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Abstract

Objectives

Sepsis is a lethal and complex clinical syndrome caused by infection or suspected infection.

Cold-inducible RNA-binding protein (CIRP) is a widely distributed cold-shock protein that

plays a proinflammatory role in sepsis and that may induce organ damage. However, clini-

cal studies regarding the use of CIRP for the prognostic evaluation of sepsis are lacking.

The purpose of this research was to investigate the prognostic significance of peripheral

blood concentrations of CIRP in sepsis. Sepsis was assessed using several common mea-

sures, including the Acute Physiology and Chronic Health Evaluation II (APACHE II) score;

the Sepsis-related Organ Failure Assessment (SOFA) score; the lactate, serum creatinine,

and procalcitonin (PCT) levels; the white blood cell (WBC) count; and the neutrophil ratio

(N%).

Design

Sixty-nine adult patients with sepsis were enrolled in this study. According to the mortality

data from the hospital, 38 patients were survivors, and 31 were nonsurvivors. The plasma

levels of the biomarkers were measured and the APACHE II and SOFA scores were calcu-

lated within 24 hours of patient enrollment into our study. The CIRP level was measured via

ELISA.

Results

The plasma level of CIRP was significantly higher in the nonsurvivors than in the survivors

(median (IQR) 4.99 (2.37–30.17) ng/mL and 1.68 (1.41–13.90) ng/mL, respectively; p =

0.013). The correlations of the CIRP level with the APACHE II score (r = 0.248, p = 0.040,

n = 69), the SOFA score (r = 0.323, p = 0.007, n = 69), the serum creatinine level (r = 0.316,

p = 0.008, n = 69), and the PCT level (r = 0.282, p = 0.019, n = 69) were significant. Receiver

operator characteristic (ROC) curve analysis showed that the area under the ROC curve

(AUC) for the CIRP level was 0.674 (p = 0.013). According to Cox proportional hazards

models, the CIRP level independently predicts sepsis mortality. When the CIRP level in the
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peripheral blood increased by 10 ng/mL, the mortality risk increased by 1.05-fold (p =

0.012). Thus, the CIRP level reflects the degree of renal injury but does not predict the

severity of sepsis or organ damage.

Conclusion

An elevated plasma concentration of CIRP was significantly associated with poor prognosis

among patients with sepsis. Therefore, CIRP is a potential predictor of sepsis prognosis.

Introduction
Sepsis is a type of systemic inflammatory response syndrome (SIRS) that is secondary to docu-
mented or suspected infection [1]. According to several reports published in the New England
Journal of Medicine, the 90-day mortality of severe sepsis/septic shock varies from 18.7% to
44% [2–6]. Data from the Healthcare Cost and Utilization Project in the United States in 2011
revealed that sepsis was the most costly disease in hospitalized patients. In that study, at dis-
charge, 59% of patients with sepsis experienced major complications or comorbidities, whereas
only 27.5% of sepsis patients experienced no complications or comorbidities [7]. Biomarkers,
including C-reactive protein, procalcitonin (PCT) and interleukin-6, are commonly used in the
clinical setting to evaluate the severity of sepsis [8–10].

In 1997, cold-inducible RNA-binding protein (CIRP), the first cold-shock protein and a
member of the glycine-rich RNA-binding protein family, was found in mammalian cells [11].
CIRP, a multifunction protein, plays an important role in many biological activities, such as
tumorigenesis, hypothermic injury, UV-C irradiation-related inflammation, clock gene regula-
tion, and limb regeneration [12–19]. In patients experiencing hemorrhagic shock, the plasma
CIRP concentrations are increased. Animal studies have confirmed that CIRP is up-regulated
and is released into the circulation during hemorrhage and sepsis. Furthermore, many studies
have demonstrated that CIRP is a pro-inflammatory cytokine that can induce various inflam-
matory reactions [20–23]. However, clinical studies are lacking regarding the prognostic utility
of CIRP for the evaluation of sepsis. The purpose of this research was to investigate the prog-
nostic significance of the peripheral blood level of CIRP in patients with sepsis. Sepsis was
assessed using common measures, including the Acute Physiology and Chronic Health Evalua-
tion II (APACHE II) score; the Sepsis-related Organ Failure Assessment (SOFA) score; the lac-
tate, serum creatinine, and PCT levels; the white blood cell (WBC) count; and the neutrophil
ratio (N%).

Material and Methods

Participants
This was a clinical observational study conducted at the Second Xiangya Hospital of Central
South University from November 2013 to June 2014. Sixty-nine critically ill adult patients with
sepsis in the general intensive care unit (ICU) were enrolled in our study [1, 24]. According to
the mortality records from the hospital, there were 38 survivors and 31 nonsurvivors. The pre-
disposing conditions included severe pulmonary infection, severe acute pancreatitis, digestive
tract perforation, postoperative infection following organ transplantation, intracranial infec-
tion, aspiration, bladder perforation, trauma, intestinal obstruction, gas gangrene, and peri-
nephric abscesses. All of the enrolled patients were followed until death in the hospital or
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discharge and were then defined as nonsurvivors or survivors. The definition of severe sepsis is
sepsis combined with sepsis-induced organ dysfunction or tissue hypoperfusion [1, 24]. Severe
sepsis and septic shock are evidence of sepsis-induced deterioration and suggest a poorer prog-
nosis. The APACHE II score was used as an additional assessment of the severity of sepsis, and
the SOFA score was used for the assessment of organ failure [25, 26]. To analyze the difference
between severe sepsis or septic shock patients and septic patients without severe sepsis or septic
shock, we compared the correlations between the CIRP level and both the APACHE II score
and the SOFA score. The exclusion criteria included age less than 18 years, pregnancy and
malignant disease. The study protocol was reviewed and approved by the Ethics Committee of
the Second Xiangya Hospital of Central South University. Prior to patient enrollment, we
obtained written informed consent from either the patient or the patient’s authorized delegate
(his/her next of kin or legal guardian) when the patient was comatose.

Sample Collection
Plasma specimens were obtained from the patients with sepsis as soon as possible within 24
hours after their enrollment in the study. Peripheral blood was collected into EDTA tubes
and centrifuged at 3000 g at 4°C for 10 min; then, the isolated plasma was frozen at -80°C
within 1 h after collection.

Data Collection
The demographic characteristics and clinical data, including age, gender, etiology of sepsis,
infection sites, comorbidities at admission and final outcomes, were recorded for each subject.
The vital signs, including temperature, blood pressure, heart rate, respiratory rate, and periph-
eral blood oxygen saturation, were recorded. The APACHE II score and the SOFA score were
recorded as the lowest value obtained within the first 24 hours after enrollment. We also
recorded the lengths of ICU stay and of hospital stay.

Measurements
At the time of enrollment, coagulation system function; the serum lactate, bilirubin, PCT and
creatinine levels; WBC count; and N% were routinely investigated. The CIRP plasma concen-
trations were measured in duplicate using a sandwich-based enzyme-linked immunosorbent
assay (ELISA; CUSABIO, Wuhan, China), and the average concentrations of the duplicates
were used for the analysis.

Statistical Analysis
The results of the continuous variables are described as the means and standard deviations
(SDs) or as the medians and inter quartile ranges (IQRs). Student’s t-test was used for the nor-
mally distributed data, and the Mann-Whitney U-test was used for the non-normally distrib-
uted data. Fisher’s exact test was used for the comparison of the categorical variables.
Furthermore, we used Spearman rank correlation coefficients to assess the correlation of the
CIRP level with the PCT level and with the WBC count. To evaluate the predictive value of the
biomarkers for sepsis and the ability of the model to distinguish the survivor group from the
nonsurvivor group, we generated receiver operating characteristic (ROC) curves and calculated
the areas under the ROC curves (AUCs). A Cox proportional hazards regression model gener-
ated via forward stepwise selection procedures was used to identify the risk factors for hospital
mortality. The variables with a p-value< 0.05 based on univariate analysis were entered into
the multivariate model. All of the analyses were performed using IBM SPSS Statistics 21.0 for
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Microsoft Windows (IBM Corporation, Armonk, New York, United States). A p-value< 0.05
was considered to be statistically significant.

Results

Baseline Characteristics
Sixty-nine patients with sepsis were enrolled in this study. Their baseline demographic data are
summarized in Table 1. According to the hospital mortality data, there were 38 survivors and
31 nonsurvivors. The differences in the age and sex distribution between the survivors and the
nonsurvivors were not statistically significant (p = 0.659 and p = 0.552, respectively). The main
sources of infection among the sepsis cases were pulmonary, abdominal, intracranial, skin and
soft-tissue, urinary tract, and blood stream infections, in that order. In both groups, the pri-
mary comorbidities were diabetes, cardiovascular disease, hypertension, cerebrovascular dis-
ease, chronic pulmonary disease, post-operation, trauma, and others. There were no significant
differences between the survivors and the nonsurvivors regarding these comorbidities
(p = 0.484, p = 0.759, p = 0.969, p = 0.807, p = 0.653, p = 0.969, p = 0.228, and p = 0.726, respec-
tively), whereas the APACHE II score was significantly higher in the nonsurvivors than in the
survivors (median 27.0 versus 16.5; p = 0.000). Furthermore, in terms of organ function, the

Table 1. Baseline demographics, clinical characteristics, and comorbidities of 69 patients with sepsis.

Survivors (n = 38) Nonsurvivors (n = 31) p-value

Age, years, mean (SD) 58.3 (16.7) 60.1 (17.5) 0.659

Male sex, n (%) 27 (71.1) 24 (77.4) 0.552

APACHE II score, median (IQR) 16.5 (11.8–22.3) 27.0 (17.0–36.0) 0.000a

Infection sources, n (%)

Pulmonary 23 (60.5) 24 (77.4) 0.195

Abdominal 11 (28.9) 3 (9.7) 0.071

Intracranial 1 (2.6) 3 (9.7) 0.319

Skin and soft-tissue 0 (0) 1 (3.2) 0.449

Urinary tract 1 (2.6) 0 (0) 1.000

Bloodstream 2 (5.3) 0 (0) 0.498

Comorbidities, n (%)

Diabetes 5 (13.2) 6 (19.4) 0.525

Cardiovascular disease 4 (10.5) 4 (12.9) 1.000

Hypertension 6 (15.8) 5 (16.1) 1.000

Cerebrovascular disease 2 (5.3) 3 (9.7) 0.651

Chronic pulmonary disease 5 (13.2) 3 (9.7) 0.722

Post-operation 6 (15.8) 5 (16.1) 1.000

Trauma 6 (15.8) 2 (6.5) 0.281

Others 18 (47.4) 16 (51.6) 0.811

Length of ICU stay, days, mean (SD) 10.7 (8.3) 17.5 (27.4) 0.193

Length of hospital stay, days, mean (SD) 24.4 (14.8) 23.7 (32.0) 0.907

SOFA score, median (IQR) 6 (4–8) 10 (6–14) 0.001

APACHE II = Acute Physiology and Chronic Health Evaluation II, SOFA = Sepsis-related Organ Failure Assessment.

The p-values for age were calculated using the t-test, and those for the APACHE II scores and SOFA score were calculated using the Mann-Whitney U

test. Fisher’s exact tests were applied for the categorical variables. A p-value < 0.05 was considered to be statistically significant.

IQR = inter-quartile range, SD = standard deviation.
ap = 0.000433.

doi:10.1371/journal.pone.0137721.t001
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nonsurvivors had a higher SOFA score than the survivors (median 10 versus 6; p = 0.001). The
length of ICU stay of the nonsurvivors was slightly longer than that of the survivors (mean
17.48 versus 10.71; p = 0.193), but there was no apparent difference in the length of hospital
stay between these two groups (mean 24.39 versus 23.71; p = 0.907).

Plasma Biomarker Levels
The plasma concentrations of CIRP and several other biomarkers are shown in Table 2. In our
study, the median CIRP level in the nonsurvivors was significantly higher than that in the sur-
vivors (median (IQR) 4.99 (2.37–30.17) ng/mL versus 1.68 (1.41–13.90) ng/mL; p = 0.013).
Additionally, the lactate and creatinine levels both showed significant differences between the
nonsurvivor group and the survivor group (median (IQR) 1.90 (1.20–4.10) mmol/L versus 1.20
(0.70–1.73) mmol/L; p = 0.002; median (IQR) 124.40 (81.50–315.00) mmol/L versus 83.80
(55.90–123.05) mmol/L; p = 0.039). We were not able to distinguish the survivors from the
nonsurvivors according to the WBC count, N%, or the PCT level (p = 0.708, p = 0.814, and
p = 0.937, respectively).

Correlation Analysis
The correlations between the CIRP level and the levels of other biomarkers of sepsis are shown
in Fig 1. The correlations between the CIRP level and the APACHE II score (r = 0.248,
p = 0.040, n = 69), the SOFA score (r = 0.323, p = 0.007, n = 69), the serum creatinine level
(r = 0.316, p = 0.008, n = 69), and the PCT level (r = 0.282, p = 0.019, n = 69) were significant,
whereas no significant correlations were found between the CIRP level and the lactate level
(r = 0.230, p = 0.057, n = 69), the WBC count (r = -0.022, p = 0.857, n = 69), or the N% (r =
-0.070, p = 0.566, n = 69). Interestingly, although there was no significant difference in the dis-
tribution of the PCT level in terms of outcomes, correlation analysis showed that the CIRP and
PCT levels were significantly correlated (r = 0.282, p = 0.019, n = 69). Furthermore, there was a
significant correlation between the SOFA score and the APACHE II score (r = 0.627, p = 0.000,
n = 69). In addition, there were no significant correlations between the CIRP level and the
length of ICU stay or the length of hospital stay.

CIRP Level Predicts the Mortality of Patients with Sepsis
First, we used ROC curve analysis to assess the predictive value of CIRP and the other biomark-
ers or parameters. As shown in Fig 2 and Table 3, the AUC for the CIRP level was 0.674 (95%
CI, 0.547–0.801; p = 0.013); the AUCs of the APACHE II score, the SOFA score, the lactate

Table 2. Comparison of the plasma biomarker levels between the survivors and nonsurvivors of sepsis.

Survivors (n = 38) Nonsurvivors (n = 31) p-value

CIRP (ng/mL), median (IQR) 1.68 (1.41–13.90) 4.99 (2.37–30.17) 0.013

WBC (×109/L), median (IQR) 11.91(8.88–16.96) 13.74(8.70–17.10) 0.708

N%, median (IQR) 89.28(86.71–92.66) 89.60(86.74–93.70) 0.814

PCT (ng/mL), median (IQR) 1.79(0.49–12.95) 2.38(0.56–9.70) 0.937

Lactate (mmol/L), median (IQR) 1.20(0.70–1.73) 1.90(1.20–4.10) 0.002

Creatinine (mmol/L), median (IQR) 83.80(55.90–123.05) 124.40(81.50–315.00) 0.039

CIRP = cold-inducible RNA-binding protein, WBC = white blood cell, N% = neutrophil ratio, PCT = procalcitonin.

The p-values for these biomarkers were obtained using the Mann-Whitney U test. A p-value < 0.05 was considered to be statistically significant.

IQR = inter-quartile range, SD = standard deviation.

doi:10.1371/journal.pone.0137721.t002
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level, and the serum creatinine level were 0.747 (95% CI, 0.631–0.864; p = 0.000), 0.743 (95%
CI, 0.625–0.862; p = 0.001), 0.717 (95% CI, 0.597–0.837; p = 0.002), and 0.646 (95% CI, 0.515–
0.776; p = 0.039), respectively. The optimal cutoff value of the CIRP level was 1.49 ng/mL,
which displayed a sensitivity of 96.77% and a specificity of 42.11% for the prediction of mortal-
ity. Moreover, the optimal cutoff values of the other parameters were 26.00 for the APACHE II
score, 9.50 for the SOFA score, 1.75 mmol/L for the lactate level, 124.1 mmol/L for the serum
creatinine level, 3.25 ng/mL for the PCT level, 15.83×109/L for the WBC count, and 93.34% for
the N%. Table 3 shows the statistical data for these parameters based on their respective
thresholds.

Fig 1. Correlations between the CIRP level and the levels of other biomarkers. The correlations of the plasma CIRP level with the APACHE II score; the
SOFA score; the serum lactate, creatinine, and procalcitonin (PCT) levels; the white blood cell (WBC) count; and the neutrophil ratio (N%) were determined in
the 69 patients with sepsis (Spearman rank analysis). r represents Spearman’s correlation coefficient, and a p-value < 0.05 was considered to be statistically
significant.

doi:10.1371/journal.pone.0137721.g001
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A multivariate Cox regression was used for univariate analysis and hazard ratio calculation.
The results are presented in Table 4. Because the distribution of the CIRP concentrations was
broad, data transformation was performed. CIRP0.1 was used to represent the value of the
CIRP concentration divided by 10. The results showed that CIRP0.1 and the lactate level were
independently associated with mortality according to the examined parameters. The hazard
ratio was 1.05 (95% CI, 1.01–1.09) for CIRP0.1 and 1.26 (95% CI, 1.10–1.45) for the lactate
level.

CIRP Level Predicts Renal Injury in Patients with Sepsis
We compared the biomarker levels and the severity scores using AUCs to predict the severity
of sepsis and multiple-organ dysfunction (Table 5). In patients with sepsis, the APACHE II
score, the SOFA score, the lactate level, the serum creatinine concentration, and the PCT level
can partially predict the severity of sepsis or organ dysfunction. The CIRP level reflected the
degree of renal injury (AUC = 0.653) but did not predict the severity of sepsis or damage to
other organs.

Discussion
The baseline demographics indicate that the survivor and the nonsurvivor groups were highly
comparable. The differences in the sources of infection and in the distribution of the comorbid-
ities between the two groups were not significant. The question remains regarding what types
of patients with sepsis are most likely to die. In the field of critical care medicine, there are two

Fig 2. The ROC curves for the biomarkers and the severity scores. The areas under the ROC curve
(AUCs) for the CIRP level, the APACHE II score, the SOFA score, the lactate level, the serum creatinine
level, the PCT level, theWBC count, and the N% are shown.

doi:10.1371/journal.pone.0137721.g002
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Table 3. Mortality prediction based on the plasma levels of the biomarkers and on the severity scores according to ROC curve analysis.

Prediction for
mortality

CIRP level APACHE II
score

SOFA score Lactate level Serum
creatinine

PCT level WBC count N%

Optimal cutoff-
value

1.49 ng/mL 26.00 9.50 1.75 mmol/L 124.10 mmol/L 3.25 ng/mL 15.83×109/L 93.34%

Sensitivity, (%)
(95%CI)

96.77
(83.30–
99.92)

51.61 (33.06–
69.85)

51.61
(33.06–
69.85)

61.29
(42.19–
78.15)

51.61 (33.06–
69.85)

48.39
(30.15–
66.94)

45.16 (27.32–
63.97)

29.03
(14.22–
48.04)

Specificity, (%)
(95%CI)

42.11
(26.31–
59.18)

86.84 (71.91–
95.59)

89.47
(75.20–
97.06)

76.32
(59.76–
88.56)

78.95 (62.68–
90.45)

63.16
(45.99–
78.19)

73.68 (56.90–
86.60)

81.58
(65.67–
92.26)

Positive likelihood
ratio

1.67 3.92 4.90 2.59 2.45 1.31 1.72 1.58

Negative likelihood
ratio

0.08 0.56 0.54 0.51 0.61 0.82 0.74 0.87

Positive predictive
value (%)

57.69 76.19 80.00 67.86 66.67 51.72 58.33 56.25

Negative predictive
value (%)

94.12 68.75 69.39 70.73 66.67 60.00 62.22 58.49

AUC 0.674 0.747 0.743 0.717 0.646 0.506 0.526 0.483

p- value 0.013 0.000b 0.001 0.002 0.039 0.938 0.708 0.814

The optimal cutoff values for each plasma biomarker level and the severity scores are presented. A p-value < 0.05 was considered to be statistically

significant.

CIRP = cold-inducible RNA-binding protein, APACHE II = Acute Physiology and Chronic Health Evaluation II, SOFA = Sequential Organ Failure

Assessment score, PCT = procalcitonin, WBC = white blood cell, N% = neutrophil ratio.

ROC = receiver operating characteristic, AUC = area under the ROC curve, CI = confidence interval.
bp = 0.000437.

doi:10.1371/journal.pone.0137721.t003

Table 4. Cox proportional hazardsmodels for mortality prediction according to the biomarker levels
and the severity scores.

Variable Univariate Cox model Multivariable Cox model

HR(95%CI) p-value HR(95%CI) p-value

CIRP0.1 1.05(1.01–1.08) 0.009 1.05(1.01–1.09) 0.012

APACHE II score 1.05(1.01–1.09) 0.007 1.05(0.99–1.11) 0.112

SOFA score 1.10(1.01–1.21) 0.028 0.98(0.84–1.13) 0.742

Lactate 1.18(1.05–1.34) 0.008 1.26(1.10–1.45) 0.001

Serum creatinine 1.00(1.00–1.00) 0.940 1.00(1.00–1.00)c 0.820

PCT 1.00(0.99–1.02) 0.426 1.00(0.98–1.02) 0.821

WBC 1.01(0.96–1.07) 0.594 1.024(0.98–1.08) 0.339

N% 0.97(0.93–1.00) 0.061 0.96(0.92–1.00) 0.037

CIRP = cold-inducible RNA-binding protein, APACHE II = Acute Physiology and Chronic Health Evaluation

II, SOFA = Sepsis-related Organ Failure Assessment, PCT = procalcitonin, WBC = white blood cell, N% =

neutrophil ratio.

CIRP0.1 = CIRP level/10.

HR = hazard ratio.

A p-value < 0.05 was considered to be statistically significant.
c = 0.998–1.002

doi:10.1371/journal.pone.0137721.t004
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classic scoring systems: the APACHE II score, which is used to evaluate disease severity, and
the SOFA score, which is used to assess organ dysfunction [25, 26]. In this observational cohort
study, these two scores were significantly higher in the nonsurvivors than in the survivors.
However, ROC curve analysis revealed that the sensitivities of these two scoring systems were
only approximately 50% in predicting mortality among the patients with sepsis. Therefore, nei-
ther of these scoring systems is suitable for mortality risk screening. For the same reason, the
lactate, serum creatinine, and PCT levels; the WBC count; and the N% are also unsuitable as
screening indicators. Interestingly, no differences in the lengths of ICU stay or of hospital stay
were observed between these two groups. These results may be related to several non-medical
factors. First, in our hospital, some of the patients had to remain in the ICU because there was
no common ward available, even if their condition improved. Second, some of the patients
who could have been discharged were unwilling to leave a tertiary care hospital because of
imperfections in the local referral system.

A complex, biologically mediated network is the basis for the clinical manifestations of sep-
sis [27, 28]. CIRP is a stress response protein, and previous reports in the literature have
revealed that its presence is related to the inflammation caused by the stress of sepsis [23]. Mac-
rophages play important roles in immunomodulation and immune defense [29, 30]. CIRP in
the circulatory system originates from macrophages under hypoxic stress, and recombinant
CIRP can induce macrophages to release the proteins tumor necrosis factor-α (TNF-α) and
high mobility group box 1 (HMGB1), which are proinflammatory factors that exacerbate the
damage to organ function [23]. Hypoxic stress can induce the expression, translocation and
release of CIRP, and extracellular CIRP has been confirmed to intensify inflammation and
cause organ damage [12, 20, 22, 23].

An optimal biomarker may serve one or more of the following overlapping functions:
screening, diagnosis, risk stratification, monitoring, surrogate assessment and point-of-care
[31]. This study found that the plasma level of CIRP was not only significantly different
between the nonsurvivor group and the survivor group, although the CIRP level displayed high
sensitivity for the prediction of sepsis mortality. CIRP levels greater than 1.49 ng/mL displayed
very high sensitivity (96.15%), a very low negative likelihood ratio (0.09) and a very high nega-
tive predictive value (94.2%); the AUC for the CIRP level was 0.674 for sepsis mortality
(p = 0.013). These results suggest that CIRP can be used as a screening tool for the early predic-
tion of the mortality risk of sepsis. An elevated plasma concentration of CIRP was associated
with increased mortality. Multivariate Cox regression analysis showed that when the plasma
CIRP level increased by 10 ng/mL, the mortality risk increased by 1.05-fold. CIRP is an inde-
pendent risk factor for mortality in sepsis (p = 0.012), second only to lactate (p = 0.001), and

Table 5. Areas under the receiver operating characteristic curves for certain biomarker levels and the severity scores in the prediction of sepsis
severity and organ failure in patients with sepsis.

CIRP level APACHE II score SOFA score Lactate level Serum creatinine level PCT level WBC count N%

Septic shock 0.479 0.704* 0.705* 0.632 0.490 0.608 0.447 0.489

Severe sepsis 0.600 0.608 0.722** 0.971** 0.710** 0.755** 0.544 0.526

Coagulopathy 0.523 0.715* 0.833** 0.613 0.874** 0.746** 0.513 0.428

Hyperbilirubinemia 0.665 0.452 0.617 0.358 0.358 0.615 0.392 0.437

Creatinine elevation 0.653* 0.641 0.787** 0.643 0.947** 0.810** 0.544 0.400

Thrombocytopenia 0.583 0.598 0.767** 0.686* 0.658* 0.711** 0.437 0.490

*p-value ≦ 0.05

**p-value ≦ 0.01

doi:10.1371/journal.pone.0137721.t005
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more significantly than the APACHE II and SOFA scores (p = 0.112 and p = 0.742, respec-
tively). The CIRP and lactate levels reflect the degree of inflammation and tissue perfusion,
respectively, both of which are key determinants of prognosis.

Compared with other classic indicators, the CIRP level reflected the degree of renal injury
but did not predict the severity of sepsis or damage to other organs. Because of this disappoint-
ing result, we believe that studies using larger sample sizes are needed to confirm these results
and to perform further analysis. Further clarification of the role of CIRP in the pathogenesis of
sepsis will provide a theoretical basis for these findings.

Limitations
There were many limitations to this study. First, we used the peripheral blood concentration of
CIRP as a surrogate for the total CIRP concentration in the body, without considering that the
CIRP concentration may be different in specific organs and tissues. Although there have been no
human studies related to this issue, several animal studies have shown that a variety of tissues and
organs exhibit CIRP expression [32, 33]. Second, only one test was performed within 24 hours
after enrollment, without determining whether the CIRP concentration changes over time as a
patient’s condition fluctuates. Many sepsis patients experience deterioration in their condition
after 24 hours or longer, depending on when they were hospitalized. Third, we did not include
non-septic patients in this study; thus, we were unable to determine whether the observed elevated
plasma concentrations of CIRP were specific to sepsis. Fourth, some of the enrolled patients may
have been misdiagnosed with sepsis and may have ultimately developed etiologies of other dis-
eases. Fifth, this was a single-center study, and our sample size was not large. The findings of this
study must be confirmed by further multi-center, large-sample clinical studies in the future.

Conclusions
In patients with sepsis, elevated plasma concentrations of CIRP are significantly associated
with poor prognosis. Risk stratification, which is performed to implicate distinct prognoses,
can help physicians to identify the patients who may exhibit poor outcomes, as such patients
may warrant particular attention. CIRP is a promising biomarker for predicting the prognosis
of sepsis. According to the most recent research, targeting CIRP can protect the liver from
ischemia-reperfusion injury [20]. As CIRP has been demonstrated to act as a potent inflamma-
tory mediator in sepsis, we hypothesize that blocking CIRP protects against inflammatory
injury and improves patient outcomes [26]. This will be the direction of our future research.
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