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ABSTRACT 

Background & Objective: Though numerous biomarkers have been identified with diagnostic and/or prognostic 
value in sepsis patients; few are sensitive early enough to guide early decision-making. Presepsin (PSEP) appears to 
spike within the first few days of systemic bacterial infection. We evaluated PSEP’s sensitivity, specificity, accuracy, 
and area-under-the-curve (AUC) predicting sepsis-related mortality, both used alone and combined with other 
parameters. 

Methodology: A prospective study was conducted of N = 84 adult sepsis patients admitted to critical care units 
(CCU) at a single, university-affiliated tertiary hospital. All were followed until either death or 90 days after CCU 
admission, with biomarkers including PSEP and procalcitonin (PCT) measured on days 1, 3, 5, 7 and 12. Bivariable 
analysis was conducted to identify potential predictors of mortality for use in multivariable analysis and ultimate 
evaluation of a mortality risk in sepsis summation score. 

Results: Among 84 patients, 44 died, 12 remained hospitalized, and 28 were discharged home. At all five blood 
draws, PSEP levels were significantly higher in sepsis non-survivors than survivors, versus no instances with PCT. 
Multivariable analysis identified three statistically significant predictors of mortality: patient age, baseline SOFA 
score, and the average of patients’ day 1 and 3 PSEP levels. From these three variables, all attained within the first 
72 hours of CCU admission, a 9-point scale was constructed that was 83.8% sensitive, 71.1% specific, and 77.3% 
accurate predicting ultimate sepsis-related mortality (AUC = 0.80).  

Conclusions: Alone and combined with patient age and baseline SOFA score, early PSEP levels are highly sensitive 
and specific predicting sepsis-related mortality. 
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1. INTRODUCTION 

According to data published by the World Health 

Organization (WHO), approximately 49 million cases 

of sepsis and more than 11 million sepsis-related deaths 

occur worldwide each year, with sepsis accounting for 

roughly 20% of all deaths.1 In patients with septic 

shock, mortality rates may exceed 40%.2 Though C-

reactive protein (CRP) and procalcitonin (PCT).3-8  are 

most often used and studied, to date, over 250 different 

factors have been proposed as potential predictors of 

systemic sepsis and related outcomes, and this number 

continues to rise.5,9 This is largely because both CRP 

and PCT are non-specific, with levels rising in response 

to aseptic inflammation.5 This said, in a review of 

almost 5400 references, all published since 2010, 

among 258 sepsis biomarkers identified, only 40 had 

been compared against PCT and/or CRP, and only 26 in 

clinical trials with more than 300 patients.5 Of these, 

nine were found to outperform CRP and/or PCT, but 

none of these are widely used and only one (Group II 

phospholipase A2, PLA2-II) has been examined in a 

larger study. As such, to date, no ideal single marker or 

marker combination has emerged to aid in the diagnosis 

and prognostic stratification of sepsis patients.5, 6, 8-10 

One biomarker that has been studied in larger studies 

and evaluated in meta-analyses as a potential predictor 

of both sepsis and mortality is presepsin (PSEP), which 

is what remains after cleavage of the N-terminal of 

soluble CD14. In numerous studies, PSEP has been 

found to predict both sepsis and mortality to a degree 

that is at least comparable to PCT and more specific 

than CRP.5, 8, 10-17 How PSEP might be advantageous 

over other sepsis biomarkers – like PCT, CRP, 

interleukin-1 (IL-1) and IL-6 – is that levels appear to 

spike earlier in the course of systematic sepsis and, as 

such, might be better at guiding early therapy.14 

In this study, we measured levels of PSEP, PCT, and 

several other biomarkers at five time-points over the 

first 12 days after patients had been hospitalized for 

sepsis. Specific objectives were to: (a) determine 

whether PSEP actually does spike earlier than the other 

biomarkers; (b) determine whether multiple levels 

enhance its diagnostic and prognostic sensitivity and 

specificity; (c) compare its overall accuracy to PCT 

over five measurements spanning 12 days; and (d) 

develop and evaluate the sensitivity, specificity, 

accuracy, and area under the receiver operating 

characteristic curve (AUC) of a composite score of 

statistically-significant predictors of sepsis-related 

mortality. 

2. METHODOLOGY 

The study was conducted in all critical care units at 

King Abdulaziz University Hospital in the city of 

Jeddah. All patients of age 18 years or older with either 

sepsis or septic shock admitted to a critical care unit 

within 24 hours of their sepsis being recognized using 

Sepsis-3 criteria.2 were considered for enrollment, 

provided either they or their next-of-kin provided 

informed written consent. Exclusion criteria were age 

less than 18 years; CCU admission more than 24 hours 

after recognition of their sepsis or septic shock; known 

or suspected pregnancy, negative culture result from the 

primary site of infection; lack of signed informed 

consent. 

At the time of admission, all patients underwent a 

complete history and physical examination, a set list of 

baseline laboratories that included blood levels of 

PSEP, PCT, lactic acid, blood cell counts (red blood 

cells, leukocytes, lymphocytes, platelets), serum 

electrolytes, blood urea nitrogen (BUN) and creatinine, 

alanine transaminase (ALT), aspartate transaminase 

(AST), bilirubin, prothrombin time (PT), partial 

thromboplastin time (PTT), and international 

normalized ratio (INR). In addition, baseline scores for 

both the APACHE II and SOFA scales were calculated, 

both at the time of admission and 72 hours later. All the 

above-listed laboratory investigations were repeated on 

the third, fifth, seventh, and twelfth day after CCU 

admission. Both PSEP (sCD14-ST) and PCT values 

were measured using an immunoassay analyzer.  

Two or more blood samples of 5-10 mL were collected 

cultures were collected from each patient on admission.  

Bacteremia was defined as recovery of any pathogenic 

bacterial species in one or two sets of blood cultures. 

Microorganisms commonly considered as contaminants 

were excluded from the bacteremia group.18 Cultures 

from any known or suspected site or source of infection 

also were collected, including sputum, urine, wound, 

and any device or inserted catheter, as clinically 

indicated, BUN, creatinine, AST, ALT, PT, INR, PTT, 

bilirubin (Total and Direct), random blood sugar, and 

serum sodium and potassium levels. 

Patient management was at the discretion of the 

medical team, led by the attending CCU physician and 

aided, as needed, by attending infectious disease 

consultants, following 2016 Sepsis-3 guidelines.2 

Every patient was followed until either death, hospital 

discharge, or the end of 90 days follow-up, whichever 

was longest in duration. The primary outcome of 

interest was clinical status 28 and 90 days after CCU 

admission and at final follow-up (if greater than 90 

days). Primary outcomes were categorized as survival 

with discharge home; survival but either still or re-

hospitalized; and mortality. Over the course of follow-

up, the following additional clinical parameters were 
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recorded; all released cultures, time of starting and 

stopping antibiotics, need for mechanical ventilation 

and its duration, days of vasopressor need, need for 

renal replacement therapy, and days of CCU and 

hospital stay. 

2.1. Statistical analysis  

All inferential analyses compared either three patient 

groups (discharged survivors; still-hospitalized or re-

hospitalized survivors; non-survivors) or two patient 

groups, including comparisons of survivors versus non-

survivors (discharged or hospitalized) and of a good 

outcome (discharged survivor) and a poor outcome 

(still hospitalized or deceased at final follow-up). All 

continuous variables were tested for normal versus non-

normal distribution using the Shapiro-Wilk’s test, with 

unpaired t-tests and analysis of variance (ANOVA) then 

used to compare normally-distributed variables, with 

the Bonferroni test employed post-hoc, and either the 

non-parametric Mann-Whitney U-test or Kruskal-

Wallis test used for two- and three-group comparisons, 

respectively. For categorical variables, inter-group 

comparisons were performed using the Pearson χ2 test 

or Fisher’s Exact test, as appropriate. Correlation 

analysis of continuous variables (e.g., PSEP level 

versus SOFA and APACHE II scores) was performed 

using Pearson’s or Spearman’s correlation coefficients, 

again depending on variable distribution. 

The three patient groups then were compared over time 

using repeated measure ANOVA (RM-ANOVA) to 

distinguish levels of all parameters identified on point-

in-time bivariable analysis to be significantly different 

(P < 0.05) over the five data collection points for 

biomarkers – CCU days 1, 3, 5, 7 and 12. Kaplan-Meier 

survival curves were generated to follow both patient 

survival over time and patient survival as a function of 

PSEP level. 

For multivariable analysis, hierarchical logistic 

regression analysis was performed to identify 

statistically significant predictors of mortality, using 

forward entry to enter all variables identified on 

bivariable analysis to differ at a P ≤ 0.05 between 

survivors and non-survivors (the one exception being 

baseline PCT level, which was not statistically different 

between groups (see Results). Stepwise, demographic 

and morphometric variables were entered in step 1, 

baseline laboratory variables in step 2, culture-related 

variables in step 3, the biomarkers PSEP and PCT in 

step 4, and treatment variables (e.g., mechanical 

ventilation, vascular support) in step 5.  

Scatter plots then were generated for factors identified 

as statistically significant predictors of mortality to 

determine whether specific thresholds might be 

identified for use in a summation score. For each 

variable and for each model, areas under the receiver 

operating curve (AUC-ROC) were calculated for 

comparison against the literature. Finally, summation 

score models were generated to evaluate their 

sensitivity, specificity and accuracy identifying sepsis 

patients at greater risk of dying, and with greater 

likelihood of survival. 

All analyses were performed using SPSS version 29 

with a Bonferroni-adjusted P ≤ 0.001 used as the 

criterion for statistical significance, to compensate for 

multiple comparisons on bivariate analysis, but P ≤ 0.05 

also noted when considering parameters to compare 

over time. As stated above, P ≤ 0.05 was used for both 

variable entry and variable retention in regression 

models. All analyses were conducted by a PhD-level 

biostatistician. 

3. RESULTS 

A total of 84 patients satisfied eligibility criteria and 

were enrolled in the study, among whom 51 were male 

and 33 female and patient age ranged from 18 to 110 

years (61.9 ±18.7). Of these, 28 were discharged and 

still at home at the time of final follow-up, while 12 

were either still hospitalized or required re-

hospitalization, and 44 died. Length of hospital stay 

ranged from one day to 314 days. No patient lost to 

follow-up.  

The 44 patients who died over the course of follow-up 

died from the first day of CCU admission to the 152nd 

day (Figure 1).  Among those 44 deaths, 9 (20.5%) 

occurred within five days of CCU admission, 13 

(29.5%) within ten days, 23 (52.3%) within 20 days, 27 

(61.4%) within 28 days, 37 (84.1%) within 60 days, and 

42 (95.5%) within 90 days. Corresponding mortality 

rates across all 84 patients at 5, 10, 20, 28, 60 and 90 

days were 10.7%, 15.5%, 27.4%, 32.1%, 44.0%, and 

50.0%, respectively. The two patients who died after 90 

days died on their 101st and 152nd day post CCU 

admission. . 

Table 1 summarizes baseline comparisons between the 

three patient sub-groups of discharged survivor, 

hospitalized survivor, and non-survivor in terms of 

patient demographic, morphometric, and clinical 

characteristics and CCU day #1 laboratory values. 

Demographically, non-survivors were significantly 

older than discharged survivors, by more than 14.5 

years, but not significantly different from in-hospital 

survivors. Day 1 SOFA and APACHE II score and Day 

3 SOFA scores also were higher in non-survivors than 

discharged survivors. Among day #1 laboratories, only 

PSEP and lactic acid levels, platelet count, and PTT 

differed between the three groups. For lactic level, the 
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only statistically significant difference was between 

non-survivors and survivors at home, while PSEP level 

and PTT were higher in non-survivors than in either 

other group. Platelet count averaged being lower in 

non-survivors than in both other groups. 

 

Among treatment variables (Table 2), there was no 

statistically significant difference between the three 

outcome groups in any culture-related variable. There 

was no difference in the number of days on antibiotics, 

days in the CCU, or days in 

hospital between non-

survivors and survivors at 

home.  

Table 3 summarizes the 

results of inter-group 

comparisons of laboratory 

values across the five 

serum-sample collection 

points (days 1, 3, 5, 7, 12). 

In this table only variables 

with at least one inter-group 

difference are summarized, 

the one exception to this 

being PCT, which is the 

comparative variable of 

particular interest. Platelet 

levels were statistically 

lower at all five data-

collection points, either 

relative to both other groups 

at days 1, 3, 7 and 12, or 

just versus survivors at 

home (day 5). Both PSEP 

and lactic acid levels were 

statistically highest for the 

first two blood draws, in all 

instances significantly 

greater than levels in at-

home survivors. Meanwhile, 

PTT was higher in non-

survivors than at-home 

survivors on Days 1 and 5 

and BUN on days 3 and 7. 

Prothrombin time only was 

greatest in non-survivors on 

CCU day 12. These results 

are depicted graphically in 

Figure 2.  

To further assess differences 

between biomarkers over 

time, Table 4 summarizes 

repeated-measures ANOVA 

(RM-ANOVA) results 

comparing between the 

three patient groups, 

between survivors and non-

survivors (deceased), and 

between patients 

Table 1: Comparative baseline patient characteristics and laboratories  

Variable 

Final outcome 

At home 

(n = 28) 

Still in hospital 

(n = 12) 

Deceased 

(n = 44) 

P-value 

  

Patient characteristics 

Percentage male, N=51 39.2% 17.6% 43.1% 0.11 

  Percentage female, N=33 24.2% 9.1% 66.7% 

Mean age (years) 53.04 59.75 67.89  0.004 

Body Mass Index (kg/m2) 26.14 28.45 26.29  0.57 

Day 1 APACHE score 19.79 24.17 24.95  0.047 

Day 1 SOFA score 7.54 10.17 10.41  0.007 

Day 3 SOFA score 5.33 7.58 9.26 < 0.001 

DM:  35.0 % 15.0 % 50.0 %  0.92 

HTN:  25.5 % 17.0 % 57.4 %  0.28 

CVD:  36.1 % 11.1 % 52.8 %  0.74 

Chronic lung disease:  35.7 % 14.3 % 50.0 %  0.98 

CKD:  28.6 % 9.5 % 61.9 %  0.57 

Chronic liver disease:  0 % 0 % 100 %  0.24 

Cancer:  26.3 % 10.5 % 63.2 %  0.60 

Other comorbid conditions:  34.0 % 11.3 % 54.7 %  0.59 

Mean number of comorbid  

conditions 

2.50 2.50 2.95  0.40 

Baseline laboratories 

Presepsin (pg/mL) 2114.0 1801.4 4184.8  0.001 

Procalcitonin (ng/mL) 20.1 7.5 17.1  0.56 

Lactic acid level (mmol/L) 2.5 2.1 4.1  0.026 

Leukocytes (x 103 cells/mm3) 16.2 12.6 13.6  0.87 

Lymphocytes (109/L.) 1.8 0.9 1.2  0.77 

Platelets (x 1000 cells/mm3) 259.3 331.6 139.4 < 0.001 

BUN (mg/dL) 15.1 23.1 20.4  0.17 

Creatinine 206.5 229.3 259.0  0.29 

ALT (units/L) 37.4 21.8 83.8  0.29 

AST (units/L) 54.5 64.3 125.2  0.60 

Albumin (g/dL) 35.1 36.2 34.9  0.89 

Prothrombin time (sec) 20.5 18.2 21.9  0.96 

Partial thromboplastin time  

(sec) 

42.7 42.0 59.2  0.024 

INR 1.5 1.4 1.8  0.70 

DM, diabetes mellitus; HTN, hypertension; CVD, cardiovascular disease; CKD, chronic kidney 
disease; BUN, blood urea nitrogen; ALT, alanine transferase; ASP, aspartate transferase, INR, 
international normalized ratio; P < 0.05 considered as significant 
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successfully discharged to home (good outcome) and 

patients either deceased or still hospitalized, performed 

using all five measurements, just the first four, just the 

first three, just the first two, and just baseline 

measurements.  For all parameters  

 

except PCT and PT, the early measurements, through 

the first three to five days, were statistically different 

between at-home survivors, hospitalized survivors, and 

non-survivors. This was not true for either PCT or PTT. 

In addition, PSEP, lactic acid, and platelet count 

distinguished non-survivors from survivors at all blood 

samples, while BUN delineated non-survivors only 

using the two (days 1 and 3) through four (days 1 

through 7) measurements. Again, neither PCT nor PT 

were significantly different between survivors and non-

survivors. Performing RM-ANOVA comparing patients 

successfully discharged home versus the remaining two 

groups (deceased or still hospitalized), using all five 

PSEP readings was delineating, while using just the 

first two PCT readings distinguished good outcome 

patients. The first two platelet counts, using either three 

or four BUN readings, and the baseline measurement of 

PT also delineated good from less good outcomes.  

At this point, since a sizeable majority of the detected 

differences were between survivors and non-survivors, 

rather than between patients with a good outcome (at-

home survival) and poorer 

outcomes (still hospitalized or 

deceased), a decision was 

made to test a model to predict 

mortality rather than a good 

outcome on multivariable 

analysis. 

Since entering all five 

measurement for all seven 

biomarkers would exceed the 

power of a multivariable 

analysis model based upon just 

84 patients, a decision was 

made to average the results of 

readings, from just two to all 

five measurements. Table 5 

summarizes average readings 

over the first two blood 

samples of the same seven 

variables. There was a 

statistically significant 

difference between the 

outcome groups for PSEP but 

not PCT, with non-survivor 

group levels being the highest. 

The same was true for both 

lactic acid and PTT, while 

platelet counts were lowest 

among non-survivors.  

Predictors of 
mortality  

For hierarchical logistic 

regression analysis, the following variables were 

entered stepwise: Step 1: patient age and sex; Step 2: 

day 1 APACHE II and SOFA scores; Step 3:  day 3 

SOFA score; Step 4: day 1 PSEP (and, in a second 

model, the average of the day 1 and 3 PSEP levels) and 

day 1 procalcitonin levels; Step 5: day 1 lactic acid 

level and platelet count; Step 6: number of vasopressors 

used and steroid use. Ultimately, only three variables 

remained in the final model: patient age (P = 0.001), the 

day 1 PSEP level (P = 0.010), and day 1 SOFA score (P 

= 0.046). Further models entering the day 3 PSEP level 

(instead of day 1) and an average of the days 1 and 3 

PSEP levels also resulted in the same three parameters 

being retained. Areas under receiver operating 

characteristics curves (AUC) were 0.736 when the day 

1 PSEP level was used, 0.744 when the day 3 PSEP 

Table 2: Comparing culture status results and medical support required  

Variable 

Final outcome 

At home 

(n = 28) 

Still in hospital 

(n = 12) 

Deceased 

(n = 44) 

P-value 

  

Culture results and antibiotic therapy 

Number of positive cultures 1.28 1.58 1.78  0.46 

Positive blood culture 25.0% 41.7% 38.6%  0.42 

Positive airway culture 23.1% 33.3% 43.6%  0.24 

Positive urine culture 17.9% 25.0% 11.9%  0.63 

Positive wound culture 11.1% 11.1% 18.5%  0.23 

Positive other fluid culture 20.0% 0.0% 24.0%  0.29 

Positive device culture 6.3% 25.0% 23.8%  0.32 

Gram negative organism 39.5% 7.9% 52.6%  0.360 

Gram positive organism 14.3% 21.4% 64.3%   

Both 33.3% 0.0% 66.7%   

Resistant organism 28.6% 0.0% 29.5%  0.18 

Days on antibiotics 11.39 36.42 12.80 < 0.001 

Other interventions 

Mechanical ventilation  82.1% 91.7% 90.9%  0.49 

Vasopressor support used 78,6% 83.3% 93,2%  0.19 

Number of vasopressors 1.18 0.83 1.43  0.041 

Renal replacement therapy 17.9% 25.0% 36.4%  0.23 

Steroids administered 46.4% 41.7% 86.0% < 0.001 

Days in the critical care unit 11.1 23.6 11.7  0.017 

Days in the hospital 39.6 106.2 30.6 < 0.001 

P < 0.05 considered as significant 
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level used, and 0.745 when the 

average of the day 1 and day 3 

PSEP level was used. This 

compared to day 1 and 3 AUCs of 

just 0.457 and 0.423, respectively 

for PCT. The AUC for the day 1 and 

3 SOFA scores were 0.654 and 

0.715, respectively, while the AUC 

for the day 1 APACHE II score was 

0.605. 

Scatter plots identified the 

following delineations for age, 

baseline SOFA score, and mean 

PSEP level combining the day 1 

and day 3 measurements. For age, 

mortality rates among patients 

under 40 years of age, from 40-69, 

and 70-years-old and older were 

9.1%, 51.1%, and 74.1%, 

respectively. For the baseline SOFA 

score, scores ≤ 6, 7-11, and ≥ 12 

were associated with mortality rates 

of 34.8%, 50.0%, and 72.0%, 

respectively. For PSEP, levels under 

1150, from 1150 to 2499, and 

≥2500 were associated with 

mortality rates of 15.0%, 45.8%, 

and 71.9%. Generating a composite 

score combining each patient’s age 

category, baseline SOFA score, and 

mean PSEP level over the day 1 and 

3 measurements resulted in a scores 

ranging from 3 to 9, for which 

scores ≤4 were not linked to any 

deaths, while the mortality rates for 

scores from 5-6 and from 7-9 were 

28.6% and 73.8%, respectively. 

Overall, this model was found to be 

83.8% sensitive, 71.1% specific, 

and 77.7% accurate, and have an 

AUC of 0.800 predicting mortality 

over the course of follow-up. 

However, the only factor found 

during analysis to distinguish 

between death at 28 versus 90 days 

follow-up was the serum lactate 

level on day 3. 

4. DISCUSSION 

As stated earlier, one potential 

advantage of PSEP over other 

sepsis biomarkers like CRP and 

PCT is that it tends to rise earlier in 

a sepsis patient’s course, especially 

Table 3: Comparative laboratory parameters with good, intermediate, 

and poor outcomes over time 

Variable 

Final outcome 

At home 

(n = 28) 

Still in hospital 

(n = 12) 

Deceased 

(n = 44) 

P-value 

  

Presepsin - Day 1  2114.0 1801.4 4184.8  0.001 

Presepsin - Day 3 2460.6 2731.4 5541.9  0.001 

Presepsin - Day 5 2583.6 2938.8 2938.8  0.13 

Presepsin - Day 7 1857.8 3930.8 3690.9  0.054 

Presepsin - Day 12 1606.0 3820.7 2943.4  0.06 

Average presepsin level 2124.4 3044.6 3860.0 3165.0 

Procalcitonin - Day 1 20.1 7.5 17.1  0.56 

Procalcitonin - Day 3 18.1 10.6 9.0  0.41 

Procalcitonin - Day 5 7.7 14.4 6.5  0.90 

Procalcitonin - Day 7 3.2 10.9 11.9  0.72 

Procalcitonin - Day 12 3.2 3.4 31.0  0.12 

Average procalcitonin level 10.5 9.4 15.1 12.8 

Lactic acid - Day 1 2.49 2.10 4.09  0.026 

Lactic acid - Day 3 1.14 1.30 3.38  0.014 

Lactic acid - Day 5 0.92 1.08 1.65  0.10 

Lactic acid - Day 7 1.09 1.18 1.17  0.94 

Lactic acid - Day 12 0.86 1.05 1.15  0.44 

Average lactic acid level 1.3 1.3 2.3 1.8 

Platelets - Day 1 259.3 331.6 139.4 < 0.001 

Platelets - Day 3 222.2 205.4 130.2  0.004 

Platelets - Day 5 235.4 176.3 143.6  0.029 

Platelets - Day 7 277.4 273.3 144.0  0.005 

Platelets - Day 12 318.2 403.7 146.9  0.006 

Average platelet count 262.5 278.1 140.8 201.0 

BUN - Day 1 15.11 23.07 20.42  0.17 

BUN - Day 3 11.58 18.15 19.22  0.010 

BUN - Day 5 13.20 12.93 17.44  0.20 

BUN - Day 7 13.18 15.33 24.21  0.010 

BUN - Day 12 11.98 14.62 18.10  0.11 

Average BUN 13.0 16.8 19.9 17.2 

PT - Day 1 20.51 18.17 21.90  0.96 

PT - Day 3 17.39 18.34 22.28  0.15 

PT - Day 5 16.34 17.70 17.83  0.21 

PT - Day 7 16.48 18.18 17.90  0.16 

PT - Day 12 16.46 15.05 18.81  0.041 

Average PT 17.4 17.5 19.7 18.6 

PTT - Day 1 42.7 42.0 59.2  0.044 

PTT - Day 3 48.1 45.8 53.7  0.43 

PTT - Day 5 36.3 40.3 47.5  0.021 

PTT - Day 7 42.4 46.2 43.4  0.69 

PTT - Day 12 40.4 38.6 45.3  0.36 

Average PTT 42.0 42.6 49.8 46.2 

All averages weighted for the number of patients in each group 
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in patients with more severe infection and septic 

shock.7-13 In the current study, among the 44 non-

survivors, the average PSEP level rose from 4185 on 

CCU 

day 1 

to 

5542 

on day 

3, 

while 

levels 

for 

virtuall

y every 

other 

biomar

ker, 

includi

ng 

PCT, 

fell. 

One 

widely 

accepte

d 

explan

ation 

for this 

rapid  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4: Repeated-measures ANOVA for all five readings through just the initial (baseline) data-
collection value f N=84 sepsis patients 

Number of readings collected over days 1, 3, 5, 7 
and 12 

Overall 
outcome (home 
vs. still 
hospitalized vs. 
deceased) 

Deceased Good 
outcome 
(discharged 
home) 

Presepsin (PSEP) 5 readings (days 1, 3, 5, 7, 12)  0.08  0.030  0.050 

4 readings (days 1, 3, 5, 7)  0.08  0.022  0.10 

3 readings (days 1, 3, 5)  0.053  0.017  0.16 

2 readings (days 1, 3)  0.015  0.004  0.07 

Day #1 only  0.022  0.016  0.08 

Procalcitonin 
(PCT) 

5 readings (days 1, 3, 5, 7, 12)  0.47  0.30  0.84 

4 readings (days 1, 3, 5, 7)  0.54  0.81  0.35 

3 readings (days 1, 3, 5)  0.23  0.31  0.09 

2 readings (days 1, 3)  0.11  0.25  0.042 

Day #1 only  0.40  0.96  0.41 

Lactic acid 5 readings (days 1, 3, 5, 7, 12)  0.12  0.040  0.27 

4 readings (days 1, 3, 5, 7)  0.11  0.037  0.15 

3 readings (days 1, 3, 5)  0.033  0.009  0.08 

2 readings (days 1, 3)  0.035  0.009  0.07 

Day #1 only  0.046  0.014  0.12 

Platelets 5 readings (days 1, 3, 5, 7, 12)  0.08  0.030  0.27 

4 readings (days 1, 3, 5, 7)  0.13  0.044  0.18 

3 readings (days 1, 3, 5)  0.027  0 008  0.07 

2 readings (days 1, 3)  0.001 P < 0.001  0.016 

Day #1 only P < 0.001 P < 0.001  0.013 

Blood urea 
nitrogen (BUN) 

5 readings (days 1, 3, 5, 7, 12)  0.085  0.031  0.28 

4 readings (days 1, 3, 5, 7)  0.30  0.003  0.036 

3 readings (days 1, 3, 5)  0.09  0.007  0.032 

2 readings (days 1, 3)  0.030  0.026  0.07 

Day #1 only  0.17  0.33  0.11 

Prothrombin time 
(PT) 

5 readings (days 1, 3, 5, 7, 12)  0.30  0.15  0.47 

4 readings (days 1, 3, 5, 7)  0.48  0.25  0.45 

3 readings (days 1, 3, 5)  0.68  0.46  0.71 

2 readings (days 1, 3)  0.14  0.25  0.06 

Day #1 only  0.96  0.50  0.69 

Partial 
thromboplastin 
time (PTT) 

5 readings (days 1, 3, 5, 7, 12)  0.09  0.027  0.20 

4 readings (days 1, 3, 5, 7)  0.30  0.12  0.30 

3 readings (days 1, 3, 5)  0.09  0.031  0.15 

2 readings (days 1, 3)  0.030  0.009  0.09 

Day #1 only  0.044  0.012  0.047 
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elevation is that CD14 is a transmembrane protein 

present in various cells implicated in sepsis cascades, 

including the macrophages, monocytes, and 

granulocytic cells that become activated in response to 

bacterial infection. During the inflammatory response, 

the soluble CD14 fragments that are PSEP are cleaved 

from the monocyte/macrophage-specific CD14 receptor 

complex after it binds with the lipopolysaccharides 

(LPS) and LPS binding protein (LPB) present on 

bacterial walls.19.20 It then rapidly becomes measurable 

in blood, by chemiluminescent enzyme 

immunoassay(20]. This contrasts other inflammatory 

markers, like CRP and PCT, that are released in 

response to inflammation, rather than infection.21 

Table 5: Average readings over the first 72 hours in  the critical care unit (CCU) 

Test At home 

(n = 28) 

Still in hospital 

(n = 12) 

Deceased 

(n = 44) 

P-value 

  

Presepsin 2287.1 1754.0 4505.5  0.015 

Procalcitonin 17.38 5.76 9.50  0.11 

Lactic acid 1.80 1.70 3.56  0.035 

Platelet count 240.8 315.8 124.8  0.001 

BUN 13.40 12.97 19.82  0.087 

PT 19.83 17.18 22.41  0.47 

PTT 46,24 41.58 51.83  0.030 

BUN, blood urea nitrogen; PT, prothrombin time; PTT, partial thromboplastin time;  
P  0.05 considered as significant 

Figure 1: Days to mortality 
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Over the past 15 years, numerous studies and meta-

analyses have found PSEP to significantly predict both 

bacterial sepsis and sepsis-related mortality.5, 10-17, 20, 22-

30 This includes four recently-published meta-analyses 

and two systematic reviews whose authors found 

PSEP’s effectiveness as a sepsis biomarker to be at 

least comparable, and in some studies superior to PCT.5, 

10, 17, 24, 29, 30 That said, PCT remains the biomarker that 

has been most extensively studied in sepsis patients, 3, 4, 

6-8, 29, 31-35 and appears especially helpful monitoring the 

course of therapy, which includes guiding antibiotic 

cessation.33 

How poorly PCT performed in the current study was a 

surprise. At none of the five data-collection points were 

PCT levels significantly different between patients who 

recovered enough to be discharged home, patients who 

were still hospitalized or had been re-hospitalized, and 

patients who died. It also immediately dropped out of 

the regression model predicting mortality. What is 

consistent with prior reports is that the PCT levels 

declined steadily among the N=28 patients who 

recovered enough for home discharge, from 20.1 on day  
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1 to 18.1, 7.7, 3.2, and 3.2 on days 3 through 12, a trend 

Figure 2: Laboratory values over the five data-collection points 
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that was statistically significant (P = 0.003) and 

consistent with prior studies suggesting a role in 

therapeutic monitoring and later decision-making. 33 

Nonetheless, in our patients, PSEP clearly 

outperformed PCT, especially over the first 72 hours, 

where highly significant differences (P = 0.001) were 

noted between non-survivors and at-home survivors 

both on bivariable and multivariable analysis. Blood 

PSEP levels also were  

strongly correlated with mortality rate, itself explaining 

56.6% of the variance (correlation coefficient r=0.752 

squared) in that rate. One potential explanation for 

PSEP outperforming PCT in our sample might be that 

our patients were more severely ill than in prior studies, 

which would be consistent with prior research 

demonstrating superior predictive capacity of PSEP 

over PCT and other biomarkers in patients with septic 

shock.11 

Ultimately, mean PSEP level over the first 72 hours 

remained one of only three parameters, besides patient 

age and the day #1 SOFA score in the final logistic 

regression model predicting mortality, a model that 

successfully predicted 71.1% of survivors and 67.6% of 

non-survivors, for overall accuracy of 69.3%. That age 

and the SOFA score emerged as significant predictors 

of mortality is not new, having been reported 

extensively in previously published studies. 29, 36-42  

However, when we subdivided each of these three 

factors into three levels (e.g., age < 40, 40-69, 70+) and 

combined to generate a single mortality risk in sepsis 

summation score ranging from 3 to 9, the model’s 

sensitivity rose dramatically, from 67.6 to 83.8%, 

thereby increasing the model’s overall accuracy by 

almost ten percent, to 77.7%. What this means is that, 

within 72 hours of CCU admission, this model 

: Development of a summed predictor scale 
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accurately predicted who would survive and who would 

not in over 77% of cases.  

Interestingly, parameters that did not distinguish 

between good, fair and poor outcomes included the 

antibiotic-resistant organisms, which were documented 

in virtually the same percentage of survivors sent home 

(28.6%) as in non-survivors (29.5%). The baseline 

APACHE II score was higher in non-survivors than at-

home survivors, but this factor dropped out of the 

regression model predicting mortality. Similarly, more 

vasopressors administered and use of steroids in the 

CCU both were evident in non-survivors than in either 

at-home or still-hospitalized patients; but again, both 

factors dropped out of the regression model. Based 

upon the a summed predictor scale ha bssm devrloped 

(Figure 3). 

5. Study strengths 

We believe that the current study’s main strengths are 

the measurement of potential sepsis biomarkers over 

time, the detailed statistical analysis, and being one of 

the very few studies to have attempted to generate and 

test an empirically supported composite score to predict 

mortality in sepsis. There also was no loss to follow-up 

with every patient followed to either a terminal 

outcome or a minimum of 90 days.  

6. LIMITATIONS 
which may have resulted in clinically significant inter-

group differences not being recognized as statistically 

significant, thereby reducing the number of variables 

entered into predictive models and restricting us to only 

entering variables with p-values of 0.05 or less on 

bivariable testing. Moreover, since five patients died 

before their 72-hour blood draw, they only had baseline 

measurements, which prevented any analysis of 

biomarker sensitivity over time. Similarly, nine patients 

died before the day #5 blood draw, eleven before day 

#7 bloodwork, and fourteen before day #12 testing. 

Additionally, several sepsis biomarkers that might have 

been tested (e.g., CRP, interleukin 1 and 6 (IL-1, IL-6), 

and pentraxin-3 – were not evaluated, either because we 

considered them too sepsis non-specific or because they 

are not standard care or even available at our hospital. 

That said, far more research on PCT has been published 

for any of these other biomarkers(5], so we considered 

it most suitable for comparison against PSEP. Finally, 

the more than 52% mortality rate in our sample, 

including 14 within the first 12 days (16.7% mortality), 

suggests that our patient sample was sicker than those 

reported in most other sepsis patient studies. Further 

research in more representative patient samples is 

needed. 

7. CONCLUSIONS 
In a sample of 84 critically-ill sepsis patients followed 

either until death or to a minimum of 90 days, we 

identified three variables – patient age, admission 

SOFA score, and the average of admission and day #3 

PSEP levels – that, when combined into a nine-point 

mortality risk in sepsis summation (MRSS) score, 

accurately predicted almost 84% of deaths within 72 

hours of admission to critical care. Though this work 

must be considered preliminary, we believe this 

summation score warrants further testing in larger 

studies and perhaps less critically ill sepsis patients. 
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