L, mean±SD 76.80±49.31 46.68±26.75 0.041*

IL-6, ng/mL, median (IQR) 106.5 (56.7–182.2) 949.8 (334.7–1612.5) <0.001*

mHLA-DR, AB/C, median (IQR) 8985.5(5863–13,620.25) 5105(1849.5–8514) 0.003*
Treg %, mean±SD 8.64±1.69 9.86±2.27 0.044*

nCD88%, mean±SD 48.18±6.03 48.23±5.80 0.986

Note: *P < 0.05. 
Abbreviations: AP, acute pancreatitis; APACHE II, acute physiology and chronic health Evaluation II; BMI, body mass index; CRP, C-reactive protein; IL-6, interleukin-6; 
mHLA-DR, monocytic human leukocyte antigen DR; nCD88, neutrophil CD88; IQR, Inter Quartile Range; PCT, procalcitonin; SD, standard deviation; SOFA, sequential 
organ failure assessment; Treg, regulatory T cells.
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function, reflecting the ability of antigen presentation and 
frequently used in previous clinical studies.12,28,29 

Furthermore, the reduction of mHLA-DR was demon
strated to be an independent risk factor of nosocomial 
infection and mortality.30 In previous studies conducted 
in AP patients, a reduced proportion of mHLA-DR in the 
early stage was associated with increased disease severity, 
development of secondary infection, or decreased survival, 
raising an association between immunosuppression and 
poor in-hospital prognosis.3–9 Early in 2004, Mentula 
et al4 have studied 74 patients with acute pancreatitis 
(AP) admitted within 72 h after symptom onset and 
found that a reduced proportion of mHLA-DR was asso
ciated with secondary infection of pancreatic necrosis. 
However, no follow-up was arranged after discharge in 
their study.

In 2005, Wolf-Dietrich Docke et al have proposed 
a reference value of mHLA-DR using the median level 

of 100 healthy participants (25,700 AB/C (2.5%–97.5%, 
14,100–42,500 AB/C)).12 They also proposed preliminary 
cutoffs for diagnosis and classification of immunosuppres
sion (15,000 AB/C as indicative of immunocompetence; 
5000–15,000 AB/C as indicative of moderate to severe 
immunodepression; 5000 AB/C as indicative of immuno
paralysis). In the present study, only 24 of the 39 (61.54%) 
survivors were deemed immunocompetent at hospital dis
charge with mHLA-DR above 15,000 AB/C, suggesting 
a substantial incidence of persistent immunosuppression in 
the study population. Moreover, the cutoff values of the 
study markers were determined by ROC analysis in this 
study. Interestingly, the optimal cutoff value of the mHLA- 
DR was almost consistent with the standardized cutoff 
value of 15,000 AB/C.

Treg is a specialized subpopulation of T lymphocytes 
that act to suppress immune response.31 A persistent 
increase in the proportion of Treg suggests 

Figure 2 The immune trajectory of the survivors. (A) mHLA-DR expression from enrollment to 60 days post hospital discharge. (B) Treg expression from enrollment to 60 
days post hospital discharge. (C) nCD88 expression from enrollment to 60 days post hospital discharge. Each band in the figure was shown as median (IQR). *P < 0.05; **P < 
0.01; ***P < 0.001.

Figure 3 Generalized estimating equations of three immune markers between the two groups. (A) The evolution of mHLA-DR was different between the two groups (P = 
0.001). (B and C) There was no difference between the two groups of the evolution of Treg and nCD88 (P > 0.05).
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immunosuppression and poor prognosis in patients with 
septic shock.32 The nCD88 is the receptor of C5a, and its 
reduced expression could represent C5a-mediated neutro
phil dysfunction, which was reported to predict the acqui
sition of nosocomial infection in critically ill patients.33 

Therefore, to comprehensively assess different aspects of 
the immune system, the percentage of Treg and nCD88 
were also tested in addition to the mHLA-DR level in this 
study.

Hospital readmission was reported to be associated 
with increased mortality in AP.13 As an adverse event, 
rates of readmission after the resolution of an initial epi
sode of AP ranged from 15% to 29% in previous 
studies,34,35 which are lower than what we found in our 
study. That should be due to the study population we 
chose, which is the most severe type of AP with both 

organ failure and infection and the relatively long follow- 
up period we applied (60 days after the index discharge). 
Previous studies conducted in AP mostly studied the 30- 
day readmission.36,37 It is true that 60-day readmission 
may be affected by more confounders, thereby bringing 
some bias. However, in our cohort, 12 out of the 16 read
missions occurred between 30 and 60 days, since the 
patients we studied had a higher incidence of PICS, 
which can persist for months and lead to readmission 
relatively later.21 Due to similar reasons, follow-up could 
be up to 90 days to observe readmission in patients with 
sepsis.38–40

Various risk factors for readmission have been identi
fied before, including the severity of the initial episode of 
AP, male sex, necrotizing pancreatitis, tobacco smoking, 
continued alcohol use, idiopathic pancreatitis, and delay in 

Figure 4 Receiver operator characteristic analysis for age (A), prealbumin when sepsis was diagnosed (B), APACHE II score when sepsis was diagnosed (C) and mHLA-DR 
at discharged (D).
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receiving adequate treatment for the underlying cause of 
AP, such as cholecystectomy in cases of acute biliary 
pancreatitis.34,35,41–43 However, no studies investigated 
the impact of immune status on readmission after IPN. 
Our results showed that mHLA-DR at discharged <14,591 
AB/C was associated with readmission, suggesting the 
clinical implication of persistent decreased mHLA-DR 
expression. In previous studies, the APACHE II score 
was frequently used to predicted readmission in sepsis/ 
critical illness patients.44–46 We did not take the SOFA 
score into the regression model since both SOFA and 
APACHE II are severity scores with shared underlying 
data like creatinine, blood pressure, etc. We chose the 
APACHE II score for the regression model, as it is more 
sophisticated and comprehensive.

It was reported that immune suppression could persist 
in post-septic patients, leading to increased susceptibility 
to secondary infections.47,48 Our results are consistent with 
previous studies, showing that a significant part of patients 
with IPN-related sepsis did have long-term post-discharge 
immunosuppression, and recovery can take more than two 
months. Unlike other types of sepsis, patients with IPN 
commonly develop sepsis weeks after the onset of the 
primary disease.49 That means they can be exhausted 
both physically and mentally after long-term hospitaliza
tion when sepsis occurs, putting them at a higher risk of 
developing immunosuppression.12,50 However, almost all 
the enrolled survivors recovered from immunosuppression 
60 days after discharge, which might be ascribed to the 
fact that our study patients were younger than those in the 
previous studies.

There are several limitations in the present study. First 
of all, there were some losses of follow-up, which may 
bring in bias. Moreover, due to the single-center design 

and small sample size, the clinical implication of this study 
should be cautiously interpreted. In addition, cytokine 
profiles and other immune markers, which might be infor
mative, were not measured.

Conclusions
Immunosuppression could occur in patients with IPN- 
induced sepsis during hospitalization and persist for two 
months after discharge. The APACHE II score when sepsis 
was diagnosed and mHLA-DR at discharge were found to 
be independent risk factors for readmission within two 
months after discharge, although the predictive capacity 
of both was relatively low. The persistent immunosuppres
sive state of sepsis patients following IPN after discharge 
suggests close monitoring and immune enhancement ther
apy may be beneficial.
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