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Background: Sepsis is a serious syndrome that is caused by immune responses
dysfunction and leads to high mortality. The abilities of heat shock protein 90 α (HSP90α)
in assessing the diagnosis and prognosis in patients with sepsis remain ill-defined to date.
We conducted a study to reveal the possible clinical applications of HSP90α as biomarker
for the diagnosis and prognosis in patients with sepsis. Methods: In total, 150 patients of
sepsis, 110 patients without sepsis admitted to ICU and 110 healthy subjects were
involved in this study. The serum HSP90α contents, sequential organ failure assessment
(SOFA) scores, procalcitonin (PCT), and short-term survival status of the participants were
measured and compared. Logistic and linear regression models adjusting for potential
confounders were used to examine the association of HSP90α with sepsis survival.
Moreover, serum IL-1β, IL-18, MIP-3α, and ENA-78 were also determined. Finally, Spearman
correlation analysis was employed to reveal a possible mechanism that HSP90α
contributed to the short-term deaths. Results: Serum HSP90α levels in sepsis patients
were higher than those in ICU controls and healthy controls (P<0.001), and even increased
in patients who died within 28 days (P<0.001). Logistic and linear regression models
identified HSP90α was an independent risk factors for sepsis mortality. Receiver operating
characteristic (ROC) analysis displayed that HSP90α had a considerable predictive
performance for sepsis outcome, with an area under curve (AUC) value up to 0.84. Survival
analysis demonstrated that the mortality of sepsis individuals at 28 days was positively
associated with HSP90α levels, especially the levels of HSP90α were greater than 120
ng/mL (P<0.001). Moreover, among sepsis patients, those who died had notably elevated
cytokines, IL-1β, IL-18, and chemokines, MIP-3α, ENA-78, relative to survivors. Further
correlation analysis demonstrated that there was a nominally positive correlation between
HSP90α and IL-1β, IL-18, and MIP-3α. Conclusion: HSP90α is of favorable clinical
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significance in sepsis diagnosis and prognosis, laying a foundation for future clinical
applications.
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1 Introduction

2 Sepsis syndrome represents a major global health issue in today’s medicine 

3 (Coopersmith et al. 2018). Annually, an estimated 20 to 50 million people 

4 have sepsis worldwide, with 10 million death (Rudd et al. 2020). Despite great 

5 advances in the therapeutic strategies of sepsis (Fleuren et al. 2020; 

6 Papafilippou et al. 2021; Uffen et al. 2021), the mortality of patients with 

7 sepsis remains to be discouraging (Grebenchikov & Kuzovlev 2021).

8 Since the high mortality of sepsis attribute to the untypical clinical 

9 manifestation, early diagnosis of sepsis may be of clinical significance and can 

10 save numerous lives (Daly et al. 2020). In this context, some laboratory 

11 biomarkers, such as procalcitonin (PCT) (Vijayan et al. 2017), C reactive 

12 protein (CRP) (Hofer et al. 2012), interleukin-6 (IL-6) (Ma et al. 2016), serum 

13 amyloid A (SAA) (Arnon et al. 2007), and heparin-binding protein (HBP) (Yang 

14 et al. 2019), were widely applied in the diagnosis and predicting outcomes of 

15 sepsis in the clinical practice, but with the unsatisfied sensitivity and 

16 specificity. Thus, recent reports have suggested the use of some new 

17 biomarkers for the diagnosing and predicting clinical outcomes of sepsis 

18 (Pierrakos et al. 2020).   

19 Heat shock proteins (HSPs) are highly conserved polypeptides and essential 

20 for diverse cellular processes, such as recognition, signaling transduction, 

21 protein maturation, and cell differentiation (Morimoto 1998). In particular, 

22 many recent studies have indicated that HSP90α is strongly related to the 

23 proliferation and differentiation in cancer cells (Secli et al. 2021; Zavareh et 

24 al. 2021; Zhang et al. 2021). To our knowledge, few reports regarding HSP90α 

25 in sepsis have been published. Fitrolaki and colleagues reported that elevated 

26 HSP90α contributed to acute inflammatory metabolic dysfunction and multiple 

27 organ failure in pediatric sepsis (Fitrolaki et al. 2016). In animal models, 

28 blockage of HSP90α could attenuated the inflammatory damage (Kubra et al. 

29 2020; Li et al. 2017; Zhao et al. 2013). Nonetheless, these therapies have not 

30 advanced to the clinical applications. Moreover, studies on the diagnosis and 

31 prognosis of HSP90α in sepsis remain limited. 

32 With these issues in mind, we evaluated whether the presence of serum 

33 HSP90α on ICU admission is a potential predictor for the early-onset of sepsis 

34 and a key indicator for survival stratification. Furthermore, we explored a 

35 possible underlying mechanism that HSP90α affect the clinical outcome of 

36 sepsis patients by eliciting the secretion of pro-inflammatory cytokines and 

37 chemokines.

38 Materials and methods
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39 Study subjects

40 In total, 150 patients diagnosed with sepsis in the First Affiliated Hospital of 

41 Dali University between September 2019 and September 2020 were enrolled, 

42 including 101 males, 49 females, with an average age of (57.95±15.39) years. 

43 All subjects were enrolled in agreement with the diagnostic standard described 

44 in Sepsis 3.0. 110 patients treated in the ICU without sepsis or signs of 

45 infection served as controls, including 71 males, 39 females, with an average 

46 age of (56.12±10.52) years. Healthy individuals for control were from the 

47 physical examination center of our hospital, including 79 males and 31 

48 females, with an average age of (58.38±15.10) years. According to clinical 

49 outcome, the 150 sepsis patients were divided into two groups: Survival group 

50 (n=94), including 64 males and 30 females, with an age of (57.62 ±15.68) 

51 years; Death group, including 37 males and 19 females, with an age of 

52 (58.38±15.10) years. Patients who met any of the following criteria were 

53 excluded: (1) younger than 18 years or older than 80 years; (2) with acute 

54 cardiovascular and cerebrovascular events, malignancies of various systems 

55 or severe hematologic diseases; (3) females in pregnancy or lactation period; 

56 (4) with an unclear medical history which affects the accuracy of SOFA 

57 scoring; (5) infected by HIV, with autoimmune diseases, treated by 

58 immunosuppressant drugs or cytotoxic drugs; (6) incoordinate to sign 

59 Informed Consent. All subjects we induced in this study were informed of the 

60 research content and signed informed consent, and the First Affiliated Hospital 

61 of Dali University granted Ethical approval to carry out the study within its 

62 facilities (Ethical Application Ref: 20190612) (no.20190612) (Fig. 1).

63

64 Data collection

65 The hospital information system (HIS) was consulted to refer to and collect 

66 clinical pathological data of patients based on case-control approach. Data 

67 recorded were as follows: (1) general information, such as age and gender; 

68 (2) clinical manifestations, including infection route, complications, hospital 

69 stays, vital signs (body temperature, respiratory rate, heart rate, blood 

70 pressure); (2) laboratory indexes, including blood routine, liver and kidney 

71 function, C-reactive protein (CRP), procalcitonin (PCT), and SOFA score, which 

72 were obtained from the examinations on peripheral venous blood samples 

73 within 48 h of admission.

74

75 Serum HSP90α levels measurement

76 Venous blood samples (5 mL) were collected from all subjects with an empty 
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77 stomach within 48 h of admission, and then preserved in a -80 °C refrigerator 

78 following serum separation. ELISA method was applied to determine serum 

79 HSP90α level. In short, sample buffer was firstly taken to dilute the standard, 

80 quality control and serum samples, after which the diluted samples were 

81 transferred to a 96-well micro-plate. Horseradish peroxidase-conjugated 

82 antibodies were then added, and tetramethyl benzidine was used to observe 

83 the reaction after 1 h of incubation with a temperature of 37 °C. Finally, a 

84 microplate reader was used to read the optical density (OD) value of each well 

85 at 450 nm in wavelength, and corresponding standard curve was plotted to 

86 further calculate the content of HSP90α in each group.

87

88 Cytokines and chemokines measurement

89 Cytokines and chemokines quantification were completed using multi-

90 analyte flow assay LEGENDplex™ Human Cytokine Panel 2 kit (Cat. 740102, 

91 BioLegend, San Diego, CA, USA) and LEGENDplex™ Human Proinflammatory 

92 Chemokine Panel (Cat. 740003, BioLegend, San Diego, CA, USA). FACS 

93 analysis was carried out with a FACS Calibur flow cytometer (BD Biosciences).

94

95 Statistics

96 All statistical analyses were performed with SPSS25.0 for windows (IBM, NY, 

97 USA), figures were generated by GraphPad Prism 7.0 (GraphPad Prism, CA, 

98 USA) and R package pheatmap (v1.0.12). All measurement data were 

99 expressed as mean ± standard deviation (SD). One-way analysis of variance 

100 for date of normal distribution, for data of non-normal distribution, Mann-

101 Whitney U test was implemented for between-group comparison. For 

102 numeration data, χ2 or Fisher's exact test was adopted for between group 

103 comparison. To determine the diagnosis power of HSP90α, PCT and SOFA 

104 score for sepsis, receiver-operating characteristic (ROC) curves were 

105 constructed and the area under the curve (AUC) was calculated with its 95% 

106 confidence interval (CI). Spearman correlation analysis was conducted to 

107 elucidate the association of HSP90α with SOFA score, PCT. Then univariate 

108 logistic regression was employed to investigate the effect of various 

109 parameters on survival in patients with sepsis by adjusted odds ratios (ORs). 

110 We also constructed five different models. Model 1 included only HSP90α. PCT 

111 was added to Model 2. Model 3 was Model 2 with further adjustment for SOFA 

112 score. Model 4 was Model 3 with further adjustment for creatinine. Finally, 

113 more potential indicators and confounders, including urea nitrogen was added 

114 to Model 4. The mortality in 28 days was defined as the endpoint, ROC 
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115 analyses and area under the ROC curve (AUC) values were used to evaluate 

116 creatinine (Crea), blood urea nitrogen (BUN), SOFA score, PCT, and HSP90α 

117 prognostic power for 28-day mortality. Kaplan-Meier analysis was 

118 implemented for the survival of sepsis patients of various groups. Finally, 

119 Spearman correlation analysis was employed to evaluate the correlation 

120 between HSP90α with IL-1β, IL-18, ENA-78, and MIP-3α. P<0.05 refers to 

121 between-group difference of statistical significance.  

122

123 Results

124 Subjects characteristics

125 The demographic and laboratory profiles of the studied subjects are shown 

126 in Table 1. In total, 150 patients with sepsis (57.95±15.39 y) were enrolled 

127 in this study, with 101 men (67.3%). 110 sex- (men, 63.6%) and age-

128 matched (57.34±11.47, y) health individuals were included as health controls, 

129 and 110 sex- (men, 64.5%) and age-matched (56.12±10.52, y) ICU non-

130 sepsis patients were selected as ICU controls. Higher numbers of white blood 

131 cells (WBC), neutrophils, monocytes, platelets, higher ratio of hematocrit, and 

132 lower numbers of lymphocytes were observed in the patients with sepsis (all 

133 P<0.001). Compared with health controls and ICU controls, serum HSP90α 

134 concentrations at admission were significantly increased in the patients with 

135 sepsis (P<0.001). 

136

137 Serum level of HSP90α as a potential diagnostic biomarker for the 

138 patients with sepsis

139 To assess the usefulness of HSP90α as a diagnostic marker for sepsis, we 

140 pooled 150 sepsis patients and 110 ICU non-sepsis patients as controls for 

141 HSP90α, SOFA and PCT, and the ROC analysis was applied. The AUC of 

142 HSP90α was 0.79 (95% CI, 0.75-0.84, P<0.001) with 88.67% sensitivity and 

143 56.52% specificity in discriminating the patients with sepsis, which was 

144 weaker than SOFA score (AUC: 0.96, 95% CI, 0.94-0.98, 79.33% sensitivity 

145 and 100% specificity) and superior than PCT (AUC: 0.70, 95% CI, 0.64-0.76, 

146 49.33% sensitivity and 76.36% specificity) (Fig.2). These results reveal that 

147 HSP90α can be used as a potential diagnostic biomarker for the patients with 

148 sepsis.

149

150 Elevated serum HSP90α level in non-survivals of sepsis patients

151 Next, to investigate its ability on the differential of outcomes of sepsis, the 

152 serum HSP90α levels were determined in both survivors and non-survivors of 
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153 sepsis group. The characterization of the survivals and non-survivals of sepsis 

154 individuals is presented in Table 2. No statistical differences in age, sex, 

155 etiology, comorbidities, hospital stays, and constants were observed in both 

156 survivors and non-survivors (all P>0.05). In addition, there were no significant 

157 differences in WBC, neutrophils, lymphocytes, C-reactive protein, total 

158 bilirubin, PaO2, PaCO2, and lactate (all P>0.05). However, non-survivors had 

159 significantly higher levels of procalcitonin (PCT, P=0.003), higher SOFA score 

160 (P<0.001), higher Crea levels (P=0.006), higher BUN levels (=0.009), and 

161 higher serum HSP90α levels (P<0.001) than survivors. Moreover, the 

162 spearman correlation analysis of all patients with sepsis yielded a positive 

163 correlation of serum HSP90α levels at ICU admission with SOFA score 

164 (r=0.443, P<0.001, Fig.3A) and PCT (r=0.373, P<0.001, Fig. 3B), 

165 respectively. 

166

167 HSP90α is related to the sepsis deaths 

168 In order to accurately identify the risk factors for survival in patients with 

169 sepsis, we performed the univariate logistic regression analysis. As shown in 

170 Fig. 4, five variables were identified as significant risk factors for the survival 

171 of sepsis patients, including PCT, SOFA, creatinine (Crea), blood urea nitrogen 

172 (BUN) and HSP90α. 
173 Furthermore, five different multivariable models were constructed to explore 

174 the relationship between HSP90α and sepsis mortality (Table 3). 

175 Consequently, HSP90α (unadjusted OR=1.008, 95% CI: 1.005-1.011, 

176 P<0.001) was significantly linked to sepsis deaths. However, after adjusting 

177 of PCT (model 2) had no effects on this result (OR=1.008, 95% CI 1.005-

178 1.011, P<0.001). Additional adjustment for SOFA score (model 3), Crea 

179 (model 4) and BUN (fully adjusted model 5) attenuated the result (OR=1.007, 

180 95% CI 1.004-1.010, P<0.001). 

181

182 The ability of HSP90α to predict the mortality

183 All sepsis patients were followed up for 42 days, and the mortality in 28 

184 days was defined as the endpoint. To investigate the ability of HSP90α in 

185 predicting 28-day mortality in sepsis patients, the ROC curve (Fig. 5) was 

186 applied to calculated the cut-off value, sensitivity and specificity of PCT, SOFA 

187 score, Crea, BUN, and HSP90α as predictors of 28-day mortality (Table 4). For 

188 serum HSP90α level at admission, the AUC to predict 28-day mortality was 

189 0.84 (95% CI, 0.77-0.90, P<0.001), with a 98.2% of sensitivity and a 63.8% 

190 specificity, and the optimal cut-off value is 120 ng/mL. The AUC of HSP90α is 
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191 bigger than that of SOFA score (0.71, 95% CI, 0.63-0.78, P<0.001), PCT 

192 (0.64, 95% CI, 0.56-0.72, P=0.003), Crea (0.64, 95% CI, 0.55-0.71, 

193 P=0.005), and BUN (0.63, 95% CI, 0.55-0.71, P=0.008).

194 Moreover, a Kaplan-Meier survival analysis was used to estimate the effects 

195 of the HSP90α cut-off value (120 ng/mL) on survival rates in sepsis patients 

196 (Fig. 6B), with a comparison with higher SOFA score (≥5) (Fig. 6A). Of note, 

197 sepsis patients with serum HSP90α≥120 ng/mL showed a significant increase 

198 in 28-day mortality (P<0.001). However, higher SOFA score (≥5) had limited 

199 ability to predict 28-day mortality in sepsis (P=0.152). Collectively, these 

200 findings indicate that HSP90α has the valuable ability to predict the prognosis 

201 of the patients with sepsis.

202

203 The potential mechanisms of HSP90α on survival in sepsis patients

204 To explore the potential mechanisms of HSP90α on survival in sepsis 

205 patients, some classical inflammatory cytokines (i.e. IL-1β, IL-18, ENA-78, 

206 and MIP-3α) associated with sepsis death were further tested. Notably, the 

207 expression levels of these four cytokines in the sera of the non-survival group 

208 were significantly higher than those in the survival group (all P<0.05, Fig. 7). 

209 Moreover, further spearman correlation analysis indicated highly significant 

210 correlations between HSP90α and IL-1β (P<0.001, r=0.400), IL-18 (P=0.01, 

211 r=0.326), and MIP-3α (P<0.001, r=0.452), except for ENA-78 (P=0.059) (Fig. 

212 8). These findings suggest that HSP90α may regulate the survival of sepsis 

213 patients via a vigorous cytokine expression. 

214

215 Discussion

216 To date, no reliable biomarkers could provide sufficient power to predict 

217 early-onset and clinical outcomes in patients with sepsis. In present study, we 

218 have found that HSP90α may be a potential predictive biomarker for the 

219 diagnosis and prognosis of septic patients. Our studies have provided three 

220 lines of evidence supporting these findings: (i) serum HSP90α content was 

221 significantly higher in patients with sepsis than that of in healthy controls; (ii) 

222 compared with surviving septic patients, the elevated serum HSP90α levels 

223 were observed in the non-surviving ones; (iii) A higher level of serum HSP90α 

224 on admission could identify the 28-day mortality of patients with sepsis. In 

225 addition, we also further explored the potential underlying mechanisms of 

226 HSP90α affect the prognosis of sepsis patients via provoking the secretion of 

227 pro-inflammatory cytokines and chemokines.

228 Among the septic patients, the SOFA score serving as a major tool has been 
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229 employed to indicate disease severity and predict mortality (Gaini et al. 2019; 

230 Karakike et al. 2019). However, the SOFA scoring is a system of fiddly 

231 calculation which involves multiple variables. Despite these issues, the SOFA 

232 score proved to be the best tool for the identification of patients with sepsis, 

233 which was in accordance with our results. Moreover, our study also indicated 

234 that serum HSP90α levels, with a high sensitivity of 88.67%, on ICU admission 

235 were superior in distinguishing sepsis compared to PCT (Figure 1).

236 As mentioned previously, the SOFA score was a key predictive factor for ICU 

237 deaths (Karakike et al. 2019; Raith et al. 2017). In recent years, numerous 

238 biomarkers have been widely examined to improve the predicting ability of 

239 prognosis in patients with sepsis. The currently popular methods to identify 

240 sepsis clinical outcome are the utilize of several serum biomarkers, i.e., CRP, 

241 PCT, SSA, lactate, and HBP, but the unsatisfied sensitivity and specificity limit 

242 their applications in clinical practice (Pierrakos et al. 2020). In present study, 

243 we have demonstrated that the 28-day mortality predictive ability of higher 

244 HSP90α contents (≥120 ng/mL) was better than that of higher SOFA score 

245 (≥5). The possible reasons for the discrepancy between our findings and other 

246 studies may due to different study subjects and follow-up time. Notably, 

247 circulating HSP90α possesses numerous strengths for its potential clinical use 

248 in the patients with sepsis. Firstly, serum HSP90α levels can be easily 

249 determined with high accurate by using ELISA technique, which can easily be 

250 popularized and applied in hospital laboratory. Secondly, due to the 

251 convenient detection of HSP90α, it is easy to achieve real time monitoring 

252 which aids to assess the septic patients’ conditions dynamically and 

253 continuously. Finally, sepsis patients who died within 28 days had higher 

254 contents of serum HSP90α on day of ICU admission than did surviving 

255 patients, advocating HSP90α serving as a potential prognostic indicator.

256   As is well known, an inflammatory cytokine storm is a crucial pathogenic 

257 factor in patients with sepsis at the early stage. The elevated levels of IL-1β, 
258 IL-6, TNF-α, IL-18, and IL-37 in sepsis have previously been reported (Ge et 

259 al. 2019; Lendak et al. 2018; Mierzchala-Pasierb et al. 2019; Song et al. 2019; 

260 Wu et al. 2021). In other studies, the inflammatory cytokines blockade 

261 therapies appear to be beneficial for the sepsis treatment (Saha et al. 2020; 

262 Xiong et al. 2020; Xu et al. 2018).Given that HSP90α could regulate 

263 inflammatory response by engaging innate immune cells and activating 

264 downstream cytokines production, we determined serum levels of two 

265 classical inflammatory cytokines (IL-1β and IL-18), together with two 

266 chemokines (ENA-78, and MIP-3α) and identified that IL-1β, IL-18, and MIP-
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267 3α levels were positively related to those of HSP90α. Therefore, it was 

268 tempting to infer that HSP90α could be a potential molecule in the 

269 pathogenesis of sepsis.

270

271 Limitations

272 Nevertheless, limitations of our study are noteworthy in the interpretation 

273 of results. First, this retrospective study might have caused selective bias 

274 resulting in overestimated the diagnostic and prognostic value of HSP90α. 
275 Second, the serum levels of HSP90α was not monitored at sequential time 

276 points after sepsis developed. Third, the follow-up period was short, and long-

277 term survival was not analyzed. Fourth, the fact that present study included 

278 a single center hindered our ability to draw conclusions. Quite evidently, 

279 additional studies are needed to verify these results.

280

281 Conclusions

282 In current study, we provided evidence that serum HSP90α was a potential 

283 biomarker for evaluating the power of diagnosis and short-term prognosis of 

284 patients with sepsis, which could assist clinician identification of sepsis at early 

285 stage and lay the groundwork for the development of novel therapeutic target 

286 for patients with sepsis.

287
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Figure 1
Flowchart of study population selection flowchart.
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Figure 2
Receiver operating characteristic curve (ROC) of HSP90α, PCT and SOFA score for
diagnosis of sepsis.

HSP90α: heat shock protein 90α, PCT: procalcitonin, SOFA: Sequential Organ Failure
Assessment.
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Figure 3
Spearman correlation analysis of serum HSP90α levels with SOFA score and PCT.
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Figure 4
Univariate logistic regression analysis for sepsis-related factors.
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Figure 5
ROC curves for diverse laboratory indexes on sepsis prognosis.

The X-axis refers to 1-specificity (false positive rate), and the Y-axis refers to sensitivity (true
positive rate). Curves in different colors stand for diverse laboratory indexes. AUC means the
area under curve, and when AUC approaches to 1 the prognostic performance on sepsis
turns out to be excellent. Crea: creatinine; BUN: blood urea nitrogen.
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Figure 6
Kaplan-Meier survival analysis presents the 28-d mortality of sepsis.

(A)when SOFA <5 or SOFA ≥5; and (B) when HSP90α <120 ng/mL or HSP90α ≥120 ng/mL.
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Figure 7
Distribution and comparison for cytokines and chemokines in the Survival and Non-
Survival groups of sepsis patients.

IL-1β (A), IL-18 (B), ENA-78 (C), MIP-3α (D); * P < 0.05, ** P < 0.01, *** P < 0.001, **** P <
0.0001.

PeerJ reviewing PDF | (2021:10:66642:0:2:REVIEW 26 Oct 2021)

Manuscript to be reviewed



Figure 8
Correlation network of plasma HSP90α levels with laboratory indexes (Spearman
analysis).
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Table 1(on next page)

Demographic, clinical, and laboratory profiles of septic patients, ICU controls and
healthy controls
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1 Table 1 Demographic, clinical, and laboratory profiles of septic 

2 patients, ICU controls and healthy controls

Parameter health controls 

(n=110)

ICU controls 

(n=110)

Sepsis patients 

(n=150)

Patient 

characteristics

Age, years 57.34±11.47 56.12±10.52 57.95±15.39

Male sex 79 (63.6%) 71(64.5%) 101(67.3%)

Laboratory 

values

WBC (×109/L) 6.15±1.59 9.58±4.20 13.46±9.01

N (×109/L) 3.75±1.28 7.62±4.00 10.78±5.99

L (×109/L) 1.92±0.45 1.35±0.82 0.94±0.74

M (×109/L) 0.36±0.13 0.94±0.22 0.70±0.52

HCT 43.48±3.36 41.11±8.58 35.36±9.17

PLT(×109/L) 234.94±49.62 198.99±91.80 137.30±100.30

CRP, mg/L NA 97.33±95.41 109.68±78.68

PCT, ng/ml NA 6.39±16.19 15.27±28.57

HSP90α 

(ng/mL)

19.38±16.70 123.16±94.14 242.07±215.70

SOFA score NA 1.52±0.63 6.10±3.86

ICU stay, days NA 3.42±1.56 15.86±13.19

Died/survived NA 0/110 56/94

3 Continuous values as mean ±standard deviation, categorical values as absolute number 

4 and percentage. WBC, white blood cell count; N, neutrophils; L, lymphocyte; M, 

5 monocytes; HCT, hematocrit value; PLT, platelets; CRP, C-reaction protein; PCT, 

6 procalcitonin; SOFA, sequential organ failure assessment; ICU, intensive care unit; NA, 

7 not applicable.

8
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Table 2(on next page)

Index comparison between the Survival and Non-Survival groups of sepsis cases
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1 Table 2 Index comparison between the Survival and Non-Survival 

2 groups of sepsis cases

Parameter Survival (n=94) non-survival 

(n=56)

P-Value

Patient characteristics

Age, years 57.62±15.68 58.38±15.10 0.774

Male sex 64 (68.1%) 37 (66.1%) 0.799

Etiology

Pulmonary infection 20 (21.3%) 17 (30.4%) 0.212

Acute pancreatitis 7 (7.5%) 3 (5.4%) 0.875

Postoperative infection 10 (10.6%) 6 (10.7%) 0.988

  Others 57 (60.6%) 30 (53.6%) 0.058

Comorbidities

Hypertension 32 (34.0%) 22 (39.3%) 0.926

Diabetes 12 (12.8%) 12 (21.4%) 0.162

  COPD 21 (22.3%) 16 (28.6%) 0.392

Hospital stays, days 16.12±11.29 15.87±16.35 0.077

Constants

  Pulse rate, beats/min 94.45±19.62 101.75±20.90 0.056

  Breath rate, beats/min 20.56±4.21 20.42±4.45 0.935

Systolic blood pressure, 

mmHg

119.82±19.56 121.20±22.58 0.605

Diastolic blood pressure, 

mmHg

73.88±14.36 71.78±13.84 0.787

Laboratory values

WBC (×109/L) 12.47±6.59 16.35±14.73 0.144

N (×109/L) 10.29±5.84 11.20±5.52 0.252

L (×109/L) 1.02±0.87 0.98±1.19 0.409

CRP (mg/L) 101.60±71.48 128.38±86.56 0.088

PCT (ng/mL) 11.08±23.97 22.73±34.23 0.003

SOFA (score) 5.01±3.17 7.89±4.27 <0.001

TBI (μmol/L) 33.81±38.84 42.77±66.04 0.766

Crea (μmol/L) 145.34±159.13 213.53±204.17 0.006

BUN (mmol/L) 10.35±8.36 14.32±10.83 0.009

PaO2 (mmHg) 95.58±71.81 76.09±34.33 0.321

PaCO2 (mmHg) 34.69±6.90 40.59±18.37 0.348

Lct (mmol/L) 2.85±2.96 3.68±4.29 0.191

HSP90α (ng/mL) 135.88±116.90 373.35±263.29 <0.001

3 Continuous values as mean ±standard deviation, categorical values as absolute number 

4 and percentage. WBC; white blood cell count; N, neutrophils; L, lymphocyte; CRP, C-

5 reactive protein; PCT, procalcitonin.
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Table 3(on next page)

Multivariate logistic regression analysis for sepsis after adjusting effects of confounders.
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1 Table 3 Multivariate logistic regression analysis for sepsis after adjusting 

2 effects of confounders.

Multivariate logistic 

regression analysis

B S. E. Wald P-value Odds ratio 95%CI

Model 1 0.008 0.001 26.190 <0.001 1.008 1.005-1.011

Model 2 0.008 0.002 25.435 <0.001 1.008 1.005-1.011

Model 3 0.007 0.002 19.941 <0.001 1.007 1.004-1.010

Model 4 0.007 0.002 18.845 <0.001 1.007 1.004-1.010

Model 5 0.007 0.002 18.432 <0.001 1.007 1.004-1.010

3 Model 1 included only HSP90α. Procalcitonin were added to Model 2. Model 3 was Model 

4 2 with further adjustment for SOFA. Model 4 was Model 3 with further adjustment for 

5 creatinine. Finally, more potential indicators and confounders, including blood urea 

6 nitrogen was added to Model 4.

7

8
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Table 4(on next page)

ROC analysis for laboratory indexes
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1 Table 4 ROC analysis for laboratory indexes

AUC (95%CI) z-Value Youden 

index

P-Value Sensitivity Specificity

HSP90α 0.84 (0.77-0.90) 11.00 0.62 <0.001 98.2% 63.8%

PCT 0.64 (0.56-0.72) 3.02 0.29 0.003 63.6% 64.9%

SOFA 0.71 (0.63-0.78) 4.78 0.36 <0.001 61.8% 74.5%

Crea 0.64 (0.55-0.71) 2.80 0.25 0.005 67.3% 57.6%

BUN 0.63 (0.55-0.71) 2.63 0.27 0.008 76.4% 50.5%

2 AUC, area under curve; CI, confidence interval; CRP, C-reactive protein; PCT, 

3 procalcitonin.

4
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