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Background: Our aim was to determine a useful combination of blood biomarkers that can predict 28-day mortality of sep-
sis upon arrival at the Emergency Department (ED).

Material/Methods: Based on Sepsis-3.0, 90 sepsis patients were enrolled and divided into survivor and nonsurvivor groups with
day 28 as the study end point. After comparing the demographic data and clinical characteristics of patients,
we evaluated the predictive validity of a combination of markers including interleukin-6 (IL-6), procalcitonin
(PCT), and lactate at arrival at the ED. Independent risk factors were found by using univariate and multivar-
iate logistic regression analyses, and the prognostic value of markers was determined by the area under the
curve (AUC) of the receiver operating characteristic (ROC) curve.

Results: There were 67 (74.4%) survivors and 23 (25.6%) nonsurvivors. The levels of IL-6 (survivors vs nonsurvivors: me-
dian 205.30 vs 3499.00 pg/mL, P=0.012) and lactate (survivors vs nonsurvivors: median 2.37 vs 5.77 mmol/L,
P=0.003) were significantly lower in survivor group compared with the nonsurvivor group. Markers includ-
ing IL-6, PCT, lactate, and neutrophil-to-white blood cell ratio (NWR) were independent risk factors in predict-
ing 28-day mortality due to sepsis. The combination of these 4 markers provided the best predictive perfor-
mance for 28-day mortality of patients with sepsis, on arrival at the ED (AUC of 0.823, 95% confidence interval
[CI] 0.723-0.924), and its accuracy, specificity, and sensitivity were 74.4% (95% Cl 64.0-82.8%), 91% (95% Cl
80.9-96.3%), and 65% (95% Cl 42.8-82.8%), respectively.
Conclusions: The combination of IL-6, PCT, lactate, and NWR measurements is a potential predictor of 28-day mortality for
patients with sepsis, at arrival at the ED. Further research is needed to confirm our findings.
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Background

Sepsis is a large clinical and public health burden through-
out the world. Its social and economic consequence have
been largely underestimated [1]. Locations that are the least
equipped to prevent, identify, or treat sepsis have the highest
burden [2]. Early detection and timely treatment of sepsis are
crucially important for both the patients and society in general.

Research has shown that a quick Sequential (sepsis-related)
Organ Failure Assessment (qSOFA) score >2 was an indepen-
dent factor for 30-day mortality due to sepsis [3]. However,
other studies have indicated that qSOFA has a low sensitivity
for predicting outcomes [4]. Sepsis arises from complex reac-
tions to systemic inflammation, which involves elevated levels
of a variety of blood-based biomarkers including immune cells
and cytokines, such as white blood cells (WBCs) and interleu-
kin-6 (IL-6), and acute response proteins, such as procalcito-
nin (PCT) and high-sensitivity C-reactive protein (hs-CRP) [5].
We aimed to identify an effective combination of markers that
can help predict 28-day mortality of sepsis as early as patients’
arrival at the Emergency Department (ED).

Increasing numbers of investigators have begun searching for
reliable biomarkers or combinations of biomarkers to predict
sepsis-related mortality [6]. Although several studies have eval-
uated the predictive value of the qSOFA score and some bio-
markers such as hs-CRP and PCT or their combinations, most
focused on the points in time when patients enter or are al-
ready in the Intensive Care Unit (ICU) [7,8]. In this study, we
gathered indicators within the first 2 h of patients’ arrival at
the ED to identify a useful combination of biomarkers to pre-
dict 28-day mortality of sepsis at the time of arrival at the ED.
We selected several markers that are widely used in clinical
practice and have results that are quick and easy to obtain.

Material and Methods

Patients

We conducted this retrospective study on patients with suspect-
ed sepsis admitted to the ED at Shenzhen People’s Hospital,
the second clinical medical college of Jinan University, or the
first affiliated hospital of Southern University of Science and
Technology from December 2017 to April 2019, with the ap-
proval of the Ethics Committee of Shenzhen People’s Hospital
and the Second Clinical Medical College of Jinan University (No.
LL-KT-201705001) and informed consent waived.
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Study Population

We collected data on adult patients who were aged above 18
years and were examined by a physician for assessment and
diagnosis of sepsis based on Sepsis-3.0 criteria when they pre-
sented to the ED. As shown in Figure 1, patients were exclud-
ed from the study if they were pregnant, were younger than
18 years old, had experienced traumatic injury, had cancer, re-
quired immediate surgical intervention, had been resuscitated
from cardiopulmonary arrest, had a do-not-resuscitate status,
or had undergone major surgery in the previous 30 days or an-
tibacterial therapy in the 5 days prior to ED arrival. We gath-
ered the qSOFA scores of patients at their arrival at the ED by
using altered mental status, systolic blood pressure <100, and
respiratory rate >22 [9].

Data Collection

The following information was required: baseline information
(age, sex, weight, and height), comorbidities, intervention of
mechanical ventilator, use of vasopressors, length of hospi-
tal and ICU stays in days, mortality in 28 days, and clinical in-
dicators such as mean arterial blood pressure. Furthermore,
blood indicators including PCT, hs-CRP, IL-6, and lactate lev-
els; WBC count; and neutrophil-to-WBC ratio (NWR) were col-
lected from patients with suspected sepsis at arrival at the ED.
All samples were assessed in the Laboratory Department of
Shenzhen People’s Hospital, following manufacturers’ instruc-
tions. PCT, hs-CRP, IL-6, and lactate were measured from plas-
ma, and WBC count was measured from whole blood.

Statistical Evaluation

Data were evaluated using Statistical Package for Social
Sciences (SPSS) software, version 19.0 (SPSS Inc., Chicago,
IL). Normally distributed continuous variables are reported as
means (standard deviation [SD]), while nonnormally distributed
variables are reported as medians (interquartile range [IQR]).
We used the chi-squared test to compare categorical variables,
and we used independent 2-sample testing to compare con-
tinuous variables. Univariate and multivariate logistic regres-
sion analyses were used for determining independent effects
for 28-day mortality, and the model selection strategy was to
add all the variables whose likelihood ratio test P-value <0.05
(forward, likelihood ratio, entry criteria: 0.10, exclusion criteria:
0.15). We used receiver operating characteristic (ROC) curves
to assess the association of biomarkers with 28-day mortali-
ty [10]. P<0.05 was considered significant. We used Matthews
correlation coefficient (MCC) to evaluate the predictive model,
with MCC worst value=— and best value=+1 [11].
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Results

Baseline Characteristics and Outcomes

After screening for eligibility, a total of 90 patients with sep-
sis were enrolled and divided into the survivor group (n=67,
44 men and 23 women) and the nonsurvivor group (n=23, 14
men and 9 women) according to 28-day mortality. The total
28-day mortality was 25.6% in this study. As shown in Table 1,
there was no statistical difference between the 2 groups based
on age, sex, mean arterial blood pressure, pathogen, etiology,
and duration of hospital stay. The baseline characteristics of
patients revealed that nonsurvivors had a higher burden of
hypertension and hemiplegic stroke. The SOFA scores of non-
survivors were significantly higher than those of survivors.

Comparison of Blood-based Biomarkers and qSOFA Score
Between Survivor and Nonsurvivor Groups

Compared with the nonsurvivor group, the survivor groups had
significantly lower levels of IL-6 (survivors vs nonsurvivors: medi-
an 205.30 vs 3499.00 pg/mL, P=0.012) and lactate (survivors vs
nonsurvivors: median 2.37 vs 5.77 mmol/L, P=0.003). As shown
in Table 2, there were no statistical differences in levels of hs-
CRP, PCT, WBC count, NWR, and the qSOFA score (P=0.235,
0.681, 0.459, 0.103, 0.856, respectively) between the 2 groups.

Logistic Regression Analysis of Biomarkers for 28-day
Mortality

The levels of NWR (odds ratio [OR]=0.009; 95% confidence
interval [Cl]: 0.000-1.052; P=0.052), IL-6 (OR=1.000; 95% Cl:

1.000-1.001; P=0.009), PCT (OR=0.981; 95% Cl: 0.965-0.097;
P=0.019), and lactate (OR=1.309; 95% Cl: 1.038-1.651; P=0.023)
had significant predictive ability for 28-day mortality of sep-
sis, indicating that NWR, IL-6, PCT, and lactate are indepen-
dent risk factors (Table 3). Other variables, including hs-CRP,
WBC count, and the qSOFA score, were not potential predic-
tors of 28-day mortality in this study.

ROC Curve Analysis of Biomarkers for Predicting 28-day
Mortality

Results of ROC curve analysis are shown in Table 4 and Figure 2.
With regard to the ability of these biomarkers to predict the 28-
day mortality of sepsis, the cutoff value was 2580.50 pg/mL for
IL-6, with 56.5% sensitivity and 86.6% specificity (AUC 0.675,
95% Cl 0.534-0.816, P=0.013), and 5.385 mmol/L for lactate,
with 52.5% sensitivity and 94.0% specificity (AUC 0.710, 95%
Cl 0.568-0.852, P=0.003). The remaining biomarkers, includ-
ing hs-CRP, PCT, WBC count, NWR, and the qSOFA score, had
no significant value in predictive performance. Combinations
were then evaluated to improve predictive performance, and
the combination of IL-6, PCT, lactate, and NWR (AUC 0.823,
95% C1 0.723-0.924, P<0.001) was found to have a higher val-
ue in predicting 28-day mortality of sepsis at the very early
phase, with accuracy, specificity, and sensitivity of 74.4% (95%
Cl 64.0-82.8%), 91% (95% Cl 80.9-96.3%), and 65% (95% Cl
42.8-82.8%), respectively. The MCC was +0.58.
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Table 1. Demographic characteristics.
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Characteristics Surv(i::; 7g)r oup Non-ﬂ(n;:i;r :; group Pvalue

Age,median (range) 72 (26-97) 77 (50-97) 74  (26-97) 0.127

Csex Malen®) Y 14 (609) 58 (648 0678
BMimean(D) %7 @5 243 @) 51 2 0754
| MAP(mmHg), mean (5D) 866 (166) 831 (152 857 (163 0380
CComorbidities
"""" Hemiplegicstroke,n %) 14 (09) 12 (522 26 (89 0004
"""" Diabetes melltus, n %) 24 (358 7 (04 31 (44 0639
"""" Hypertension,n %) 31 (463) 17 (39 48 (533 002
"""" Cardiovascular disease,n (%) 15 (24 9 (91 24 @& 0117
"""" Chronic renal failure,n (%) 24 (358 10 @35 34 (7.8 0513
"""" Chronic lung disease,n (%) 11 (64 5 (@17 16 (78 0795
Useofvasopressors,n () o (139 5 L) 4 (56 0618
 Use of mechanical ventilation, n (%) 9 @) 8 (06 27 Goo) 0960
CRathogen
"""" Gram positive bacteria,n %) 4 (9 1 @3 5 (56 061
"""" Gram negative bacteria,n %) 12 (179 6 @61) 18 (00) 0287
"""" Fungin(9 10 (49 4 (74 14 (156 0436
CSiteofprimary infection
"""" Preumonia,n 9 42 627 19 ®26) 6 (678 0078
"""" Urinary tract infection,n (%) 26 (388 5 @L7) 31 (44 0137
"""" intra-abdominal infection, n %) 11 (164 3 (30) 14 (156 0959
"""" Soft tissue infection,n %) 3 @45 o 333 0720
SOFAscore,mean (D) 65 G7) o7 48 75 @43 0.001*
Cburationofhospital
"""" ICU stay (day), mean (5D) 59 (53 43 33 55 (49 0180
"""" Hospitalstay (day), mean (5D) 120 (©2) 104 (54 116 64 0316

* Indicates a significant value, P<0.05. BMI — body mass index; ICU — Intensive Care Unit; MAP — mean arterial blood pressure;
SD - standard deviation; SOFA — the Sequential Organ Failure Assessment.

Discussion

The qSOFA score and 6 laboratory variables for patients with
suspected sepsis at arrival at the ED were evaluated in our
study. The results preliminarily showed that a novel combi-
nation of IL-6, PCT, lactate, and NWR was a predictor for 28-
day mortality of sepsis at arrival at the ED. This combination,
based on 4 blood-based biomarkers, is easily gathered within

the first 2 h after a patient’s arrival at the ED. Therefore, it
may play a significant role in early risk assessment and timely
intervention for patients with sepsis. However, our study did
not show that the qSOFA score was an independent risk fac-
tor to predict 28-day mortality at arrival at the ED.

The effectiveness of IL-6 to predict sepsis mortality has been
addressed in several previous research [12,13]. As a pleiotropic
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Table 2. Blood biomarkers by study group.

Survivor group

Blood biomarkers )

Nor-survivorgroup

DATABASE ANALYSIS

hs-CRP (mg/L), median (range) 172.71 (3.22-502.14)

205.30 (11.50-5000.00) 3499.00 (13.53-5000.00)

Lactate (mmol/L), median (range) 2.37 (0.97-14.7)
CWBC(10°1), mean (D) 1398 (57)
NWR mean(sD) 088 (009)
| aSOFA mean (D) 161 090

(n=23) LA
143.70 (2.86-485.95) 162.94 (2.86-502.14) 0.235
1361 (03920000 2037 (006-20000) 0681
19900 (1353-500000) 29060 (1150-500000) 001"
577 (10331100 250 (0973110) 0003
1576 (1469) 1444 98) 0459
oss 01 086 (013 0370
165 099 162 0o 0856

* Indicates a significant value, P<0.05. hs-CRP — high-sensitivity C-reactive protein; IL-6 — interleukin 6; NWR — neutrophil-to-WBC ratio;

PCT - procalcitonin; WBC — white blood cell.

Table 3. The logistic regression analysis of blood-based biomarkers for predicting 28-day mortality in patients with sepsis or septic

shock.

Multivariable analysis

Lactate

1.038-1.651

* Indicates a significant value, P<0.05. Cl — confidence interval; IL-6 — interleukin-6; NWR — neutrophil-to-WBC ratio; OR — odds ratio;

PCT - procalcitonin; WBC — white blood cell.

cytokine, IL-6 is expressed by different kinds of cells in response
to infections and tissue injuries at a very early phase (usually
within 2 h), and it is one of the crucial parts in the systemic in-
fection reaction to sepsis [14,15]. Elevated IL-6 levels in serum
have been detected in sepsis and are related to a high risk of
mortality [16]. For adults without any inflammation, the IL-6 con-
centration in blood ranges from 0.2 to 7.8 pg/mL; however, for
patients with sepsis, it may rise to 1600 pg/mL or even high-
er [17]. In this study, IL-6 levels were significantly higher in non-
survivors than in survivors. Furthermore, IL-6 was shown to be an
independent factor to predict 28-day mortality for patients with
sepsis. These results are in line with a previous study [18]. With
the cutoff value for IL-6 set at 2580.50 pg/mL, it has a sensitivity
of 56.5% and a moderate specificity of 86.6% (AUC=0.675) for
predicting 28-day mortality of sepsis. Although the AUC of IL-6
was not high, the results indicated that IL-6 is a potential pre-
dictive biomarker for 28-mortality of sepsis patients. Combining
it with another biomarker may improve the predictive power.

In addition to IL-6, lactate was another biomarker that in-
creased significantly in nonsurvivors compared with survivors

in this study. Lactate is a notable biomarker in defining septic
shock in Sepsis-3.0. Elevated lactate levels have been shown
to be an independent risk factor and a useful index for 28-day
mortality of sepsis in a previous study [19]. Even when test-
ed within the first 2 h after patients’ arrival at the ED, the lev-
els of lactate in nonsurvivors were significantly higher than in
survivors. Moreover, lactate was one of the independent risk
factors in our study. Setting the cutoff value at 5.385 mmol/L
yielded a sensitivity of 52.2% and a high specificity of 94.0%
(AUC=0.710) for predicting 28-day mortality of sepsis. These
results were supported by prior findings of an association be-
tween lactate and mortality related to sepsis [20].

PCT is a polypeptide precursor of the calcitonin hormone whose
main role is to control of the concentrations of calcium in blood.
Under normal conditions, PCT is produced by the thyroid C-cells
and is present at an extremely low level in the blood (<0.05
ng/mL). However, during infectious and inflammatory stimu-
li, especially sepsis, many kinds of cells are triggered by cy-
tokines and chemokines to synthesize and release PCT [21].
Several studies have determined the predictive ability of PCT
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Table 4. Prognostic value of clinical parameters.
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Blood biomarkers 95% Cl Cut off Sensitivity Specificity P-value
hs-CRP 0.417 0.280-0.553 436.34 0.043 0.985 0.235
P o471 0340600 200 0913 0224 0681
w6 0675 05340816 258050 0565 0866 0013
Clactate 0710 05680852 5385 052 000 0003
wec o497 03540640 1654 038 o761 0967
CNWR 0383 02400525 096 0087 0940 0094
gsOFA 0512 03730650 250 0217 0806 0868
6T 0753 06390868 - e 091 048 0000*
Cll6Hactate 0718 05780858 - - 065 04 0002
CPCTelactate 0736 06130859 - - 052 088 0001*
CPCTENWR 0617 04750760 - e 040 087 0094
NWRelactate 0710 05290870 - B 052 094 0003
CILesNWR 0742 06140871 - - 061 082 0001*
CIL6+PCTHlactate 0780 06620898 - - 065 084 0000*
| NWR+PCT+actate 0807 07060908 - B 074 075 0000*
| NWRHL6Hactate 0718 05780858 - - 065 084 0002
NWRHLGHCT 079 06900901 - - 078 072 0000%
| NWRHL6+PCT+actate 0823 07230924 - = 065 091 0000*

* Indicates a significant value, P<0.05. AUC — area under the curve; Cl — confidence interval; hs-CRP — high-sensitivity C-reactive
protein; IL-6 — interleukin 6; NWR — neutrophil-to-WBC ratio; PCT — procalcitonin; WBC — white blood cell.

in sepsis and found that PCT kinetics over the first 72 h were
associated with in-hospital and ICU mortality of patients with
sepsis [22,23]. Our findings show that PCT is an independent
risk factor of 28-day mortality of sepsis, which is supported
by previous research [24,25].

Figure 2. The receiver operating characteristic (ROC) curves of
1.0 1 ROCcurve the selected markers for predicting 28-day mortality
of sepsis patients on arrival at the Emergency
Department. The ROC curves for single markers
031 and their combination included the following areas:
high-sensitivity C-reactive protein (hs-CRP), 0.417;
-‘E\ 0.6 - procalcitonin (PCT), 0.471; interleukin-6 (IL-6),
= Curve source 0.675; lactate, 0.710; white blood cell (WBC) count,
& 04- -_® 0.497; neutrophil-to-WBC ratio (NWR), 0.383; quick
b e Sequential (sepsis-related) Organ Failure Assessment
o curt score (QSOFA), 0.512; combination of NWR, IL-6, PCT,
0.2 - T and lactate, 0.823.
+P(T+IL-6
—— Reference line
00 00 0 04 06 08 10 High-sensitivity CRP is an acute-phase protein and is widely
1-Specificity known as a marker in response to inflammation. During acute-
phase inflammation, hs-CRP levels increase significantly, and

they are used to aid the diagnosis of sepsis [26]. Previous stud-
ies showed that hs-CRP begins to rise within 6-8 h of infec-
tion [23]. In this study, we recorded the hs-CRP levels of pa-
tients with sepsis within in the first 2 h after their arrival at
the ED. Some patients may have been in the early phase of
sepsis, when the hs-CRP had not begun to rise.
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WBC and neutrophil counts are traditional laboratory variables
for patients with infections. These indicators are readily mea-
sured and routinely performed in hospital laboratories. The cir-
culation of neutrophils is altered by inflammatory stimuli, such
as sepsis. After infection, neutrophils move from the marginal
to the circulation pool, and large amounts of immature neutro-
phils enter the circulation. These factors can cause an elevated
neutrophil percentage [27]. Although there was no significant
difference for WBC count and NWR in a comparison of survi-
vors and nonsurvivors, NWR was found to be an independent
risk factor. Several previous studies showed that the neutro-
phil-to-lymphocyte ratio was a predictor for mortality of sep-
sis [28,29]. Our findings were generally consistent with those
previous reports in terms of an increased neutrophil percentage.

In the development of a new definition for sepsis, the gSOFA
score has been demonstrated to be a key factor in identifying
sepsis associated with a risk of death or longer ICU stay [30].
Various studies have determined that the gSOFA score is a use-
ful predictor for mortality of ICU patients [31,32]. However, in
our study, the qSOFA score was not an independent risk factor
in predicting 28-day mortality of sepsis at arrival at the ED, and
no difference was found in comparing the survivors with the
nonsurvivors. This outcome may be due to the gSOFA scores
reflecting the status of patients with the first 2 h after their
arrival at the ED. Some of the patients may have been in the
early phase of sepsis, at which point they had not yet devel-
oped symptoms such as altered consciousness, hypotension,
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and short breath. Consequently, the above factors may result
in reduced sensitivity of gSOFA score in predicting 28-day mor-
tality in our study.

There are also limitations in our research. First, we used a ret-
rospective study design, and policy and other systemic chang-
es could have caused coding practices to vary over time, re-
sulting in bias. Second, because it was a single-center study,
the results may not be applicable to other centers. Third, the
sample size was small, which inevitably led to limited statisti-
cal power. Therefore, further study with multiple centers and a
large sample size is necessary to confirm the results.

Conclusions

In conclusion, our study investigated a novel combination of
lactate, PCT, IL-6, and NWR to predict 28-day mortality in pa-
tients with sepsis at arrival at the ED. This combination can be
readily and quickly measured in the ED, and it may be a sim-
ple but reliable predictor of sepsis. Future research is needed
to determine the prognostic potential of the combination in
patients with sepsis, within 2 h of their ED arrival.
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