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Introduction. The clinical course of Coronavirus Disease 2019 (COVID-19) is highly heterogenous, ranging from asymptomatic to
fatal forms. The identification of clinical and laboratory predictors of poor prognosis may assist clinicians in monitoring strategies
and therapeutic decisions. Materials and Methods. In this study, we retrospectively assessed the prognostic value of a simple tool,
the complete blood count, on a cohort of 664 patients (F 260; 39%, median age 70 (56-81) years) hospitalized for COVID-19 in
Northern Italy. We collected demographic data along with complete blood cell count; moreover, the outcome of the
hospital in-stay was recorded. Results. At data cut-off, 221/664 patients (33.3%) had died and 453/664 (66.7%) had been
discharged. Red cell distribution width (RDW) (y* 10.4; p < 0.001), neutrophil-to-lymphocyte (NL) ratio (x> 7.6; p = 0.006),
and platelet count (x* 5.39; p=0.02), along with age (y* 87.6; p < 0.001) and gender (x* 17.3; p < 0.001), accurately predicted
in-hospital mortality. Hemoglobin levels were not associated with mortality. We also identified the best cut-off for mortality
prediction: a NL ratio > 4.68 was characterized by an odds ratio for in-hospital mortality (OR) = 3.40 (2.40-4.82), while the OR
for a RDW >13.7% was 4.09 (2.87-5.83); a platelet count > 166,000/uL was, conversely, protective (OR: 0.45 (0.32-0.63)).
Conclusion. Our findings arise the opportunity of stratifying COVID-19 severity according to simple lab parameters, which may

drive clinical decisions about monitoring and treatment.

1. Introduction

The global spread of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) generated a pandemic out-
break in late 2019-early 2020, which severely impacted on
care delivery worldwide. The clinical picture caused by the
abovementioned viral infection has been called Coronavirus
disease 2019 (COVID-19): its clinical manifestations encom-
pass a wide range of entities, from a mild flu-like illness to
life-threatening forms [1]. Despite differences among coun-
tries, the overall in-hospital mortality is high, being reported
up to 30% [2]. The reasons underlying such a different
clinical behavior are still unknown; thus, it is difficult to
predict who will develop a severe clinical picture and who,
conversely, will show a mild disease.

Thus, the identification of predictors of mortality might
be valuable to adjust clinicians’ approach to monitoring
and therapy. Among clinical parameters, proposed predic-
tors of poor prognosis include age, comorbidities, and male
gender [3, 4]. Moreover, some laboratory variables have been
associated to mortality in different cohorts [5, 6]; in a recent
meta-analysis, elevated cardiac troponin, C-reactive protein,
interleukin-6, D-dimer, creatinine, liver function tests and
decreased levels of albumin turned out to predict mortality
among COVID-19 hospitalized patients [7]. Furthermore,
preliminary reports suggest that blood cell count may be
particularly relevant [8, 9]. Blood cell count is a simple,
highly informative, and universally available exam. The
validation of these early reports may give to clinicians a
further valuable tool for clinical risk stratification. On
these grounds, here we aimed to verify whether simple
data retrievable from blood cell count may predict the out-

come in patients admitted to the hospital because of
COVID-19.

2. Methods

2.1. Study Population. The study was conducted at the
“Maggiore della Carita” University Hospital in Novara,
Northern Italy.

Scanning the hospital administrative database, we
retrieved all consecutive patients older than 18 years of age,
admitted to the hospital after emergency room evaluation,
with a confirmed diagnosis of SARS-CoV-2 infection by
reverse-transcriptase polymerase chain reaction (RT-PCR)
of a nasopharyngeal swab, between 1°* March 2020 and 28"
April 2020. We identified a total of 763 patients.

We revised data available from central lab software to
retrieve the complete blood cell count at hospital admission,
along with gender and age. We also recorded the outcome of
in-hospital stay (discharged or deceased).

The study protocol was approved by the Institutional
Review Board (Comitato Etico Interaziendale Novara; IRB
code CE 97/20) and conducted in strict accordance with
the principles of the Declaration of Helsinki. Prospective
informed consent was waived by competent authorities
due to the retrospective nature of the study and the use
of pseudonymized data.

2.2. Statistical Analysis. Data were summarized according to
groups as median and (25th-75th percentile) and analyzed
using the Wilcoxon test. Categorical variables, whenever
dichotomous or nominal, were reported as frequencies and
percentages and analyzed through the Chi-square test.
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TaBLE 1: Clinical features of the study population. The main general features of the study population are reported. Categorical variables,

whenever dichotomous or nominal, were reported as frequencies and percentages and analyzed through the Chi-square test.

Total (N 664)

Age (years)

Gender (M/F)

WBC (x10°/uL)
Neutrophils (><103/ML)
Lymphocytes (x10%/uL)
Eosinophils (x10%/uL)
NL ratio

Platelets (><103/ML)
Hb (gr/dL)

MCH (pg)

MCV (fL)

RDW (%)

70 (56-81)

404 (61)/260 (39)

7.3 (5.2-10.9)
5.3 (3.5-8.6)
1.07 (0.76-1.54)
0.01 (0.00-0.03)
4.7 (2.8-9.1)
195 (149-249)
13.4 (11.8-14.7)
29.5 (28.2-30.7)
89.5 (85.7-93.4)
13.7 (12.9-15.1)

Discharged (N 453) Dead (N 211) p

63 (52-75) 80 (73-87) <0.0001

260 (57)/193 (43) 144 (68)/67 (32) 0.008
6.8 (5.1-9.7) 8.4 (5.8-12.0) <0.0001
4.8 (3.4-7.6) 6.7 (4.1-9.6) <0.0001
1.15 (0.82-1.56) 0.92 (0.66-1.92) <0.0001
0.01 (0.00-0.04) 0.00 (0.00-0.01) <0.0001
4.0 (2.5-7.0) 7.0 (3.8-13.2) <0.0001
198 (157-250) 168 (129-243) <0.0001

13.7 (12.1-14.8) 12.9 (11.4-14.4) 0.08

29.3 (28.3-30.5) 29.8 (28.0-31.1) 0.04
88.8 (85.1-91.9) 91.3 (86.9-94.6) <0.0001
13.3 (12.7-14.4) 14.5 (13.5-15.9) <0.0001

Comparison between survivors and dead has been performed by a nonparametric Wilcoxon test. For abbreviation: M: males; F: females; WBC: white blood cells;
NL ratio: neutrophil-to-lymphocyte ratio; MCH: mean cell hemoglobin; MCV: mean corpuscular volume; RDW: red cell distribution width.

The optimal cut-off value for each predictor has been
computed considering as criterion the sum of sensitivity
and specificity maximization [10]. The cut-oft values have
been considered to dichotomize the predictors; the area
under curve (AUC) values in discriminating the in-hospital
mortality have been reported.

Univariate analysis and multivariate logistic regression
were carried out to quantify the effects of the dichotomized
covariates on in-hospital mortality. We included in the mul-
tivariate models the following covariates: age, gender, and
laboratory parameters derived from complete blood count.

The .632 bootstrap (1000 resamples) validation proce-
dure was carried out to evaluate the predictive logistic regres-
sion model performance reporting the Harrell-C statistics
corrected for overoptimism [11].

The p values have been adjusted via Holm multiple
testing procedure.

Statistical analyses were conducted using R 3.5.2 with the
rms packages [12]. The threshold of statistical significance
was 0.05 for all tests used (two tailed).

3. Results

At data cut-off, 664 (260 females, 39%; median age 70 (56-81)
years) patients completed their hospital in-stay: 221/664
patients (33.3%) had died and 453/664 (66.7%) had been dis-
charged. The median time to death was 6 days [2-10], while
the median time to discharge was 8 days [5-14] (p < 0.001).
Table 1 reports the main features of the study population.
The proportion of males was higher among those who died
in-hospital; moreover, the age was significantly higher in this
group of subjects, who also showed increased white blood
cells (WBC), absolute neutrophil count (ANC), neutrophil-
to-lymphocyte ratio (NL ratio), eosinophil count, mean
corpuscular hemoglobin (MCH), mean corpuscular volume
(MCV), and red cell distribution width (RDW). Conversely,
survivors had significantly higher platelet count, hemoglobin
concentration, and absolute lymphocyte count (ALC).

TABLE 2: Multivariable model. The table shows a multivariable
model including all blood count-derived variables.

X P
Age (years) 77.04 <0.0001
Gender (M/F) 17.3 <0.0001
WBC (x10°/uL) 3.63 0.06
Neutrophils (x10°/uL) 425 0.04
Lymphocytes (x10*/uL) 378 0.05
Eosinophils (><103/uL) 1.71 0.19
NL ratio 0.48 0.49
Platelets (x10%/uL) 3.74 0.05
Hb (gr/dL) 0.37 0.54
MCH (pg) 0.56 0.45
MCYV (fL) 0.32 0.57
RDW (%) 12.74 <0.0001

For abbreviation: M: males; F: females; WBC: white blood cells; NL ratio:
neutrophil-to-lymphocyte ratio; MCH: mean cell hemoglobin; MCV: mean
corpuscular volume; RDW: red cell distribution width.

We ran a first multivariate model to test the predictive
role of all the parameters derived from complete blood count.
The results are shown in Table 2. Along with age and gender,
RDW was the strongest independent predictor of mortality;
ANC was still significantly and independently predictive of
in-hospital mortality, while the contribution given by WBC,
ALC, and platelet count was weaker. Predictably, the effect
of NL ratio was blunted by the inclusion of ANC and ALC
into the model.

On the basis of the first model, we ran a further multi-
variate analysis, including age, gender, platelet count, NL
ratio (used as a summary measure for white blood cell count
and differential), RDW, and hemoglobin. RDW (x? 10.40;
P <0.001), NL ratio (y* 7.59; p =0.006), and platelet count
(x* 5.39; p=0.02), along with age (y* 87.6; p <0.001) and
gender (x> 17.3; p<0.001, confirmed their independent
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TaBLE 3: Univariable analysis. The optimal cut-off value for each predictor has been reported together with AUC (area under the curve)
values. The univariable logistic regression OR (odds ratio) together with 95% confidence interval (CI) have been also reported.

Cut-off AUC OR (CI95%) p
Age (years) 74 0.786 6.90 (4.80-9.93) <0.0001
WBC (x10°/uL) 8,360 0.587 1.98 (1.42-2.77) <0.0001
Neutrophils (x10°/uL) 6,310 0.617 2.56 (1.83-3.59) <0.0001
Lymphocytes (x10*/uL) 1,130 0.618 0.42 (0.30-0.60) <0.0001
Eosinophils (x10*/uL) 0,100 0.587 0.57 (0.41-0.80) 0.0001
NL ratio 4.68 0.661 3.40 (2.40-4.82) <0.0001
Platelets (x10%/uL) 166 0.582 0.45 (0.32-0.63) <0.0001
Hb (gr/dL) 13.0 0.577 0.60 (0.39-0.75) 0.0002
MCH (pg) 30.8 0.549 1.84 (1.26-2.68) 0.0001
MCYV (fL) 90.6 0.602 2.51 (1.80-3.52) <0.0001
RDW (%) 13.7 0.689 4.09 (2.87-5.83) <0.0001

predictive role. Conversely, hemoglobin (x* 2.28; p=0.131)
was not associated with outcome.

We further tried to identify the best performing cut-off
for these parameters; in Table 3, we reported our results, with
the respective area under the curve (AUC) and odds ratio.

On these bases, we built a final multivariate model which
confirmed that age > 74 years (x* 67.1; p < 0.001), male gen-
der (y* 14.9; p<0.001), platelets < 166,000 (y*> 22.3; p <
0.0001), NL ratio > 4.68 (X2 21.4; p<0.0001), and RDW >
13.7% (x* 25.2; p < 0.001) were independent predictors of
in-hospital mortality. Once again, hemoglobin (x* 0.03; p =
0.85) was not associated to in-hospital mortality.

4. Discussion

In the present paper, we investigated a cohort of hospitalized
patients in Northern Italy with a defined diagnosis of
COVID-19, showing that simple complete blood count
parameters obtained at hospital admission accurately predict
in-hospital mortality. A first finding deserving a comment is
the observed mortality which, in our cohort, was very high.
More than 30% of patients died during hospital stay. This
is in line with previous observations from other groups
[13-15], although data about in-hospital mortality widely
vary, with case fatality rates much lower in the first reported
cohorts from China [16, 17]. The reasons of this discrepancy
are still largely unknown; however, both the phase of the epi-
demic curve and the geographic region have an impact in
determining a very different prognosis in COVID-19
patients. Our study is adequately powered to compensate
for variations in the mortality rate: for example, with a NL
ratio above 7 in 25% of discharged patients and 50% of
deceased patients, the estimated power is 0.9999 for at a mor-
tality rate of 0.33 (33%) and remains >0.80 for all populations
with mortality rate above 0.06 (6%).Thus, our data strongly
support the idea that complete blood count, a routine test
for most patients admitted to hospital, might be highly infor-
mative with regard to prognosis of COVID-19 patients
admitted to hospital. This is in line with different studies
reporting a potential role for blood count in the prediction

of mortality in the context of Emergency Medicine, cardio-
vascular and cerebrovascular diseases [18-21].

More specifically, we identified three main predictors of
in-hospital death: NL ratio, platelet count, and RDW.

NL ratio has already been described to be strongly associ-
ated with COVID-19 prognosis [22-24]. The ratio magnifies
the strength of the association of both components, neutro-
phil count and lymphocyte count, in predicting the outcome
for COVID-19 patients. Whether neutrophilia is just a bio-
marker of disease severity or has a pathogenetic role is
unclear. However it is worth mentioning that COVID-19
mortality seems to be frequently related to the development
of thromboembolic complications and systemic inflamma-
tion [25, 26]. Neutrophilia is a known marker of venous
thrombosis, possibly contributing by driving a necroinflam-
matory response [27]. Furthermore, neutrophils play their
protective role not only through phagocytosis but also
exploiting neutrophil extracellular trap (NET) formation
[28]. Although NETs are beneficial in the host defense
against pathogens, sustained NET formation may drive
collateral damage in different human conditions, including
viral infections [29]. It has been postulated that, in COVID-
19, the inappropriate NET production might be crucial in
the development of the “cytokine storm” responsible of acute
respiratory distress syndrome (ARDS), severe inflammatory
response syndrome (SIRS), and sepsis [27]. With respect to
lymphocytes, it has been suggested that SARS-CoV-2 infec-
tion may primarily affect T lymphocytes [30] and that lympho-
penia in severe patients is mainly related to a decreased ALC,
especially CD8+ T cells [31]. Since T cells are important for
dampening overactive innate immune responses during viral
infection, their loss during SARS-CoV-2 infection may result
in a more severe inflammatory responses [32].

We suggest to use NL ratio, in this context, being its
prognostic value higher, as shown by our data. In fact, NL
ratio magnifies the predictive potential of neutrophilia and
lymphopenia, being 4.68 the best prognostic cut-off.

With respect to platelets, some authors suggested that
thrombocytopenia may be a negative prognostic factor. In a
recent meta-analysis on 31 studies including 7163 patients,
a lower platelet count predicted severe COVID-19 [33]; the
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mechanism by which SARS-CoV-2 leads to platelet con-
sumption, especially in case of severe disease, is unknown.
A possible explanation is that the lung damage might lead
to platelet activation and aggregation, finally causing throm-
bocytopenia [34]. A limitation of our study is that we did not
exclude patients affected by liver cirrhosis, which is tipically
associated to thrombocytopenia; this might have partially
biased our finding [35].

Finally, we demonstrated that RDW is a very strong pre-
dictor of mortality. According to our data, RDW is character-
ized by the highest y* and OR for in-hospital mortality among
all the variables considered. The clinical value of RDW is often
neglected; in the last few years, it has been recognized as a
common prognostic predictor in many human diseases: acute
kidney injury, cancer, acute pancreatitis, and respiratory fail-
ure [36-40]. The predictive significance of RDW in the con-
text of COVID-19 might reflect the effect on erythropoiesis
of respiratory failure and systemic inflammation [41, 42].

Our study has some limitations, due to the context in
which we were forced to act by the pandemic; in particular,
the observational nature of the study limited data availability
and did not allow us to correct for potential confounders.
Despite these limitations, our findings may raise the opportu-
nity of stratifying disease severity according to simple lab
parameters, which may drive clinical decisions about moni-
toring and treatment.

5. Conclusions

In the present study, we demonstrated that some simple
parameters derived from complete blood cell count have
prognostic implications in the course of COVID-19, being
able to identify those patients at higher risk of in-hospital
mortality. The confirmation of these preliminary observa-
tions may make available to clinicians novel useful tools for
prognostic stratification.
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