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Abstract

Background Identifying patients at a risk of severe COVID-19 is crucial for prompt intervention and mortality risk
mitigation. The monocyte distribution width (MDW) is an effective accurate predictor of sepsis in emergency settings,
facilitating timely patient management. However, few reliable laboratory parameters are available for predicting the
severity and prognosis of COVID-19. Thus, this study was conducted to investigate whether MDW can accurately
predict the severity and progression of COVID-19 pneumonia.

Methods This retrospective cohort study included patients with COVID-19 pneumonia who had been admitted to
our hospital between January 1, 2022, and September 31, 2022. The primary outcome was the development of critical
illness, which was assessed in terms of intensive care unit (ICU) admission, need for mechanical ventilation (MV), or
mortality. The secondary outcomes were durations of ICU stay, MV, and hospital stay. Multivariate logistic regression
was performed to estimate the risks of critical illness and mortality.

Results Data from 878 patients with COVID-19 were analyzed. Of these, 258 (29.4%) developed critical illness. The
high-MDW group (MDW > 22) showed a higher rate of critical illness (155/452, 34.29%) compared to the low-MDW
group (103/426, 24.18%). Mortality was also higher in the high-MDW group (95/452, 21.02%) than in the low-MDW
group (37/426, 8.69%). Patients with MDW > 22 exhibited a significantly higher risk of developing critical illness
(adjusted odds ratio [aOR]: 1.48; 95% confidence interval [CI]: 1.08-2.04) and mortality (@OR: 2.46; 95% Cl: 1.63-3.74)
compared to those with MDW < 22.
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Conclusion Our findings suggest that an elevated MDW value at presentation may serve as a promising predictor of
severe outcomes in patients with COVID-19 pneumonia. This underscores the need for further research to validate the
utility of MDW in predicting critical illness among patients with viral pneumonia.

Keywords Monocyte distribution width, COVID-19, Pneumonia, Infection severity, Critical illness

Introduction

The initial outbreak of COVID-19 affected over half a
billion individuals worldwide, causing more than 6 mil-
lion deaths and posing a considerable burden on global
health-care systems [1]. Consequently, researchers have
increasingly focused on understanding and predict-
ing the severity of COVID-19. Patients with COVID-19
who experience hyperinflammation are at increased risk
of severe outcomes, such as death, severe respiratory
distress necessitating mechanical ventilation (MV), and
intensive care unit (ICU) admission. Regular blood tests
and continuous laboratory evaluations are essential for
identifying the hyperinflammatory state associated with
COVID-19 [2-4]. However, a definitive laboratory bio-
marker that can consistently predict disease severity in
patients with COVID-19 remains to be identified [5].

Monocytes are activated and undergo morphologi-
cal changes during the immune response [6]. In cases
of severe infection, immune dysregulation occurs,
characterized by a combination of a heightened pro-
inflammatory state and immunosuppression due to an
overwhelmed immune response [7]. This immune dys-
regulation results in increased morphological and size
heterogeneity of monocytes, thereby leading to an ele-
vated Monocyte Distribution Width (MDW) [8]. MDW
has emerged as a key hematological indicator for the
early detection of systemic infections such as sepsis.
MDW, which indicates infection severity, can predict
potential complications such as septic shock and organ
failure [9-12]. Moreover, MDW can be used to monitor
treatment efficacy and differentiate between bacterial
and viral infections [12].

In severe COVID-19 cases, we hypothesize that a simi-
lar pattern of immune dysregulation occurs. This would
suggest that MDW, reflecting the increased heterogeneity
in monocyte morphology and size, could serve as a use-
ful predictor for identifying patients at risk of developing
critical illness. Previous studies had recognized MDW
as a preliminary indicator of severe COVID-19 [13-15].
However, little studies have focused on the application of
MDW in detecting severe COVID-19 in Asian popula-
tions. Furthermore, the MDW threshold for clinical out-
come prediction remains to be established. Therefore, we
conducted this study to investigate the predictive value
of MDW on critical illness in patients with COVID-19
phneumonia.

Methods

Study design and setting

This retrospective cohort study was conducted at China
Medical University Hospital, Taichung, Taiwan. Between
January 2020 and December 2022, 8,872,955 confirmed
cases of COVID-19 and 15,253 COVID-19-related fatali-
ties were recorded in the study region [16]. SARS-CoV-2
infection management protocols issued by the Taiwan
Centers for Disease Control recommend admission to
specialized care units for patients exhibiting moderate to
severe symptoms, those with critical illness, those exhib-
iting pneumonia signs on X-ray, those requiring supple-
mental oxygen (SpO,<94%). This recommendation is
specifically for patients with risk factors that may exac-
erbate the disease and aims to ensure appropriate care in
facilities equipped to meet patients’ medical needs.

Study cohort

This study included patients who had received a diagnosis
of COVID-19 (made through reverse transcription poly-
merase chain reaction) at China Medical University Hos-
pital between January 1, 2022, and September 30, 2022.
We included only patients with COVID-19 pneumonia
who required hospitalization and either supplemental
oxygen or remdesivir treatment (administered to those
with room air SpO2<94% or requiring oxygen support
[17]). We excluded patients not requiring hospitalization,
those admitted for reasons unrelated to COVID-19, those
lacking risk factors for severe COVID-19, those aged <20
years, and those with incomplete medical records. Each
patient was monitored for 30 days or until discharge or
death, whichever occurred first.

Study variables and data collection

We retrospectively collected relevant data from the
patients’ electronic medical records by using a standard-
ized data extraction template. Thus, we gathered infor-
mation on their basic demographic details such as age
and sex as well as of preexisting conditions associated
with an increased risk of severe COVID-19, including
age, cancer, chronic kidney disease, cardiovascular dis-
ease, diabetes mellitus, chronic lung diseases, chronic
liver disease, obesity (BMI>30 kg/m?), cancer, organ
transplantation status and use of immunosuppressive
medications [18-20]. In addition, we recorded each
patient’s COVID-19 vaccination status and use of oral
antiviral drugs before hospitalization. Inflammatory
biomarkers, including MDW, C-reactive protein (CRP),



Lai et al. BMC Infectious Diseases (2025) 25:400

white blood cell count (WBC), neutrophil to lymphocyte
ratio (NLR), and platelet to lymphocyte ratio (PLR) upon
presentation at the ED were accessed and recorded.

Outcome measurement

The primary outcome was development of critical ill-
ness, defined by a composite of ICU admission, need for
MV, or death [21-23]. The secondary outcomes included
mortality, the durations of ICU stay, MV, and hospital
stay. These variables were monitored from either hospital
or ICU admission until discharge or death.

Statistical analysis

All statistical analyses were conducted using SAS soft-
ware (version 9.4; SAS Institute Inc., Cary, NC, USA).
Statistical significance was defined as a two-tailed p-value
of <0.05.

Patients were stratified into two groups by critical ill-
ness. Demographic characteristics are presented using
descriptive statistics. Categorical variables are presented
in terms of numbers and percentages, whereas continu-
ous variables are presented in terms of mean + standard
deviation values. Nonparametric variables are presented
in terms of median values with interquartile ranges.

Bivariate analysis was performed to identify predic-
tors of critical illness in patients with COVID-19. The
chi-square and Student ¢ tests were used to analyze cat-
egorical and continuous variables, respectively. The
Mann-Whitney U test was used for nonparametric
variables.

Variables there were significantly associated with the
development of critical illness and risk factors for criti-
cal COVID-19 illness that identified in previous studies
were further analyzed in multivariate analysis [24, 25]
Co-morbidities that could be risk factors of develop-
ing COVID-19 critical illness were categorized based on
organ systems according to risk factors described above.
The number of risk factors for each patient was calcu-
lated based on the number of affected systems and cat-
egorized into three groups: 1,2 and >3. Since age was
already included as a variable in the model, it was not
counted again as a separate risk factor in this calcula-
tion. Multivariate logistic regression models with adjust-
ment for potential confounders, including age, number
of risk factors for critical illness, white blood count, and
vaccination status was performed to evaluate the pre-
dictive value of MDW on critical illness after COVID-
19. As inflammatory biomarkers such as NLR, CRP, and
PLR, were highly collinear with MDW and theoretically
do not influence the result of MDW, we conducted mul-
tiple models with replaced MDW with other indicators
with adjustment for the same covariates. Receiver oper-
ating curve analysis was performed (supplementary Fig-
ure S1), and the Youden J statistic was used to determine
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the optimal cutoff value for MDW in predicting critical
illness. To address potential bias arising from the exclu-
sion of a substantial number of patients due to missing
MDW values, we performed multiple imputations for
MDW and other relevant indicators. Subsequently, we
conducted multivariate logistic regression models using
the same covariates as in the primary analysis to serve as
a sensitivity test.

Results

Among the 16,667 COVID-19 patients identified
between January 1 and September 31, 2022, a final cohort
of 878 hospitalized patients with available Monocyte Dis-
tribution Width (MDW) values was included in the study.
Patients were excluded if they lacked hospital admission,
initial MDW values, or severe risk factors, were admit-
ted for conditions other than COVID-19, were under 20
years of age, or had missing data (Fig. 1). The cohort had
a mean age of 69.92+16.18 years, and consisted of 523
males (59.57%) and 355 females (40.43%). Of these, 258
patients (29.38%) were classified as critical cases, and 620
(70.62%) as non-critical cases. Among the critical cases,
167 patients (19.02%) required ICU care, 158 (18.00%)
required mechanical ventilation, and 132 (15.03%) expe-
rienced mortality.

Table 1 presents a comparison between patients with
and without critical illness due to COVID-19. There
was no significant difference in age or sex distribution
between the critical and non-critical groups. However,
a higher proportion of patients with critical illness had
three or more risk factors (59/258, 21.71%) compared to
non-critical patients (20/620, 3.23%). Additionally, non-
critical patients were more likely to have received two or
more vaccine doses (370/620, 59.68%) than those with
critical illness (110/258, 42.64%). The use of oral anti-
viral drugs was also more common in the non-critical
group (320/620, 51.61%) compared to the critical group
(61/258, 23.64%). Laboratory findings revealed that criti-
cal illness was associated with elevated levels of CRP,
MDW, WBC, and NLR.

Based on the Youden ] statistics, patients were strati-
fied into high-MDW (MDW>22) and low-MDW
(MDW <22) groups. In the high-MDW group (n=452),
155(34.29%) patients developed critical illness, com-
pared to 103 (24.18%) in the low-MDW group (n=426;
p=0.001). Mortality was also higher in the high-MDW
group, with 95 deaths (21.02%) compared to 37 deaths
(8.69%) in the low-MDW group (p<0.001). Although
not statistically significant, the high-MDW group also
had a higher rate of mechanical ventilation use (94/452,
20.80%) compared to the low-MDW group (64/426,
15.02%; p =0.064). Trends toward higher ICU admission
rates, longer ICU stay, and longer days of MV support
were also observed in the high-MDW group (Table 2).
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All patients with COVID-19 from January 1 to September 31, 2022
(n = 16,667)

Excluded 15,079 patients without
admission

\ 4

\ 4

Enrolled hospitalization patients
(n=1,588)

Excluded 216 patients without
initial MDW value

A 4

A 4

Hospitalized COVID-19 Patients with MDW
(n=1,372)

Excluded

- Admitted for other disease: 393
No severe risk factors: 45

Age < 20: 53

Missing value: 3

A 4
1

A 4

Included COVID-19 patients
(n=878)

Critical cases Non-critical cases
(n =258) (n=620)

Fig. 1 Patient enrollment flowchart
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Table 1 Demography and clinical characteristics of COVID-19
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Table 3 Multivariate logistic regression for critical COVID-19

patients illness
Variables Critical disease Variables Adjusted OR  95%ClI p value
No Yes p value MDW >22 148 108 204 0016
(n=620) (n=258) Age 1.00 099 101 0834
Age 69.54+1627 7085+1596 0274 Number of risk factor
Male sex 366(59.03)  157(60.85) 0616 1 Reference
Body mass index 0.239 2 123 085 178 0448
<30 567(91.45)  242(93.80) >3 201 132 306 <0001
>30 53(8.55) 16(6.20) Vaccine
Diabetes mellitus 223(35.97) 100(38.76) 0434 0 Reference
Cardiovascular disease 104(16.77) 38(14.73) 0453 1 0.77 044 134 0913
Chronic kidney disease 124(20.00) 68(26.36) 0.037 >2 0.56 040 0.77 0012
Chronic lung disease 39(6.29) 13(5.04) 0474 White blood count 1.04 101 107 0006
Chronic liver disease 36(5.81) 20(7.75) 0.282 Replacing MDW with other inflammatory biomarkers of
Cancer 158(25.48) 88(34.11) 0.009 interesting
Organ transplantation 15(2.42) 702.71) 0.799 MDW 1.02 101 106 0046
Immunosuppressant 13(2.10) 3(1.16) 0419 Neutrophil-to-lymphocyte ratio  1.03 1.02 104 <0001
Number of risk factors 0.026 C-Reactive protein 1.04 1.01 106 0.004
1 360(58.06) 134(51.94) Platelet-to-lymphocyte ratio 1.05 1.01 110 0042
2 171(27.58) 68(26.36) Abbreviations: MDW, monocyte distribution width
>3 89(14.35) 56(21.71)
Vaccination <0.001 increased risk compared to those with only one risk fac-
Nonvaccinated 193(31.13)  124(48.06) tor (adjusted OR: 2.01; 95% CI: 1.32-3.06; p<0.001).
1 dose 57(9.19) 24(9.30) Conversely, vaccination demonstrated a protective effect,
> 2 doses 370(59.68)  110(42.64) as individuals who received two or more doses had a sig-
Antiviral drug 320(51.61)  61(2364) <0.001 nificantly reduced risk of critical illness (adjusted OR:
WBC, 10%/uL 86941214 1139+686 <0001 0.56; 95% CI: 0.40-0.77; p=0.012). When MDW was
MDw 2249484 2370+549 0002 replaced by other inflammatory markers in the analysis,
CRP, mg/dL 478+636  7.54%7.73 <0007 CRP (OR: 1.04; 95% CI: 1.01-1.06; p=0.004), NLR (OR:
Neutrophil-to-lymphocyte ratio  942+12.12  1646+1721 <0.001 1.03; 95% CI: 1.02—1.04; p<0.001), and PLR (OR: 1.05;
Platelet-to-lymphocyte ratio 2914267 340+3.83 0.064

Abbreviations: CRP, C-reactive protein; MDW, monocyte distribution width;
WBC, white blood count

Table 2 Comparison of prognosis for COVID-19 patients with
high and low-MDW

Variables MDW <22 MDW > 22 p
(n=426) (n=452) value

Critical case 103(24.18) 155(34.29) 0.001
Mortality 37(8.69) 95(21.02) <0.001
ICU 73(17.14) 94(20.80) 0.167
Mechanical ventilator 64(15.02) 94(20.80) 0.026
Duration of ICU, median (IQR) 11.0(6.0-21.0) 13.0(6.0-24.0) 0.209
MV duration, median (IQR) 8.0(2.0-18.0) 10.0(5.0-24.0) 0.064
Length of hospital stay, 19.0(10.0- 18.0(10.0-33.0)  0.241
median (IQR) 35.0)

Abbreviations: ICU, intensive care unit; MV, mechanical ventilation; MDW,
monocyte distribution width

Multivariate logistic regression analysis revealed that
patients with an MDW >22 had a 1.48-fold higher like-
lihood of developing critical illness (adjusted OR: 1.48;
95% CI: 1.08-2.04; p=0.016). Additionally, the num-
ber of risk factors was a significant predictor; patients
with three or more risk factors exhibited a 2.01-fold

95% CI: 1.01-1.10; p =0.042) all demonstrated significant
associations with disease severity (Table 3). A sensitivity
test using multiple imputation for missing laboratory bio-
markers, rather than excluding patients lacking MDW,
was conducted and presented in Supplementary Table
S1. The results were consistent with those of the primary
analysis.

In COVID-19-related mortality, MDW>22 also
emerged as a predictor, with an adjusted OR of 2.46 (95%
CI: 1.63-3.74; p<0.001). Patients with three or more
risk factors had an increased risk of mortality (adjusted
OR: 1.76; 95% CI: 1.08-2.89; p=0.024). Conversely, vac-
cination with two or more doses was associated with a
reduced mortality risk (adjusted OR: 0.60; 95% CI: 0.40—
0.90; p=0.014). When MDW was replaced with other
biomarkers, CRP and NLR continued to demonstrate
predictive value for mortality. In contrast, PLR did not
show significant predictive associations (Table 4). The
sensitivity test using multiple imputation for laboratory
biomarkers, presented in Table S2, yielded similar results.
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Table 4 Multivariate logistic regression for mortality COVID-19

illness
Variables Adjusted OR  95% ClI p value
MDW > 22 246 163 374 <0.001
Age 1.01 099 103 0057
Number of risk factor

1 Reference

2 140 089 218 0.149

>3 1.76 1.08 289 0024
Vaccine

0 Reference

1 0.79 040 157 049%

>2 0.60 040 090 0014
White blood count 1.02 099 104 0138
Replacing MDW with other inflammatory biomarkers of
interesting
MDW 1.09 105 114 <0.001
Neutrophil-to-lymphocyte ratio  1.03 102 104 <0001
C-Reactive protein 1.05 1.02  1.07 <0.001
Platelet-to-lymphocyte ratio 1.03 098 1.09 0243

Abbreviations: MDW, monocyte distribution width

Discussion

This study demonstrates that a high MDW at admission
is associated with an increased risk of critical illness and
mortality in COVID-19 patients. Specifically, patients
in the high-MDW group (MDW >22) had a 48% higher
risk of critical outcomes (aOR: 1.48, 95% CI: 1.08-2.04)
compared to those in the low-MDW group. These find-
ings suggest that MDW could serve as a promising early
marker of disease severity, aiding clinicians in identify-
ing high-risk COVID-19 patients who may benefit from
intensive monitoring and early intervention. Further-
more, our study found that patients who had received
two or more doses of the COVID-19 vaccine, as well as
those treated with antiviral agents, had a significantly
reduced risk of critical illness. This underscores the pro-
tective effects of vaccination and antiviral therapy in this
population.

MDW has demonstrated potential in diagnosing sepsis
and inflammatory conditions due to its automated, rapid
data collection compared to traditional markers like CRP
and procalcitonin [8, 26]. While no universally accepted
cutoff exists, studies have linked higher MDW levels with
severe COVID-19 outcomes. For instance, Ognibene et
al. reported elevated MDW in ICU patients (28.3+5.3
vs. 25.4+3.6; p<0.05) with a sensitivity of 98% at a cut-
off of 20 [9], while Alsuwaidi et al. found MDW >24.68
predicted poor prognosis [15]. Similarly, Giovanni et
al. identified MDW >26.4 as predictive of fatal out-
comes (AUC: 0.76) [26], and Hossain et al. correlated
MDW >23.5 with respiratory failure (AUC: 0.68) [14].
Sharma et al. reported MDW >25.4 as indicative of poor
outcomes in COVID-19 [27]. In our study, MDW >22
was significantly associated with critical illness and a
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48% higher risk of severe outcomes, providing valuable
insights in Asian population.

Several studies have investigated the relationship
between inflammatory markers and COVID-19 sever-
ity. Commonly studied markers, including CRP, WBC
counts, NLR, and PLR, have consistently shown sig-
nificant associations with disease severity and mortality
[28-31]. For instance, Karimi et al. demonstrated that
elevated CRP and WBC counts were predictive of severe
outcomes in COVID-19 patients, with NLR emerg-
ing as a particularly robust marker of disease severity
and survival outcomes [32]. Similarly, Jemaa et al. high-
lighted the prognostic value of NLR and CRP, indicating
a strong correlation with mortality and critical disease
progression [33]. Furthermore, Yang et al. found that a
combination of inflammatory indices, such as NLR and
PLR, effectively distinguished severe from non-severe
COVID-19 cases and predicted patient outcomes [34].
These findings align closely with the results of our study,
which confirmed the strong predictive value of inflam-
matory markers in determining COVID-19 severity and
outcomes. Such evidence underscores the utility of these
markers as accessible and practical tools for risk stratifi-
cation in clinical settings.

Evolving COVID-19 treatment protocols, such as the
increased use of corticosteroids, have been shown to sig-
nificantly impact outcomes and predictive markers, as
highlighted by Mayerhofer et al. [35]. These variations in
management practices over the course of the pandemic
could influence the reliability of prognostic indicators.
However, our study was conducted during a period of
protocol consistency at our institution, minimizing vari-
ability in treatment effects. This stability allowed for a
clearer evaluation of MDW as an independent predictor
of disease severity in critical COVID-19 care.

The present study has some limitations. First, we
focused solely on patients admitted to a single hospi-
tal for COVID-19, which might have introduced selec-
tion bias, as our cohort primarily represents patients
with severe diseases. This bias may limit the applicabil-
ity of our findings to broader populations, particularly
those with mild or asymptomatic infection. Second, we
deliberately excluded pediatric patients and patients
hospitalized for reasons unrelated to COVID-19, which
precluded investigation into how different age groups
and underlying health conditions influence disease pro-
gression and biomarker efficacy. Third, we did not ana-
lyze long-term outcomes, such as rehospitalization or
long COVID. Additionally, the lack of available SAPS3 or
APACHE II scoring data limits the contextual interpreta-
tion of MDW as an independent predictor in our study.
During the study period, resource constraints, including
shortages of personnel and hospital space, posed signifi-
cant challenges. While every effort was made to provide
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optimal care for all patients, it is not possible to fully
evaluate how these limitations might have influenced the
study outcomes. Moreover, secondary infections were
not recorded or considered as potential factors in our
analysis, which may represent an additional limitation.
Furthermore, not all complete blood count analyzers can
produce the result of MDW, which could also limit the
utility of MDW among COVID-19 patients. Finally, our
data were exclusively derived from Asian populations,
so our findings may not be directly extrapolated to other
ethnic groups. Further studies in diverse demographic
and geographic settings are needed to enhance the gen-
eralizability of our findings, with extended follow-up
to identify long-term health outcomes and expand the
patient demographic to clarify the effects of COVID-19
across populations.

Conclusion

Our findings suggest that MDW may serve as a promis-
ing prognostic biomarker for developing critical illness
in patients with COVID-19. This highlights the potential
utility of assessing MDW at admission for early identifi-
cation of patients at higher risk of severe outcomes. Fur-
ther research is warranted to establish a more precise
cutoff for MDW and to explore its integration with other
laboratory and clinical parameters in the management of
patients with viral pneumonia.

Abbreviations

MV Mechanical ventilation
ICU Intensive care unit
MDW  Monocyte distribution width

CRP C-reactive protein

WBC White blood count

NLR Neutrophil-to-lymphocyte ratio

PLR Platelet-to-lymphocyte ratio aOR: adjusted odds ratio
cl Confidence interval
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