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Abstract Objectives Monocyte distribution width (MDW) can be used for the early recognition
of sepsis. The study compared the diagnostic accuracy of the MDW with two well-
known sepsis biomarkers, procalcitonin (PCT) and C-reactive protein (CRP).
Materials and Methods A study was conducted from July 2021 to October 2021, on
111 patients admitted to the Indus Hospital and Health Network. Patients from the
ages of 1 to 90 years were enrolled if hospitalized for more than 24 hours for suspected
sepsis to avoid inclusion of patients who had short-term stay in the emergency
department. According to the Sequential Organ Failure Assessment score, the clinical
team did the characterization of cases as with sepsis or without sepsis. SPSS version 24
was used, and the diagnostic accuracy of MDW was assessed and compared using the
area under the curves (AUCs) acquired from receiver operating characteristic curves.
Pearson’s chi-square/Fisher’s exact test (as per need) was applied to determine the
association. A p-value of less than 0.05 was considered significant.
Results Among 111 patients, 81 (73%) patients were labeled with sepsis and 30 (27%)
were without sepsis.We have reported significantly higherMDW, PCT, and CRP levels in
septic patients (p<0.001). The AUC of MDW was comparable with PCT (0.794).
Significant cutoff value for the MDWwas greater than 20.24 U with 86% sensitivity and
73% specificity.
Conclusion MDW may have a predictive ability similar to PCT and CRP in terms of
sepsis and, thus, can be used as a standard parameter for the timely diagnosis of sepsis.
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Introduction

Sepsis has been reported as a major cause of increased
morbidity, length of hospital stay, and mortality in health
care systemsworldwide.1–6 The timely diagnosis and prompt
management of sepsis are key components in controlling the
progression of sepsis, as patients with less severe sepsis can
progress to severe sepsis or septic shock within 72 hours if
not intervened.7 Its early detection is, however, a difficult
step due to the absence of appropriate signs and symptoms.8

At present, the route to the detection of sepsis is based on
two definitions, that is, Sepsis-2 and Sepsis-3. The criteria for
Sepsis-2was published in 1992 and defined as a documented
infection in conjugation with a systemic inflammatory
response syndrome score of 2 points9 or higher whereas
updated guidelines for sepsis management (SEPSIS-3) rec-
ommend the use of Sequential Organ Failure Assessment
(SOFA) score, to recognize ensuing sepsis.10 The complexities
of the definition of sepsis, as well as the lack of a reliable
biomarker, hamper early detection of sepsis in the emergen-
cy department (ED).

Several septic biomarkers proposed over the past 10 years
such as interleukin-6 (IL-6), C-reactive protein (CRP), and
procalcitonin (PCT), have been used for the early detection
of sepsis.11–13 However, sophisticated biomarkers are still
restricted in real-world clinical practice. IL-6 is more specific
for bacterial infection but it is not easily available.14–16 PCT is
not accessible in every first-level hospital, also it is not cost-
effective, which makes it around four times more expensive
than CRP.16–18 Although CRP is commonly available, it has a
lengthier turnaround time than a standard complete blood
cell count (CBC) result which includesmonocyte distribution
width (MDW). These tests may be ordered by emergency
physicians based on the findings of a standard CBC study
conducted using a hematology analyzer. Most of the time,
CBC results are reported earlier than clinical chemistry
results.19–21 If point-of-care CRP testing is not accessible,
early antibiotic administration may be delayed.

Themajority of modern automated hematology analyzers
have upgraded cell counting functions that include nucleated
red blood cells or immature granulocytes, which helps in the
accurate quantification of peripheral blood cells in patho-
logical conditions. In addition to a new quantity assessment,
cell analysis technologymay identify and provide some other
parameters representing functional data of each leukocyte
type which is also known as cell population data (CPD).22,23

Beckman Coulter Company introduced the UniCel
DxH900, an advanced hematology analyzer, which has
advanced CPD parameters that evaluate each leukocyte cell
type. Early Sepsis Indicator (ESId) was proposed by Beckman
Coulter Company and was further approved by the Food and
Drug Administration in 2019 as the biomarker of sepsis.24 In
this instrument the function of the ESId is to assess thewidth
of monocyte volumes (MDW). The UniCel DxH900 hematol-
ogy analyzer reports this novel parameter with the CBC
which claims to be helpful in the early detection of sepsis25

because the neutrophils and monocytes play a vital role in
the development of sepsis-induced inflammation and

immunosuppression.24–27 The goal of the study was to
compare the diagnostic accuracy of the MDW for early
detection of sepsis to two well-proven sepsis biomarkers,
PCT and CRP.

Methodology

Patients
We conducted a cross-sectional observational study
between July 2021 and October 2021, on 111 patients
admitted to the Indus Hospital and Health Network. Patients
from the ages of 1 to 90 years were consecutively enrolled if
hospitalized for more than 24hours for suspected sepsis to
avoid inclusion of patientswho has short-term stay in the ED.
The clinical characterization of cases as sepsis versuswithout
sepsis as per SOFA score was done by the clinical team. Past
medical history and laboratory parameters (MDW, white
blood cell count [WBC], PCT, and CRP) were collected from
the Health Management Information System of the hospital.
The patients with underlying chronic conditions (immuno-
compromised, malignancies, chronic kidney disease, or liver
disease) were excluded as these comorbidities can facilitate
organ dysfunction.

CBC Including MDW
In each patient, CBC was measured at the time of admission.
Within the CBC, the parameters that were recorded included
WBC (normal range: 4–10.5�109/L) and MDW. The optimal
MDW cutoff value for sepsis detection greater than 20.0 U
was taken from previously published literature.28 Samples
were collected in K2 ethylenediaminetetraacetic acid (EDTA)
anticoagulant tubes, and CBCwas determined by UniCel DxH
900 hematology analyzer by using advanced volume,
conductivity, and scatter 360 and data fusion technology.
Concisely, scatter signals can evaluate morphological
changes in leukocytes, particularly in monocytes. Hence,
the value of MDW signifies a measure of the dispersion
around the mean of the monocyte volume population.
Following manufacturer directions, maintenance, functions,
and calibration were performed. For the assessment of
quality control, the Coulter 6C Cell Controls were used
with three different concentration levels. The analysis was
performed by using the 1.1.0 software version.

PCT
For the determination of PCT, Cobas e 411 analyzer
(F. Hoffmann-La Roche Ltd.) was used. It is an automated
analyzer using electrochemiluminescence technology for
immunoassay analysis. The cutoff value for PCT was
0.05 ng/mL. Our reference ranges for PCT values were as
per the previously published literature by Meisner29

(i. e.,<0.05 healthy adult, 0.05 to<0.5 systemic infection
is unlikely although localized infection is possible, 0.5
to<2 systemic infections are possible but other conditions
[e.g., major trauma, recent surgery, severe cardiogenic
shock] may also induce significant PCT rises, 2 to<10
systemic infections is likely, and � 10 high likelihood of
severe bacterial sepsis or septic shock).29
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CRP
Serum CRP was evaluated by using a photometric/potentio-
metric technique of Alinity c (Abbot, Abbott Park, Illinois,
United States), according to the manufacturer’s instructions.
The cutoff value for positive CRP is greater than 05mg/L.30

Statistical Analysis
SPSS version 24 was used to perform statistical analysis.
Median and interquartile ranges (IQRs) were calculated for
quantitative variables like age, PCT, CRP, MDW, andWBC; and
qualitative variable like gender was presented as percentages.
The diagnostic accuracy of MDWwas assessed and compared
using the area under the curves (AUCs) acquired from receiver
operating characteristic curves. Sensitivity, specificity, posi-
tive predictive value (PPV), negative predictive value (NPV),
positive likelihood ratio, and negative likelihood ratio were
also calculated. Pearson’s chi-square/Fisher’s exact test (as per
need) was applied to determine the association between
different categories of PCTwith MDW and for the association
of different markers like PCT, MDW, and CRP in patients with
or without sepsis. A p-value of less than 0.05 was considered
significant.

Results

During the study period, a total of 111 patientswere enrolled
of whichmales were 55 (49.5%) and females were 56 (50.5%).
There were 98 (88.3%) adults and 13 (11.7%) children. The
median (range) (IQR) of pediatric and adult patients’ ages
were 3 (1–17) (2–13.50) and 55.50 (18–90) (38.75–64) years,
respectively.

Among the 111 enrolled patients, 81 (73%) patients were
labeled with sepsis and 30 (27%) were defined as having no
sepsis, as retrieved from the medical record. Demographics
and biochemical data of the two groups investigated are
shown in ►Table 1. No differences in age and WBC were
found between the groups. We have reported significantly
higherMDW, PCT, and CRP levels in septic patients (p<0.001
for all comparisons) (►Table 1).

The present study reported the median (IQR) of PCT as
0.174ng/mL (0.0740–0.995) and MDW as 24.90 U (20.3–
32.08), respectively. There were 92 (82.9%) patients who
were positive for PCT, that is, 0.05ng/mL or more, while
negative PCT values (< 0.05ng/mL) were present in 19
(17.1%) patients. We compared the diagnostic performance
in sepsis prediction, the AUC of MDW was found to be
comparable with that of PCT (0.794, 95% confidence interval
[CI]: 0.652–0.936; p-value 0.000). At 20.24 U or more, the
maximum sensitivity of MDWwith PCTwas 84.8%, specificity
was 73.68%, PPV was 94.12%, and NPV was 53.85% (►Fig. 1A).

Total CRPwas done in 77 patients, themedian (IQR) of CRP
was 45.80mg/L (13.65–119.80) of which negative were 11
(14.3%) while positive were 66 (85.7%). We compared the
diagnostic performance in sepsis prediction, the AUC of
MDW with CRP was 0.777, 95% CI: 0.491–1.000; p-value
0.026. At 20.24 U or more, the maximum sensitivity of MDW
with PCT was 77.3%, specificity was 83.3%, PPV was 80.30%,
and NPV was 45.45% (►Fig. 1B).

Table 1 Demographics, clinical characteristics, and laboratory
parameters of the study patients

Variables Sepsis (81) No sepsis
(30)

p-Value

Demographics

Gender (N) (%) 0.012a,c

Male 46 (56.8) 09 (30)

Female 35 (43.2) 21 (70)

Age (median)
(IQR)

50
(24.75–62.75)

51
(37.50–61.75)

0.811b

Laboratory parameters (median) (IQR)

MDW, U 25.5
(22.8–29.4)

18.7
(17.3–21.3)

0.000b,c

PCT, ng/mL 0.23
(0.11–0.95)

0.039
(0.033–0.094)

0.000b,c

CRP, mg/L 65.7
(31.1–140.4)

10.1
(4.8–31.2)

0.000b,c

WBC�103/μL 11.4
(8.2–15.3)

9 (6.3–13.5) 0.118b

Outcome (N) (%)

Mortality 19 (23.5) 0 0.004a,c

Abbreviations: CRP, C-reactive protein; IQR, interquartile range; MDW,
monocyte distribution width; PCT, procalcitonin; WBC, white blood cell
count.
aPearson’s chi-square.
bMann–Whitney U.
cSignificant value.

Fig. 1 (A–D) Receiver operating characteristic (ROC) curves com-
parison of (A) monocyte distribution width (MDW)-procalcitonin
(PCT), (B) MDW-C-reactive protein (CRP), (C) MDW-white blood cell
count (WBC), and (D) MDW-sepsis. Area under the curve (AUC)
estimates along with their 95% confidence interval are shown in the
“Results” section.
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Themedian (IQR) ofWBCwas 11.30�109/L (7.2–15.3); 45
(40.5%) were in normal ranges while 66 (59.5%) were in
abnormal ranges. We compared the diagnostic performance
in sepsis prediction, the AUC of MDW with WBC, that is,
0.604, was very poor with the 95% CI of 0.496–0.712 having a
nonsignificant p-value. At 20.24 U or higher cutoff, the
maximum sensitivity of MDW was 63.53%, specificity was
53.85%, PPV was 81.82%, and NPV was 31.11% as shown
in ►Fig. 1C.

Out of the 111patient, sepsis was present in 81 (73%) and
no sepsis in 30 (27%) patients. At 20.24 U or higher cutoff, the
maximum sensitivity of MDW was 93.8%, specificity was
70%, PPV was 89.4%, and NPV was 80.7% (AUC 0.865; CI:
0.777–0.953) as shown in ►Fig. 1D.

We have observed a significant positive Spearman’s cor-
relation of MDW and PCT which is 0.382, p-value less than
0.001, and nonsignificant positive Spearman’s correlation
with CRP which is 0.223, and a nonsignificant negative
Spearman’s correlation with WBC which is –0.139.

The findings of MDW as per clinical characterization of
PCT, that is, less than 0.05 healthy adult, 0.05 to less than 0.5
systemic infection is unlikely although localized infection is
possible, 0.5 to less than 2 systemic infections are possible
but other conditions may exist, 2 to less than 10 systemic
infection is likely, and 10 or higher likelihood of severe
bacterial sepsis or septic shock, are shown in ►Table 2.

In the negative category of PCT (� 0.05ng/mL; ►Table 2),
05 cases showed raisedMDW(> 20U) irrespective of PCT. On
close follow-up of these cases, 3 were diagnosed with
coronavirus disease 2019, who later developed signs and
symptoms of sepsis but PCT was negative which was tested
one time, this favors that MDWcan detect early sepsis when
PCT is normal. However, the sample size of this study is small.

To prove this a bigger sample size study should be done. The
rest of the two cases were not followed properly as one
patient left against medical advice and the other was diag-
nosed as urethral stricture.

We have also determined the AUC of MDW 0.874 (95% CI:
0.772–0.9716; p<0.000), PCT 0.861 (95% CI: 0.766–0.956;
p<0.001), CRP 0.796 (95% CI: 0.679–0.912; p¼0.000), and
WBC 0.599 (95% CI: 0.452–0.746) in patients with sepsis
(73%) and without sepsis (27%), as displayed in ►Fig. 2.

Table 2 Association of MDW with different positive categories of PCT

PCT (N¼111)
ng/mL

< 0.05
(n¼19)

0.05–< 0.5
(n¼ 56)

0.5–< 2
(n¼16)

2–< 10
(n¼9)

� 10
(n¼11)

MDW

< 20 (n) (%) 14 (73.7) 9 (16.1) 1 (6.3) 2 (22.2) 0

> 20 (n) (%) 5 (26.3) 47 (83.9) 15 (93.7) 7 (77.8) 11 (100)

p-Value 0.000a,b 0.000a,b 0.000a,b 0.017a,b 0.000a,b

AUC
(95% CI)

0.794
(0.65–0.936)

0.773
(0.625–0.922)

0.836
(0.691–0.980)

0.772
(0.598–0.946)

0.856
(0.715–0.998)

Sensitivity
(%) (95% CI)

53.85 (33.7–73.41) 83.93
(71.67–92.38)

93.75
(66.77–99.84)

77.78
(39.99–97.19)

100
(71.51–100)

Specificity
(%) (95% CI)

94.12
(86.8–98.06)

73.68
(48.80–90.85)

73.68
(48.80–90.85)

73.68
(48.80–90.85)

73.68
(48.80–90.85)

LRþ (ratio) 9.15 3.19 3.56 2.96 3.80

LR– (ratio) 0.49 0.22 0.08 0.30 0.00

PPV (%) 73.68 90.38 75.00 58.33 68.75

NPV (%) 86.96 60.87 93.33 87.50 100

Abbreviations: AUC, area under the curve; CI, confidence interval; LR, likelihood ratio; MDW, monocyte distribution width; NPV, negative predictive
value; PCT, procalcitonin; PPV, positive predictive value.
aFisher’s exact test.
bSignificant value.

Fig. 2 Receiver operating characteristic (ROC) curve of monocyte
distribution width (MDW), procalcitonin (PCT), C-reactive protein
(CRP), and white blood cell count (WBC) in patients with or without
sepsis.
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Discussion

In this study, we evaluated the diagnostic accuracy of MDW
which is the measure of morphologic heterogeneity result-
ing from an immune response to bacterial infection, for early
sepsis detection in the ED. Themain findings of our study are
as follows: (1) Significantly higher MDW, PCT, and CRP were
reported in patients with sepsis compared with those with-
out sepsis. (2) The best cutoff value of MDW was 20.24 or
greater for detecting sepsis. (3) We have observed good AUC
ofMDW0.874 and PCT 0.861 in sepsis patients, fair AUCwith
CRP 0.796, and poor WBC with 0.604. (4) We have calculated
the AUC for each PCT category with MDW, that is, good AUC
0.836 and 0.856 in 0.5 to less than 2 and 10ng/mL or greater,
respectively, while fair AUC 0.794, 0.773, and 0.772 in less
than 0.05, 0.05 to less than 0.5, and 2 to less than 10ng/mL,
respectively.

The preliminary evidence presented by relevant inves-
tigations was consistent with our findings. Recent research
suggests that variations in monocyte volume may be attrib-
utable to monocyte activation as part of the innate immune
response to bloodstream infections.31–33

In our study, the cutoff value of MDWwas 20.24 U, which
is similar to 20.0 U28 and 20.5 U31,34 observed in other
studies, while Polilli et al and Piva et al reported 21.9 U32

and 24.63 U35 MDWcutoff values, respectively. Agnello et al
reported 23.5 U as the cutoff MDW value for sepsis
detection.36

Crouser et al assessed the diagnostic performance of
MDW, they infer that MDW had the best discriminator
power for sepsis, based on either Sepsis-228,31 or Sepsis-
328 criteria, with an AUC of 0.79, with the sensitivity and
specificity of 77 and 73%, respectively, at a cutoff point of
20.50 U. Also, they discovered that combining MDW with
WBC increased sepsis detection when compared with WBC
or MDW alone. But they did not compare MDW with other
sepsis indicators like CRP.

A study by Agnello et al compared MDW to CRP, which is
similar to our study. CRP is the most often used inflamma-
tory biomarker in the ED and all clinical settings. MDW, as
part of the CBC, has the benefit of being available to
physicians very early during clinical assessment, when
the sepsis diagnosis could not be considered36; CRP, along
with PCT, is necessary when doctors suspect sepsis. They
found that MDW at 23.5 U had a NPV of 99.6%, indicating
that a value below this cutoff allows for excellent accuracy
in eliminating sepsis in a typical ED group. These findings
add to MDW’s value to practitioners as a clinical evaluation
tool for ruling out sepsis and avoiding unneeded and
expensive therapies.37

The cutoff value of our study was similar to Crouser
et al28,31 while different from Agnello et al.36 This difference
can be explained by the influence of anticoagulant (K2-EDTA
vs. K3-EDTA) used for blood collection. The effect of antico-
agulant on MDW has been described by the manufacturer in
the manual (https://www.beckm ancou lter.com/downl
oad/file/wsr-26282 8/C2189 4AC?type¼pdf). Crouser et al
performed their study on the sample collected in K2-EDTA

same as our study, while Agnello et al38 measured MDW
in K3-EDTA tubes. Thus, it is recommended by the manufac-
turer not to use the same cutoff MDW value for K2- or
K3-EDTA and rather establish its cutoff value which will
integrate not only the type of anticoagulant but also the
demographical characteristics of the population.

Another study by Polilli et al also examined the diagnostic
performance of MDW and PCT, the authors concluded that
MDW was as good as PCT at predicting sepsis, finding that
their AUCs were substantially identical.32 Even though PCT is
still the most widely validated biomarker for sepsis,38 its
usage in the ED has numerous drawbacks, including avail-
ability and cost-effectiveness.39

The study has limitations; first, this is a single-center
studywith a limited sample size. Second, wewere not able to
correlate MDW with the blood cultures and lactate levels, as
they were not requested in most patients. The last limitation
was the serial estimation of all the septic markers including
MDW was not being followed along with the course of the
disease. A study with large sample size is required for
addressing the limitations of this study.

In lower to middle-income countries like Pakistan, we
have very limited resources for diagnosis and treatment. If
we can predict sepsis on CBC by observing MDW it will cut
down our cost as it is a routine parameter of CBC and in turn,
this will illicit early management of patients thus improving
their outcome.

Conclusion

In this study, we compared clinically septic patients with
laboratory parameters and a novel septic marker, that is,
MDW. We found promising results of MDW for sepsis
prediction. MDW can be measured automatically within a
few minutes without additional cost through routine CBC.
This could promptly identify patients at high risk of sepsis,
whose diagnosis can be confirmed by further clinical and
other laboratorymarkers depending on the availability of the
test, therefore preventing life-threatening septic shock.
Further studies are needed to validate and establish its utility
as an early septic marker.
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