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Abstract

Background: Coronavirus disease 19(COVID-19) is an infectious disease involving different organs, including
blood cells. There are few studies on the morphological changes in white blood cells (WBCs) in COVID-19.
Methods: The present study was conducted in the hematology lab of the Department of Pathology and
Laboratory Medicine at All India Institute of Medical Sciences, Raipur, and Chhattisgarh, India. It lasted 6
months, from May 2021 to October 2021. 308 peripheral smears of COVID-19 cases were included in this
study. The morphological changes in WBCs were recorded after microscopic examination of Leishman-stained
peripheral smears.

Result: The majority of cases were in the age group of 40-50 years. The male-to-female ratio was 2.08.The
most frequent findings noted on complete blood count (CBC) were neutrophilic leucocytosis followed by
lymphopenia. Among the neutrophil series, the changes were; fetal or C-shaped nuclei of neutrophils, ring
forms, toxic granules, and cytoplasmic vacuolation, hyper segmented neutrophils and aberrant nuclear
projections. The significant morphological changes in lymphocytes were the presence of atypical lymphocytes
and in monocytes were cytoplasmic vacuolations.

Conclusion: COVID-19 has a significant effect on WBC morphology. Detailed study of these morphological
features may help in understanding the pathogenesis of COVID-19.
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Introduction

A new coronavirus-related disease called “COVID- like lymphopenia in complete blood counts. [6]
19” was first reported from Wuhan, China in Laboratory tests play an important role in the
December 2019. This infection turned into a diagnosis and management of COVID-I9.
pandemic in a few months. [I] The -clinical Biomarkers like C-reactive protein, lactate
manifestations of the novel COVID-19 range are dehydrogenase, procalcitonin, and others are
variable. Acute respiratory distress and subsequent related to disease severity. [7]There are many
respiratory failure are the leading cause of death in studies on CBC (complete blood count) changes in
COVID-19-positive patients. [2,3] Molecular tests COVID-19 but less number of studies are available
like real-time reverse transcription polymerase on morphological changes in peripheral blood
chain reaction (RT-PCR) is the gold standard in smear (PBS).[8] In the present study, various
diagnosis of COVID-19 infection.  The morphological changes were recorded in WBCs
pathogenesis of COVID-19 infection is not very (white blood cells),particularly in neutrophils,
clear and according to some studies the virus lymphocytes, and monocytes.

attaches to angiotensin-converting enzyme 2

(ACE2) receptors present on the respiratory Materials and Methods

epithelium and endothelial cells. [4] This This cross-sectional study was conducted in the
interaction  ultimately  disturbs  the renin- Department of Pathology and Laboratory Medicine
angiotensin-aldosterone pathway causing several at All India Institute of Medical Sciences, Raipur,
detrimental  effects. [5] Immune system and Chhattisgarh, India. The study was conducted
dysregulation is also believed to play a role in the after approval from the Institutional Research
pathogenesis which is supported by the findings Committee. The duration of the study was from
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May 2021 to October 2021. A total of 308
peripheral smears were included in our study. All
adult COVID-19-positive cases were included.
Haematolymphoid malignancies were excluded.
Leishman-stained peripheral blood smears were
evaluated on microscopic examination. Complete
blood count (CBC) findings were analysed.
Morphological findings of WBCs were recorded in
tabular form and appropriate pictures were taken.

Results

308 peripheral smears were included in the study.
The majority of cases were in the age group of 40-

e-ISSN: 0976-822X, p-ISSN: 2961-6042

50 years. The demographic details are described in
Table 1.The male-to-female ratio was 2.08.

Results were analyzed by microscopic examination
of peripheral smears and evaluating the

morphology of various white blood cells,
particularly  neutrophils,  lymphocytes, and
monocytes.

The most frequent changes in CBC were

neutrophilic leucocytosis (75% cases) followed by
lymphopenia (40% cases). Morphological changes
in white blood cells are described below and in

Table 2 and Figure 1-4.

Tablel: Showing social demographic features of study participants

Variable Value Percentage
Gender Male 208 68%
Female 100 32%
Age 20-30 58 19%
30-40 80 26%
40-50 162 53%
50-60 8 3%
Education 10 168 55%
12 122 40%
Graduation 18 6%
Occupation Skilled 88 29%
Non-Skilled 138 45%
Un-employed 82 27%
Residential Area Urban 215 70%
Rural 93 30%

Table 2: Percentage of morphological changes in WBC in peripheral smear in COVID-19

Changes in white blood cells Number of cases with | Percentage involved
findings (out of 308)
Neutrophils Abnormal nuclear shape-C-shaped or | 243 79
fetal-shaped nuclei
Ring forms 240 78
Toxic Granules 216 70
Cytoplasmic vacuolation 185 60
Hypersegmented neutrophils 139 45
Nuclear projection 31 10
Lymphocytes Atypical lymphocytes 71 25
Cytoplasmic vacuolation 31 10
Large granular lymphocytes 6 2
Cytoplasmic pod formation. 15 5
Monocytes Cytoplasmic vacuolation 92 30
Granular cytoplasm 46 15
Nuclear blebbing 31 10
Figure with Legends
Rai et al. International Journal of Current Pharmaceutical Review and Research
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Figure 1: Granular lymphocytes (black arrow), granular monocyte (blue arrow) and atypical lymphocyte
(red arrow) with platelet aggregates (Leishman-stained peripheral blood smear at 400x magnification)

Figure 2: Nuclear blebbing and Cytoplasmic vacuolation in onocyte (black arrow), C-shaped (red
arrow) and fetus-shaped neutrophil (blue arrow). (Leishman-stained peripheral blood smear at 400x
magnification)
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Figure 3: Cytoplasmic vacuolation in lymphocyte (Leishman-stained peripheral blood smear at 400x
magnification)

Figure 4: Atypical lymphocyte (red arrow) and fragmented lobes of neutrophil (ora arrow).
(Leishman-stained peripheral blood smear at 400x magnification)

Neutrophils: The predominant findings were
abnormal shaped nuclei like C- shaped and fetal-
shaped nuclei. Ring forms and toxic granules were
also identified in a significant number of cases.
Other changes reported were cytoplasmic
vacuolations, hypersegmented neutrophils and
nuclear projections.

Lymphocytes: The common findings were
presence of atypical lymphocytes with abundant
blue cytoplasm and cytoplasmic vacuoles. Large
granular lymphocytes and cytoplasmic pod
formation was also identified in some cases.

Monocytes: Cytoplasmic  vacuolations were
common findings along with other changes like
cytoplasmic granules and nuclear blebbing.

Rai et al.

Platelet count was normal in the majority of the
cases with large platelet aggregates (55% cases)
and giant platelets (22% cases) in some patients.

RBCs were normocytic normochromic in
maximum patients.

Discussion

Covid-19 has variable clinical features and
complications.  Anaemia, lymphopenia, and
leucocytosis are common findings in COVID-19 as
reported in various studies.[9-12] Few studies are
available on morphological changes in WBCs on
peripheral smears. In this study, males were
affected more compared to females as reported in a
study by Bwire that usually, females are less prone
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to infections than men due to various hormonal and
lifestyle-related factors.[13]

In CBC parameters Neutrophilia was the most
striking feature in the present study concordant
with the studies by Abhishek et al and Savitri et al.
[14,15]Among the neutrophil series, the changes
were; ring-shaped neutrophils, fetal or C-shaped
nuclei of neutrophils, hypersegmented neutrophils,
toxic granules, and aberrant nuclear projections.
These findings were similar to the findings
evaluated by Abhishek et al.[14]Abnormal nuclear
shape was the most common finding in our study
whereas cytoplasmic vacuolation was the most
common finding in Pozdnyakova's study.[16]

The significant morphological finding in
lymphocytes in our study was atypical lymphocytes
(Als). Nazrullah et al. found Als in almost all of
their ~ COVID-19-positive  cases.[17] Many
studieshave shown ALs in PBS of COVID-19
patients, but the percentage of this finding is
different in these studies.[18-22] Lymphopenia was
also a frequent finding in CBC which is supposed
to be caused due to viral ACE-2 expression and
release of cytokines.[23]

Monocytes showed vacuolation in our study similar
to the findings observed by Abhishek et al. [14] A
study by Zhang et al described that monocytes
express ACE-2 receptors and are directly affected
by COVID-19 resulting in monocytosis and
atypical morphological changes.[11]

In Nath D et al., study neutrophil showed changes
like ring shaped nuclei, cytoplasmic vacuoles, toxic
granules with some hypo granularneutrophils and
eosinophils did not show any significant
morphological changes like in our study. [24]

Conclusion

Laboratory tests play a significant role in the
diagnosis of COVID-19. This study describes
various morphological changes in WBCs in
peripheral blood smears in COVID-19 patients.
Association of these morphological changes in
COVID-19 and disease progression has been
suggested in some studies. Along with other
laboratory investigations, this can be helpful in the
diagnosis and management of COVID-19 patients
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