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Abstract

COVID-19 infection affects different organs of the human body, and blood cells are not an exception. Peripheral blood smear
(PBS) is a simple and available method to investigate blood cells’ morphologic changes. In this study, we aimed to deter-
mine the morphologic changes and abnormalities of COVID-19 patients and their relation to the patients’ clinical course. In
this prospective cross-sectional study, we included 89 PCR-positive COVID-19 patients. A pathologist examined the PBS
findings of these patients. The patients’ clinical course, including severity, outcome, intubation, and ICU admission, was
extracted from their profiles. The statistical analyses were done to find out the relation between PBS findings and patients’
clinical course. Results showed that smudge cells are the most frequent abnormality in our participants. Other findings were
schistocyte; atypical lymphocytes; and increased large granular lymphocytes, shift to left of granulocytes, giant platelets,
and leukoerythroblastic reaction. Our results did not show any statistically significant relationship between PBS findings and
their clinical course. Although other studies suggested PBS as a possible predictive tool for COVID-19 disease, our study
showed that these findings could not predict nor relate to the patients’ clinical course.
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Introduction

In the last days of 2019, a new coronavirus-related disease
called “COVID-19” emerged from Wuhan, China. This
contagious disease spread quickly and became a pandemic
disease in a few months. More than two million deaths have
been reported from COVID-19, and the researches on this
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subject turned to be the priority of many countries’ health
systems [1]. Respiratory symptoms are the most common
presentation of COVID-19 patients; however, many reports
and studies show that this virus affects other organs [2].
Moreover, imaging modalities and laboratory tests showed
different changes and abnormalities in these patients. One of
the first reported laboratory findings in COVID-19 patients
was CBC changes, including lymphopenia and neutrophilia.
A growing body of evidence shows that the CBC changes in
these patients are dynamic in different patients and patients
on different disease stages [1].

Peripheral blood cell morphology is a simple but pow-
erful tool to assess patients’ blood samples with abnor-
malities in their blood counts. Other indications for
assessing blood smears include unexplained cytopenia,
suspected hematologic disease, suspected organ failure
patents, infections, and sepsis [3]. According to these
criteria, assessment of blood smears in many COVID-19
patients have been done; the major abnormalities found
in these patients include atypical, reactive, and increased
large granular lymphocytes (LGL), smudge cells, myeloid
left shift, giant platelets, and some changes in size and
shape of erythrocytes including nucleated red blood cells
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(RBC), anisocytosis, and poikilocytosis as schistocytes
[4-10].

The diagnostic and prognostic value of peripheral blood
smears (PBS) in COVID-19 patients is still to be illumi-
nated. In this study, we aimed to determine the correlation
between PBS findings of COVID-19 patients and their clini-
cal course of the disease.

Methods
Participants

In this cross-sectional study, 89 hospitalized COVID-19
patients aged between 10 and 90 years whose diseases
were confirmed by PCR test were included. The par-
ticipants with a history of hematologic disease, includ-
ing leukemia, lymphoma, or other comorbidities, were
excluded from the study. This study was conducted from
August to November 2020 in a COVID-19 referral hospi-
tal in Isfahan, Iran.

Data collection

The demographic data of the patients, including age and
sex, and laboratory blood test results at admission includ-
ing complete blood count, ferritin, C-reactive protein
(CRP), erythrocyte sedimentation rate (ESR), and lactate
dehydrogenase (LDH) were extracted from the patients’
profiles. The disease’s clinical course, including ICU
admission, intubation, the severity of the disease, and out-
come, was also collected from the patients’ medical pro-
files. The disease’s severity is defined as non-severe and
severe; non-severe patients do not have shortness of breath,
dyspnea, and exertion. They have arterial O2 levels above
94% in room air at the sea level. Severe patients have arte-
rial O2 levels under 94% and a respiratory rate of more
than 30 [11]. The outcome means discharge from the hos-
pital or death as a result of COVID-19. The patients’ blood
samples were collected and immediately transferred to the
pathology laboratory of the hospital using EDTA tubes
as the anti-coagulant. One drop of blood was put on the
slide and smeared by another slide to cover two-thirds of
that. After that, staining was done with the Wright-Giemsa
staining. All of the procedure was done by an expert labo-
ratory technician. The prepared PBS slides were seen by
an expert hematopathologist using a light microscope [4].
According to other studies and our experience in COVID-
19 patients, we considered seven important findings in
PBSs of these patients, including schistocytes, increased
LGL, atypical lymphocytes, leukoerythroblastic reactions,
giant platelets, smudge cells, and immature neutrophils.
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To estimate leukocytes’ abnormalities, we measured the
number of each finding among 100 leukocytes using x 40
objective lens. Smudge cells are defined as ruptured leu-
kocytes. Atypical lymphocytes have a higher cytoplasm to
nuclei ratio than normal lymphocytes but they are different
from lymphoblast. Large granular lymphocytes have large
course azurophilic granules in their cytoplasm which is
their main characteristic morphology in separating them
from atypical lymphocytes. We considered more than 15%
of LGLs as an abnormal finding [12]. Leukoerythroblas-
tic reaction is the combination of myeloid and erythroid
series’ shift to left; detection of at least one nucleated RBC
(NRBC) in 100 leukocytes means erythroid shift to left
and detection of more than 3% band cells or one immature
myeloid cell prior to band cell in maturation means mye-
loid shift to left. We also used this criteria to define imma-
ture neutrophils without shift to left of erythroid series.
To estimate the percentage of schistocytes, we measured
them in 500 RBCs using X 100 objective lens. Schistocyte
is defined as damaged RBCs with irregular, triangular, or
crescent shape that lacks a central pallor. Giant platelet is
defined as an abnormal platelet that is larger than a RBC
under X 100 objective lens.

Statistical analyses

The collected data was analyzed using SPSS version 21.0.1
(SPSS Inc., Chicago, IL, USA). Median and interquartile
range (IQR) were used to describe the numeric variables.
The frequency was used to describe qualitative variables. To
compare median values and categorical variables between
two groups, we used Mann-Whitney U-test and the chi-
square/Fisher exact test, respectively. The level of signifi-
cance was considered at 0.05.

Ethical considerations

The Medical research Ethics Committee of the Isfahan Uni-
versity of Medical Sciences ethically approved this study
(code number: 199480). The patients confirmed to partici-
pate in this study using informed consent, and their personal
data will be classified.

Results

In this study, 89 PCR confirmed COVID-19 patients were
included; their demographic characteristics, PBS findings,
and clinical data are shown in Table 1. The male-to-female
ratio was 54/35, and the median age of the participants was
70 years old (range: 10-90). Thirty-two patients were intu-
bated, and 18 patients were admitted to ICU. Twenty six
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Table 1 Demographic and descriptive data of clinical course and
PBS findings of the participants

N (%)
Total number of patients 89
Sex
Male 54 (60.7)
Female 35(39.3)
Clinical course
Outcome (dead) 26 (29)
Severity (severe) 32 (36)
Intubation 32 (36)
ICU admission 18 (20.2)
PBS findings
Smudge cell 60 (67.4)
Giant platelet 38 (42.7)
Atypical lymphocyte 32 (36)
Schistocyte 24 (27)
Immature neutrophils 13 (14.6)
Leukoerythroblastic reaction 8(9)
LGL* 89

“Large granular lymphocytes

patients had died due to COVID-19, and 63 were discharged.
The most frequent PBS change among COVID-19 patients
were smudge cells (67.4%), giant platelets (42.7%), atypical
lymphocytes (36%), and schistocytes (27%) (Table 2 and
Fig. 1). Other blood test findings are shown in Table 3.
The frequency of leukopenia, leukocytosis, and normal leu-
kocytes was almost equal in our participants. Forty-eight
patients (53%) had anemia, and 70 patients (78%) had throm-
bocytopenia. RDW was elevated in 33 patients (37%),
and ESR, CRP, ferritin, and LDH were high in most of
the patients.

The analyses of different PBS findings and clinical course
of the disease, including ICU admission, intubation, sever-
ity, and outcome, did not show any statistical significance
(P-value > 0.05) (Table 2 and Fig. 2). We collect labora-
tory data of the patients because it was needed to examine
the blood smears, but we also analyzed them with clinical
course of the disease and brought them in the supplementary
materials.

Discussion

COVID-19 disease is mainly manifested with pulmonary
symptoms, but it can affect other organs as well. Previ-
ous studies showed that coronavirus affects human cells

through the ACE-2 receptor, which expresses not only in
the lung but in other parts of the body, including blood
vessels [13]. Moreover, it has been shown that corona-
virus is able to infect blood cells and replicate in them
[14, 15]. Our study showed blood cell abnormalities in
COVID-19 patients and investigated the significance of
these findings. In our study, there was not any statistically
significant relation between PBS findings and the clinical
course of the disease, including ICU admission, intuba-
tion, and outcome of the patients.

The most frequent finding of PBS among our participants
was smudge cells which were observed in 42 (66.7%) of the
patients. Smudge cells are ruptured leukocytes that can be
caused as an artifact during slide preparation or can be the
result of the auto-suicide process in leukocytes. Although
smudge cells can originate from neutrophils or lymphocytes,
their identity cannot be defined by morphology. It has been
shown that smudge cells are a prognostic indicator in chronic
lymphocytic leukemia. Moreover, smudge cells increase in
hematological and solid cancers and infections, and their
percentage has predictive value in some cancers they cor-
relate with the mortality rate and survival of these patients
[16]. Our study showed that, although smudge cells are an
important abnormality in the peripheral blood of COVID-
19 patients, they do not have a prognostic value. Sadigh
et al. reported smudge cells in 96% of COVID-19 patients
in their study population and introduced it as a highly
sensitive finding; they suggested that it could be a result
of neutrophilia. The other explanation for this finding is
neutrophil extracellular trap (NET) dysfunction [8]. Other
studies also reported smudge cells in PBS of COVID-19
patients [5, 17].

The second frequent abnormality in our patients was
giant platelets (42.9%). Giant platelets are typically defined
as platelets that are larger than a normal RBC. Giant plate-
lets are seen in patients with myelophthisis or those with
myeloproliferative syndromes. They also are the main
finding in Bernard-Soulier syndrome. Other studies also
reported giant platelets in COVID-19 patients [5, 8, 18].
Studies have shown that the lung is another source of
megakaryocytes; as a result, platelets can originate from
this tissue. Considering the fact that the COVID-19 virus
mainly affects the lungs, there may be an explanation for
this finding [19].

The other important finding of PBS in our study popula-
tion was reactive or atypical lymphocytes (ALs). ALs are
defined as cells that are not malignant nor normal in shape.
These cells are larger in size and have less nuclear to cyto-
plasm ratio. Traditionally, these cells are categorized by
Downey classification into three types. We considered
plasmacytoid lymphocytes as ALs rather than defin-
ing them in another category. ALs have been described
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Fig. 1 Distribution of PBS findings according to different aspects
of COVID-19 disease clinical course. a Distribution of PBS find-
ings according to severity of the disease. b Distribution of PBS find-
ings according to patients’ outcome. ¢ Distribution of PBS findings

in different medical conditions, including malignancies,
autoimmune diseases, and infections. One of the most
known viral infections that resemble this finding is infec-
tious mononucleosis [6, 20]. Nazrullah et al. found ALs
in almost all of their COVID-19-positive participants [7].
Although many studies showed ALs in PBS of COVID-
19 patients, the percentage of this finding is very differ-
ent in these studies [4, 6, 7, 11, 20, 21]. The subjective
method of detecting these cells can be an explanation for
this different percentage. It has also been shown that small
amounts of ALs can be seen in a normal population [22].
Liu et al. introduced COVID-19 as a new etiology for ALs
[6]. Merivo et al. showed that COVID-19 patients who had
ALs in their blood had a better prognosis, and described
this finding as a more effective immune response [20].
Studies have shown that ALs are associated with disease
activity [23]. Another lymphocyte change that we detect
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in our patients was an increased number of large granular
lymphocytes (LGL) (6 patients or 9.5%) which are char-
acterized by a large lymphocyte containing large course
azurophilic cytoplasmic granules. Cytotoxic T cells and
natural killer (NK) cells can morphologically mimic
the appearance of LGLs as they contain large azuro-
philic granules in their cytoplasm. These cells have
an important role in the cytotoxic response to specific
antigens. Polyclonal proliferation of these cells can
be seen in viral infections including Epstein-bar virus
(EBV) and cytomegalovirus (CMV) [12].
Schistocytes were seen in 27% (17 patients) of our
participants. Schistocytes are an indicator of throm-
botic microangiopathies and hemolysis; as a result, see-
ing them in a PBS is a hematological emergency. There
are reports of COVID-19 patients affected with throm-
botic thrombocytopenic purpura (TTP) and one of the
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Table 3 Blood test results of the participants*

N percent Normal range

WBC Low 33 37.1 6-10 * 10°
Normal 30 33.7
high 26 29.2

Hb Low 66 74.2 Men: 14-17.5
Normal 21 23.6 Women: 12-15
high 2 2.2

Platelet ~ Low 70 78.7 1.5-4.5 % 10°
Normal 17 19.1
High 2 22

RDW Normal 33 37.1 Upto 14
Elevated 56 62.9

MCH Low 18 20.2 27.5-33.2
Normal 67 75.3
High 4 4.5

MCHC Low 40 449 33.4-35.5
Normal 37 41.6
High 12 13.5

MCV Low 14 15.7 80-96
Normal 71 79.8
High 4 4.5

CRP Normal 3 34 Upto 6
Elevated 84 96.6

LDH Normal 15 17.2 Up to 480
Elevated 72 82.8

Ferritin Normal 24 353 Men: Up to 335
Elevated 44 64.7 Women: Up to 300

ESR Normal 17 19.5 Upto 15
Elevated 70 80.5

“Abbreviations: WBC, whole blood count; Hb, hemoglobin; RDW,
red cell distribution width; MCH, mean corpuscular hemoglobin;
MCHC, mean corpuscular hemoglobin concentration; MCV, mean
corpuscular volume; CRP, C-reactive protein; LDH, lactate dehydro-
genase; ESR, erythrocyte sedimentation rate

main criteria in TTP diagnosis is schistocyte detection
in peripheral blood [24]. Although none of our patients
were affected by TTP, seeing these fragmented RBCs
can show the possibility that coronavirus affects RBCs
in an immune-related manner and can cause microvas-
cular damage [25]. TTP has been reported in other viral
infectious diseases such as AIDS [26]. Mechanical heart
valves and dialysis are mechanical etiologies for schis-
tocytes. Previous studies also confirmed the presence
of schistocytes in PBS of COVID-19 patients but the
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controversy between these studies in the percentage of
schistocytes can be caused because of subjective detec-
tion of these RBCs [25]. Our study did not show any
prognostic significance in the cases that were positive
for schistocytes.

The leukoerythroblastic reaction is the combination of a
shift to left of neutrophils and immature nucleated RBCs.
Our study showed that 9% (8 patients) had this peripheral
blood abnormality. Anupam et al. reported this finding in
a COVID-19 patient [5]. Shift to left of neutrophils up to
band cell, myelocyte, metamyelocytes, and promyelocyte
has also been reported in COVID-19 patients [17]. Shift
to left of neutrophils in a combination of neutrophilia is
traditionally considered a characteristic of bacterial infec-
tions but this finding has been reported in COVID-19
patients as well [7].

Although there is a limited number of studies on the PBS
findings in COVID-19 patients, one of our limitations was
the small number of participants; bigger studies are needed
to investigate PBS findings in COVID-19 patients and its
correlation with prognosis and clinical course of the dis-
ease. The other limitation of our study was methodology;
a prospective cohort study can better illuminate the rela-
tionship between PBS findings and the clinical course of
the disease. Moreover, we analyzed the blood tests data and
clinical course of the disease but according to limited num-
ber of our study population, we brought these data in the
supplementary material.

Conclusion

In conclusion, PBS abnormalities in COVID-19 patients
are smudge cells, giant platelets, atypical lymphocytes,
schistocytes, leukoerythroblastic reaction, increased LGL,
and immature neutrophils. Our study showed that there
is not any statistically significant relation between PBS
findings and the clinical course of the disease, including
severity, intubation, ICU admission, and outcome.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12308-021-00459-3.
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Fig.2 Seven important findings
of PBS in COVID-19 patients.
A Smudge cell. B Giant platelet.
C Atypical lymphocyte. D
Schistocyte. E Metamyelocyte,
indicating shift to left of myelo-
cyte series. F Nucleated RBC.
G Large granular lymphocyte
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