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Abstract

Objectives: In this study, we developed and evaluated the
diagnostic accuracy of the Sepsis Index for early sepsis
screening in the Emergency Department (ED).

Methods: Sepsis Index is based on the combination of
monocyte distribution width (MDW) and mean monocyte
volume (MMV). Sepsis Index>1 was selected to define
sepsis. We tested its diagnostic accuracy in an ED
population stratified in four groups: controls, Systemic
Inflammatory Response Syndrome (SIRS), infection, and
sepsis, according to Sepsis-2 criteria.

Results: Patients with sepsis displayed higher median
Sepsis Index value than patients without sepsis. At the
receiver operating characterictis (ROC) curve analysis
for the prediction of sepsis, the area under the curve (AUC)
of MDW and Sepsis Index were similar: 0.966 (95%CI
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0.947-0.984), and 0.964 (95%CI 0.942-0.985), respectively.
Sepsis Index showed increased specificity than MDW
(94.7 vs. 90.6%), without any decrease in sensitivity
(92.0%). Additionally, LR+ increased from 9.8 (MDW) to
17.4 (Sepsis Index), without any substantial change in
LR~ (respectively 0.09 vs. 0.08). Finally, PPV increased from
0.286 (MDW) to 0.420 (Sepsis Index).

Conclusions: Sepsis Index improves the diagnostic
accuracy of MDW alone for sepsis screening.

Keywords: biomarker; Emergency Department; mean
monocyte volume (MMV); monocyte distribution width
(MDW); sepsis.

Introduction

Sepsis represents a significant global health problem
associated with a high rate of mortality [1-2]. It is defined as
a life-threatening organ dysfunction due to a deregulated
host response to infection. Accordingly, the rapid detection
of infection is crucial in order to prevent the development
of sepsis. However, this is challenging and the sepsis
recognition is often delayed. Thus, useful biomarkers for
identifying patients at risk of developing sepsis are
strongly sought after. Among all molecules investigated
[3-6], the role of monocyte distribution width (MDW) has
recently emerged [7-13].

MDW detects the volumetric changes of monocytes,
which represent an early phenomenon during sepsis. It has
the great advantage of being easily measured as part of the
complete blood count (CBC). In previous studies, we
evaluated the diagnostic performance of MDW in the
Emergency Department (ED) [7] and in the intensive care
unit (ICU) [8]. Additionally, we established the MDW
reference interval in a population of healthy blood
donors [14]. Although MDW showed high sensitivity and
specificity for sepsis screening in our studies, we noted,
especially in the ED, that some individuals classified
according to clinical data as control, Systemic Inflamma-
tory Response Syndrome (SIRS), and infection subgroups
showed MDW values ranging from the cut-off value of
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23-26. Thus, they were not correctly classified by MDW,
resulting in false-positive. Therefore, we evaluated if other
CBC parameters would better correctly classify patients
in different subgroups. We found that patients with the
same MDW, but belonging to different subgroups, showed
different mean monocyte volume (MMV), a research
parameter cell population data. However, since MMV alone
has overall low diagnostic accuracy for sepsis detection [10],
we developed an index, namely Sepsis Index, by combining
MDW and MMV. Considering that MDW and MMV are both
included in a routine CBC, the estimation of the Sepsis Index
could represent a rapid tool for supporting the early detec-
tion of sepsis in the acute setting, such as ED.

The aim of the present study was to assess the
diagnostic performance of the Sepsis Index for sepsis
screening in the ED.

Materials and methods
Study population

In this retrospective study, we further analysed data from a previ-
ous study on adult patients (=18 years of age) presenting to the ED of
the University Hospital “P. Giaccone” of Palermo, Italy, from
September to November 2019, whose initial evaluation included a
CBC [7].

According to Sepsis-2 criteria [15], patients were classified into
four groups: controls (patients without infection, SIRS and sepsis);
SIRS (patients with at least two SIRS criteria); infection (patients
without sepsis and with zero or one SIRS criterion); sepsis (patients
with confirmed or suspected infection and SIRS). SIRS criteria were
tachycardia, defined as heart rate>90 beats/min; tachypnea, defined
as respiratory rate>20 breaths/min; fever or hypothermia, defined as
temperature>38 or <36 °C, respectively; and leukocytosis and leuko-
penia, defined as white blood cells (WBC)>12 x 10°/L and <4 x 10°/L,
respectively. The infection was defined according to clinical, imaging,
and laboratory tests findings.
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Haematological analysis

After the laboratory analysis ordered for the clinical purpose was
performed, all whole-blood samples collected in K3;-EDTA were
analysed on the UniCel DxH 900 haematology analyzer (Beckman
Coulter, Inc., Brea, California) within 2 h from the collection, as
recommended by the manufacturer. The software version of the DxH
900 was 1.1.0. This instrument has a unique capability to measure
specific cell volume parameters and the distribution of cell volumes
within a group of cells, as previously reported [7].

Sepsis index

As stated in the introduction, we observed that patients with
MDW values ranging 23-26 were not correctly classified according to
clinical subgroups (controls, SIRS, and infection). The increase of
MDW is associated with the appearance of a circulating monocytes
population characterised by increased volume [16]. Based on such
evidence, we evaluated the complex relationship between MDW and
MMV (Figure 1). The graph clearly shows the positive, although
characterized by high dispersion, association between MDW and
MMYV. When stratifying patients according to the presence of sepsis
(septic vs. non-septic), MDW and MMV alone identified two clusters
(septic vs. non-septic), with an overlapping area. Interestingly, when
MDW is plotted against MMV for all observations, the area of over-
lapping was significantly reduced. In order to increase the specificity
of MDW, we developed a polynomial function that could interpolate
all points of the cluster of septic patients who had the following
characteristics: i) a MDW value >23; ii) the lowest MDW value with the
same MMV. When applying the polynomial function, a theoretical
MDW (MDWth) value was obtained for each MMV value. Sepsis Index
is calculated as the MDW/MDWth ratio (Figure 2) and a value=1 was
selected to define sepsis.

Statistical analysis

Statistical analyses were performed by SPSS statistical software v.17.0
(SPSS Inc., Chicago, IL, USA) and R Language v.4.0.3 (R Foundation
for Statistical Computing, Vienna, Austria). Normality distribution
was assessed preliminarily by q-q plot, Kolmogorov—Smirnov and
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Figure 1: Dispersion plot of MDW and MMV in the different subgroups. Correlation coefficients: controls, rho 0.345, p<0.001; SIRS and

infection, rho 0.583, p<0.001; sepsis, rho 0.554, p<0.001.
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Shapiro-Wilk tests. Quantitative variables were expressed as the
median and interquartile range (IQR). Differences between groups for
continuous and categorical variables were estimated respectively by
nonparametric Kruskal-Wallis test (if >2 groups) or Mann—-Whitney
U-test (with Bonferroni’s correction when needed). Diagnostic accu-
racy for the prediction of sepsis was evaluated by receiver operating
characteristics (ROC) curve analysis and reported as area under the
curve (AUC) and 95% confidence interval. Differences between the
AUCs were evaluated by the DeLong method.

Results

Two thousand two hundred fifteen patients (controls
n=1855, SIRS n=100, infection n=172, sepsis n=88) were
evaluated for haematological parameters, including white
blood cells (WBC), neutrophils (NEU), mean neutrophil

volume (MNV), standard deviation neutrophil volume
(SDNV), monocytes (MO), MMV, standard deviation
monocytes volume (SDMV), MDW, and Sepsis Index
(Table 1). Controls displayed significantly lower levels of
WBC, NEU, MO, MNV, SDNV, MMV, SDMV, MDW, and
Sepsis Index than all other subgroups (all groups vs. con-
trols p<0.001 with Bonferroni’s correction). Patients in the
infection subgroup showed significant lower levels of WBC
(p<0.001) and NEU (p<0.001) than patients with SIRS and
significant lower levels of WBC (p<0.001), NEU (p<0.001),
MNV (p=0.006), SDNV (p<0.001), and MMV (p<0.001) than
patients with Sepsis. SIRS and Sepsis were instead signif-
icantly different for MNV (p<0.001), SDNV (p<0.001), MMV
(p<0.001), and SDMV (p<0.001) (Table 1).

MDW values were significantly different among
groups (p<0.001); all comparisons, taking into account

Table 1: Hematological and biochemical data in the four subgroups defined according to Sepsis-2 criteria.

Parameter, median, IQR

Controls n=1855

SIRS n=100

WBC, x10°/L
NEU, x10°/L
MO, x10°/L

MNV

SDNV

MMV

SDMV

MDW

Sepsis Index

9.00 (7.40-11.10)
5.80 (4.50-7.70)
0.70 (0.50-0.90)

149 (145-154)
18.29 (17.48-19.24)
174 (170-179)
19.25 (18.05-20.61)
19.0 (17.8-20.4)
0.77 (0.71-0.83)

14.15 (12.65-16.58)
11.10 (8.90-13.38)
1.00 (0.70-1.30)
152 (147-157)
19.47 (18.31-20.60)
178 (172-185)
21.14 (19.36-22.91)
21.3(19.5-23.3)
0.87 (0.79-0.97)

Infection n=172 Sepsis n=88 p-Value
10.10 (7.60-13.05) 13.35(10.60-19.25) <0.001
6.95 (4.90-9.90) 10.30 (8.60-16.00) <0.001
0.85 (0.60-1.10) 0.90 (0.60-1.38) <0.001
154 (148-159) 157 (152-165) <0.001
19.29 (18.35-20.49) 21.63 (19.49-23.41) <0.001
183 (173-191) 193 (187-200) <0.001
22.54 (21.09-24.37) 25.36 (24.24-26.92) <0.001
23.2 (21.0-25.0) 27.0 (25.6-29.8) <0.001
0.96 (0.86-1.04) 1.13 (1.06-1.24) <0.001

IQR, interquartile range; SIRS, Systemic Inflammatory Response Syndrome; WBC, white blood count; NEU, neutrophils; MNV, mean neutrophil
volume; SDNV, standard deviation neutrophil volume; MO, monocytes; MMV, mean monocyte volume; SDMV, standard deviation monocyte

volume; MDW, monocyte distribution width. Statistical significance was calculated according to nonparametric Kruskal-Wallis test.
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Bonferroni’s correction, were also significant (all p<0.001).
The Sepsis subgroup displayed the highest median MDW
levels of 27.0 (25.6-29.8).

Using the upper limit of the reference interval of
MDW previously defined in a population of healthy blood
donors (23.0) [13], we found out that in the ED population,
sensitivity and specificity for sepsis were respectively
92.0% (81/88) and 90.6% (1926/2127).

As with MDW, patients with sepsis also displayed
higher median Sepsis Index value than patients without
sepsis, including controls, SIRS and infection subgroups
[controls: 0.77 (0.71-0.83); SIRS: 0.87 (0.79-0.97); infec-
tion: 0.96 (0.86-1.04); sepsis: 1.13 (1.06-1.24), p<0.001].

At the ROC curve analysis for the prediction of sepsis,
MDW and Sepsis Index showed the best AUC (Table 2).
Figure 3 shows the comparison of the AUC of MMV, MDW
and Sepsis Index. Additionally, MDW and Sepsis Index
showed likelihood ratio (LR)+, LR—, positive predictive
value (PPV) and negative predictive value (NPV) of 9.7,
0.09, 0.286, 0.996 and 17.4, 0.08, 0.420, 0.997,
respectively.

According to DeLong’s test and taking into account
Bonferroni’s correction, the AUCs of MDW (p<0.001) and
Sepsis Index (p<0.001) were significantly higher than the
AUC of MMV; however, no significant difference was
instead observed between the AUCs of MDW and Sepsis
Index.

Although the AUC of Sepsis Index was not significantly
different from the AUC of MDW, the specificity of Sepsis
Index using a cut-off of 1 was higher than MDW (94.7 vs.
90.6%), without any decrease in sensitivity (92.0%).
Accordingly, LR+ increased from 9.7 (MDW) to 17.4 (Sepsis
index), without any substantial change in LR- (respectively

Table 2: Area under the curve (AUC) of SDNV, SDMV, MDW, MMV,
MNV, Sepsis Index for identifying patients at high risk of sepsis in
the ED.

CBC parameter AUC 95% Cl
WBC 0.744 0.725-0.762
NEU 0.777 0.759-0.794
MO 0.624 0.603-0.644
MNV 0.749 0.693-0.804
SDNV 0.843 0.796-0.890
MMV 0.892 0.847-0.936
SDMV 0.956 0.938-0.974
MDW 0.966 0.947-0.984
Sepsis Index 0.964 0.942-0.985

WBC, white blood count; NEU, neutrophils; MO, monocytes; MNV,
mean neutrophil volume; SDNV, standard deviation neutrophil
volume; MMV, mean monocyte volume; SDMV, standard deviation
monocyte volume; MDW, monocyte distribution width.
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Figure 3: ROC curve analysis of MDW (black dashed), Sepsis index
(black solid) and MMV (solid grey) in sepsis prediction.

0.09 vs. 0.08). Specifically, in the MDW range 23-26 among
controls, infections and SIRS, 77/1855 (4.2%), 61/172
(35.5%) and 24/100 (24%), respectively, resulted to be false
positives. Applying the Sepsis Index (>1) to the incorrectly
classified patients based on MDW ranging 23-26 we found
that 50 out 77 controls, 24 out 61 with infection and 15 out
24 with SIRS were correctly reclassified as being without
sepsis.

Discussion

In this large observational cohort study, we developed and
evaluated the diagnostic accuracy of an index, namely
Sepsis Index, for the early detection of patients at risk
of sepsis in ED. Sepsis Index is based on the combination
of two CBC parameters related to the morphological
characteristics of monocytes, the MDW, a measure of the
monocyte anisocytosis, and the MMV, a measure of the
mean volume of monocytes. Since monocytes are the first
line of response to infections, CBC parameters related to
monocytes are promising candidates for early sepsis
detection.

The main findings of our study can be summarized as
follows: i) Sepsis Index gradually increased across control,
SIRS, infection and sepsis groups; the latter had the highest
value of Sepsis Index; ii) ROC curve analysis showed that
Sepsis Index had an exceptional diagnostic accuracy for
the prediction of sepsis; iii) Sepsis Index and MDW showed
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comparable AUC and sensitivity. However, when patients
were stratified according to MDW and Sepsis Index best
cut-offs identified by Youden Index, Sepsis Index
displayed better diagnostic performance than MDW. In
particular, Sepsis Index showed an increased specificity,
PPV and LR+. Overall, Sepsis Index improves the diag-
nostic accuracy of MDW alone for the early identification of
patients at high risk of sepsis in the ED. Indeed, Sepsis
Index provides complete information on the monocytes
morphological characteristics allowing better capturing
the morphological variability of the monocyte population
during the early stages of sepsis. Thus, Sepsis Index could
represent a valuable tool for identifying patients at high
risk of sepsis, whose diagnosis should be confirmed by
clinical, radiological and laboratory assessment.

Noteworthy, we found that MDW has exceptional
diagnostic performance in comparison to previous studies
[10-11]. This could be explained by the characteristics of
the study population, which present different clinical
conditions. Specifically, the MDW cut-off value of 23 shows
optimal diagnostic accuracy in a population with a low
prevalence of infection and sepsis. In other clinical settings
or in ED with a higher prevalence of such conditions, MDW
could display different accuracy when using the cut-off
value of 23.

Sepsis Index, in comparison with MDW, reduces the
rate of false-positive, thus representing an appealing tool,
which increases the specificity of the MDW without
compromising the sensitivity. Noteworthy, Sepsis Index is
based on the relationship between two CBC parameters,
which are automatically measured. Therefore, it does not
require additional cost and analysis. Overall, Sepsis Index
represents a very promising tool for sepsis detection in the
ED. If its diagnostic accuracy will be confirmed in larger
and multicentre cohort studies, it could be automatically
calculated by the haemocytometer and included as a
parameter of the CBC. Thus, it could be easily available to
all clinicians during the first evaluation of a patient.

Remarkable, Sepsis Index was established in blood
samples drawn in K3-EDTA. Since the manufacturer
reported the influence of the anticoagulant on MDW
values, the Sepsis Index should be applied only on samples
drawn in K3-EDTA tubes. Further studies are required to
test its accuracy also for K,-EDTA drawn blood samples.

Conclusions

Sepsis Index could represent an innovative tool for easily
and early identifying patients at risk of sepsis in the ED. If
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validated in further studies, Sepsis Index could be imple-
mented in the CBC report.
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