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Abstract
Background

The dynamic monitoring of immune status is crucial to the precise and individualized treatment of
sepsis. In this study, we introduced a model to describe and monitor the immune status of sepsis and
explored its prognostic value.

Methods A prospective observational study was carried out in Zhongshan Hospital, Fudan University,
enrolling septic patients admitted between July 2016 and December 2018. Blood samples were collected
at day 1 and 3. Serum cytokines levels (TNF-α, IL-2R, IL-6, IL-8 and IL-10) and CD14 + monocyte HLA-DR
expression were measured to serve as immune markers. Cut-off values were acquired from ROC curves
and serum cytokine level higher than or HLA-DR level lower than cut point was de�ned as “positive”,
otherwise de�ned as “negative”. Classi�cation of each immune status, namely SIRS, CARS and MARS,
was de�ned by numbers of positive immune markers levels. Changes of immune status from day 1 to 3
were classi�ed into four groups which were Stabilization (SB), Deterioration (DT), Remission (RM) and
Non-remission (NR).

Results

A total of 174 septic patients were enrolled including 50 non-survivors. In univariate analysis, serum
levels of TNF-α, IL-2R, IL-6, IL-8 and IL-10 and HLA-DR expression at day 1 and 3 were associated with
prognosis. Multivariate analysis discovered IL-10 and HLA-DR expression at day 3 were independent
prognostic factors. Patients with MARS at day 1 had the highest mortality rate up to 58.7% among three
immune status classi�cations, so did the patient with MARS at day 3 with mortality rate up to 69.2%.
Immune status of 46.1% patients changed from day 1 to 3. Among four groups of immune status
changes, DT had the highest mortality rate up to 77.8% followed by NR, RM and SB with mortality rate of
64.7%, 42.9% and 11.2% respectively.

Conclusions

Patients with severe immune disorder de�ned as MARS or deterioration of immune status de�ned as DT
have the worst outcomes. The preliminary model of the classi�cation and dynamic monitoring of
immune status based on immune markers levels has prognostic values and worthy of further
investigation.

Trail Registration: ChiCTR-OCC-14005202 (Chinese Clinical Trial Registry), Registered 09 September 2014,
http://www.chictr.org.cn/showproj.aspx?proj=4373

Background
Sepsis is a common complication in patients with trauma, burns, infection, ischemia-reperfusion and
surgery. It was de�ned as a dysregulated host response to infection and other injury factors [1, 2]. The
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incidence and prevalence of sepsis have increased globally over the recent years and sepsis accounted
for a considerable number of intensive care unit (ICU) admission and mortality [3]. Although the
pathogenesis of sepsis is not fully explored, it’s acknowledged that immune dysfunction and its damage
to organ function added to the di�culty of disease management and thus in�uence the prognosis [4, 5].

In�ammatory activities of sepsis involved the interactions between various in�ammatory mediators. The
early phase of sepsis features activated in�ammation process caused by systemic release of pro-
in�ammatory mediators [6]. Sepsis could also lead to the apoptosis and autophagy of immune cells,
endotoxin tolerance and relevant center nervous system regulation, which consequently presented as
immunosuppression [7]. Immunosuppression is more observed in severe patients as a result of
imbalance in pro- and anti-in�ammatory activities [6].

To describe the complex in�ammatory process of sepsis, some de�nitions of immune status
classi�cation have been introduced in recent years. The process of sepsis features initial systemic
in�ammation process called systemic in�ammatory response syndrome (SIRS). Anti-in�ammatory
activities may happen subsequently or concurrently and this compensatory response was called
compensatory anti-in�ammatory response syndrome (CARS) [8]. At times, an excessive response with
both pro- and anti-in�ammatory reactions called mixed antagonistic response syndrome (MARS) was
found in some patients with severe dysfunction of immunomodulation [9, 10, 11]. Immune modulatory
therapy was a research highlight of the treatment of sepsis, the changing of immune status and lack of
speci�c clinical signs withheld the proper application of the therapy nevertheless. It was suggested that
the precise identi�cation of immune status would be the �rst step to provide appropriate immune
therapies [12, 13].

Serum cytokines levels have been widely measured by clinicians to monitor immune status. Pro-
in�ammatory cytokines such as tumor necrosis factor-α (TNF-α), interleukin-2 receptor (IL-2R), IL-6 and IL-
8 and anti-in�ammatory cytokines such as IL-10 were mostly adopted [14]. CD14+ monocyte human
leukocyte antigen-D related (HLA-DR) expression is another biomarker of immune status and proven to
have a high sensitivity and speci�city. Monocytes with low HLA-DR expression have reduced ability of
cytokine secretion and antigen presentation. It’s considered that HLA-DR expression < 30% is indicative of
immunosuppression [15, 16]. Although those biomarkers can re�ect the immune dysfunction and might
have link with prognosis, single biomarker could not precisely re�ect immune status due to the
complexity of immune reactions. Thus, an immune model based on the combination of multiple
biomarkers are needed.

In this study, we aimed to introduce a model of immune status classi�cation of sepsis based on immune
markers and to explore the association between the immune classi�cation and prognosis. Firstly, we
selected the most commonly used biomarkers in clinical practice such as cytokines (TNF-α, IL-2R, IL-6
and IL-8 and IL-10) and HLA-DR to explore the prognostic value of each biomarker. Secondly, we
combined those biomarkers to introduce the model based on the de�nition of SIRS, CARS and MARS and
compared the mortality of each classi�cation. Thirdly, we introduced another model to describe the
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dynamic changes of immune status and also explored its prognostic value. Meeting abstract of this
study has been published in Page S121, Volume 74 (Issue 4) of Annals of Emergency Medicine [17].

Methods

Study setting and population
We performed a prospective observational study in septic patients admitted to the ICU of Department of
Emergency Medicine, Zhongshan Hospital, Fudan University between July 2016 and December 2018. The
diagnosis of sepsis was according to the Third International Consensus De�nitions for Sepsis and Septic
Shock (Sepsis-3 de�nition) [2]. The inclusion criteria were following:  ful�lling Sepsis-3 de�nition; 
patients or authorized family members signed informed consent;  aged ≥ 18 years old. The exclusion
criteria were:  the pregnant;  taking immunosuppressants/immunity enhancers (such as
glucocorticoids, thymidine, recombinant human granulocyte stimulating factor) for more than 6 months
prior to admission;  immunocompromised hosts such the recipients of chemotherapy or radiation
therapy, the recipients of organ transplant and the patients infected by human immunode�ciency virus
(HIV);  with severe organ dysfunction and short-term prognosis was poor, such as chronic heart failure
(New York Heart Assessment - IV), liver failure (Child-Pugh C) or kidney failure (Stage 5 Chronic Kidney
Disease);  with history of mental illness. The clinical study protocol was approved by the Ethics
Committee of Zhongshan Hospital, Fudan University (Approval number: B2014-082) and registered at
Chinese Clinical Trial Registry (Registration number: ChiCTR-OCC-14005202).

Data and sample collection
The following clinical data were collected:  baseline characteristics such as age, gender and
comorbidities;  site of infection;  index of the severity of disease at day 1 and 3 after admission: Acute
Physiology and Chronic Health Evaluation II (APACHE II) score and Sequential Organ Failure Assessment
(SOFA) score;  levels of in�ammatory markers at day 1 and 3 after admission: peripheral white blood cell
count (WBC), C-reaction protein (CRP) and procalcitonin (PCT);  clinical interventions such as the use of
glucocorticoids (equivalent to Prednisone > 200mg/d), mechanical ventilation, deep venous
catheterization and urinary catheterization;  ICU length of stay (LOS) and outcome of hospital stay such
as survival or death. Peripheral blood samples were collected at day 1 and 3 after admission in order to
measure serum cytokines levels and HLA-DR expression. Due to the limit of practical clinical conditions,
blood samples were collected at a part of patients at day 3. 

Measurement of the levels of immune markers
In order to measure serum cytokines levels, blood samples were collected in BD Vacutainer® SSTTM II
Advance tubes (BD Biosciences, CA, USA) at day 1 and 3 after admission. Plasma samples were
preserved at −80 °C after centrifugation. The serum levels of TNF-α, IL-2R, IL-6, IL-8 and IL-10 were
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measured by ELISA (R&D Systems, USA) according to manufacturer’s instructions. To explore CD14+

HLA-DR+ monocytes expression, blood samples were collected in BD Vacutainer® K2 EDTA tubes at day
1 and 3 after admission. A following double color staining was utilized according to manufacturer’s
instructions: a �uorescein conjugated (FITC)-CD14 and an allophycocyanin conjugated (APC)-HLA-DR
(BD Biosciences, CA, USA). Appropriate isotype controls were run with healthy controls and used for
compensation and gating blood samples. Subsequently, samples were analyzed on an 18-parameter BD
LSRFortessa machine with FlowJo software (Tree Star Inc, OR, USA). HLA-DR expression was expressed
as the percentage of CD14+ HLA-DR+ monocyte among all CD14+ monocyte.

Models of immune status classi�cation and its dynamic
changes
We utilized the results of the measurement of each immune marker to de�ne the immune status
classi�cation. TNF-α, IL-2R, IL-6 and IL-8 were treated as pro-in�ammatory markers while IL-10 and HLA-
DR were anti-in�ammatory markers. Cut-off values were acquired from Receiver Operating Characteristic
(ROC) curves. Serum cytokine level higher than cut-off point or HLA-DR expression lower than cut-off
point was de�ned as “positive (+)”, otherwise de�ned as “negative (-)”. SIRS was de�ned as 0-4 pro-
in�ammatory markers (+) and 0 anti-in�ammatory markers (+). CARS was de�ned as 0-2 pro-
in�ammatory markers (+) and 1-2 anti-in�ammatory marker (+). MARS was de�ned as 3-4 pro-
in�ammatory markers (+) and 1-2 anti-in�ammatory marker (+) (Table 1). The dynamic changes of
immune status from day 1 to 3 were classi�ed into 4 following groups. Stabilization (SB) means that
SIRS or CARS remained unchanged through day 1 to 3. Deterioration (DT) means the change from SIRS
or CARS at day 1 to MARS at day 3. Remission (RM) means the change from MARS at day 1 to SIRS or
CARS at day 3. Non-remission (NR) means that MARS remained unchanged through day 1 to 3 (Table 2).

Statistical analysis
The Kolmogorov-Smirnov test was used to verify data normality. Normally distributed data were
expressed as means ± standard deviation (SD) and compared by Student’s t test. Abnormally distributed
continuous variables were expressed as median (the 25th and 75th quartiles) and compared by Mann-
Whitney U test. Categorical data were expressed as frequency and percentage and compared by
Pearson’s chi-square test or Fisher’s exact test when appropriate.

The risk factors of in-hospital mortality were explored by univariate analysis at �rst. Immune markers
levels were among covariates, together with age, gender, comorbidities, main site of infection, severity of
disease, in�ammatory markers levels, clinical interventions and ICU LOS. Covariates with statistical
signi�cance were tested in multivariate logistic regression analysis by “Enter” method to explore
independent risk factors.
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ROC curve was used to detect the cut-off value of each immune marker. Kaplan-Meier survival analysis
was conducted to compare the outcomes between patients with positive and negative markers levels and
between each classi�cation of immune status and immune status changes based on a 30-day follow-up.
Dynamic changes of in�ammatory markers and disease severity scores of diseases from day 1 to 3 were
tested by Wilcoxon signed rank test. The mortality rate of each immune status was compared by
Pearson’s chi-square test or Fisher’s exact test when appropriate, so was that of each classi�cation of
immune status changes. All statistical analyses were two-sided, and the signi�cance level was set to P <
0.05. Model assumptions were tested before using statistical methods. Statistical analysis was
conducted on SPSS 25.0 (SPSS Inc., IL, USA).

Results

Characteristics of septic patients
A total of 174 septic patients were enrolled in this study, including 124 survivors and 50 non-survivors.
Data of all patients were available at day 1. Six patients died before day 3 and one patient was
discharged alive before day 3. Blood drawing of 13 patients were not ordered by treating clinicians due to
practical clinical conditions. Thus, data of 154 patients were available at day 3 including 115 survivors
and 39 non-survivors.

A �owchart to illustrate recruitment process was shown in Fig 1. Among all enrolled patients, 109 were
men and median age was 67-year-old. Respiratory tract was the most common site of primary infection
(n = 117, 62%). Other sites of infection included abdomen (n = 38, 21.8%), urinary tract (n = 8, 5%), skin
and soft tissue (n = 6, 3.4%) and blood stream (n = 5, 2.9%). In total, 28% (50/174) of patients died in
hospital. At day 1, APACHE II score (P < 0.001), SOFA score (P < 0.001) and WBC (P = 0.024) were higher
in non-survivors. At day 3, APACHE II score (P < 0.001), SOFA score (P < 0.001), WBC (P = 0.024), CRP (P =
0.002) and PCT(P < 0.001) were all higher in non-survivors. The use of glucocorticoids (P = 0.007),
mechanical ventilation (P < 0.001), deep venous catheterization (P < 0.001) and urinary catheterization (P
< 0.001) were more common in non-survivors. Also, survivors had longer in-hospital LOS (P = 0.002). The
baseline characteristics of enrolled patients were shown in Table 3.

Association between immune markers and in-hospital
mortality of septic patients
The results of the measurement of immune markers were shown in Table 4. The data revealed that pro-
and anti- in�ammatory activities were both the most serious at initial phase of sepsis, as serum levels of
all cytokines were the highest at day 1 in both survivors and non-survivors. Univariate analysis revealed
that non-survivors had higher levels of both pro- and anti- in�ammatory cytokines and lower HLA-DR
expression at day 1 (TNF-α: P = 0.003, IL-2R: P = 0.013, IL-6: P < 0.001, IL-8: P < 0.001, IL-10: P < 0.001,
HLA-DR: P < 0.001) and 3 (TNF-α: P < 0.001, IL-2R: P = 0.029, IL-6: P < 0.001, IL-8: P < 0.001, IL-10: P <
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0.001, HLA-DR: P < 0.001). Cut-off values for each immune marker were calculated (Day 1: TNF-α: 19.95
pg/ml, IL-2R: 1684 pg/ml, IL-6: 39 pg/ml, IL-8: 20.75pg/ml, IL-10: 7.45 pg/ml, HLA-DR: 28.87%; Day 3:
TNF-α: 12.95 pg/ml, IL-2R: 1074.5 pg/ml, IL-6: 14.75 pg/ml; IL-8: 28.15 pg/ml; IL-10: 10.95 pg/ml; HLA-
DR: 25.55%) (Table 4). Patients with positive markers (except IL-2R at day 1) showed an worse 30-day
survival as revealed by Kaplan-Meier survival analyses and Log-rank tests after applying cut-off values
(Day 1: TNF-α: P = 0.035, IL-6: P = 0.002, IL-8: P = 0.02, IL-10: P = 0.001, HLA-DR: P < 0.001; Day 3: TNF-α,
P < 0.001, IL-2R: P < 0.001, IL-6: P = 0.013; IL-8: P = 0.003; IL-10: P < 0.001; HLA-DR: P < 0.001) (Fig 2 and
Additional �le 1: Fig S1). Multivariate analysis discovered that the levels of HLA-DR and IL-10 at day 3
were among independent risk factors of in-hospital mortality (P = 0.001 and P = 0.018) (Table 5). The
areas under ROC curve (AUCs) in the analysis of HLA-DR expression (AUC = 0.819, P < 0.001) and IL-10
(AUC = 0.808, P < 0.001) at day 3 were also higher than other markers (Table 4).

Association between immune status classi�cation and
mortality of septic patients
Since TNF-α, IL-2R, IL-6, IL-8, IL-10 and HLA-DR all had prognostic values in univariate analysis, we
combined these markers to classify patients into certain immune status groups and explored their
prognosis. The immune status classi�cations were based on the best cut-off values of serum levels of
those immune markers as was introduced in Table 1.

Based on the immune status at day 1 and 3, patients classi�ed into MARS had balanced baseline
characteristics with those classi�ed into SIRS and CARS, but higher disease severity scores (Day 1:
APACHE II score: P < 0.001, SOFA score: P < 0.001; Day 3: APACHE II score: P < 0.001, SOFA score: P <
0.001) and higher levels of in�ammatory markers (Day 1: WBC: P < 0.001, CRP: P < 0.001, PCT: P < 0.001;
Day 3: WBC: P = 0.005, CRP: P = 0.001, PCT: P < 0.001) (see Additional �le 2: Table S1 and Additional �le
3: Table S2). MARS was associated with higher mortality rate of septic patients than SIRS and CARS
(Day 1: OR 6.487, 95% CI 3.094 to 13.601, P < 0.001; Day 3: OR 11.464, 95% CI 4.411 to 29.798, P < 0.001)
(Table 6). In survival analysis based on immune status at day 3, CARS and MARS both had worse
prognosis than SIRS (P < 0.001 and P < 0.001). It was also discovered that MARS had worse prognosis
than CARS (P = 0.008) (Fig 2).

Immune status of 71 patients (46.1%) changed from day 1 to 3. To better describe the dynamic changes,
four classi�cations were introduced. One hundred and seven patients were classi�ed into SB group with a
mortality of 11.2%. Nine patients were classi�ed into DT group with a mortality rate of 77.8%, which was
the highest. Twenty-one patients were classi�ed into RM group and 17 patients were classi�ed into NR
group, with mortality rates of 42.9% and 64.7% respectively. APACHE II score (P < 0.001), SOFA score (P <
0.001), WBC (P = 0.02), CRP (P < 0.001) and PCT (P < 0.001) decreased from day 1 to 3 in SB group
(Table 7). However, no statistical signi�cance was found in three other groups with regard to the
corresponding changes in disease severity scores and in�ammatory markers. In survival analysis, SB had
better prognosis than RM, NR and DT (P = 0.028; P < 0.001; P < 0.001).
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Discussion
Immune mechanism of sepsis has been widely studied. Firstly, innate immune function was
compromised due to the dysfunction of neutrophils, monocytes, dendritic cells and myeloid-derived
suppressor cells (MDSCs) which subsequently altered �rst-line defense, inhibited T cell proliferation,
altered in�ammatory response and caused incomplete activation of T cells. Secondly, sepsis also
in�uenced the effector functions and phenotypes of T cells, B cells and innate-type lymphocytes and thus
compromised adaptive immune function [6]. Classic biphasic model presumed that sepsis featured initial
pro-in�ammatory phase and subsequent anti-in�ammatory phase [18]. However, more evidence showed
that sepsis-induced immune dysfunction are highly variable and thus introduced competition model that
pro- and anti-in�ammatory activities were under dynamic equilibrium and mutual interaction [19–23].
Thus, the proper monitoring of immune status and reversal of immune disorder are crucial to the
treatment of septic patients. Combining multiple immune markers to compensate the low prediction
e�ciency of single markers in previous studies, this study proved the poor prognosis of patients with
severe immune dysfunction named MARS and the deterioration of immune status named DT. Also, the
variability of immune status was justi�ed as we found the immune status of 46.1% were changed from
day 1 to 3.

Immune status can be measured by many approaches [24]. In this study, we chose cytokine as a
biomarker of immune dysfunction. Serum cytokines levels were higher in non-survivors as we found,
which was consistent with previous knowledge that sepsis induced intensive host immune reaction to
pathogens called “cytokine storm” and could lead to poor prognosis [14, 25, 26]. Signi�cantly, we also
found IL-10 level at day 3 was an independent prognostic factor. HLA-DR expression was another chosen
biomarker of immune dysfunction, which could re�ect the functions of both innate and adaptive immune
system and its lower expression indicated immunosuppression [6, 15]. In our study, non-survivors had
lower HLA-DR expression at all points in time. The cut-off values were 28.87% and 25.55% at day 1 and 3
respectively. Both were close to the previously recognized value 30%, which proved the reliability of our
model. HLA-DR expression at day 3 was also an independent risk factor of poor outcome as revealed by
multivariate analysis and had the highest prognostic value based on the data of AUC. This con�rmed the
previous concept that HLA-DR expression could best re�ect the immune function and predict the
prognosis after 48 hours of sepsis duration [16, 27]. Our study also justi�ed the competition model by
demonstrating that pro- and anti-in�ammatory activities in sepsis occurred concurrently which were
re�ected by simultaneously elevated serum levels of both pro- and anti-in�ammatory cytokines and lower
HLA-DR expression. The independent mortality predictability of two immunosuppressive markers (HLA-
DR and IL-10 at day 3) revealed by multivariate analysis added to the importance of monitoring
immunosuppressive activities.

Although the prognostic values of many immune markers have been widely studied, it was rarely reported
how to combine multiple immune markers to reach a more precise de�nition of immune status and
prediction of mortality. A previous study designed and analyzed prognostic value of the combined scores
of anti- and pro- in�ammatory cytokines in septic patients and proved its higher value than each single
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biomarker [28]. In this study, we combined HLA-DR expression and cytokines (TNF-α, IL-2R, IL-6, IL-8 and
IL-10) to quantitatively de�ne each immune status, namely SIRS, CARS and MARS. A recent study on
mechanisms in mice and human serum con�rmed that CARS could arise at the beginning of disease
course but not following SIRS. SIRS and CARS were both regulated by in�ltrating macrophages and T
cells and dependent on NLRP 3 in�ammasome. SIRS was initiated by the activation of macrophages and
CARS was regulated by T cell function [29]. The concept of MARS was introduced as either the co-
existence of overwhelming in�ammation and suppression of innate and adaptive immunity or an
intermediate phase between SIRS and CARS [11, 30]. Based on the numbers of “positive” immune
markers, we de�ned SIRS as moderate in�ammatory process without corresponding anti-in�ammatory
process. CARS was de�ned as simultaneous moderate pro- and anti- in�ammatory processes. We de�ned
MARS as an independent phase of severe imbalanced pro- and anti- in�ammatory processes, rather than
a transit between SIRS and CARS.

Our data demonstrated MARS was more frequent in non-survivors while SIRS and CARS were more
frequent in survivors. This con�rmed the assumption that the uncontrolled, excessive in�ammatory
activities could lead to poor prognosis.

High proportion (46.1%) of the changes of immune status from day 1 to 3 was revealed by our study. It
has been addressed by many previous studies that the changes of immune status could not been
underestimated [4, 12, 13], so we introduced an model which could dynamically monitor that change. As
we found, DT had the highest mortality rate of 77.8% while SB had the lowest mortality rate of 11.2%. It
laid stress on the importance of maintaining the stable immune status for patients with SIRS or CARS on
admission. Because the prognosis would take a turn for the worse once the immune status shifts into
MARS. Mortality rate of RM and NR groups were both high but the former was comparatively lower, which
suggested the proper management of immune disorder could bring survival bene�t to the patients with
MARS. In SB group, we discovered the corresponding decrease in disease severity scores and
in�ammatory markers levels. However, the corresponding changes were not statistical signi�cant in other
groups. This might be explained by the relatively small sample sizes of these groups or that immune
status classi�cation has higher sensitivity of predicting mortality than disease severity scores and
in�ammatory markers.

Our study had several limitations. First, the sample size was relatively small as a single-center study.
Second, we only collected the data at day 1 and 3. Thus the immune status and its dynamic changes
could not be traced later than day 3. Third, we acquired cut-off value of each immune marker from ROC
curve to set a model of immune dysfunction, the rationale of this classi�cation are worthy of further
veri�cation. Fourth, only 6 accessible biomarkers were chosen as elements of classi�cation, more
biomarkers with high sensitivity and speci�city are needed to be discovered. Also, the use of
glucocorticoids might in�uence the process of immune reaction and expression of immune markers but
this condition was more similar to real clinical setting.

Conclusions
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In conclusion, we con�rmed that immune markers such as serum cytokines levels and HLA-DR
expression were associated with prognosis of septic patients. Patients with severe immune disorder
de�ned as MARS or deterioration of immune status de�ned as DT were more likely to have poor outcome.
As the concept of stage-adjusted therapy for sepsis is promising, our study has provided a preliminary
model for the monitoring of immune status which might be bene�cial to the individualized treatments for
patients.
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APACHE II Acute Physiology and Chronic Health Evaluation II
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CARS Compensatory anti-in�ammatory response syndrome

CRP C-reaction protein
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Additional Files
Additional �le 1: Fig S1. Kaplan-Meier survival curves of septic patients. Comparisons between the group
with positive immune marker level and that with negative level are shown in panel (A)-(J). (A) TNF-α at
day 1. P = 0.035; (B) TNF-α at day 3. P < 0.001; (C) IL-2R at day 1. P = 0.068; (D) IL-2R at day 3. P < 0.001;
(E) IL-6 day 1. P = 0.002; (F) IL-6 at day 3. P = 0.013; (G) IL-8 at day 1. P = 0.02; (H) IL-8 at day 3. P =
0.003; (I) IL-10 at day 1. P = 0.001; (J) HLA-DR at day 1. P < 0.001; Comparison between different immune
status classi�cations at day 1 is shown in panel (K). (K) P = 0.0007 (SIRS vs. CARS), P < 0.0001 (SIRS vs.
MARS), P = 0.0105 (CARS vs. MARS).

Additional �le 2: Table S1. Clinical and demographic characteristics of enrolled patients classi�ed
according to immune status at day 1.

Additional �le 3: Table S2. Clinical and demographic characteristics of enrolled patients classi�ed
according to immune status at day 3.

Tables
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Table 1 Immune status classification of septic patients

Pro-inflammatory markers 1 Anti-inflammatory markers 2 Classification
0-2 (+) (-) SIRS
3-4 (+) (-)
0-2 (+) 1-2 (+) CARS
3-4 (+) 1-2 (+) MARS

1 TNF-a, IL-2R, IL-6, IL-8
2 IL-10, HLA-DR

Table 2 Classifications of the immune status changes from day 1 to 3

Day 1 Day 3 Classification
SIRS or CARS SIRS or CARS Stabilization (SB)

MARS Deterioration (DT)
MARS SIRS or CARS Remission (RM)

MARS Non-remission (NR)
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Table 3 Clinical and demographic characteristics of enrolled patients classified according
to prognosis 

  Survivors 
(n=124)

Non-survivors
(n=50)

P value

Age (years) 67.5 (48.25-78) 67 (56.75-73.25) 0.703
Male (n, %) 78 (62.9) 31 (62) 0.911
Comorbidities, n (%)      
    Hypertension 58 (46.8) 25 (50) 0.7
    Diabetes mellitus 33 (26.6) 15 (30) 0.651
    Coronary heart disease 12 (9.7) 7 (14) 0.408
    Chronic obstructive pulmonary
disease

10 (8.1) 5 (10) 0.91

    Hepatitis and cirrhosis 12 (9.7) 3 (6) 0.595
    Renal insufficiency 14 (11.3) 7 (14) 0.62
    Malignancy 11 (8.9) 6 (12) 0.729
Main site of infection, n (%)      
    Respiratory tract 80 (64.5) 37 (74) 0.707
    Abdomen 30 (24.2) 8 (16) 0.311
    Urinary tract 6 (4.8) 2 (4) 1
    Skin and soft tissue 4 (3.2) 2 (4) 1
    Blood stream 4 (3.2) 1 (2) 1
Index of severity of disease, median (25th, 75th)    
    APACHE II score      
         Day 1 12 (7, 16) 20.5 (11.75, 26) <0.001
         Day 3 1 9 (6, 13) 18 (14, 25) <0.001
    SOFA score      
         Day 1 3 (2, 4) 5 (3.75, 10.25) <0.001
         Day 3 1 2 (1, 4) 6 (4, 8) <0.001
Inflammatory markers, median (25th, 75th)    
    WBC, *10^9/L      
         Day 1 10.85 (6.99,

14.5)
12.6 (8.16, 18.4) 0.024

         Day 3 1 9.07 (6.9, 12.09) 13.15 (9.55, 19.79) <0.001
    CRP, mg/L      
         Day 1 90 (56.88, 96) 90 (62.55, 138.6) 0.353
         Day 3 1 52.2 (15.2,

104.6)
90 (66.1, 143.5) 0.002

    PCT, ng/L      
         Day 1 1.14 (0.29, 5.07) 1.47 (0.4, 10.4) 0.172
         Day 3 1 0.56 (0.15, 1.98) 1.85 (0.6, 11.13) <0.001
Interventions, n (%)       
    Glucocorticoids (Prednisone >
200mg)

67 (54) 38 (76) 0.007

    Mechanical ventilation 62 (50) 46 (92) <0.001
    Deep venous catheterization 54 (43.5) 38 (76) <0.001
    Urinary catheterization 57 (46) 43 (86) <0.001
ICU length of stay (days) 14 (10, 21.75) 10 (5, 20.5) <0.002
1 Data were available in 154 patients, including 115 survivors and 39 non-survivors.
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Table 4  Immune markers of septic patients       
  Survivors

(n=124)
Non-survivors

(n=50)
P value AUC Cut-off value 

Serum cytokine level, (pg/ml) Median (25th,75th)    
  TNF-α          
     Day 1 12.1(9.1-16.8) 17.1(11.2-25.3) 0.003 0.648 17.95
     Day 3 1 11.3(8.6-12.9) 12.7(11.1-21.4) <0.001 0.735 12.95
  IL-2R          
     Day 1 1092(735-1700) 1543.5(892.3-2548.8) 0.013 0.599 1684
     Day 3 1 892(654-1036) 1088(678-1898) 0.029 0.615 1074.5
  IL-6          
     Day 1 24.4(9.6-81.8) 68(18.4-212.3) <0.001 0.654 39
     Day 3 1 13.1(6.2-28.1) 23.1(13.1-101) <0.001 0.717 14.75
  IL-8          
     Day 1 25(13.2-66.2) 58.5(24.8-95.6) <0.001 0.645 20.75
     Day 3 1 21.1(11.2-35.3) 32.5(23-83.2) <0.001 0.695 28.15
  IL-10          
     Day 1 5.7(5-13) 18.1(6.5-50.6) <0.001 0.679 7.45
     Day 3 1 5(5-6.7) 14(6.5-26.8) <0.001 0.808 10.95
HLA-DR expression (%) Median(25th,75th)      
     Day 1 38.2(20.3-47.9) 18.5(13.4-27.3) <0.001 0.673 28.87
     Day 3 1 44.4(29.3-56.4) 16.9(12.2-28.1) <0.001 0.819 25.55

1 Data were available in 154 patients, including 115 survivors and 39 non-survivors.

 
Table 5 Results of the multivariate logistic regression test of the risk factors of in-hospital
mortality

Variables 1 Partial regression
coefficient

Standard
error

Wald
 χ2

P value OR 95%CI

Mechanical
ventilation

3.47 1.408 6.078 0.014 32.14 2.037-
507.235

APACHE II score
at day 3

0.297 0.109 7.4 0.007 1.346 1.086-
1.666

SOFA score at day
3

-0.464 0.211 4.824 0.028 0.629 0.415-
0.951

CRP at day 3 0.01 0.005 4.372 0.037 1.01 1.001-
1.020

HLA-DR at day 3 -0.105 0.031 11.709 0.001 0.901 0.848-
0.957

IL-10 at day 3 0.123 0.052 5.593 0.018 1.131 1.021-
1.252

1 Analysis was conducted by means of Enter method. Other covariates without
significance included all disease severity scores and inflammatory markers at day 1,
levels of WBC, PCT, TNF-α, IL-2R, IL-6 and IL-8 at day 3, use of glucocorticoids, deep
venous catheterization and urinary catheterization and ICU LOS.
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Table 6 Association between immune status classification and outcome of septic patients  
  Day 1     Day 3    
  SIRS CARS MARS SIRS CARS MARS

Survivors, n(%) 1 57 (98.3) 48 (68.6) 19 (41.3) 83 (94.3) 24 (60) 8 (30.7)
Non-survivors, n(%) 1 1 (1.7) 22 (31.4) 27 (58.7) 5 (5.7) 16 (40) 18 (69.2)
PA/PB 2 <0.001/0.004   <0.001/0.02  
1 Percentage indicates the proportion of in-hospital survivors/non-survivors among each
immune status.
2 PA value stands for comparison between SIRS+CARS and MARS and PB value for
comparison between CARS and MARS. 

 

Table 7 Prognosis of each group of immune status
changes from day 1 to 3

   

  Stabilization
(SB)

Deterioration
(DT)

Remission
(RM)

Non-remission
(NR)

Survivors, n (%) 1 95 (88.8) 2 (22.2) 12 (57.1) 6 (35.3)
Non-survivors, n
(%) 1

12 (11.2) 7 (77.8) 9 (42.9) 11 (64.7)

Changes of index of severity of disease, median (25th, 75th)  
    Δ APACHE II
score -3 (-6, 0) 2 0 (-6, 6.5) -1 (-6.5, 1) 0 (-5, 1.5)

    Δ SOFA score -1 (-1, 0) 2 1 (1, 2.5) -2 (-3, -0.5) 2 0 (-0.5, 1.5)
Changes of inflammatory markers, median (25th, 75th)  
    Δ WBC, *10^9/L -0.58 (-3.52,

1.49) 2
0.15 (-3.12,

15.07)
-0.62 (-8.22,

4.2)
-0.64 (-6.52,

2.02)
    Δ CRP, mg/L -26.4 (-67.5,

8.19) 2
24.4 (-44.5,

77.11)
3 (-52.15,

51.8)
0 (-50.5, 66)

    Δ PCT, ng/L -0.27 (-2.28,
-0.01) 2

0.17 (-12.37,
1.42)

-0.21 (-1.64,
0.21)

0.26 (-6.65,
21.77)

PA/PB 3 < 0.001/< 0.001
1 Percentage indicates the proportion of in-hospital survivors/non-survivors among each
immune status.
2 P < 0.05.
3 PA value stands for comparison between SB+RM (with better prognosis) and DT+NR
(with worse prognosis), PB value  for comparison between DT (with the worst prognosis)
and other classification. 
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Figure 1

Study Flowchart.
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Figure 2

Kaplan-Meier survival curves of septic patients. (A) Comparison between the group with positive IL-10
level and that with negative level at day 3. P < 0.001; (B) Comparison between the group with positive
HLA-DR level and that with negative level at day 3. P < 0.001; (C) Comparison between different immune
status classi�cations at day 3. P = 0.0007 (SIRS vs. CARS), P < 0.001 (SIRS vs. MARS). P = 0.008 (CARS
vs. MARS); (D) Comparison between different classi�cations of immune status changes. P = 0.028 (SB
vs. RM), P < 0.001 (SB vs. NR), P < 0.001 (SB vs. DT), P = 0.086 (RM vs. RM). Survival curve of DT had
intersections with that of RM and NR, in which case the Log-rank test was not conducted.
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