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Abstract

The Red Cell Distribution Width (RDW) is a component of blood count which gives the variation of erythrocytes,
used in laboratory hematology. The analysis of this parameter is in evidence, as the increased levels of RDW seem to
be a mortality predictor. The infections of the respiratory tract are in these conditions and the increase of RDW has
already been related to severe acute respiratory syndrome (SARS). In December of 2019, the first cases of severe
acute pneumonia caused by the SARS-CoV-2 virus emerged in China. The Corona Virus Disease-19 (COVID-19) has
as most common clinical manifestations changes in the respiratory tract that range from mild to severe symptoms,
requiring respiratory support in severe cases. Current evidence point to the increase of RDW value which is related to
severity of the disease and mortality rates due to COVID-19. The large number of severe cases of COVID-19 shows
the urgent of the identification of cheap diagnostic parameters and easy detection, which could be used for
determining the prognosis of these patients. The RDW has been shown to be a potential biomarker due to the easy
obtaining, low cost, and therefore, it can be an important guide to early and effective interventions.
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Resumo

O indice de Anisocitose Eritrocitaria (RDW) é um componente do hemograma que da a variagdo dos eritrdcitos,
utilizado em hematologia laboratorial. A anélise desse pardmetro fica em evidéncia, pois 0s niveis aumentados de
RDW parecem ser um preditor de mortalidade. As infeccBes do trato respiratério estdo nessas condi¢cdes e 0 aumento
do RDW ja foi relacionado a sindrome respiratéria aguda grave (SARS). Em dezembro de 2019, surgiram na China os
primeiros casos de pneumonia aguda grave causada pelo virus SARS-CoV-2. O Corona Virus Disease-19 (COVID-
19) tem como manifestagfes clinicas mais comuns alterages no trato respiratorio que variam de sintomas leves a
graves, necessitando de suporte respiratério em casos graves. As evidéncias atuais apontam para o aumento do valor
do RDW que esta relacionado a gravidade da doenca e as taxas de mortalidade por COVID-19. O grande nimero de
casos graves de COVID-19 mostra a urgéncia da identificagdo de parametros diagndsticos baratos e de facil detecgéo,
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que poderiam ser usados para determinar o progndstico desses pacientes. O RDW tem se mostrado um potencial
biomarcador devido a facil obtencéo, baixo custo e, portanto, pode ser um importante guia para intervencdes precoces
e eficazes.

Palavras-chave: Biomarcador; COVID-19; indices de eritrocitos; SARS-CoV-2.

Resumen

El indice de anisocitosis eritrocitaria (RDW) es un componente del recuento sanguineo que da la variacion de
eritrocitos, que se utiliza en hematologia de laboratorio. El analisis de este parametro es evidente, ya que el aumento
de los niveles de ADE parece ser un predictor de mortalidad. Las infecciones del tracto respiratorio se encuentran en
estas condiciones y el aumento de RDW se ha relacionado con el sindrome respiratorio agudo severo (SARS). En
diciembre de 2019, surgieron en China los primeros casos de neumonia aguda grave causada por el virus SARS-CoV-
2. Las manifestaciones clinicas mas comunes de la Enfermedad por Virus Corona-19 (COVID-19) son cambios en el
tracto respiratorio que varian de sintomas leves a severos, requiriendo asistencia respiratoria en casos severos. La
evidencia actual apunta a un aumento en el valor del RDW, que esta relacionado con la gravedad de la enfermedad y
las tasas de mortalidad por COVID-19. El gran nimero de casos graves de COVID-19 muestra la urgencia de
identificar parametros diagndsticos econdmicos y facilmente detectables que puedan utilizarse para determinar el
pronostico de estos pacientes. EI RDW ha demostrado ser un biomarcador potencial debido a su facil disponibilidad,
bajo costo y, por lo tanto, puede ser una guia importante para intervenciones tempranas y efectivas.

Palabras clave: Biomarcador; COVID-19; indices de eritrocitos; SARS-CoV-2.

1. Introduction

Red blood cells (RBC) are the most common type of blood cell and have the function of delivering oxygen to the
body tissues. The diameter of these cells range from 6 to 8 um and the physiological volume is between 80 and 100 fL (Franco,
2009). The red blood cell distribution width (RDW) is a simple and inexpensive standard parameter component of a complete
routine blood count test and quantifies the variation in erythrocytes size, widely used in hematology laboratory for differential
diagnosis of anemia (Malka et al., 2014; Salvagno et al., 2015); mainly in differential diagnostic between iron deficiency
anemia and thalassemia (Salvagno et al., 2015).

The RDW increased value suggests the presence of anisocytosis, indicating deregulation of erythrocyte homeostasis
(Felker et al., 2007; Said et al., 2017). The increase of this parameter is present in many human diseases and therefore, could
be a marker for predicting a variety of abnormalities (Salvagno et al., 2015). Current evidence point to the increase of RDW
value which is related to severity of the disease and mortality rates due to COVID-19 (Wang, Zhang, et al., 2020). The
objective of the current narrative review was to assess evidence demonstrating that RDW is related to the severity and
mortality rates of COVID-19.

2. Methodology

This literature review was realized by selecting papers published between 2004 to 2021, in English. These data were
collected by search in the databases Elsevier ScienceDirect Complete and PubMed Central in February 2021. The analyses
looked for evidence of how RDW has been related to respiratory tract infections in general and the COVID-19 infection,
severity and mortality rates. Different combinations of terms and keywords were used to ensure a wide search for the related
papers to the theme, like “RDW?”, “RDW and Respiratory Infections”, “COVID-19”, “Pathophysiology of COVID-19”,
“COVID-19 and hematological parameters”, “RDW and COVID-19”. The studies were selected when the titles and abstracts
showed the information which was in the strategy of paper selection, and after that, they were read in full and independently by

the authors.
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3. Results and Discussion
RDW and Respiratory Tract Infections

Currently, RDW is gaining prominence due to its ability to predict increased risk of death in various conditions such
as cardiovascular diseases, sepsis, pneumonia, and other infections related to the respiratory tract (Lee et al., 2013).

Acute and severe pneumonias resulting from virus as avian influenza A (H5N1), influenza A (H1IN1), and recently by
SARS-CoV-2 returned attention to the susceptibility of the respiratory system to viral infections, reinforcing the necessity of
evaluation of multiple laboratorial parameters in this kind of infection (Ruuskanen et al., 2011). The delay in diagnostic and
treatment of Influenza A is closely related to the death of patients, because the later it is, mainly in severe cases, the higher are
the chances of death by respiratory and renal failure (Rello et al., 2009). Although molecular assays in respiratory tract samples
for the diagnostic of Influenza infection are the most recommended nowadays (Alvarez-Lerma et al., 2016), the analysis of
multiple diagnostic parameters can assist in analysis of death risk of these patients, and one of this indexes is the RDW (Topaz
etal., 2017).

Patients with Influenza with high levels of RDW presented an increase of creatinine rate and a reduction of
hemoglobin, long periods of hospitalization with more complications, in addition to higher mortality rates (Topaz et al., 2017).
Furthermore, it was found that in acute infections, in different moments since the hospitalization, the high levels of RDW were
associated with high chances of mortality of these patients (Lee et al., 2013), mainly in adults from 45 years old (Patel et al.,
2009).

The SARS in adults was described by Ashbaugh and collaborators in the 1960s, when assessing hypoxemia,
tachypnea and, opacities on chest radiographs of patients who had trauma or lung infections. In general, the SARS is identified
about seven days after the clinical diagnosis of pneumonia or sepsis (Thompson et al., 2017). This is a relatively common
syndrome in patients admitted in intensive care units (ICUs), mainly those requiring mechanical ventilation, which about 40%
of these patients die (Bellani et al., 2016)]. It is, therefore, a lethal syndrome and for those who survive it is disabling, as they
usually present high risk of muscle weakness, post-traumatic stress disorder, cognitive decline and depression (Herridge et al.,
2016).

In a study with 529 patients with SARS, hospitalized in ICUs, it was demonstrated that in those who present higher
levels of RDW, the mortality index was increased. Thus, it was found that RDW values could be considered as good predictors
for the mortality prognostic in patients diagnostic with SARS, mainly for the ease of obtaining and the very low cost of this test
(Yu et al., 2020).

Pathophysiology of COVID-19 and hematological changes

In December of 2019, in China, was related the first cases of patients with pneumonia of unknown etiology. The
etiologic agent was quickly identified as a virus belonging to the coronavirus family (CoV), like the already known SARS-
CoV and MERS-CoV. The new virus was then called SARS-CoV-2 because of the similarity to the SARS genome and
symptoms caused by SARS-CoV-2. The World Health Organization (WHQO) defined in February of 2020 that the disease
caused by SARS-CoV-2 would be called Corona Virus Disease 19 (COVID-19) (Zhu et al., 2020).

The most common clinical manifestations of COVID-19 are respiratory and may present as mild or even
asymptomatic disease and could progress to SARS (Tsatsakis et al., 2020). About 40% of patients who developed SARS in
COVID-19 die (Machhi et al., 2020).

The pathophysiology of the infection by SARS-CoV-2 resembles that caused by SARS-CoV, resulting in aggressive
inflammatory responses intensely involved in the damage to the respiratory airways (Wong et al., 2004). The infection starts at

superior respiratory tract and move forward to lower regions of the lungs in severe cases which the SARS-CoV-2 infects
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epithelial and endothelial cells, neurons, microglia and pulmonary macrophages with the aid of the angiotensin-converting
enzyme 2 (ACE-2) (Machhi et al., 2020).

In the beginning of the COVID-19 pandemic, the disease seemed to cause only respiratory involvement. However, it
was observed that it can also trigger other manifestations that range from cardiac to gastrointestinal, renal, hepatic and/or
neurological lesions (Tsatsakis et al., 2020). The viral replication and the release of pathogen-associated molecular pattern
(PAMPs) cause a dysfunctional innate immune response. Consequently, it promotes events like vasodilation, increase of
capillary permeability and hypoxemia, aggravating an already installed SARS and can often lead to multiple organ failure
(Machhi et al., 2020; Zhang et al., 2020).

It is known that in infections by SARS-CoV-2, like in other infectious diseases caused by virus, hematological
changes can occur, which could help monitoring the infectious process or indicate its severity, once the hematopoietic system
and the homeostasis suffers significant impacts during the COVID-19 evolution (Kosmeri et al., 2020). It was described that
hematological markers like hemoglobin, iron, ferritin and RDW levels vary according with the severity of COVID-19 (Taneri
et al., 2020), and the RDW has been considered as an important prognostic predictor in severe cases (Wang, Zhang, et al.,
2020).

RDW and COVID-19

Since the beginning of the SARS-CoV-2 pandemic, some hematological parameters have been evaluated as possible
prognostic indicators of COVID-19, mainly in severe cases. Clinical signals and laboratory data from a study conducted in
China with 98 patients with different severity stages of COVID-19 infection and it was observed that the RDW index was
higher in the group of severe patients compared to those considered moderate, while the lymphocytes levels, hemoglobin and
hematocrit were significantly lower in severe patients group (Wang, Zhang, et al., 2020).

Another study, also conducted in China, with 45 patients diagnosed with COVID-19 in moderate and severe
conditions, in a period of 20 days, observed that, as the disease progressed to severe stage, the count of the leukocyte count,
neutrophils, the neutrophil to lymphocyte ratio, the platelet to lymphocyte ratio, the red cell distribution width variation
coefficient (RDW-CV) and the parameters of the standard deviation of the volume distribution width red blood cells (RDW-
SD) were gradually increasing. Thus, both RDW-CV and RDW-SD were considered predictive biomarkers of severe disease,
showing between 65% and 76% of diagnostic accuracy (Wang, Deng, et al., 2020).

The Cincinnati COVID-19 Emergency Department showed in a prospective and observational study that the increase
of RDW increase is associated with the severity of the disease. The evaluation was carried out with 49 patients with COVID-
19, 16 with severe forms which 12 had severe acute kidney injury (AKI) and eight of these required renal replacement
therapies. They also observed that the RDW increased according to the worsening of medical condition by around 17,7% in
severe cases, with the increase in RDW associated with a risk of 9.2 to 16 times greater in chances of patients with COVID-19
become severe and have acute renal failure. The cases of this study were considered mild when the RDW values were in the
normal range (11.6 - 14.6%) and the moderates slightly above normal medical (14,8%) (Henry et al., 2020).

In a cohort study carried out in Massachusetts, Boston, in April 2020, showed that high values of RDW have relation
with high levels of COVID-19 mortality. It was analyzed 1641 patients, and those which showed RDW values higher than
14,5% at the hospitalization moment by COVID-19 were associated with high risk of mortality (from 11% to 31%). This risk
remained statistically significant even when associated with other parameters like D-dimer and absolute lymphocyte count.
These patients also showed from six to 12 times more chances to die in 48 hours after the hospitalization (Foy et al., 2020). A
number of studies have reinforced this evidence, like showed in a meta-analysis carried out in Australia. The RDW values
were significantly higher in patients with COVID-19 considered severe (severe clinical manifestations and/or intensive care
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support or even death), when compared with the patients that showed mild symptoms (Zinellu & Mangoni, 2021).

Although the evidences of this laboratory parameter can provide, like a risk stratification between patients diagnosed
with COVID-19, the exact physiopathology behind this association had not completed elucidated yet, but it can be explained
by some potential mechanisms (Foy et al., 2020).

At first, the COVID-19 is associated with the increase in production and release of leukocytes and platelets by bone
marrow. The stimulation of marrow can modify the kinetics of the erythrocytes, resulting in a higher range of these cells size
and, in consequence, higher levels of RDW (Foy et al., 2020). Secondly, patients with COVID-19 have a hyperinflammatory
state; therefore, the overproduction of inflammatory cytokines could be responsible for an insufficient erythropoiesis and, as a
consequence, cause erythrocytes structural and functional changes like, for example, a decrease of deformability causing a
faster elimination of them (Gong et al., 2020). Thirdly, both bone marrow suppression and destruction, have also been linked
with the immunological deregulation after COVID-19 infection, because the patients had a decrease in red blood cells
production and developed an answer to offset this, which consists of the release of immature erythroid progenitor cells in
peripheral blood, larger than the mature ones, which contributes to the increase in RDW levels (Wang, Zhang, et al., 2020).
And, finally, it has been suggested which arterial hypoxemia leads to an increase in erythropoietin secretion, thus causing, an
increase of RDW levels through mechanisms that involve the regulation of erythrocyte maturation and survival
(Karampitsakos et al., 2020).

4. Conclusion

The severe form of COVID-19 is characterized by the necessity of mechanical ventilation, intensive care therapy and
high rates of mortality. Thus, it is necessary to identify these patients through accurate and suitable prognostic information to
facilitate early intervention while seeking to avoid the aggravation of patient and improve the management of medical
resources. Therefore, identifying potential routine biomarkers which are available in non-invasive laboratory tests and with
quickly response, could be a valuable tool to the stratification of high-risk patients to this disease and, the studies presented
here show that the RDW could be considered an important prognostic predictor in severe cases of patients with COVID-19,
opening perspectives to preliminary and effective interventions. New studies are needed to establish the analysis of RDW as a
predictor of mortality and severity for COVID-19 and, after that, use this parameter in the clinic. Nowadays, our research
group is developing researches in this area.
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