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ARTICLE INFO ABSTRACT

Keywords: Purpose: To derive a prediction equation for 30-day mortality in sepsis using a multi-marker approach and com-
Sepsis pare its performance to the Sequential Organ Failure Assessment (SOFA) score.

Leukocytes count Methods: This study included 159 septic patients admitted to an intensive care unit. Leukocytes count,
Interleukin-6

procalcitonin (PCT), interleukin-6 (IL-6), and paraoxonase (PON) and arylesterase (ARE) activities of PON-1
were assayed from blood obtained on ICU presentation. Logistic regression was used to derive sepsis mortality
score (SMS), a prediction equation describing the relationship between biomarkers and 30-day mortality.
Results: The 30-day mortality rate was 28.9%. The SMS was [elogit(p)/(1 + elogit(p))] x 100; logit(p) = 0.74 +
(0.004 x PCT) + (0.001 x IL-6) — (0.025 x ARE) — (0.059 x leukocytes count). The SMC had higher area under
the receiver operating characteristic curve (95% Cl) than SOFA score [0.814 (0.736-0.892) vs. 0.767 (0.677-
0.857)], but is not statistically significant. When the SMS was added to the SOFA score, prediction of 30-day mor-
tality improved compared to SOFA score used alone [0.845 (0.777-0.899), p = 0.022].

Conclusions: A sepsis mortality score using baseline leukocytes count, PCT, IL-6 and ARE was derived, which pre-
dicted 30-day mortality with very good performance and added significant prognostic information to SOFA score.
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1. Introduction

Sepsis remains an ongoing challenge in intensive care medicine
largely because of the high mortality rate despite the provision of opti-
mal care [1]. Initial Sequential Organ Failure Assessment (SOFA) score is
one of the scoring systems used for predicting mortality in septic pa-
tients [2]. However, this approach has been criticised for its lack of ca-
pacity to discriminate outcome [3]. The use of serum biomarkers has
significantly improved the clinician's ability to diagnose and predict
the outcome of sepsis [4,5].

In everyday clinical practice, the leukocytes count has been the
most widely used biomarker to guide the prognosis of septic patients
in addition to other clinical parameters [6]. Over the last two de-
cades, procalcitonin (PCT) and interleukin-6 (IL-6) have emerged
as biomarkers for the prediction of sepsis outcome [7-12]. Recent
studies suggested the possible role of decreased PON-1 activity in
septic patients [13,14]. PON-1 is an enzyme that is synthesised pri-
marily in the liver, which neutralizes lipopolysaccharides and in-
hibits the synthesis of some pro-inflammatory cytokines. PON-1
can be evaluated according to its different activities, such as its
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paraoxonase (PON) activity and arylesterase (ARE) activity. Few
studies have revealed the potential prognostic value of PON-1 activ-
ity in septic patients [15-17].

Because of the complex pathophysiology of sepsis, it is unlikely that
a single biomarker would be able to reflect the various host responses to
infection. Combining several biomarkers into a single classification rule
should help to improve their accuracy and hence, their usefulness. The
purpose of the present study was to derive a prediction equation
using combination of leukocytes count, PCT, IL-6, and PON and ARE ac-
tivities of PON-1 to predict 30-day mortality in septic patients, which
we call the sepsis mortality score. We then sought to compare the per-
formance of this prediction equation to that of the SOFA score in their
ability to predict mortality in sepsis.

2. Methodology
2.1. Study design and participants

This prospective observational study was performed from July 2011 to
June 2014 in a 12-bed intensive care unit (ICU) in a major tertiary hospital
in Pahang, Malaysia. The protocol used in this study was approved by the
local medical research and ethics committee and registered under the Na-
tional Medical Research Register (NMRR-13-879-15223). Written in-
formed consent was obtained from either the patients or their legally
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acceptable representative prior to recruitment. Consecutive adult patients
with suspected or documented infection who fulfilled the criteria for Sys-
temic Inflammatory Response Syndrome were recruited. Patients who
had received antimicrobial treatment for >24 h before the baseline
blood samples were drawn for use in the biomarker analysis were exclud-
ed. One hundred and sixty-four patients were initially recruited. Howev-
er, because the definition of sepsis was revised in early 2016, the patients
were re-categorised according to the new Sepsis-3 definition [3]. Five pa-
tients could not be included in the new sepsis category; thus, 159 patients
participated in the study. This number of patients fulfilled the sample size
calculation that at least 142 patients were required to achieve the rele-
vant anticipated area under the receiver operating characteristic curve
(AUROC) of 0.65 at a significance level of 5%, power of 90% and a dropout
rate of 20%.

For the remaining 159 patients, relevant demographic and clinical
data were collected, including age, sex, admission category, initial
SOFA score, comorbidities as assessed by Charlson Comorbidity Index,
primary sites of infection and presence of bacteraemia. Patients were
followed-up until day 30 of study enrolment to assess for 30-day mor-
tality. There was no lost to follow-up. The characteristics of the study
population are summarized in Table 1. The 30-day mortality was
noted in 46 (28.9%) of the patients.

2.2. Sample collection and processing

Ten millilitres of whole blood were collected by venous puncture
upon ICU presentation but no longer than 24 h after antimicrobial ad-
ministration. Two millilitres of the sample were sent on the same day
to the haematology laboratory for the routine measurement of leuko-
cytes count. The remaining samples were transferred into a serum sep-
arator tube and centrifuged at 3000 rotations per minute for 10 min. The

Table 1
Baseline demographics and clinical characteristics.

Variables All Survivors Non-survivors p
(n=159) (n=113) (n=46)
Demographic
Age (years) 47 + 16 45 4+ 16 54 + 16 0.002
Sex (male) 109 (68.6) 73 (64.6) 36 (78.3) 0.093
Clinical
Admission category
Medical 117 (73.6) 85(75.2) 32 (69.6) 0.463
Surgical 42 (26.4) 28 (24.8) 14 (30.4) 0.463
Severity of illness
SAPS Il 43[33-56] 40[30-51] 53 [41-63] <0.001
SOFA 9[6-12] 7 [5-10] 12 [9-16] <0.001
Septic shock 37 (23.3) 18 (15.9) 19 (41.3) 0.001
Charlson Comorbidity 18 +£22 14+ 17 26+ 3.1 0.019
Index
Primary sites of
infection
Lungs 90 (56.6) 65 (57.5) 25 (54.3) 0.714
Abdomen 15 (94) 10 (8.8) 5(10.9) 0.693
Soft tissue 13(8.2) 11(9.7) 2(43) 0.261
Urinary tract 9(5.7) 7 (6.2) 2(43) 0.648
Nervous system 8(5.1) 8(7.1) 0(0) 0.064
Bacteraemia 27 (16.9) 16 (14.2) 11 (23.9) 0.137
Length of stay
ICU 7.1 7.1[35-13] 7.7[1.9-155] 0.742
[3.2-13.1]
Hospital 12.7 14.1 8.8[2.8-17.2] <0.001
[7.5-22.5] [8.6-30.2]
30-day mortality 46 (28.9) - - -

Note. Data are expressed as mean =+ standard deviation, frequencies (percentage) or me-
dian [interquartile range]. The results of the comparison between the two groups was
analysed by independent t-test, the Mann-Whitney test for continuous variables or the
chi-squared test for categorical variables. SAPS Il = Simplified Acute Physiological Score
II, SOFA = Sequential Organ Failure Assessment, ICU = intensive care unit.

serum collected was divided into small aliquots to avoid repeated freez-
ing and thawing, and then stored at — 80 °C until the day of assay. The
frozen samples were thawed at room temperature and gently mixed
just before the biomarkers were measured. The serum PCT concentra-
tions were measured in batches every three months during the study
period. The serum IL-6 concentrations were measured in one batch
after completion of the study enrolment in June 2014. Laboratory anal-
yses of serum PON-1 activities were performed over a span of four
months from March to June 2015. In caring for the patients, the treating
ICU physicians were blinded to the level of all biomarkers except the
leukocytes count.

2.3. Biomarker assays

2.3.1. Leukocytes count

The leukocytes count was performed in the Haematology Laboratory
using the Sysmex XE-2100 haematology analyser (Kobe, Japan) as part
of the automated full blood count.

2.3.2. Procalcitonin (PCT)

Serum PCT concentrations were measured using the BRAHMS
Kryptor compact assay (Henningsdorf, Germany). This measurement
principle is based on time-resolved amplified cryptate emission tech-
nology at reference intervals of <0.05 ng/mL. The assay has a measuring
range of 0.02 to 5000 ng/mL, a functional sensitivity of 0.06 ng/mL and
an analytical sensitivity of 0.02 ng/mL. The manufacturer's intra-assay
and inter-assay coefficients of variation (CV) for PCT were <5% and
<6%, respectively.

2.3.3. Interleukin-6 (IL-6)

Serum IL-6 concentrations were measured using the Quantikine
enzyme-linked immunosorbent assay kit from R&D Systems (Minne-
sota, USA). This assay uses the quantitative sandwich enzyme immu-
noassay technique at reference intervals of <9.7 pg/mL. All samples
were assayed in duplicate. The assay has a functional sensitivity of
0.7 pg/mL and an assay range of 31-300 pg/mL. The manufacturer's
intra-assay and inter-assay CV for IL-6 were 1.7-4.4% and 2-3.7%,
respectively.

2.3.4. Paraoxonase-1 (PON-1)

The serum PON and ARE activities of PON-1 were determined spec-
trophotometrically using a Perkin Elmer Lambda 35 UV/VIS spectropho-
tometer according to the method described by Eckerson et al. [18]. The
substrates paraoxon and phenylacetate were purchased from Sigma-
Aldrich (Missouri, USA). The intra-assay and inter-assay CV for PON ac-
tivity and ARE activity, as determined in our laboratory, were 3.98% and
5.2% and 4.75% and 3.9%, respectively.

2.4. Statistical analysis

Data are presented as mean + standard deviation for normally
distributed variables or median [interquartile range] for non-
normally distributed variables. Shapiro-Wilk test was used to as-
sess for normality of the data. Univariate comparisons of variables
between the two groups was analysed using the independent ¢t-
test for normally distributed variables and the Mann-Whitney
test for non-normally distributed variables. Categorical variables
were presented as frequencies (percentages) and were compared
using a chi-squared test; p < 0.05 was considered statistically
significant.

Our sepsis mortality score represents the predicted probability of
30-day mortality. To derive this score, we used logistic regression by in-
cluding all biomarkers with univariate significance of p < 0.1 as covari-
ates and 30-day mortality as the dependent variable, employing the
backward elimination method. The generated coefficients for each bio-
marker in the final step of the logistic regression were used to create the
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equation to predict a logit transformation of the probability of 30-day
mortality:

Logit (p) = PO (intercept) + 31 (leukocytes count) + 32 (PCT)
+p3 (IL-6) + B4 (PON) + 35 (ARE)

To determine the probability of 30-day mortality, logit (p) was con-
verted to a probability of the outcome using the following conversion:

Probability of 30-day mortality (sepsis mortality score)
= [elo8itP) /(1 4 ellogitP))] x 100

Multicollinearity was detected using tolerance and variation infla-
tion factor (VIF); where tolerance <0.10 and VIF exceeding 10 warrant
further investigation.

The model calibration was evaluated using the Hosmer-Lemeshow
goodness-of-fit test. The AUROC (95% confidence interval [CI]) of the
sepsis mortality score in predicting 30-day mortality was calculated.
The differences in the AUROCs were tested for significance using the
test proposed by DeLong et al. [19]. All 159 patients were then grouped
according to the optimal cut-off value of the sepsis mortality score, and
the groups were compared according to the 30-day mortality using
Kaplan-Meier survival curves. A log rank test was performed to compare
the survival curves of the groups. To determine the independent predic-
tive ability of the sepsis mortality score, we used its log transformation
as a covariate in another multivariate logistic regression in order to con-
trol for confounders. The independent value of the sepsis mortality
score was expressed as an odds ratio (OR) with 95% CL

All statistical analyses were performed using SPSS version 24.0 (IBM,
Armonk, NY, USA) except the DeLong tests, which were determined
using MedCalc for Windows, version 17.5.5 (MedCalc Software, Ostend,
Belgium).

3. Results
3.1. Biomarker profiles

The medians and interquartile ranges are shown for each of the five
biomarkers for the population as a whole, as well as stratified by the
outcome of 30-day mortality (Table 2). As a summary measure of pre-
dictive accuracy, we determined the AUROC and the ideal cut-off values
for the ability of each biomarker to classify patients with 30-day mortal-
ity (Table 2).

3.2. Development of sepsis mortality score

We used multivariate logistic regression to model the ability of bio-
markers to identify patients who have the outcome of 30-day mortality.
The regression model was first constructed using all five biomarkers as
covariates. By employing backward elimination method, the covariate
with the highest p-value was eliminated and the model was refit to
the remaining four biomarkers. This process was repeated until only
biomarkers which were statistically significant remained in the model.

In the final step of the logistic regression model, leukocytes count,
PCT, IL-6 and ARE remained statistically significant. Using the resulting
regression equation, we converted the log of probability to the probabil-
ity of 30-day mortality, which represents our final “sepsis mortality
score”. The score was derived as follows:

Logit (p) = 0.74 + (0.004 x PCT)

+(0.001 x IL-6) - (0.025 x ARE) - (0.059 x leukocytes count)
(1)

Sepsis mortality score = probability of 30-day mortality
= [eo8itP) /(1 4 eloit(P))] % 100 )

The tolerance of all biomarkers was >0.10, and the VIFs were <10,
which suggested that multicollinearity was not an issue.

3.3. Predictive performance of sepsis mortality score

The Hosmer and Lemeshow chi-squared test was 13.27 (p > 0.05, 8°
of freedom), indicating the good calibration of the model. The AUROC of
the sepsis mortality score and each of its constituent individual bio-
markers for the prediction of 30-day mortality are shown in Fig. 1. We
found that the AUROC of the model was 0.814 (95% CI 0.736-0.892,
p<0.001), which suggested very good model discrimination. The op-
timal cut-off value of the score was 30.4. At this cut-off value, the
sensitivity was 78%, and the specificity was 72.9%. The positive pre-
dictive value was 52.5%, and the negative predictive value was
89.7%. The sepsis mortality score outperformed its constituent indi-
vidual biomarkers in predicting 30-day mortality; these biomarkers
showed only moderate to good performance when they were used
alone. The differences in the AUROC of the sepsis mortality score
and each of its constituent individual biomarkers are statistically sig-
nificant from the DeLong tests (p < 0.005).

In another ROC curve analysis (Fig. 2), the AUROC of the sepsis mor-
tality score was higher than the SOFA score [0.814 (95% C10.736-0.892)
vs.0.767 (95% C10.677-0.857)], but the difference is not statistically sig-
nificant (p = 0.377). When the sepsis mortality score was added to the
SOFA score, prediction of 30-day mortality improved compared to the
SOFA score used alone [0.845 (0.777-0.899)]. The increase in the
AUROC provided by the sepsis mortality is statistically significant (p =
0.022).

In the Kaplan-Meier analysis, mortality was significantly higher in
the patients with increased sepsis mortality score (log rank test, p <
0.001) (Fig. 3). The 30-day mortality rates for patients with sepsis mor-
tality score greater than and <30.4 were 52.5% (n = 32) vs. 10.3% (n =
9), respectively.

When included in multivariate models with clinical variables, the
sepsis mortality score remained the most significant predictor of 30-
day mortality with adjusted OR of 15.696 (95% CI 3.766-65.416, p <
0.001). The SOFA, although remained significant, had a less independent
value with adjusted OR of 0.187 (95% CI 1.075-1.353, p = 0.001).

Table 2

Leukocytes count, PCT, IL-6, PON and ARE in survivors and non-survivors and their predictive performance for 30-day mortality.
Biomarkers All Survivors Non-survivors p AUROC (95% CI) Cut-off

(n=159) (n=113) (n = 46)

Leukocytes count 15.99 [12.18-21.99] 17.21[12.81-23.70] 13.46 [6.92-20.80] 0.004 0.654 (0.553-0.755) 14.2
(x10°/L)
PCT (ng/mL) 10.49 [1.03-43.07] 8.35[0.95-22.70] 22.56 [1.62-104.23] 0.009 0.645 (0.531-0.733) 14.6
IL-6 (pg/mL) 329.52 [87.98-628.89] 154.66 [70.67-573.49] 491.97 [305.63-772.63] <0.001 0.715 (0.645-0.802) 4319
PON (U/mL) 138.92 [85.84-205.44] 149.26 [88.57-230.82] 110.85 [78.25-174.96] 0.032 0.609 (0.515-0.702) 125.7
ARE (U/mL) 70.42 [48.58-91.89] 79.29 [53.73-97.69] 59.33 [37.05-79.52] 0.002 0.697 (0.607-0.787) 68.9

Note. Data are expressed as medians [interquartile range]. Comparison of the two groups was conducted using the Mann-Whitney test. AUROC = area under the receiver operating char-
acteristic curve, CI = confidence interval, ARE = arylesterase, IL-6 = interleukin-6, PCT = procalcitonin, PON = paraoxonase.
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Fig. 1. Receiver operating characteristics curves of the sepsis mortality score compared to its constituent individual biomarkers for their mortality predictive performance. ARE =

arylesterase, IL-6 = interleukin-6, PCT = procalcitonin.

4. Discussion

In this prospective study, we assembled a cohort of 159 pa-
tients with sepsis and studied five biomarkers on their ICU admis-
sion with the overall goal of creating a prediction equation, the
“sepsis mortality score”, that would allow discrimination of
those who are at increased risk of 30-day mortality. A sepsis

mortality score using baseline leukocytes count, PCT, IL-6 and
ARE activities of PON-1 predicted 30-day mortality with a very
good performance (AUROC 0.814) in our sepsis cohort. Of partic-
ular note, the sepsis mortality score added significant prognostic
information, and is thus a valuable supplement to the SOFA
score, one of the scoring methods commonly used to predict out-
come in sepsis.
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Fig. 2. Receiver operating characteristics curves of the SOFA score, sepsis mortality score and combination of the two scores for their mortality predictive performance. SOFA = Sequential

Organ Failure Assessment.
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Fig. 3. Kaplan-Meier plot showing survival according to increased sepsis mortality score (>30.4) in the entire cohort.

SOFA score was developed 20 years ago to describe organ failures in
sepsis, using six different sub-scores (ranging from 0 to 4) for each
organ. In general, there was an increasing mortality rate with a greater
SOFA score [20]. However, SOFA scoring systems had acknowledged
limitations in terms of variables used and mortality discrimination [3].
Biomarkers, particularly combination of them, may present more reli-
able and objective guide for mortality prediction in sepsis. Two recent
studies also demonstrated that combined biomarkers performed better
than routinely used clinical score in predicting sepsis-related mortality
[21,22].

Our results are novel with respect to the combined use of leukocytes
count, PCT, IL-6 and PON-1 activity for mortality prediction. In probably
the largest study using multi-marker approach in the critical care liter-
ature, Shapiro et al. acknowledged the limitation that biomarkers that
were previously reported as promising, including PCT and IL-6, were
not tested but also could have performed well [23]. Although others
have also proposed a multi-marker approach to sepsis, they did not in-
tegrate their results into a tangible estimate of the risk of mortality for
use by practicing clinicians [21,22,24].

Although our results are encouraging, our study has several perti-
nent limitations. The sepsis mortality score that we generated in this
study predicted our single-centred data set, but whether it is generaliz-
able to external populations is unknown. Patient outcome depends on
patient management, which may vary among institutions; thus, the
lack of standardisation may have confounded our outcomes. However,
the mortality rate of 28.9% found in our study population is almost iden-
tical with that observed in United States [25]. Although we attempted to
control for confounding by other clinical variables by modelling the sep-
sis mortality score in a logistic regression model, we may have failed to
account for other unmeasured confounders or collinear effects. In addi-
tion, because this study used a convenience sample, selection bias may
have led to a non-representative population. Furthermore, the perfor-
mance of the sepsis mortality score for inpatients with suspected ICU-
acquired sepsis was not assessed. Therefore, further research is war-
ranted to validate the clinical utility of the sepsis mortality score in the
prediction of mortality in sepsis.

5. Conclusion

The multi-marker approach using the baseline leukocytes count,
PCT, IL-6 and ARE activity of PON-1 predicted 30-day mortality with a
very good performance in our sepsis cohort. Although not superior to
the SOFA score, our sepsis mortality score added significant prognostic
information, and is thus a valuable supplement to the SOFA score in
predicting mortality in sepsis. Further studies are warranted to validate
these findings and to assess whether the sepsis mortality score derived
from these biomarkers may be successfully integrated with physicians'
clinical practice to improve prediction of mortality and clinical decision
making at the patient's bedside.
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