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Abstract

Background: SARS-CoV-2 infection is characterized by the development and progression of inflammatory
responses. The exploration of prognostic predictors for patients with COVID-19 is vital for prompt clinical
intervention. Our study aims to explore the predictive value of hematological parameters in categorization
of patients with COVID-19.We aimed to investigate associations between hematological parameters and
disease severity in patients with SARS-CoV-2infection.The red blood cell distribution width (RDW),
an indicator of anisocytosis has emerged as a potential tool for risk stratification of critically ill patients.
Materials and Methods: Retrospective study after getting approval from Institutional ethics committee
was performed with data obtained from triage OPD in Chengalpattu Medical College & Hospital. The
demographic, clinical, laboratory profile of COVID 19 positive patients who attended Triage OPD for a
period of one month were collected. 3000 RT-PCR confirmed COVID positive patients of age group 20
to 70 years of both genders were included in the study. COVID 19 positive paediatric cases, antenatal and
postnatal mothers, postoperative cases and sick cases admitted in COVID ICU were excluded from the
study. Symptoms, associated co-morbidities and severity of COVID 19 were tabulated. Complete Blood
Count measured by Automated Sysmex Analyser at the time of reporting to triage was noted. Red blood
cell indices were analysed using SPSS 21.0 version. Results: There was statistically significant increase in
RDW and decrease in MCV among patients with co-morbidity and severe illness compared to those with
mild disease. There is no statistically significant difference in Red blood cell indices between patients with
and without symptoms and patients without co-morbidities. Conclusion: RDW was found to be a screening
tool to identify patients with severe COVID-19 and the results of this study suggest that RDW should be part

of routine laboratory assessment and monitoring of COVID-19.
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Introduction

Corona virus disease 2019 (COVID-19) is asystemic
viral infection presenting mostly asacuterespiratory
illness with ahighrate of hospitalization and mortality.

The emergence and rapid spread of the deadly COVID-
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19disease caused by severe acute respiratory syndrome
coronavirus 2 (SARSCo2) is an evolving public health

crisis worldwide.®V

Covid-19 has significant impact onpulmonary,
cardiovascular, renal, gastro intestinal, neurological
and on hematopoietic system. The impact of Covid-19
disease on Immune system and hemostasis has been
studied. Recent preliminary data following the Covid-19
out-break indicated an association of complete blood
count (CBC) parameters® and coagulation profile
(increased D-Dimer, fibrinogen and (FDP) with disease

progression.®
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In the current COVID-19 scenario, it would be of
utmost importance to explore if the most routine and
cost-effective tests like CBC could serve as an aid in
determining patient’s clinical status. Emerging data raise
the possibility that red blood cells (RBCs) might also
be directly involved in the pathogenesis of the disease.
An early report suggested that aprotein expressed on
RBCs(CD1470rBasigin) that serves as a receptor for
plasmodium falciparum, might be an additional receptor
for SARS-CoV-2® | These findings led some clinicians
to ask whether anemia has impact on COVID-19 patient
outcome. Red blood cell indices like MCH,MCV, and
MCHC are useful in the morphologic classification of
anemias. Anemias are classified, according to the size
of the red cell, as being normocytic, macrocytic or

microcytic.

Anisocytosis is a biological condition characterized
by circulating erythrocytes with pronounced volume
heterogeneity (i.e., large, small, or both). This parameter
is typically expressed as red blood cell distribution
width (RDW) and can hence be calculated as the SD
of the mean corpuscular volume (RDW-SD) or more
frequently as the coefficient of variation of erythrocyte
volumes (RDW-CV) as follows: RDW-CV = SD of
erythrocyte volumes/mean corpuscular volume % 100.
RDW isused together with the mean corpuscular volume
(MCV) in clinical practice to differentiate between
causes of anemia.®®Increased RDW can be used as a
tool for early diagnosis, as an inflammatory marker,
and a mortality indicator in hypertensive, diabetic and
other co-morbidpatients due to its close relation to

inflammation?”

The red cell distribution width (RDW) of patients
with severe COVID-19 increases significantly. The role
of erythroid cell parameters as risk indicators has not
been studied in detail yet. As the investigation in to the
novel COVID-19 continues to grow, we aim to report
that the Red blood cell indices of the new viral disease
will provide useful information to the treating physicians.
This study aim sat investigating the significant changes
observed in the Red blood cell parameters among
COVID-19 patients.

Objectives

1. To compare Red blood cell indices in COVID 19

positive patients with and without symptoms.

2.To compare Red blood cell indices in COVID 19

positive patients with and without co-morbidities.

3. To analyse the association of red cell indices with

severity of disease.

Materials and Methods

This study was performed after getting approval from
Institutional ethics committee with data obtained from
triage OPD in Chengalpattu Medical College& Hospital.
The demographic, clinical, laboratory characteristics of
RT-PCR confirmed patients who attended Triage OPD
for a period of one month was collected and informed
consent was obtained from all patients involved in the
present study. The venous blood samples were collected
onthe day of reporting at triage centre for Complete Blood
Count (CBC).CBC was analyzed on fully automated 6
part hematology analyzer (Sysmex XN 1000) and the
ratios were calculated from hematological parameters.
The parameters were statistically analysed using SPSS
21.0 version. The normal distribution measurement was
expressed by mean + standard deviation. The independent
‘t’test was used to compare the mean softwogroups and

we considered P<0.05asstatistically significant.

COVID 19 positive patients of age group 20 to 70
years of both genders were included in the study. COVID
19 positive paediatric cases, antenatal and postnatal
mothers, postoperative cases and sick cases admitted in
COVID ICU were excluded from the study.

Symptoms of COVID 19 such as fever, cough, sore
throat, myalgia, diarrhoea, decreased sensation of smell
were noted. Co-morbidities such as Type 2 Diabetes
Mellitus,

Bronchial asthma, Tuberculosis, Epilepsy, Chronic

Hypertension, Coronary Artery Disease,

Kidney Disease on Dialysis and other medical conditions
documented were noted® Severity of the disease was
classified into mild, moderate and severe based on the

symptoms and lung involvement.
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The patients were clinically categorised from the

received data as,
1. Patients with symptoms and without symptoms.

2. Patients with co-morbidities & without co-

morbidities.
3.Patients based on severity of disease.

In this study, severity was assessed by the presenting
symptoms of the patient and lung involvement in the

chest X-ray taken at the time of reporting. The number

of mild, moderate and severe cases were 2662, 324 and
14 respectively. COVID19 severity was classified as

follows;

1.Mild: without symptoms(2330) and very minimal

symptoms with no lung involvement(332).

2. Moderate: Two or more symptoms and mild lung

involvement(324).

3. Severe: Four or more symptoms with extensive

lung involvement(14).

Tab.1; Normal values of Red blood cell indices®

Red blood cell Indices Normal range
Male: 4.5- 6 millions/cu.mm
Red Blood Cell (RBC) o
Female: 3.9- 5.5 millions/cu.mm
Male: 13-18 g/dl
Hemoglobin (Hb) e &
Female: 12 -16 g/dl
Male: 40- 52%
H tocrit (HCT
aematocrit (HCT) Female: 36- 48%
RDW-SD Male: 35.1 - 43.911
) Female: 36.4 - 46.3fl
11.5-14.5%
RDW-CV
80-10011
Mean Corpuscular volume (MCV)
27-31
Mean Corpuscular Hemoglobin (MCH) bg
Mean Corpuscular Hemoglobin Concentration (MCHC) 30-36g/dl
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Results

Results were analysed by Descriptive statistics, ‘t’ test and ANOVA.

Table No: 2 - Comparison of Red cell indices in patients with and without symptoms.

Without Symptoms

With Symptoms

Parameters 1-2330 n-670 p value
RBC 4.5240.61 4.53+0.58 0.705
HEMOGLOBIN 13.01+4.75 12.93+1.89 0.669
HCT 37.08+4.88 37.08+4.78 1.001
RDW-SD 41.85+3.99 41.86+3.87 0.954
RDW-CV 13.09+1.30 13.12+1.46 0.608
MCV 82.57+6.69 82.21+6.46 0.216
MCH 28.91+3.20 28.68+3.37 0.105
MCHC 34.71+1.99 34.69+1.83 0.815

Table No: 3 - Comparison of Red cell indices in patients with and without Co-morbidities.

Without Co-morbidity

With Co-morbidity

Parameters 1-2460 1-540 p value
RBC 4.37+0.60 4.52+0.61 0.454
HEMOGLOBIN 13.27+4.64 12.81£2.00 0.069
HCT 36.08+4.83 36.88+5.00 0.255
RDW-SD 41.67+£3.17 42.21£3.75 0.002*
RDW-CV 13.12+1.20 13.24+1.42 0.042*
MCV 82.78+6.66 82.08+6.75 0.052*
MCH 28.86+3.21 28.64+3.43 0.072
MCHC 34.77£1.99 34.63+1.84 0.133




Table No: 4 - Relation between Red blood cell indices and severity of disease.
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Severity
Parameters p value
Mild Moderate Severe
n-2662 n-324 n-14
RBC 4.52+0.61 4.42+0.51 4.31£0.15 0.09
HEMOGLOBIN 12.98+4.49 12.76+1.91 11.35+1.28 0.263
HCT 37.03+4.86 36.78+4.85 34.98+3.58 0.215
RDW-SD 41.82+4.28 42.07+2.90 45.16+2.43 0.007*
RDW-CV 13.12+1.34 13.14+1.57 14.18+0.87 0.01*
MCV 82.50+6.78 82.67+5.81 78.56+4.60 0.008*
MCH 28.88+3.29 28.81+£2.94 27.41+£2.98 0.22
MCHC 34.71£1.99 34.75+1.71 33.58+1.66 0.09
Discussion asymptomatic during full course of disease!'":

In this cross-sectional study, 3000 patients with
COVID-19 reported to triage centre at the tertiary
care hospital were included. The mean age of study
participants was41.25+14.14. Among them, 64.90%
were males and 35.1% were females. This is consistent
with studies done by Mukta et al'® in ESIC MC and
hospital, Faridabad, India.

Among them, 2330 were asymptomatic (77.6%)
and 670 were symptomatic (22.4%). The Meta analysis
study of symptoms in COVID-19 patients showed
cough (38.50%), loss of taste/smell (11.79%), fever
(10.59%), sore throat (2.53%) as the major symptoms
followed by breathlessness(1.94%) and gastro intestinal
symptoms(2.23%). Further, 29.55% had two to three
symptoms and 2.83% presented with more than

four symptoms at the time of reporting. Some are

Table 2 shows there was no statistically significant
difference in hematological parameters between
symptomatic and asymptomatic patients. The probable
reason could be that some study participants would have
reached triage OPD at the onset of symptoms while
some at the later stage of disease. Further, those patients
without symptoms were not followed up and this has
been also observed in studies done by R.E.A. Santos et

al.

In Table 3; 82% were identified without any
co-morbidity and 12% were with co-morbidity. We
identified statistical differences in hematological
parameters like RDW-SD(0.002), RDW-CV(0.0042),
MCV(0.052) associated with co-morbid patients which
is consistent with the study of Bilal et al!?*
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The abnormalities of RDW and MCV observed in
patients with co-morbidities in this study are explained by
the inability of the bone marrow to produce functionally
effective RBCs. Due to inadequate RBCs, the ability to
carry oxygen is affected, which makes gaseous exchange
difficult resulting in breathing difficulty in these patients.
Along with the lung involvement by Corona virus, these
abnormalities of RBCs alsoexplains the symptoms of
dyspnea (1.94%) observed in the COVID patients of
the present study. On the other hand, the presence of co-
morbid conditions of these patients might interfere with

RBC production due to existing inflammation.®
RDW in inflammation;

An elevated RDW, a marker of anisocytosis has been
implicated in a wide spectrum of diseases, particularly in
patients with non-specific ARDS and also observed in
diseases associated with acute and chronic inflammation.
RDW as a marker of pre-existing, pro-inflammatory or
chronic inflammatory state can be used as a predictor
of COVID 19 disease progression. Inflammation plays
a major role in the pathogenesis and severity of COVID
19 disease, culminating in cytokine release syndrome
(CRS) or cytokine storm in its most severe form.!*!
The inflammatory cytokines may induce profound
alterations in the behavior of hematopoietic cells, mainly
neutrophils, lymphocytes and monocytes and red blood
cells. Neutrophil counts were significantly higher and
lymphocytes were decreased in covid-19 patients with
severe disease. This may be linked to persistent infection
and prolonged hypoxia leading to release of more
granulocytes as a compensatory mechanism by the bone
marrow. These results are consistent with the findings
of Chen et al.'®) However, the particular mechanism for
altered RDW with SARS-COV-2 is still under evaluation.
Sarkar et al' studied the relationship between elevated
RDW with the severity in COVID-19 patients to predict
the mortality of the disease. The presence of a sustained
inflammatory state could trigger and sustain the marked
anisocytosis observed in COVID-19 patients with severe

illness in our study.

Red blood cell morphology in COVID;

Erythrocyte biology is strongly dependent on iron
metabolism, and many inflammatory conditions are
associated with markedly elevated erythrocyte size
variability and impaired erythropoiesis with accelerated
release of larger RBCs into the circulation, as well as
oxidative erythrocyte injury, which would ultimately
impair their flexibility, size, and morphology of red blood
cells'It has been reported that before aggravation of
infection symptoms, the level of oxidative stress in the
body increases significantly, and the release of oxygen
free radicals increases. Also, insufficient circulating
nutrients in patients may lead to an increase in RBC
membrane instability, increasing RDW. All these factors
might cause an increase in RDW and a decrease in MCV

in severely ill patients'®

While a recent study reported that the structural
change of lipids and proteins in the membrane of
circulating RBCs is due to SARSCoV-2 infection and
there are also reports of bone marrow injury secondary to
SARS-CoV-2 infection. The development of micro-and
macro-thrombi, due to intravascular coagulopathy which
is commonly seen in critically ill COVID-19 patients
leads to erythrocyte injury resulting in morphological
abnormalities and large size heterogeneity within the

circulation which implies elevated RDW.”

Table 4 shows significant increase in RDW-SD,
RDW-CV and decrease in MCVin patients with severity
of disease, which is similar to the study done by Wang
et al."® Also, Zinellu & Mangoni et al®® found that
the severely ill COVID-19 patients had significantly
elevated RDW in comparison to the patients without
severity which is also consistent with our study, that the

elevated RDW is associated with disease severity.

Conclusion

The present study shows the abnormalities of RDW
in severely ill Covid19 patients, which is consistent
with the study of Lippi et al?. There is increase in
RDW and decrease in MCV among COVID 19 patients

with disease severity.! Clinicians should consider
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theseparameterswhenreadingtheCBCofCOVID-19
patients. The results of this study support the use of
RDW for assessing the risk of severity in COVID 19

progression.

Limitations of the study: Red blood cell indices
at the time of reporting were only taken into account.
Follow up of patients and monitoring of red blood cell
indices could have given a clear picture regarding their
role in COVID 19.

Implications: This study emphasize that evaluation
of red blood cell indices can also be used as a screening
tool asNLR, platelet and lymphocyte count interpretation
in COVID 19.
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