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Abstract
Background

Sepsis is associated with high mortality, and the related innate immune system activation and diagnostic factors
are not fully understood. This study aimed to statistically analyse the clinical value of full-length tryptophanyl-
tRNA synthetase (WRS) induced through in�ammatory stimuli in the detection of sepsis and mortality prediction
in critically ill patients.

Method

In this retrospective analysis, we prospectively collected blood samples from patients in the medical intensive
care unit (ICU) at Yonsei University College of Medicine, from March 2015 to June 2018. Sepsis detection and
mortality prediction using WRS levels were compared to that with procalcitonin (PCT), C-reactive protein (CRP),
and interleukin-6 (IL-6) levels, and with Sequential Organ Failure Assessment (SOFA) and Acute Physiology and
Chronic Health Evaluation II (APACHE II) scores, using area under the receiver operating characteristic curve
(AUROC) and Cox proportional-hazards and Kaplan-Meier survival analyses.

Results

We enrolled 241 study patients, of whom 190 (78.8%) had been diagnosed with sepsis on ICU admission. The
AUROCs for sepsis discrimination with WRS, PCT, CRP, and IL-6 levels, and SOFA and APACHE II scores were
0.864, 0.727, 0.625, 0.651, 0.840, and 0.754, respectively. The prediction of 28-day mortality in patients with
sepsis using WRS levels was possible and non-inferior to that with the SOFA score (WRS vs. SOFA, AUROC 0.687
vs. 0.711; AUROC difference, 0.024; P = 0.650).

Conclusions

WRS secreted early in sepsis may be useful not only for early detection of sepsis but also for mortality prediction
in critically ill patients.

Background
Sepsis is a major clinical challenge in critically ill patients, involving high morbidity and mortality [1]. Early
diagnosis and comprehensive treatment are important for survival in sepsis patients [2]; however, the most
appropriate diagnostic criteria and treatment remain controversial [3]. The Third International Consensus
De�nitions for Sepsis and Septic Shock (Sepsis-3) introduced the extent of organ damage into the de�nition for
sepsis, using the Sequential Organ Failure Assessment (SOFA) score for assessing the dysregulated immune
responses to invasive infection based on mortality [4]. However, whether sepsis has been caused by an infection
is still determined based on a clinician’s opinion [5]. Although markers, such as procalcitonin (PCT) and C-reactive
protein (CRP), are used to determine infection [6], these markers are limited in that they cannot detect fungal and
viral infections [7, 8]. Therefore, a biomarker is needed to re�ect the infection-related immune response, including
that in cases of bacterial, fungal, and viral infections, and to predict mortality while meeting the new Sepsis-3
de�nition.
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Innate immunity is activated through the interaction between exogenous molecules such as pathogen-associated
molecular patterns and pattern-recognition receptors such as toll-like receptors and C-type leptin receptors [9–11].
However, intrinsic factors of innate immunity in humans involved in defence against external infections remain
unknown. Full-length tryptophanyl tRNA synthetase (WRS), which is present in human monocyte cytoplasm, is an
important housekeeping enzyme that participates in the translation of messenger RNA (mRNA), but the function
and precise mechanisms of WRS are unclear [12]. Previous studies have reported that WRS is rapidly released in
case of pathogenic bacterial and viral infections [13–16]. However, clinical research evaluating the prognostic
implications of WRS for the diagnosis of sepsis and its association with mortality in patients with sepsis is
lacking.

This study aimed to evaluate the clinical value of WRS, induced through in�ammatory stimuli, in sepsis detection
and mortality prediction in critically ill patients.

Methods

Study design and patient population
This study was a retrospective analysis of prospectively collected blood samples from patients who had been
admitted to the medical intensive care unit (ICU) at Yonsei University College of Medicine from March 2015 to
June 2018. In total, 340 patients aged > 18 years who had been admitted to the medical ICU initially provided their
informed consent to participate in this study. We excluded 99 patients comprising 76 patients who withdrew their
consent, 12 patients who were re-admitted, and 11 patients who were lost to follow-up. Finally, 241 patients aged 
> 18 years old were enrolled. We analysed WRS reference values using residual samples from randomly selected
127 healthy individuals who had tested the blood examination for health checkups (Fig. 1).

The study protocol was approved by the Institutional Review Board (IRB) of Severance Hospital (IRB number: 4-
2017-0654, 4-2013-0585) for examining the in�ammation and sepsis groups. For the healthy control group, the
specimens used in this study were distributed by the Korea Institute of Radiological and Medical Sciences
Radiation Biobank in the Republic of Korea (IRB number: P01-201803-31-006). Informed consent was waived
because of the retrospective design of the study.

Variables and de�nitions
Using the Sepsis-3 de�nition [4], sepsis was de�ned as life-threatening organ dysfunction due to a dysregulated
host response to infection, and the SOFA score was used to assess organ dysfunction. Therefore, we de�ned
sepsis as an increase of ≥ 2 points in the SOFA score in patients with suspected infection, and in�ammation was
de�ned as a systemic response other than that due to infection.

Data collection and clinical outcomes
The levels of biomarkers, such as WRS, PCT, CRP, and interleukin-6 (IL-6), were measured using blood samples
collected at the time of ICU admission from consenting patients. Other laboratory �ndings, the SOFA score, and
the Acute Physiology and Chronic Health Evaluation II (APACHE II) score were analysed using data obtained
within 24 hours of ICU admission. We reviewed electronic medical records to obtain data concerning baseline
demographics and pre-existing comorbidities, and we diagnosed patients with sepsis or in�ammation according
to the Sepsis-3 de�nition.
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First, we compared the sepsis discrimination power of WRS to that of the other biomarkers. Second, the predictive
power of WRS for 28-day mortality was compared with that of the SOFA and APACHE II scores.

Tryptophanyl tRNA synthetase analysis
Concentration of WRS in human serum was analysed using a human WRS ELISA kit (category no. JWBS-R001)
manufactured by JW Bioscience (Chungcheongbuk-do, South Korea), in accordance with the manufacturer’s
instructions. Brie�y, polystyrene 96-well plates (Nunc Immunoplate, Nunc, Denmark) were coated with 100 µL of
a�nity-puri�ed coating antibody, covered with plate sealer, and incubated for 15 hours at 4 ℃. After incubation,
the plates were washed to remove unbound antibodies, then the remaining binding sites in the plate were blocked
using incubation for 1 hour with a blocking buffer. The blocking buffer was then aspirated, and standard and
diluted samples were added to designated wells for 1 hour at room temperature. Plates were washed with
washing buffer, and 100 µL of horseradish peroxidase-conjugated detection antibody was added to each well.
After the incubation period, plates were washed with washing buffer. After washing, 3, 3′, 5, 5′-
tetramethylbenzidine reagent (50 µL/well) was added and incubated for 10 min at room temperature in darkness.
The colour reaction was stopped by adding 50 µL of stop solution to all wells. The plate was read at 450 nm on a
spectrophotometric microplate reader (Sunrise, Tecan, Grödig, Austria). The WRS concentration in each sample
was calculated from the standard curve (linear regression equation).

Interleukin-6 analysis
Serum samples were analysed using a Human IL-6 Quantikine ELISA kit (D6050) purchased from R&D Systems
(Minneapolis, MN, USA), in accordance with the manufacturer’s instructions. Brie�y, assay diluent (100 µL) and a
sample (100 µL) were added into each well of the 96-well ELISA plate and incubated for 2 hours at room
temperature. The plate was then thoroughly washed four times with wash buffer to remove any unbound enzyme-
labelled antibodies. Subsequently, detection antibody (200 µL/well) was added and incubated for 2 hours at room
temperature. After washing four times, substrate reagent (200 µL/well) was added and incubated for 20 min at
room temperature in darkness. To terminate the reaction, stop solution (50 µL/well) was added and the
absorbance was measured at 450 nm. The standard curve of IL-6 ELISA was established using 4-parameter
logistic regression calibration models.

C-reactive protein analysis
The CRP levels were measured using CRP kits purchased from JW Bioscience on a Hitachi 7180 auto-analyser
(Hitachi Ltd., Tokyo, Japan). All samples were analysed in duplicate.

Procalcitonin analysis
The PCT levels were measured using an Elecsys BRAHMS PCT kit on a Modular E170 analyser (Roche
Diagnostic, Mannheim, Germany).

Statistical analysis
We analysed clinical parameters using the Mann–Whitney U test for continuous variables and chi-squared or
Fisher’s exact tests for categorical variables. Continuous variables are expressed as medians with interquartile
ranges and categorical variables as numbers with percentages.
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Sepsis discrimination and 28-day mortality prediction were performed using the area under receiver operating
characteristic curve (AUROC). Patients were then divided into mortality low- and high-risk groups according to
WRS cut-off values, and the Kaplan-Meier survival curves of each group were compared. Statistical analyses were
performed using R Statistical Software, version 3.4.1 (The R Foundation for Statistical Computing, Vienna,
Austria).

Results

Baseline characteristics of the study population
Of the ICU cohort, 241 patients were �nally enrolled in this study and the sepsis incidence rate was 78.8% (N = 
190). The patients were divided into two groups, namely, in�ammation and sepsis groups, according to the
Sepsis-3 de�nition, and patient baseline demographics are described in Table 1. Age, sex, body mass index (BMI),
and pre-existing comorbidity were not found to be signi�cantly different between the groups. However, compared
to the in�ammation group, the incidence of acute kidney injury (AKI) was higher in the sepsis group (12 vs. 87
patients; P = 0.004). Poorer results for blood urea nitrogen (20.5 vs. 34.2 mg/dL; P = 0.001) and creatinine (0.87
vs. 1.61 mg/dL; P = 0.003) levels were found in the sepsis group. The hemodynamic variables were found to be
more unstable in patients with sepsis (mean arterial pressure, 90 vs. 73 mmHg; P = 0.008; heart rate, 96 vs. 113
beats/min; P < 0.001). There was no difference in the white blood cell (WBC) and haematocrit levels, but higher
red cell distribution width (14.8 vs. 15.6%; P = 0.016) and lower platelet (191 vs. 118 × 103/µL; P < 0.001) and
higher lactate (1.7 vs. 2.5 mmol/L; P < 0.001) levels were observed in the sepsis group. Albumin level was higher
in the in�ammation group (2.6 vs. 2.4 g/dL; P = 0.004), whereas the total bilirubin level was higher in the sepsis
group (0.6 vs. 0.8 mg/dL; P = 0.025); both total bilirubin levels were within the normal range (reference, 0.4–
1.5 mg/dL). In terms of electrolytes, sodium and potassium showed the same median values and did not differ
signi�cantly.

Biomarkers, previously shown to increase due to sepsis, were measured in both the healthy controls as well as in
the ICU cohort patients (Table 2). WRS, PCT, CRP, and IL-6 levels became progressively higher when we analysed
the healthy controls, in�ammation, and sepsis groups: WRS (healthy control vs. in�ammation vs. sepsis, 18.36
vs. 44.04 vs. 86.60 ng/mL; P < 0.001), PCT (could not be measured vs. 0.40 vs. 2.82 ng/mL; P < 0.001), CRP (0.06
vs. 8.46 vs. 12.92 mg/L; P = 0.006), and IL-6 (2.01 vs. 109.00 vs. 282.00 pg/mL; P = 0.001). The SOFA scores (6
vs. 10; P < 0.001) and APACHE II scores (19 vs. 27; P < 0.001) at the time of ICU admission were higher in the
sepsis group. The results showed a statistically signi�cant difference with respect to mortality and other clinical
outcomes: 28-day mortality (in�ammation vs. sepsis, 13.7% vs. 35.8%; P = 0.003), ICU mortality (17.6% vs. 35.8%;
P = 0.014), hospital mortality (14% vs. 89%; P = 0.013), ICU length of stay (6 days vs. 9 days; P = 0.039), and ICU-
free days (21 days vs. 11 days; P < 0.001).

Comparison of sepsis discrimination power
We compared the sepsis discrimination power of WRS to that of PCT, CRP, IL-6, SOFA, and APACHE II (Fig. 2,
Table 3) results. The sepsis discrimination power of all variables was statistically signi�cant (P < 0.05). The
AUROCs were 0.864, 0.727, 0.625, 0.651, 0.840, and 0.754 for WRS, PCT, CRP, IL-6, SOFA, and APACHE II results,
respectively. The AUROC of WRS was higher than that of the PCT level (AUROC difference, 0.137; P = 0.013), CRP
level (0.239; P < 0.001), IL-6 level (0.213; P < 0.001), and APACHE II score (0.110; P = 0.021), and the difference was
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statistically signi�cant. Compared with the SOFA score, the WRS level showed a higher AUROC, but this difference
was not statistically signi�cant (0.024; P = 0.576). The cut-off value for the WRS level for sepsis discrimination
was 54.34 ng/mL.

Mortality prediction and clinical outcomes
In terms of 28-day overall mortality, prediction with the PCT (AUROC, 0.519; P = 0.672) and CRP (0.436; P = 0.414)
levels was not statistically signi�cant. The AUROC of the WRS level (0.687; P < 0.001) was lower than that of the
SOFA score (0.711; P < 0.001); however, the difference was not statistically signi�cant (-0.024; P = 0.650) (Fig. 3,
Table 4).

The cut-off value for the WRS level was 97.23 ng/mL for the prediction of 28-day mortality. The 28-day overall
mortality was also compared between low- and high-risk groups using a Kaplan-Meier curve (Fig. 4). The
mortality rate in the high-risk group was 56.4%, which was higher than that in the low-risk group (hazard ratio,
1.015; 95% con�dence interval, 1.009–1.021; log rank test, P < 0.001).

Discussion
In this study, WRS levels progressively increased in the following group order: healthy controls, in�ammation
group, and sepsis group, along with the levels of other biomarkers previously considered to indicate sepsis,
namely, PCT, CRP, and IL-6. The AUROC for sepsis discrimination of WRS was also higher than the AUROCs for
other factors such as PCT, CRP, and IL-6 levels, and the SOFA and APACHE II scores. The AUROC of WRS for
predicting 28-day overall mortality was not found to be inferior to that of the SOFA score. Furthermore, based on
AUROC analyses, the cut-off values of the WRS level for sepsis discrimination and 28-day mortality prediction
were 53.34 ng/mL and 97.23 ng/mL, respectively.

The recently revised Sepsis-3 de�nition de�nes sepsis as a dysregulated host response to pathogenic infection,
leading to life-threatening organ dysfunction. This de�nition is focused on organ damage from dysregulated
immune responses due to invasive infection [4]. Furthermore, in the 2018 updated Surviving Sepsis Campaign
Bundle, the guidelines changed from 3-hour and 6-hour bundles to a 1-hour bundle. The guidelines further pointed
to the need for urgent assessment and treatment in patients with sepsis [17], indicating that an initial diagnosis is
essential to manage sepsis [18]. Other previous studies have shown that CRP and IL-6 levels could be helpful for
a diagnosis of sepsis; however, their strength in the diagnosis of sepsis has been controversial [19–21]. In our
study, the sepsis discrimination power of the CRP and IL-6 levels was lower than that of the other variables.
Furthermore, many previous studies have investigated novel clinical biomarkers, such as IL-27, presepsin,
angiopoietin-1, and high mobility group box 1, as diagnostic factors for sepsis [22–24]; however, determining a
standard test for sepsis remains a challenge.

PCT is released within 3–4 hours after infection or injury [25], and has been widely considered as a highly
predictive diagnostic marker in patients with sepsis with distinguishable speci�city for bacterial infection [26].
However, PCT levels cannot distinguish between fungal or viral infections and bacterial infections [8, 27].
Furthermore, some studies have reported that PCT levels have not always been good predictors of sepsis-related
prognosis [28], and the determination of changes in the PCT levels is needed rather than a single PCT level
measurement, to predict mortality in patients with sepsis [29]. In our study, the sepsis discrimination power of
PCT was found to be higher than that of other variables, but not with respect to 28-day overall mortality.
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The SOFA score has been shown to be helpful in predicting in-hospital mortality in patients with sepsis [30]. Our
study �ndings also showed that SOFA scores correlated with sepsis diagnosis and 28-day overall mortality.
However, the use of this score to identify patients with sepsis has also been challenged [31]. While the SOFA score
re�ects the extent of organ damage in relation to mortality, it might lack discriminative power in terms of whether
the cause of organ damage was infection [5]. Moreover, the SOFA score calculation requires several laboratory
test results, leading to a risk of delay in diagnosis and treatment [32].

WRS is an essential cytosolic aminoacyl-tRNA synthetase that is involved in the translation of mRNAs. WRS is
secreted from monocytes, which play a key role in innate immunity, angiogenesis, and IFN-γ signalling despite the
exact pathways being unclear [33]. Ahn et al. reported that WRS emerges to act as a primary defence molecule
against infection arising from interactions with Toll-like receptor 4 and myeloid differentiation factor 2 [16].
Furthermore, in a previous study, WRS was found to be immediately released and detected in the extracellular
space within 1 hour of infection, and thus, it was concluded that WRS forms a part of the innate immune
response in the early phase of viral infection [34]. Additionally, the secretion of WRS could be induced due to a
variety of infectious pathogens including bacteria, fungi, or viruses [16]. Our study results showed better AUROC
values for other clinical predictive factors of sepsis. It was not clear why the WRS level was associated with
mortality due to sepsis in our study; therefore, further studies are required to determine whether the WRS level is
valuable in mortality prediction and whether it could be used a novel treatment target.

This is the �rst study to analyse the value of WRS in a clinical patient sample with sepsis. Our results not only
showed a higher sepsis discrimination power of WRS than that of other variables, but that WRS was also
associated with 28-day overall mortality in ICU patients with sepsis. Therefore, the WRS level could be a new and
powerful diagnostic marker for sepsis, and we consider that a high initial WRS level can be used to predict poor
prognosis in critically ill patients with sepsis.

This study had several limitations. First, this study was a single-centre, retrospective study with a small sample
size making generalisability of our results di�cult. Therefore, a prospective multicentre study should be
undertaken to con�rm our �ndings. Second, there was a time difference between blood sampling and analysis,
and protein degradation could have occurred prior to analysis. However, blood samples were aliquoted and stored
in a refrigerator at -80 ºC as soon as possible to prevent protein degradation, and we thawed the blood sample
only once for analysis. Third, we could not analyse the serial results of WRS because we investigated the WRS
level only once at the time of ICU admission. Further in vivo clinical trials with a randomised controlled,
prospective design investigating the serial changes in the WRS level as a result of infection are needed.

Conclusion
We identi�ed that WRS, a biomarker secreted owing to infectious stimuli, is useful for early detection of sepsis.
Moreover, WRS is a more accurate predictive indicator of mortality in critically ill patients with sepsis than other
scoring systems.

Abbreviations
APACHE II, Acute Physiology and Chronic Health Evaluation II; AKI, acute kidney injury; AUROC, area under the
receiver operating characteristic; CLRs, C-type leptin receptors; CRP, C-reactive protein; Hct, haematocrit; ICU,
intensive care unit; IL-6, Interleukin-6; IRB, Institutional Review Board; RDW, red cell distribution width; ROC,
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In�ammation Sepsis Total P-value

N = 51 (21.2 %) N = 190 (78.8 %) N = 241 (100%)

Age (year) 69 (58 , 78) 69 (57, 77) 69 (57, 77) 0.954 

Sex (male), n (%) 23 (45.1) 67 (35.3) 151 (62.7) 0.198 

BMI (kg/m2) 20.8 (17.6, 24.5) 21.5 (19.0, 24.6) 21.4 (18.7, 24.5) 0.298 

Smoking, n (%) 15 (29.4) 59 (31.1) 74 (30.7) 0.917 

CCI 3 (1, 4) 3 (2, 5) 3 (2, 5) 0.061 

Comorbidity disease, n (%)

Congestive heart failure 7 (13.7) 34 (17.9) 41 (17.0) 0.483 

Coronary arterial disease 8 (15.7) 27 (14.2) 35 (14.5) 0.791 

Chronic pulmonary disease 9 (17.6) 27 (14.2) 36 (14.9) 0.542 

Chronic kidney disease 11 (21.6) 57 (30.0) 68 (28.2) 0.236 

Chronic liver disease 12 (23.5) 37 (19.5) 49 (20.3) 0.524 

Cerebrovascular disease 7 (13.7) 33 (17.4) 40 (16.6) 0.536 

Solid cancer 13 (25.5) 56 (29.5) 69 (28.6) 0.577 

Hematologic malignancy 3 (5.9) 13 (6.8) 16 (6.6) 0.807 

AKI, n (%) 12 (23.5) 87 (45.8) 99 (41.1) 0.004 

Clinical parameters

Mean arterial pressure (mmHg) 90 (75, 97) 73 (60, 100) 76 (62, 97) 0.008 

Heart rate (beats/min) 96 (80, 107) 113 (97, 130) 107 (92, 127) <0.001

WBC (x 103/μL) 12.7 (5.6, 18.8) 12.2 (6.61, 19.3) 12.4 (6.44, 19.22) 0.641 

Hct (%) 29.0 (25.6, 33.8) 28.2 (24.2, 33.8) 28.7 (24.5, 33.7) 0.302 

RDW (%) 14.8 (13.6, 16.5) 15.6 (14.4, 16.9) 15.4 (14.3, 16.8) 0.016 

Platelet (x 103/μL) 191 (139, 276) 118 (52, 202) 137 (70, 220) <0.001

BUN (mg/dL) 20.5 (14.2, 38.0) 34.2 (21.6, 52.3) 31.7 (19.7, 51.0) 0.001 

Creatinine (mg/dL) 0.87 (0.45, 2.29) 1.61 (0.76, 2.86) 1.43 (0.66, 2.80) 0.003 

Albumin (g/dL) 2.6 (2.3, 3.1) 2.4 (2.1, 2.7) 2.4 (2.1, 2.8) 0.004 

Total bilirubin (mg/dL) 0.6 (0.4, 0.8) 0.8 (0.4, 1.3) 0.7 (0.4, 1.2) 0.025 

Sodium (mmol/L) 138 (134, 141) 138 (134, 142) 138 (134, 141) 0.574 

Potassium (mmol/L) 3.8 (3.5, 4.3) 3.8 (3.3, 4.5) 3.8 (3.4, 4.4) 0.942 

Lactate (mmol/L) 1.7 (1.1, 2.5) 2.5 (1.5, 5.1) 2.3 (1.4, 4.0) <0.001
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Healthy
control

In�ammation Sepsis Total P-value

N = 127 N = 51 (21.2%) N = 190
(78.8%)

N = 241
(100%)

WRS (ng/mL) 18.36 (14.21,
24.14)

44.04 (33.58,
54.07)

86.60 (63.61,
121.56)

73.32 (52.29,
110.41)

<0.001

PCT (ng/mL) 0.40 (0.13,
2.08)

2.82 (0.70,
15.15)

2.02 (0.46,
12.13)

<0.001

CRP (mg/L) 0.06 (0.03,
0.14)

8.46 (2.38,
15.38)

12.92 (5.62,
21.85)

12.09 (4.70,
21.00)

0.006 

IL-6 (pg/mL) 2.01 (1.15,
3.13)

109.00 (28.73,
374.60)

282.00 (63.16,
533.35)

212.50 (49.87,
522.85)

0.001 

SOFA 6 (4, 8) 10 (8, 13) 9 (7, 12) <0.001

APACHE II 19 (13, 24) 27 (21, 34) 25 (18, 32) <0.001

28 days mortality, (non-
survivors), n (%)

7 (13.7) 68 (35.8) 75 (31.1) 0.003 

60 days mortality, (non-
survivors), n (%)

9 (17.6) 81 (42.6) 90 (37.3) 0.001 

90 days mortality, (non-
survivors), n (%)

10 (19.6) 84 (44.2) 94 (39.0) 0.001 

ICU length of stay (days) 6 (3, 11) 9 (4, 17) 8 (3, 15) 0.039

ICU free days (days) 21 (13, 24) 11 (0, 21) 15 (0, 22) <0.001

ICU mortality, (non-
survivors), n (%)

9 (17.6) 68 (35.8) 77 (32.0) 0.014 

Hospital mortality, (non-
survivors), n (%)

14 (27.5) 89 (46.8) 103 (42.7) 0.013 

Table 1. Baseline characteristics and clinical parameters of ICU cohort patients.

Values are expressed as n (%) or median (interquartile range) unless otherwise indicated.

AKI, acute kidney injury; BMI, body mass index; BUN, blood urea nitrogen; CCI, Charlson comorbidity index; Hct,
haematocrit; ICU, intensive care unit; RDW, red cell distribution width; WBC, white blood cell

 

Table 2. Biomarkers and clinical outcomes
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AUC SE P
value

95%
CI

Cutoff Sensitivity Speci�city AUC
different 

compared
to WRS

P
value

WRS 0.864  0.029  <0.001 0.807-
0.922 

54.34  0.868  0.765 Reference

PCT 0.727  0.041  <0.001 0.647-
0.807 

0.42  0.842  0.510 0.137 0.013 

CRP 0.625  0.045  0.006  0.537-
0.713 

13.74  0.474  0.745 0.239 <0.001

IL-6 0.651  0.042  0.001  0.568-
0.733 

196.95  0.563  0.686 0.213 <0.001

SOFA 0.840  0.029  <0.001 0.784-
0.896 

8  0.684  0.863 0.024 0.576 

APACHE
II

0.754  0.036  <0.001 0.684-
0.825 

20  0.763  0.627 0.110 0.021 

Values are expressed as n (%) or median (interquartile range) unless otherwise indicated. 

APACHE II, acute physiology and chronic health evaluation score II; CRP, C-reactive protein; ICU, intensive care
unit; IL-6, interleukin-6; PCT, procalcitonin; SOFA, sequential organ failure assessment; WRS, tryptophanyl-tRNA
synthetase;

 

Table 3. The area under receiver operative characteristics (AUROC) for sepsis discrimination

WRS, Tryptophanyl-tRNA synthetase; PCT, Procalcitonin; CRP, C-Reactive Protein; IL-6, Interleukin-6; SOFA,
Sequential Organ Failure Assessment; APACHE II, Acute Physiology and Chronic Health Evaluation Score II; ICU,
Intensive Care Unit
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AUC SE P
value

95% CI Cutoff Sensitivity Speci�city AUC
different 

compared
to WRS

P
value

WRS 0.687  0.042  <0.001 0.604-
0.770

97.23  0.647  0.721  Reference

PCT 0.519  0.044  0.672  0.433-
0.604

1.97  0.618  0.459  0.168  0.006 

CRP 0.436  0.043  0.141  0.351-
0.520

29.08  0.132  0.877  0.251  0.023 

IL-6 0.611  0.041  0.011  0.530-
0.692

92.78  0.853  0.410  0.076  0.173 

SOFA 0.711  0.040  <0.001 0.632-
0.790

12  0.500  0.861  -0.024  0.650 

APACHE
II

0.666  0.042  <0.001 0.583-
0.749

28  0.632  0.656  0.021  0.725 

Table 4. The area under receiver operative characteristics (AUROC) for 28 days mortality of sepsis patients
(N=190)

WRS, Tryptophanyl-tRNA synthetase; PCT, Procalcitonin; CRP, C-Reactive Protein; IL-6, Interleukin-6; SOFA,
Sequential Organ Failure Assessment; APACHE II, Acute Physiology and Chronic Health Evaluation Score II; ICU,
Intensive Care Unit

Figures
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Figure 2

Study �ow
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Figure 4

The area under receiver operating characteristics (AUROC) for sepsis discrimination
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Figure 6

The area under receiver operating characteristics (AUROC) for 28-day mortality in patients with sepsis (N = 190)
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Figure 8

28-day survival rate in patients with sepsis (N = 190)


