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Abstract

Background and objectives: Coronavirus disease 2019 (COVID-19) pandemic has affected
millions of people world-wide. It is caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Increasing evidence has shown abnormalities of different
hematological parameters with the severity of the diseases. The present study was undertaken
to determine the red blood cell (RBC) profile in different categories of COVID-19 patients.

Materials and methods: The study was conducted from January 2020 to December 2020.
Reverse transcriptase-polymerase chain reaction (RT-PCR) positive COVID-19 patients were
enrolled. Patients were categorized into mild, moderate and severe COVID-19 cases. Blood
samples were analyzed by Automated Hematology Analyzer for hemoglobin concentration,
total erythrocyte count and RBC indices. ANOVA followed by Bonferroni test, Chi square test,
Spearman’s rho correlation coefficient test were performed as applicable using SPSS version
25.0.

Results: A total of 100 RT-PCR positive COVID-19 patients were included in the study. There
were 25, 38 and 37 mild, moderate and severe cases respectively. The mean age of the study
participants was 44.68 + 13.16 years (range: 18 to 65 years). There were 67 (67%) males and 33
(33%) females. No significant difference in hemoglobin (Hb), hematocrit (HCT), total RBC count,
red blood cell distribution width (CDW) was observed among the three groups. Significant
negative correlation of mean corpuscular volume (MCV) and mean corpuscular hemoglobin
(MCH); r,-0.362 & -0.255 respectively) was observed with disease severity.

Conclusion: The study showed low MCV and MCH were significantly related with the severity of
the COVID-19 illness. Therefore, comprehensive analysis of the RBC profile would be helpful to
understand the disease course.
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Introduction (SARS-CoV-2), first appeared in Wuhan, China in

Coronavirus disease -19 (COVID-19), caused by Decgmber 201.9 [1]. Since then m.|II|ons of people
. - are infected with SARS-CoV-2 causing thousands of
severe acute respiratory syndrome coronavirus 2
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death in more than 200 countries and regions
around the world [2-4]. First case of COVID-19 was
detected in Bangladesh on March, 2020 [5].

SARS-CoV-2 enters the pulmonary alveolar
epithelial cells through angiotensin converting
enzyme 2 (ACE2) receptor [2,6]. The main

mechanism of inflammation and organ damage by
SARS-CoV-2 is due to cytokines storm, especially in
pulmonary vascular endothelial cells, with
production of increased inflammatory cytokines
such as IL-1B, IL-6, IL-12, IL-10, INF and MCP-1 [7].
This virus initially undergoes replication in the
respiratory tract and then spread to other organs
and tissues. At the bone marrow level, the virus
causes cellular apoptosis resulting in reduction in
hematopoiesis [8-10].

The cytokines act on progenitor cells of bone marrow
and cause inactivation of platelets and leukocytes [9].
The inflammation alters hematological parameters in
mild, moderate and severe COVID-19 patients [11-
13]. Therefore, the present study examined the RBC
profiles in different categories of COVID-19 patients.

Materials and methods

Place of study and study population: This cross
sectional study was conducted at the Department
of Physiology, Dhaka Medical College, from January
2020 to December 2020. The study was approved
by the Institutional Review Board. Informed
consent was obtained from each participant prior
to enrollment in the study. RT-PCR positive COVID-
19 patients attending Dhaka Medical College
Hospital were enrolled.

Based on COVID-19 interim guidance by World
Health Organization [14], the cases were categorized
as mild, moderate and severe COVID-19 cases as
stated below:

Mild: The clinical symptoms were mild, and there
was no sign of pneumonia on imaging. Symptoms
may be fever, cough, sore throat, malaise,
headache, muscle pain and no shortness of breath.

Moderate: Fever and respiratory symptoms with
radiological findings of pneumonia. Respiratory
distress with <30 breaths/min, pulse oximetry
showing saturation >93% at ambient air.

Severe: Respiratory distress (=30 breaths/min) or
finger oxygen saturation<93% at rest or arterial
partial pressure of oxygen (PaO,)/fraction of
inspired oxygen (FiO,)<300mmHg.

Demographic, clinical and laboratory data were
recorded in a pre-designed structured data
collection form.

Collection of blood sample and tests: About 5-6 ml
of venous blood was collected aseptically from
ante-cubital vein in a sterile EDTA tube. Blood
samples were analyzed by Automated Hematology
Analyzer for hemoglobin concentration, total RBC
count and RBC indices.

Data analysis: ANOVA followed by Bonferroni test,
Chi square test, Spearman’s Rho correlation
coefficient test were performed as applicable using
SPSS version 25.0.

Results

A total of 100 RT-PCR positive COVID-19 patients
were included in this study. There were 25, 38 and 37
mild, moderate and severe cases respectively. The
mean age of the study participants was 44.68 + 13.16
years (range: 18 to 65 years). The mean age of the
mild, moderate and severe COVID cases were 41.52 +
13.48 (range: 18-61), 47.32 +12.10 (range: 23-65)

Table-1: Age and gender distribution of mild,
moderate and severe COVID-19 patients (N=100)

COVID-19 cases

Parameters Mild Moderate Severe
n (%) n (%) n (%)
Total case 25 (25) 38 (38) 37 (37)
Age in years
<30 7 (28.0) 3(7.9) 7 (18.9)
31-40 7(28.0) 11(28.9) 8(21.6)
41 -50 3(12.0) 9(23.7) 6(16.2)
51-60 7 (28.0) 9(23.7) 12(32.4)
>60 1(4.0) 6(15.8) 4(10.8)
Gender*
Male 18 (72.0) 26(68.4) 23(62.2)
Female 7(28.0) 12(31.6) 14(37.8)

Note: * p = 0.702, calculated by chi square test
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Table-2a: RBC profile of mild, moderate and severe COVID-19 patients (N=100)

RBC profile Mild Moderate (Group B) Severe p-value
(n=25) (n=38) (n=37)
Hb (g/dl) 12.11+1.75 (9.1-15) 11.30+2.12 (9-14.3) 11.10+1.91 (8.8-14.6)  0.432
Total RBC 4.18+0.62 (2.84-5.16) 4.31+0.58 (2.57-5.08) 4.49+0.59 (2.89-5.41) 0.127
HCT 36.1745.23 (27.40-45.40) 36.30+4.95 (23.20-45.60) 36.0715.26 (24.00-44.90) 0.981
RDW-CV 15.36+£2.91 (11.00-24.20) 15.55+2.83 (13.60-27.80) 16.12+2.34(12.30-20.60) 0.228
MCV (fl) 86.76+4.83 (79.40-96.40) 84.24+6.93 (67.30-94.60) 80.45+7.00 (60.80-91.20)  0.001
MCH (pg) 28.20+2.47 (25.00-34.10) 26.84+2.27 (20.40-29.30) 26.42+2.84 (20.30-31.50)  0.026
MCHC (g/dl)  32.45+1.28 (30.40-35.40) 31.61%1.28(28.20-33.30) 32.82#1.21(30.20-35.50) 0.284

Note: ANOVA test was done to measure the level of significance among the groups. Hb: Hemoglobin, HCT:
Hematocrit, RDW-CV: Red cell distribution width, MCV: Mean corpuscular volume, MCH: Mean corpuscular
hemoglobin, MCHC: Mean corpuscular hemoglobin concentration.

and 45.24 + 13.97 (range: 18-65) years respectively
(p=0.236; calculated by ANOVA). Out of 100 cases,
there were 67 (67%) males and 33 (33%) females and

Table-3: Correlation of RBC indices with mild,
moderate and severe COVID-19 patients

no significant difference in gender distribution (p =
0.702) was found among the mild, moderate and

severe cases (Table-1).

Detail RBC profile of mild, moderate and severe
COVID-19 patients
significant difference in hemoglobin, hematocrit
(HCT), total RBC count, red blood cell distribution

is shown

in Table-2a.

RBC profile rs p-value
Hb -0.173 0.086
HCT -0.010 0.922
RDW (CV) +0.114 0.258
TC of RBC +0.203 0.042
MCV -0.362 <0.001
MCH -0.255 0.011
MCHC +0.153 0.129

width (CDW-cv) was observed among the three
groups. Mean corpuscular volume (MCV) values of
RBC was significantly less in severe COVID-19 cases
compared to mild (p=0.04) and moderate cases
(p=0.001) (Table-2a and 2b) while MCH was
significantly (p=0,025) less in severe compared to
moderate cases. Spearman’s correlation revealed
(Table-3, Fig-la and 1b) statistically significant
negative correlation (ry = -0.362 and -0.255
respectively) of MCV and MCH with increasing
disease severity.

Table-2b: Bonferroni test for RBC indices

RBC indices p-value
Mildvs Moderatevs Mild vs
Moderate Severe Severe
MCV 0.408 0.001 0.040
MCH 0.121 0.025 1.000

Spearman’s correlation coefficient test was done.
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Figure-1a: Correlation of MCV with mild, moderate
and severe COVID-19 patients
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Figure-1b: Correlation of MCH with mild, moderate
and severe COVID-19 patients

Discussion

The present study was undertaken to assess the
changes of RBC indices of mild, moderate and
severe COVID-19 patients. In the present study
most of the RBC indices were similar in all three
groups except for MCV and MCH. In our study, the
mean hemoglobin concentration in mild, moderate
and severe COVID-19 cases were not statistically
significant (p =0.432).This finding was in agreement
with the study done by Lippi and Plebani [11]). On
the contrary, other studies reported significant
association of COVID severity and hemoglobin level
[4, 15]. Hemoglobin concentrations showed
negative correlation (r = -0.173) with severity of
disease but is not statistically significant (p = 0.086).
Anemia is not a common finding in patients
suffering from COVID-19 [16-18]. Hemoglobin
production may be impaired due to direct infection
of precursor cells by the virus itself [19] and due to
inflammation of mature erythrocyte [20].
Autoimmune hemolytic anemia is reported due to
development of cytokine storm syndrome [21].
Anemia could be the result of iron-restricted
erythropoiesis arising from alterations in iron
metabolism [22].

In the present study, though we found lower
hemoglobin level and higher RDW-CV in severe
group in comparison to mild and moderate groups,
but the differences were not statistically significant.
However, other study reported significant higher

level of RDW-CV and lower level of hemoglobin,
HCT in severe group [23,24]. In this study we found
significant lower MCV and MCH values in severe
group compared to mild and moderate cases.
Similar findings were also reported by others [25].
RBC anisocytosis in COVID-19 occurs due to direct
cytopathic injury to circulating erythrocyte and
bone marrow precursors and indirect erythrocyte
damage consequent to hemolytic anemia or
intravascular coagulopathy, and disturbance of iron
metabolism due to ongoing inflammatory response
[23]. SARS-CoV-2 infection generates important
structural change in membrane of circulating red
blood cells, both in protein and lipid level [26].
SARS-COV-2 causes oxidative damages and
consequent fragmentation of protein. SARS-CoV-2
infection may be associated with hemophagocytic
phenomena  characterized by  macrophage
engulfment of both mature erythrocytes and
erythroblasts [27]. A coexistent indirect injury like
molecular mimicry between spike protein of SARS-
CoV-2 and the protein ankyrin 1 may also explain
the disturbance of RBC biology in patients with
SARS-CoV-2 infection [28]. Intravascular
coagulopathy is also common in severe COVID-19
patients [29]. Erythrocyte injury occurs due to
development of both macro and micro thrombi in
many blood vessels, which could contribute
morphological abnormalities of erythrocyte [30].

Our study had some limitations. The number of
samples in each category of illness was small and
multiple blood samples were not taken at different
time points of the disease course to see the status
of RBC profiles. This study showed that low MCV
and MCH were significantly associated with the
severity of the illness. So, comprehensive analysis
of the RBC parameters would be helpful for early
identification and better management of severe
COVID-19 disease.
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