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Abstract

Purpose Monocyte distribution width (MDW) is a biomarker for the early identification of sepsis. We assessed its accuracy
in patients presenting with suspected sepsis in the emergency department (ED).

Methods This was a single gate, single centre study in consecutive adults (> 18 years) admitted to the ED with suspected
sepsis and clinical history compatible with infection, between 01 January and 31 December 2020 (n=2570).

Results The overall median MDW was 22.0 (IQR 19.3, 25.6). Using Sepsis-3 (QSOFA) to define sepsis, the Area Under
Curve (AUC) for a receiver operator characteristic (ROC) relationship was 0.59 (95% CI 0.56, 0.61). Discrimination was
similar using other clinical scores, and to that of C-reactive protein. At an MDW cutoff of 20.0, sensitivity was 0.76 (95% CI
0.73, 0.80) and specificity 0.35 (95% CI 0.33, 0.37) for Sepsis-3. MDW showed better performance to discriminate infection,
with AUC 0.72 (95% CI 0.69, 0.75). At MDW 20.0, sensitivity for infection was 0.72 (95% CI 0.70, 0.74) and specificity
0.64 (95% CI 0.59, 0.70). A sensitivity analysis excluding coronavirus disease (COVID-19) admissions (n=2552) had no
impact on the AUC. MDW distribution at admission was similar for bacteraemia and COVID-19.

Conclusions In this population of ED admissions with a strong clinical suspicion of sepsis, MDW had a performance to
identify sepsis comparable to that of other commonly used biomarkers. In this setting, MDW could be a useful additional
marker of infection.
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Introduction

Sepsis is the primary cause of death from infection and a
leading cause of critical illness, affecting millions of people
worldwide annually [1]. Most cases are admitted through the
emergency department (ED) following clinical deterioration
of community-acquired infections [2]. Early medical inter-
vention within hours after sepsis develops is associated with
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improved outcomes, so prompt and accurate identification
of patients is critical [3].

The longstanding debate regarding the definition of sep-
sis has been attributed, in large measure, to its multifaceted
nature and heterogeneous clinical phenotype. Historically,
the systemic inflammatory response syndrome (SIRS) cri-
teria have been used to define sepsis; however, although
widely used, they have been criticized for their low speci-
ficity and focus on inflammation [4]. In 2016, the third inter-
national consensus definitions for sepsis and septic shock
(Sepsis-3) added organ dysfunction as part of the defini-
tion to emphasise the importance of the non-homeostatic,
life-threatening response to infection. At this juncture, two
strategies were recommended to risk-stratify patients and
clinically operationalise organ dysfunction, sequential organ
failure assessment (SOFA) and quick-SOFA (qSOFA), with
gSOFA recommended for settings in which all components
of SOFA are not routinely measured [5]. While both scores
are now used in the formal definition of sepsis, many studies
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have reported gSOFA to have low sensitivity and be a late
indicator of deterioration [6, 7]. Further, outside intensive
care unit (ICU) settings, other clinical decision tools, such as
the modified early warning score (MEWS) and the national
early warning score (NEWS), have been shown to better
predict mortality than gSOFA while being equally easy to
obtain at bedside [8—-10].

Importantly, none of the risk-stratification tools available
are diagnostic tests for sepsis. They identify organ dysfunc-
tion or critical illness in patients (irrespective of a certain
condition) while circumventing the diagnosis of infection,
which underpins the definition of sepsis. In this context,
laboratory parameters and markers became an integral part
of the diagnosis pathway.

Long-established markers for infection include procalci-
tonin (PCT) and C-reactive protein (CRP) levels. PCT has
demonstrated a reasonable degree of sensitivity in identify-
ing bacterial infections, but its high cost and variable level
of evidence mean it is not often routinely used [11, 12]. In
contrast, CRP is more accessible but less specific for infec-
tion and often used as a marker of the level of systemic
inflammation [13, 14]. Parameters measured in the full blood
count (FBC) assessment continue to be useful as first-line
resources, despite their lack of specificity, and particularly
since the emergence of new technologies allowing FBC to
provide information on the volume and morphologic changes
valuable for the diagnosis of infection and sepsis [15, 16].

The monocyte distribution width (MDW) is a novel
biomarker determined in the routine FBC and has been
recently CE marked as an early indicator for sepsis [17].
Recent studies have investigated the use of MDW to sup-
port a sepsis diagnosis in the ED and reported areas under
the receiver operating characteristic curve (ROC AUC) that
varied between 0.71 and 0.96 [18-25]. This variability pos-
sibly results from differences in study methodology and
the spectrum of patients selected; but greater variability in
reported specificity (range between 0.37 and 0.93) compared
with sensitivity (range between 0.74 and 0.91) could also
have resulted from heterogeneity within the ‘negative’ or
‘healthy’ control group across studies, i.e., the proportion
of patients with non-infection cases included as controls
[18-25].

This study aimed to assess the accuracy of MDW to iden-
tify sepsis in adults admitted to the ED with a high clinical
suspicion of sepsis and a history suggestive of infection.
The overarching goal was to challenge the marker to iden-
tify cases of sepsis in a population already screened using
the National Early Warning Score 2 (NEWS2). The primary
objective was formulated using the Sepsis-3 definition and
gqSOFA score as reference standards. As part of the explora-
tory objectives, this study compared MDW against other
reference standards to evaluate possible changes in accuracy
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and facilitate its interpretation and comparability across dif-
ferent research paradigms.

Methods
Study design and participants

This was a cross-sectional, single-gate (also known as con-
secutive series [26]) study comparing MDW results (index
test) against several clinical reference standards for sepsis
(target condition). The data for this single-centre study were
obtained from routinely collected medical records of patients
admitted to the ED of St. George’s University Hospitals
NHS Foundation Trust (SGHFT) between 01 January 2020
and 31 December 2020.

The study population was identified retrospectively by
clinicians using hospital records of admissions and contem-
poraneous notes made by the attending clinician. Patients
eligible for inclusion were consecutive adults (> 18 years)
admitted to the ED (sepsis pathway) for suspected sepsis.
The criteria for this admission route is NEWS2>3 and a
clinical history suggestive of infection or neutropenic sepsis
as assessed by the ED physician on arrival [27, 28]. Exclu-
sions were defined as patients who did not undergo an FBC
assessment within 24 h of admission, had inadequate sam-
ples (e.g., error/warning messages in the results), or had
been readmitted.

Test methods

MDW results were routinely generated alongside FBC
results. Following routine practice, whole human peripheral
blood was collected in sterile vacutainer tubes containing
K2 dipotassium ethylenediaminetetraacetic acid (EDTA-K2)
and analyzed on a haematology high-volume analyser (DxH
900; Beckman Coulter, Brea, CA, USA), an established
instrument for the analysis of blood samples that measures
cell volume parameters and the distribution of cell volumes,
as previously reported [18].

Demographic and clinical data were extracted from elec-
tronic medical records; these included vital signs, laboratory
parameters at admission (including platelet count, bilirubin,
creatinine, lactate and CRP levels), and clinical diagnosis
of infection (based on laboratory and radiology records at
admission). Data were collected by clinicians involved in
patient care who were blinded to MDW values, as these were
not routinely reported at the time of the study. Pathology
test results (blood cultures) were retrieved from the hospital
database using structured query language (SQL). Index test
values and FBC results were directly downloaded from DxH
900 by a research fellow blind to the patient clinical data. All
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scores and target condition categorisation were calculated
at the end of data collection and before merging datasets.

The primary objective defined (suspected) sepsis as par-
ticipants with a documented clinical diagnosis of infection
and gSOFA >2. Other definitions of sepsis studied as part
of pre-defined exploratory objectives were: (i) infection and
SIRS > 2 (ii) infection and a change of two or more points in
the baseline SOFA score (iii) infection and Risk-stratifica-
tion of ED-suspected Sepsis (REDS score) >3 [29].

All scores were calculated using the component variables,
as specified in the literature (see Supplementary file 1) [5,
29, 30]. For the calculation of SOFA scores, a baseline value
of zero was assumed for participants not known to have pre-
existing organ dysfunction, and oxygen saturation (SpO,)
was used instead of partial pressure of oxygen (PaO,), as
recommended in the literature [5, 30]. In addition to the
scores included in Sepsis-2 (SIRS) and Sepsis-3 (qSOFA,
SOFA) consensus definitions, the REDS score was used as a
risk-stratification tool combining two well-known ED scores
(qSOFA and simplified Mortality in Severe Sepsis in the ED
score [sMISSED]) with the most commonly assessed high-
risk criteria for sepsis: lactate concentration and refractory
hypotension (RH) [29].

Analysis

The distribution of baseline characteristics was assessed
across the different groups (MDW <20.0 and MDW > 20.0)
and analyzed using proportions, means or medians depend-
ing on the variable. The statistical tests used are stated in the
table footer or figure legend, and the level of significance
was 0.05.

The accuracy of MDW was assessed using standard
descriptive parameters with their associated 95% confidence
intervals (Cls). Exact binomial confidence limits were cal-
culated for sensitivity, specificity, diagnostic accuracy (i.e.,
proportion correctly identified) and predictive values; 95%
CI for positive and negative likelihood ratios were based on
formulae provided by Simel et al. [31]. Hereinafter, sensitiv-
ity, specificity, overall accuracy and likelihood ratios (LRs)
are discussed. Other accuracy parameters, such as predictive
values and odds ratios, are included in Supplementary file 1.

The cutoff value for MDW was set at 20.0 Units as
defined by the DxH 900 analyser documentation to explore
dichotomous measures of accuracy [17]. The cutoff for white
cell count (WCC) was set at 11 x 10° cells/L, neutrophil-
to-lymphocyte ratio (NLR) at 3 and 9 (corresponding to
the limits of mild physiological stress [16, 32]), CRP at
20.0 mg/L and 100.0 mg/L (as an indication of mild and
substantial increase [13, 14]) and lactate at 2.0 mmol/L and
3.9 mmol/L, corresponding to the component grade system
used in the REDS score [29]. Because the cutoff value was
used to dichotomise parameters, the exact cutoff, or a lower

value (<), was included in the negative category. When
combining multiple parameters into one dichotomous new
variable, both the conjunction (positive A and positive B)
and the inclusive disjunction (positive A or positive B) were
used to define positivity.

Receiver operating characteristic (ROC) curves and the
corresponding area under the curve (AUC) values were cal-
culated. Logistic regression was used to model the likelihood
of the outcome as a function of MDW values in combina-
tion with other laboratory parameters. Missing data were not
imputed and were handled by exclusion. Data management
and statistical analysis were carried out using R (R Core
Team version 3.6.3, Vienna, Austria).

The determination of sample size was guided by an
expected prevalence rate of 20% for a qSOFA >2 in the
study population and a point estimate of 67.9% sensitivity
and 67.8% specificity for an index test cutoff value of 20.0
Units as established in the DxH 900 instructions for use [17].
The required sample size was estimated to be 1675 patients
to allow for a level of precision of +5% in the point esti-
mates. This target was increased by 20% (to 2010 patients)
to account for the complexities of stratified analysis and
missing data.

As the study was designed and approved before the start
of the coronavirus disease 2019 (COVID-19) pandemic, the
study population included a large and unanticipated number
of patients with severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) infections admitted through the ED.
All cases were confirmed by polymerase chain reaction
(PCR) and/or a clinico-radiological diagnosis of COVID-19.
A sensitivity analysis was conducted to explore the impact
of these admissions on the study results.

Governance and ethics

This study was approved by the Health Research Authority
(20/WM/0103). Reporting follows the 2015 Standards for
Reporting Diagnostic accuracy studies (STARD) guidelines
statement [33]. STARD checklist is included in Supplemen-
tary file 2.

Results
Participants

Between 01 January 2020 and 31 December 2020, a total
of 3098 participants met the inclusion criteria and 2570
were included in this study. Of these, 829 participants had
MDW <20.0 and 1741 participants had MDW > 20. 0. Fig-
ure 1 shows the flow of patients through the study, the rea-
sons for exclusion and the distribution of participants, with
their outcomes classified using different reference standards.
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Fig. 1 Flow of participants.
Notes: * Partial verification:
it was impossible to calculate

Eligible participants
n=3,098

SIRS in nine participants due to
missing data. >24hs Indicates

that samples were not processed
within 24 hours of admission.
Flag Indicates that the MDW

Included participants
n=2,570

Excluded
1 - Nosample n=13
‘ o - >24hs n=92
- Flag n=96
- Re-admissions n=327

parameter had a flag indicating
potential issues with the MDW

value requiring manual valida- l
tion by technicians

1

| MDW <20.0 (n=829) ‘ |

MDW >20.0 (n=1,741)

v 4 J L/
- No Sepsis - SIRS Sepsis - SIRS No Sepsis - SIRS Sepsis - SIRS
(n=370) (n=456) (n=467) (n=1,268)

No sepsis - gSOFA

Sepsis - qSOFA

No sepsis - qSOFA Sepsis - qSOFA

(n=697) (n=132) (n=1,315) (n=426)
No sepsis - SOFA Sepsis - SOFA No Sepsis - SOFA Sepsis - SOFA

(n=701) (n=128) (n=1,252) (n=489)
No sepsis - REDS Sepsis - REDS No Sepsis - REDS Sepsis - REDS

(n=548) (n=281) (n=914) (n=827)

Verification was almost complete for all standards, with only
nine participants failing to be verified for Sepsis-2 due to
missing WCC values.

Patient characteristics and laboratory parameters at
the time of ED admission are shown in Tables 1 and 2. In
the study population, the overall prevalence of comorbid
dementia and malignancy was 14.2% (365) and 12.1% (310),
respectively, with weak evidence of a difference between
those with MDW values over or below the cutoff value
of 20.0 Units (p=0.651 and p =0.052). Participants with
MDW <20.0 were more likely to have chronic obstructive
pulmonary disease (COPD) (14.4%, 116) and to be on long-
term oxygen therapy (3%, 25) than those with MDW >20.0
(7.4%, 129 vs. 1.0%, 17 respectively). Neutropenia at admis-
sion (<2 x 10° cells/L) was not prevalent in the study popu-
lation (2.5%, 64), but it was more common among those with
MDW >20.0 (3.2%, 55 of 1741).

Sepsis suspicion at ED admission and a clinical history
suggestive of infection were integral components of the
inclusion criteria in this study. Consequently, the population
had a large prevalence of patients with infection diagnoses
(2273, 88.4%). The distribution of infection sources is dis-
played in Fig. 2 together with the main reason for admis-
sion in those eventually found not to have an infection (297,
11.6%). The distribution of scores at admission (Table 1)
shows the overall study population had a moderate to high
risk of deterioration. Positive blood cultures (excluding

@ Springer

common commensal microorganisms [34]) were more
prevalent among those with MDW >20.0 (8.3%, 144) and
COVID-19—positive admissions were also more prevalent in
this group (29.1%, 507).

Test results

The mean MDW value in the overall study population was
23.0 (standard deviation [SD] 5.4), the median 22.0 (IQR
19.3, 25.6) and the range 13.0-85.0. The distribution of
MDW values according to different reference standards for
sepsis is shown in Fig. 3. Regardless of the reference stand-
ard used, approximately 75% of those classified as sepsis
had MDW values greater than 19.9. However, the distribu-
tion of MDW values overlapped considerably among posi-
tive and negative sepsis groups (across all reference stand-
ards). The degree of overlap was smaller when the reference
was Sepsis-2 (infection and SIRS >2), which means there
was a smaller proportion of false (positive and negative)
classifications.

Point estimates of diagnostic accuracy (and 95% CI) for
MDW across reference standards are shown in Table 3. As
illustrated in Fig. 3, the sensitivity was relatively high, but
the specificity was low. Using MDW 20.0 as the cutoff, the
point estimate for sensitivity remained between 0.74 and
0.79 across all references, but the specificity dropped well
below 0.50. The highest diagnostic accuracy was observed
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Table 1 Patient characteristics Variable Total MDW <20.0 MDW >20.0 p value
at the time of ED admission n=2570 =829 n=1741
Age (years) Median (IQR) 72.0 (56.0, 83.0) 75.0 (60.0, 84.0) 71.0 (55.0, 82.0) <0.001
NEWS Low 516 (20.1%) 150 (18.1%) 366 (21.0%) <0.001
Low-medium 339 (13.2%) 155 (18.7%) 184 (10.6%)
Medium 683 (26.6%) 241 (29.1%) 442 (25.4%)
High 1,032 (40.2%) 283 (34.1%) 749 (43.0%)
SIRS 0-1 661 (25.8%) 261 (31.6%) 400 (23.1%) <0.001
2 887 (34.6%) 293 (35.5%) 594 (34.2%)
34 1013 (39.6%) 272 (32.9%) 741 (42.7%)
Missing 9 3 6
qSOFA 0 453 (17.6%) 134 (16.2%) 319 (18.3%) 0.008
1 1505 (58.6%) 525 (63.3%) 980 (56.3%)
2 559 (21.8%) 155 (18.7%) 404 (23.2%)
3 53 2.1%) 15 (1.8%) 38 (2.2%)
SOFA Mean (SD) 2.2 (1.6) 1.9 (1.4) 2.3(1.7) <0.001
Median (IQR) 2.0 (1.0, 3.0) 1.0 (1.0, 2.0 2.0 (1.0, 3.0)
Range 1.0-13.0 1.0-10.0 1.0-13.0
REDS 0-2 1,332 (51.8%) 472 (56.9%) 860 (49.4%) <0.001
34 905 (35.2%) 285 (34.4%) 620 (35.6%)
56 248 (9.6%) 61 (7.4%) 187 (10.7%)
>7 85 (3.3%) 11 (1.3%) 74 (4.3%)
Infection No 297 (11.6%) 191 (23.0%) 106 (6.1%) <0.001
Yes 2273 (88.4%) 638 (77.0%) 1635 (93.9%)
Septic No 2526 (98.3%) 825 (99.5%) 1701 (97.7%) <0.001
Shock Yes 44 (1.7%) 4(0.5%) 40 (2.3%)
Blood Negative 2406 (93.6%) 809 (97.6%) 1597 (91.7%) <0.001
Culture Positive 164 (6.4%) 20 (2.4%) 144 (8.3%)
COVID-19 Negative 2018 (78.5%) 784 (94.6%) 1234 (70.9%) <0.001
Positive 552 (21.5%) 45 (5.4%) 507 (29.1%)

Table 2 Laboratory parameters
at the time of ED admission

The table shows column proportions. p values correspond to the chi-squared test for categorical variables
and Kruskal-Wallis for continuous variables

Variable Total MDW <20.0 MDW >20.0 p value
n=2570 n=23829 n=1741

WCC Median (IQR)  11.1(7.7,15.3) 11.6 (8.4,14.9) 109 (7.1, 15.5) 0.009
Missing 9 3 6

Neutrophil Median (IQR)  8.9(5.7,12.8) 9.2(6.2,12.2) 8.8(54,13.1) 0.346

count Missing 9 3 6

Lymphocyte ~ Median (IQR) 1.0 (0.6, 1.5) 1.2(0.7,1.7) 0.9 (0.6, 1.4) <0.001

count Missing 9 3 6

NLR Median (IQR) 8.8 (5.0, 16.2) 7.8(4.3,13.4) 9.3(5.3,17.4) <0.001
Missing 11 3 8

CRP Median (IQR)  78.0(29.0,159.0) 31.0(8.4,80.5) 105.0(48.0, 191.2) <0.001

Level Missing 19 10 9

Lactate Median (IQR)  1.5(1.0,2.3) 1.6 (1.0,2.4) 1.5(1.0,2.3) 0.679

level Missing 0 0 0

The table shows cell counts in 10° cells/L, CRP levels in mg/L, lactate in mmol/L. p values correspond to

Kruskal-Wallis test. NLR was missing for two participants with lymphocyte counts of zero
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Urogenital infection (15.5%)
Unknown source (11.2%) %
Q
Abdominal infection (6.6%) (n=149) g'
Soft tissue infection (5.9%) (n=134)
Other source (3.3%) . (n=76)
(n=7) | Alcohol/drugs disorders (2.4%)
(n=16) I AKI/CKD (5.4%)
(n=17) I Dehydration/electrolite disorders (5.7%) z
(n=27) I Non-infective exacerbations of asthma or COPD/PE (9.1%) =
(n=41) I Acute complications of malignancy (13.8%) §
(n=53) . Gastrointestinal disorder (17.8%) =
(n=57) . Other disorders (19.2%)
(n=79) ] Cardiovascular disorders (26.6%)

Fig. 2 Distribution of main diagnoses at admission. The plot shows
proportions per strata (infection and no infection) and absolute fre-
quency (n). Other source Other known sources of infection. AKI

Acute kidney injury. CKD Chronic kidney disease. Other disorders
included seizures, rash, diabetes ketoacidosis, hyperosmolar hyper-
glycaemic syndrome (HHS), headache, vomiting, urinary retention

Sepsis-2 (SIRS) Sepsis-3 (qSOFA)

Sepsis-3 (SOFA) Sepsis (REDS)

50 1

w
o
1

MDW (Units)

N
o
1
U

101 (FP=467)  (TP=1,268) (FP=1,315)  (TP=426) (FP=1,252)  (TP=489) (FP=914)  (TP=827)
(TN=370)  (FN=456) (TN=697)  (FN=132) (TN=701)  (FN=128) (TN=548)  (FN=281)
N P N P N P N P

Fig.3 MDW distribution across sepsis for different sepsis definitions. N Negative for sepsis; P Positive for sepsis; FP False positive; TP True
positive; FN False negative; TN True negative. The width of the box plots is proportional to the size of the category

using MDW in concert with Sepsis-2 at the expense of
improving specificity, which yielded the largest positive
LR. Depending on the reference, point estimates for AUCs
ranged from 0.58 to 0.63. Table 3 shows that excluding
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COVID-19 patients (sensitivity analysis) had no impact
on the AUC.
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Table 3 Estimates of MDW
diagnostic accuracy across
different definitions of sepsis

Sepsis-2 SIRS Sepsis-3 qSOFA Sepsis-3 SOFA Sepsis REDS
Sensitivity 0.74 0.76 0.79 0.75
(95% CI) (0.71, 0.76) (0.73, 0.80) (0.76, 0.82) (0.72,0.77)
Specificity 0.44 0.35 0.36 0.37
(95% CI) (0.41, 0.48) (0.33,0.37) (0.34,0.38) (0.35, 0.40)
Accuracy 0.64 0.44 0.46 0.54
(95% CI) (0.62, 0.66) (0.42, 0.46) (0.44, 0.48) (0.52,0.55)
LR Positive 1.32 1.17 1.24 1.19
(95% CI) (1.23,1.41) (1.10, 1.24) (1.17, 1.30) (1.13,1.26)
LR Negative 0.60 0.68 0.58 0.68
(95% CI) (0.54, 0.67) (0.58, 0.80) (0.49, 0.68) (0.60, 0.76)
AUC*—n=2570 0.62 0.59 0.63 0.58
(95% CI) (0.59, 0.64) (0.56,0.61) (0.60, 0.65) (0.56, 0.61)
AUC*>—n=2018 0.63 0.59 0.64 0.59
(95% CI) (0.61, 0.66) (0.56, 0.62) (0.61, 0.67) (0.57,0.62)

The table shows sensitivity, specificity and diagnostic accuracy as proportions and calculated for a cutoff
MDW <20.0. AUC stands for the area under the curve

“Refers to full sample size, n=2570 except for SIRS when n=2061
PRefers to subpopulation removing COVID-19 positive patients, n=2570 except for SIRS when n=2014

Sepsis-2 (SIRS) | Sepsis-3 (GSOFA)| | Sepsis-3 (SOFA) Sepsis (REDS)

MDW_LCT = Fed
MDW_WCC_NLR = fod
MDW_NLR 4 tod:
MDW_WCC 4 fod
LCTH el
MDW_CRP4 i o
NLR - ol
MDW = == = ete e O A
CRP 4 bl
WCC - -
——t
5 6 .7

—— AUC

ot e

>

T T 1 T 1 T T
7 .8 S5 6 7 8 O 6 i 8

—— AUC with incorporation

Fig.4 Comparison of AUC for MDW and other sepsis markers. LCT stands for lactate levels. ACUs were calculated on complete cases. There
were 19 participants with missing CRP, two with missing NLR and nine with missing WCC and NLR

Additional parameters

The diagnostic accuracy of MDW was compared against
other parameters used in ED: WCC and NLR, which are both
determined via FBC analysis alongside MDW, as well as the

CRP level and lactate concentration measured at admission.
The AUC (and 95% CI) values for these parameters, isolated
and in combination with MDW, are shown in Fig. 4. AUC
values were relatively consistent across the different refer-
ence standards, with magnitudes ranging between 0.50 and
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0.70. The AUC values for WCC and lactate concentration
were probably overestimated for Sepsis-2 and Sepsis using
the REDS score, as the definition of these scores incorpo-
rates WCC and lactate. These AUCs should be interpreted
with caution (shown in red in Fig. 4). AUCs 95% CI for
MDW and CRP showed a high degree of overlap when using
SIRS and REDS scores, but when using Sepsis-3 (SOFA
or qSOFA) instead, the overlap was reduced, with MDW
observing higher AUC values. As expected, assessment of
the lactate concentration yielded a significantly lower AUC
in concert with Sepsis-2.

As a next step, we explored the dichotomisation of param-
eters to estimate the probability of the outcome for a given
test result and focused on LRs because these can be adapted
to varying prior probabilities of the disease, unlike predic-
tive values (shown in supplementary materials), which are
rarely generalisable beyond the study sample [35]. The
trade-off between positive and negative LRs was explored
for different parameters alone (Fig. 5) and in combination
(Fig. 6), using the cutoff values specified under methods.
The top panel shows FBC parameters (MDW, WCC and
NLR), and the bottom panel shows lactate levels and CRP

values in both figures. Estimates for WCC and lactate need
to be interpreted with caution in concert with SIRS and
REDS scores due to incorporation.

Figure 5 shows that all single parameters LRs remained
significant, although in some cases the strength of the
evidence was weak. MDW >20.0 was between 17 and
32% more likely in sepsis patients than in non-septic
patients, depending on the reference score used (posi-
tive LR 1.17 and 1.32) and MDW <20.0 was between
32 and 42% more likely in non-septic patients than in
septic patients (negative LR 0.58 and 0.68). The largest
positive LR (point estimate) unbiased by incorporation
was observed for lactate > 3.9 mmol/L using Sepsis-3
as reference (2.84 when using SOFA, and 2.60 with
qSOFA), and the smallest negative LRs were observed
for NLR >3 (between 0.51 and 0.58 depending on the
reference), MDW > 20.0 (between 0.58 and 0.68) and
CRP >20.0 mg/L (between 0.54 and 0.74). Notably, the
magnitude of the point estimates for negative LRs did not
fall below 0.5, so a negative result was, at most, 50% more
likely in a non-sepsis case (true negative) than in a sepsis
case (false negative).

Sepsis-2 (SIRS) Sepsis-3 (QSOFA) Sepsis-3 (SOFA) Sepsis (REDS)

NLROH & o & o fof e fof © Jo o & b
WCCH i - o ol o o
MDW H o I-o—iH M H HH
Rt iy e i
LCT3.91 i N - T

LCT.2 - HM H g tef e H
CRP.20 M .H l—*—{ﬁ i—°—| H H—l H

5 1 2 4 5 1 2
Positive LR —— Negative LR

Fig.5 Positive and Negative LR for MDW, WCC, NLR, CRP and
lactate. The x-axis is shown in log-scale. LCT stands for lactate
levels. The numerical values following the marker indicate the cut-
off value, as detailed in the methods section. Cutoff values are not
printed when the marker has only one cutoff value (i.e. MDW cutoff
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LR with Incorporation

value is 20.0 and WCC is 11 x 109 cells/L). The positive LRs using
REDS score for LCT3.9 (6.60) and LCT2 (4.30) are not shown to
facilitate visualisation of lower values in the LR scale. There were 19
participants with missing CRP, 11 with missing NLR and nine with
missing WCC
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Fig.6 Positive and Negative LR for MDW combined with other
FBC parameters, CRP and lactate. The x-axis is shown in log-scale.
Parameters in capital letters and connected using ‘U’ indicate con-
junction (‘and'). Parameters in lowercase letters and connected using
‘_’ indicate disjunction (or). LCT stands for lactate levels. The
numerical values following the marker indicate the cutoff value, as
detailed in the methods section. Cutoff values are not printed when

Figure 6 displays LRs for MDW combined with other
parameters, using both conjunction (‘and’) and disjunc-
tion (‘or’). The former emphasises the identification of
true positive cases and the latter the identification of true
negative cases. The combination yielding a maximum
improvement in positive LRs (unbiased by incorporation)
was observed for ‘MDW > 20.0 and lactate > 3.9 mmol/L’.
In this combination and using Sepsis-3 as reference, a pos-
itive value was 3.51 (QSOFA) or 4.22 (SOFA) times more
likely in sepsis compared to non-sepsis). The maximum
improvement in negative LRs was seen for the combination
‘MDW > 20.0 or NLR >3’ (inclusive disjunction declares
the positive test), so ‘MDW <20.0 and NLR <3’ (note the
reversal of the inequality symbol) were 70% (SOFA) and
63% (qSOFA) more likely in a true negative sepsis case
than in a false negative sepsis case (negative LR 0.30 and

LR with Incorporation

the marker has only one cutoff value (i.e. MDW cutoff value is 20.0
and WCC is 11x109 cells/L). The positive LRs using REDS score
for MDW_LCT.3.9 (14.31) and MDW.LCT?2 (6.40) are not shown to
facilitate visualisation of lower values in the LR scale. There were 19
participants with missing CRP, 11 with missing NLR and nine with
missing WCC

0.37 respectively). ‘MDW <20.0 and CRP <20.0 mg/L’, as
well as ‘MDW <20.0 and NLR <9’ observed negative LR
and 95% CI fully below 0.5, but only for Sepsis-2.

Infection, inflammation and organ dysfunction

Figure 7 shows the distribution of MDW values across the
different sepsis scores, stratified according to the diagnosis
of infection. MDW distributions in the non-infection stratum
(top row) were predominantly below the MDW cutoff value
in contrast with the infection stratum (bottom row), in which
roughly 75% of the MDW distributions (from first quartile
up) were above 20.0. There were some statistically signifi-
cant increments in the median MDW values for the higher
categories of REDS and SOFA scores (illustrated in Fig. 7
by non-overlapping notches or median 95% CI). However,
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Fig.7 MDW distribution across sepsis scores and according to pres-
ence or absence of infection diagnosis. The number of observations
is included in parentheses (n). The box plots exclude outliers (y-axis
ranges from 10 to 30 Units) as the focus is on showing the centre of
the MDW distributions relative to the cutoff value. The width of the

these differences were minor in magnitude and should be
interpreted in the context of overlapping box plot distribu-
tions. Figure 7 also illustrates that SIRS >2 classified 76.1%
(1,724 of 2,265) of infections as sepsis, whereas gSOFA and
SOFA scores identified less than 27.1%, and the REDS score
48.7% (1108 of 2273).

An ad hoc calculation of MDW accuracy to identify
infection rather than sepsis produced, in this population, an
AUC value of 0.72 (95% C1 0.69, 0.75); and at MDW <20.0
a sensitivity of 0.72 (95% CI1 0.70, 0.74), specificity of 0.64
(95% C10.59, 0.70), positive LR of 2.02 (95% CI 1.73, 2.35)
and negative LR of 0.44 (95% CI 0.39, 0.49).

Figure 8 shows MDW values across different sepsis
scores for a subset of infections, i.e., those with confirmation
of bacteraemia and COVID-19 infection. In both subsets,
50% of MDW values around the median (IQR) remained
above 20.0, consistent with Fig. 7. COVID-19 MDW dis-
tributions had narrower IQRs and slightly higher median
values than bacterial infections, although COVID-19 was
a larger group. Figure 8 shows the absence of a clinically
meaningful trend of MDW increase according to any sepsis
score (for each infection type).

The prevalence of septic shock (defined as RH and maxi-
mum lactate >2 mmol/L [5]) was 1.7% (44 of 2570). The
median MDW among septic shock patients was 29.3 (IQR
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box plots is not proportional to the size of the category to aid visuali-
sation, although the size of each group is indicated below each box.
The 95% CI for the median is shown as notches/indentations around
the median value. Inverted notches indicate that the median 95% CI
exceeds the corresponding quartile

22.8, 37.0). All cases of septic shock had SOFA scores >2
and REDS scores > 5. RH with maximum lactate <2 mmol/L
was observed in 1.0% of the population (25 of 2570), show-
ing median MDW values of 23.9 (IQR 21.4, 26.9), as well
as SOFA and REDS scores > 3.

Discussion

This study assessed the accuracy of MDW to identify sep-
sis in a large population of patients requiring admission to
the ED with a strong clinical suspicion of sepsis (n=2570).
This population had an overall distribution of MDW values
(median 22.0, IQR 19.3, 25.6) higher than of other (unse-
lected) ED admissions during the same study period who
had an FBC assessment requested but were not on the sep-
sis pathway (n=153,850, median 17.3, IQR 15.8, 18.8). The
selection criteria strongly challenged the marker in classify-
ing the target condition.

The MDW AUC values observed in this study were rela-
tively consistent across the different reference standards,
with point estimates ranging between 0.58 and 0.63. Other
parameters assessed at admission (WCC, NLR, CRP and
lactate concentration) generated comparable AUC values,
and the overlapping 95% CI (Fig. 4) shows that the overall
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Fig.8 MDW distribution across sepsis scores in patients with either
bacterial or COVID-19 infection. The number of observations is
included in parentheses (n). The box plots exclude outliers (y-axis
ranges from 10 to 30 Units) as the focus is on showing the centre of
the MDW distributions relative to the cutoff value. The width of the

performance to identify sepsis (independently of the ref-
erence standard) was relatively similar for all parameters
when considering incorporation. Combining MDW with
other laboratory parameters only marginally improved the
performance level for identifying sepsis. These findings are
consistent with studies that included fewer participants with-
out infection in their sample [22, 23].

In this population, using MDW 20.0 as cutoff, sensi-
tivity remained between 0.74 and 0.79, with positive LRs
between 1.17 and 1.32 across all references. However, the
point estimates for specificity dropped below 0.44, render-
ing point estimates for negative LRs between 0.68 and 0.58.
So, MDW <20.0 was between 32 and 42% more likely in a
non-sepsis case than in a sepsis case. Although effect sizes
were small, these results indicate that MDW <20.0 (on its
own) might perform slightly better at identifying true nega-
tive cases when the population includes a low proportion of
non-infection cases. Combining MDW with lactate resulted
in large increments of positive LR (for Sepsis-3) compared
to either parameter alone. This study observed no differ-
ences in the distribution of MDW values between confirmed
bacteraemia and COVID-19 infections across comparable
score levels (Fig. 8).

This study assessed several clinical reference stand-
ards, minimising partial verification bias, and observed

T T T T

0-2 3-4 5-6 7-12

Scores

box plots is not proportional to the size of the category to aid visuali-
sation, although the size of each group is indicated below each box.
The 95% CI for the median is shown as notches/indentations around
the median value. Inverted notches indicate that the median 95% CI
exceeds the corresponding quartile

comparable levels of accuracy across the different defini-
tions of sepsis, with a slight increase in specificity when
using Sepsis-2, concordant with other research [36]. Given
that SIRS is more accurate in diagnosing inflammation than
organ dysfunction, and qSOFA/SOFA identify cases of
organ dysfunction more precisely, the observed increased
diagnostic accuracy (of MDW <20.0) for Sepsis-2 may
have been due to the infection component in the definition
of sepsis rather than better discrimination of sepsis. Consist-
ent with this observation, MDW appeared to better identify
infection (AUC 0.72, 95% CI 0.69, 0.75) than sepsis (ad hoc
analysis). Although this study was not powered to test this
hypothesis, this might have been why accuracy was lower
when using Sepsis-3 definitions (the accuracy was underes-
timated because the index test and reference standard were
measuring different things).

This study was carried out over an entire calendar year
(2020), encompassing all four seasons, but concurrently with
the COVID-19 pandemic. Although the sensitivity analysis
did not find differences in the performance of MDW to iden-
tify sepsis when including or excluding COVID-19 cases,
the study population might not be representative of non-pan-
demic times and could be biased towards severity. Misclas-
sification is a frequent limitation of observational studies.
Even though systematic misclassification was addressed by
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blinding both the MDW results and the target condition, ran-
dom misclassification cannot be ruled out. Downregulation
of the immune system has been found to increase MDW val-
ues in septic patients [22], but participants were not excluded
based on their haematology disorder or immunocompetent
status since this study sought to closely reflect real-world
practice. There was good compliance with manufacturer
instructions regarding the time elapsed from venepuncture to
FBC analysis; the median time was 0.1 h (IQR 0.1, 0.6) with
only two samples exceeding the recommended two hours.
There was no statistically significant difference in the dis-
tribution of time from venepuncture to analysis (p =0.322)
or missing values in this variable (p =0.829) across study
groups. Overall, there was a good level of data completeness.

This study examined a population of patients with sus-
pected sepsis admitted to the ED of a reference teaching
hospital in London, England and its results may only be
generalised to the adult ED population routinely screened
using NEWS?2 or a comparable score system.

Conclusion

This study analyzed a population of patients requiring
admission to the ED with a high clinical suspicion of sepsis.
In this population (with a small proportion of non-infection
cases), MDW performance to identify sepsis was similar
to that of other commonly used biomarkers. An increment
of MDW values of small magnitude was observed along
with higher REDS scores; larger increments were noted in
a small subgroup of admissions with septic shock. In this
population, MDW distribution at admission was similar for
bacteraemia and COVID-19. Results suggest MDW could
be an effective marker of infection in routine clinical use.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s15010-022-01956-y.

Acknowledgements We thank Professor Derek Macallan for his com-
ments that greatly improved the manuscript.

Funding This study was funded by Beckman Coulter, Brea, CA, USA.
The funder reviewed the study design and provided insight on interpre-
tation of data extracted from analysers DxH900. The funders had no
role in data collection and analysis, results analysis and interpretation,
decision to publish or preparation of the manuscript. The award was
granted to TP. The funder provided support in the form of salaries for
MC.

Data availability The data underlying this article are available in the
article and in its online supplementary material.

Declarations

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

@ Springer

Ethical approval All procedures were performed per the ethical stand-
ards of the institutional and/or national research committees and with
the 1964 Helsinki Declaration and its later amendments or compara-
ble ethical standards. The study was approved by the Health Research
Authority (HRA) and Health and Care Research Wales (HCRW), West
Midlands—Coventry & Warwickshire Research Ethics Committee
(REC reference: 20/WM/0103). Ethical approval was such that formal
written consent from participants was not required.

Patient and public involvement The patients and the public were
involved in the development of the study protocol. Patient organisa-
tions might be further involved in disseminating these data to inform
local management and policy.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Fleischmann C, Scherag A, Adhikari NK, Hartog CS, Tsaganos T,
Schlattmann P, et al. Assessment of global incidence and mortality
of hospital-treated sepsis. Current estimates and limitations. Am
J Respir Crit Care Med. 2016;193:259-72.

2. Leisman DE, Angel C, Schneider SM, D’Amore JA, D’Angelo
JK, Doerfler ME. Sepsis presenting in hospitals versus emergency
departments: demographic, resuscitation, and outcome patterns in
a multicenter retrospective cohort. J Hosp Med. 2019;14:340-8.

3. Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli M, Fer-
rer R, et al. Surviving sepsis campaign: international guidelines
for management of sepsis and septic shock: 2016. Crit Care Med.
2017;45:486-552.

4. Churpek MM, Zadravecz FJ, Winslow C, Howell MD, Edelson
DP. Incidence and prognostic value of the systemic inflammatory
response syndrome and organ dysfunctions in ward patients. Am
J Respir Crit Care Med. 2015;192:958-64.

5. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M,
Annane D, Bauer M, et al. The third international consen-
sus definitions for sepsis and septic shock (Sepsis-3). JAMA.
2016;315:801-10.

6. Anand V, Zhang Z, Kadri SS, Klompas M, Rhee C, Program
CDCEPE. Epidemiology of quick sequential organ failure assess-
ment criteria in undifferentiated patients and association with
suspected infection and sepsis. Chest. 2019;156:289-97.

7. Fernando SM, Tran A, Taljaard M, Cheng W, Rochwerg B, Seely
AIJE, et al. Prognostic accuracy of the quick sequential organ
failure assessment for mortality in patients with suspected infec-
tion: a systematic review and meta-analysis. Ann Intern Med.
2018;168:266-75.

8. Song JU, Sin CK, Park HK, Shim SR, Lee J. Performance of the
quick sequential (sepsis-related) organ failure assessment score
as a prognostic tool in infected patients outside the intensive


https://doi.org/10.1007/s15010-022-01956-y
http://creativecommons.org/licenses/by/4.0/

Sensitivity and specificity of monocyte distribution width (MDW) in detecting patients with...

727

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

care unit: a systematic review and meta-analysis. Crit Care.
2018;22:28.

Hwang SY, Jo IJ, Lee SU, Lee TR, Yoon H, Cha WC, et al.
Low accuracy of positive qSOFA criteria for predicting 28-day
mortality in critically Ill septic patients during the early period
after emergency department presentation. Ann Emerg Med.
2018;71:1-9 e2.

Churpek MM, Snyder A, Han X, Sokol S, Pettit N, Howell MD,
et al. Quick sepsis-related organ failure assessment, systemic
inflammatory response syndrome, and early warning scores for
detecting clinical deterioration in infected patients outside the
intensive care unit. Am J Respir Crit Care Med. 2017;195:906-11.
Andriolo BN, Andriolo RB, Salomao R, Atallah AN. Effective-
ness and safety of procalcitonin evaluation for reducing mortal-
ity in adults with sepsis, severe sepsis or septic shock. Cochrane
Database Syst Rev. 2017;1:CD010959.

Simon L, Gauvin F, Amre DK, Saint-Louis P, Lacroix J. Serum
procalcitonin and C-reactive protein levels as markers of bacterial
infection: a systematic review and meta-analysis. Clin Infect Dis.
2004;39:206-17.

Volanakis JE. Human C-reactive protein: expression, structure,
and function. Mol Immunol. 2001;38:189-97.

. Aabenhus R, Jensen JU, Jorgensen KJ, Hrobjartsson A, Bjerrum

L. Biomarkers as point-of-care tests to guide prescription of anti-
biotics in patients with acute respiratory infections in primary
care. Cochrane Database Syst Rev. 2014;11:CD010130.
Yamamoto S, Yamazaki S, Shimizu T, Takeshima T, Fukuma S,
Yamamoto Y, et al. Prognostic utility of serum CRP levels in
combination with CURB-65 in patients with clinically suspected
sepsis: a decision curve analysis. BMJ Open. 2015;5: e007049.
Farkas JD. The complete blood count to diagnose septic shock. J
Thorac Dis. 2020;12:S16-21.

Beckman Coulter. UniCel DxH 900 Series with System Manager
Software Coulter Cellular Analysis System. Early Sepsis Indicator
(ESId) Application Addendum. (PN C21894AC). 2020. https://
www.beckmancoulter.com/download/file/wsr-262828/C2189
4AC?type=pdf

Crouser ED, Parrillo JE, Seymour C, Angus DC, Bicking K,
Tejidor L, et al. Improved early detection of sepsis in the ED
with a novel monocyte distribution width biomarker. Chest.
2017;152:518-26.

Crouser ED, Parrillo JE, Seymour CW, Angus DC, Bicking K,
Esguerra VG, et al. Monocyte distribution width: a novel indica-
tor of sepsis-2 and sepsis-3 in high-risk emergency department
patients. Crit Care Med. 2019;47:1018-25.

Agnello L, Bivona G, Vidali M, Scazzone C, Giglio RV, Iacolino
G, et al. Monocyte distribution width (MDW) as a screening tool
for sepsis in the emergency department. Clin Chem Lab Med.
2020;58:1951-7.

Hausfater P, Robert Boter N, Morales Indiano C, de Cancella
Abreu M, Marin AM, Pernet J, et al. Monocyte distribution width
(MDW) performance as an early sepsis indicator in the emer-
gency department: comparison with CRP and procalcitonin in a
multicenter international European prospective study. Crit Care.
2021;25:227-99.

Woo A, Oh DK, Park CJ, Hong SB. Monocyte distribution
width compared with C-reactive protein and procalcitonin for

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

early sepsis detection in the emergency department. PLoS One.
2021;16: €0250101.

. Li CH, Seak CJ, Chaou CH, Su TH, Gao SY, Chien CY, et al.

Comparison of the diagnostic accuracy of monocyte distribution
width and procalcitonin in sepsis cases in the emergency depart-
ment: a prospective cohort study. BMC Infect Dis. 2022;22:26.
Hou SK, Lin HA, Chen SC, Lin CF, Lin SF. Monocyte distribution
width, neutrophil-to-lymphocyte ratio, and platelet-to-lymphocyte
ratio improves early prediction for sepsis at the emergency. JPM.
2021;11(8). https://doi.org/10.3390/jpm11080732.

Malinovska A, Hinson JS, Badaki-Makun O, Hernried B, Smith
A, Debraine A, et al. Monocyte distribution width as part of a
broad pragmatic sepsis screen in the emergency department. ] Am
Coll Emerg Phys Open. 2022;3: e12679.

Rutjes AW, Reitsma JB, Vandenbroucke JP, Glas AS, Bossuyt PM.
Case-control and two-gate designs in diagnostic accuracy studies.
Clin Chem. 2005;51:1335-41.

NICE. NICE guideline [NG51]. Sepsis: recognition, diagnosis
and early management: National Institute for Health and Clinical
Excellence [updated 13 Sept 2017. Available from: https://www.
nice.org.uk/guidance/ng51.

Royal College of Physicians. National Early Warning Score
(NEWS) 2: Standardising the assessment of acute-illness sever-
ity in the NHS. Updated report of a working party. London:RCP;
2017. https://www.rcplondon.ac.uk/projects/outputs/national-
early-warning-score-news-2

Sivayoham N, Blake LA, Tharimoopantavida SE, Chughtai S,
Hussain AN, Cecconi M, et al. The REDS score: a new scoring
system to risk-stratify emergency department suspected sepsis: a
derivation and validation study. BMJ Open. 2019;9: €030922.
Grissom CK, Brown SM, Kuttler KG, Boltax JP, Jones J, Jeph-
son AR, et al. A modified sequential organ failure assessment
score for critical care triage. Disaster Med Public Health Prep.
2010;4:277-84.

Simel DL, Samsa GP, Matchar DB. Likelihood ratios with con-
fidence: sample size estimation for diagnostic test studies. J Clin
Epidemiol. 1991;44:763-70.

Giirol G, Ciftci IH, Terizi HA, Atasoy AR, Ozbek A, Koroglu
M. Are there standardized cutoff values for neutrophil-lym-
phocyte ratios in bacteremia or sepsis? J Microbiol Biotechnol.
2015;25:521-5.

Cohen JF, Korevaar DA, Altman DG, Bruns DE, Gatsonis CA,
Hooft L, et al. STARD 2015 guidelines for reporting diagnostic
accuracy studies: explanation and elaboration. BMJ Open. 2016;6:
e012799.

CDC. Bloodstream infection event (Central line-associated blood-
stream infection and non-central line associated bloodstream
infection). January 2022. https://www.cdc.gov/nhsn/pdfs/pscma
nual/4psc_clabscurrent.pdf

Deeks JJ, Altman DG. Diagnostic tests 4: likelihood ratios. BMJ.
2004;329:168-9.

Crouser ED, Parrillo JE, Martin GS, Huang DT, Hausfater P, Grig-
orov I, et al. Monocyte distribution width enhances early sepsis
detection in the emergency department beyond SIRS and gSOFA.
J Intensive Care. 2020;8:33.

@ Springer


https://www.beckmancoulter.com/download/file/wsr-262828/C21894AC?type=pdf
https://www.beckmancoulter.com/download/file/wsr-262828/C21894AC?type=pdf
https://www.beckmancoulter.com/download/file/wsr-262828/C21894AC?type=pdf
https://doi.org/10.3390/jpm11080732
https://www.nice.org.uk/guidance/ng51
https://www.nice.org.uk/guidance/ng51
https://www.rcplondon.ac.uk/projects/outputs/national-early-warning-score-news-2
https://www.rcplondon.ac.uk/projects/outputs/national-early-warning-score-news-2
https://www.cdc.gov/nhsn/pdfs/pscmanual/4psc_clabscurrent.pdf
https://www.cdc.gov/nhsn/pdfs/pscmanual/4psc_clabscurrent.pdf

	Sensitivity and specificity of monocyte distribution width (MDW) in detecting patients with infection and sepsis in patients on sepsis pathway in the emergency department
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design and participants
	Test methods
	Analysis
	Governance and ethics

	Results
	Participants
	Test results
	Additional parameters
	Infection, inflammation and organ dysfunction

	Discussion
	Conclusion
	Anchor 20
	Acknowledgements 
	References




