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Hematocytological Clues of Peripheral Blood in Different
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Background: To gain insight into the pathogenesis and clinical course of COVID-19
from a historical perspective, we reviewed paraclinical diagnostic tools of this disease
and prioritized the patients with a more severe form of disease admitted to intensive
care units (ICUs). The objective was to better predict the course and severity of the
disease by collecting more paraclinical data, specifically by examining the relationship
between hematological findings and cytological variation of blood neutrophils and
monocytes.
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Methods: This retrospective study was conducted on 112 patients with confirmed
COVID-19 admitted to Imam Hossein Hospital (Tehran, Iran) from August to
September 2020. Peripheral blood smears of these patients were differentiated
according to several cytological variations of neutrophils and monocytes, and the
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Hematopathology correlation to the severity of the disease was specified.
Results: The mean percentages of degenerated monocytes, degenerated granulocytes,
Received 22 Dec 2022; and spiky biky neutrophils were significantly different among critical and non-critical
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patients (P<0.05). Degenerated monocytes and granulocytes were higher in critical
patients as opposed to spiky biky neutrophils, which were higher among non-critical
ones. Comparing the peripheral blood smears of COVID-19 patients (regarding
pulmonary involvement in chest computed tomography [CT] scans [subtle, mild,
moderate, and severe groups]), the twisted form of neutrophils was significantly higher
in the subtle group than in the mild and moderate groups (P=0.003).
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Conclusion: Different cytological morphologies of neutrophils and monocytes, including
degenerated monocytes, degenerated granulocytes, and spiky biky and twisted neutrophils,
could help to predict the course and severity of the disease.
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Introduction

During the COVID-19 pandemic, we need more
paraclinical data to predict the course and severity of the
disease more easily. Although many studies have
mentioned paraclinical factors that can predict the
severity of the disease, there is still a lack of strong
evidence linking certain hematological findings or
procedures, such as bone marrow aspiration and biopsy,
with the course and severity of this complex disease.
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COVID-19 patients are prone to hematological
changes that manifest differently based on the severity
of the disease (1-3). For example, lymphopenia is one of
the most common findings in the peripheral blood smear
of COVID-19 patients, which can also be a prognostic
factor in the course of the disease. The ratio of
neutrophils to lymphocytes and also platelets to
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lymphocytes could predict the course of the disease and
its severity (1-4).

Moreover, leukocytosis with a predominance of
neutrophils, relative lymphopenia, and monocytopenia
can be the main hematological manifestations in
COVID-19 patients. Also, white blood cells (WBCs),
such as neutrophils, might show different morphological
patterns in peripheral blood smears of these patients. Of
these morphologic changes, more condensed nuclear
chromatin, toxic granulation, and vacuolization of
cytoplasm, as well as the C-shaped nucleus of
neutrophils, have been mentioned (5).

Some other researchers have focused on the
morphological changes of WBCs in peripheral blood
smears of COVID-19 patients, such as neutrophils. They
found that neutrophils seem to attack external pathogens
(coronavirus) using neutrophil extracellular traps
(NETSs). This process in which nets of nuclear chromatin
and protein with fiber bundles are formed is called
NETosis (6). Other peripheral blood findings in
COVID-19  patients include  hyper-segmented
neutrophils and red blood cell (RBC) changes
(spherocyte, echinocytes, and rouleaux formation) (7).

Few studies have worked on bone marrow changes
in patients and their correlation with clinical picture and
prognosis. COVID-19 patients are prone to
pancytopenia with decreased myeloid-to-erythroid ratio
and normal cellularity according to their age (8).

Building on our previous work exploring the
possible histogenesis of COVID-19 (9) and considering
recent studies investigating specific morphologic
findings of WBCs (particularly neutrophils and
monocytes) in COVID-19 patients and their potential
correlation with disease severity, we aimed to
investigate these novel hematocytological findings to
help clinicians better predict the course and severity of
the disease.

Material and Methods

This cross-sectional study was conducted on 112
patients who were admitted to Imam Hossein Hospital
in Tehran, Iran, from August to September 2020.
Patients included both confirmed cases and those with
suspected infections. COVID-19 patients were
diagnosed according to the World Health Organization
(WHO) guidelines for the diagnosis of SARS-CoV-2
(10). The data of these patients were collected from the
hospital information system of Imam Hossein Hospital,
affiliated with Shahid Beheshti University of Medical
Sciences, Tehran, Iran. We included patients who were
at least 17 years old, diagnosed with COVID-19, and
had no prior medical history of immune deficiency,
thrombocytopenia, malignancy, or recent blood
transfusion.

COVID-19 was confirmed when the unique
sequences of virus RNA were detected by real-time
polymerase chain reaction (PCR). We also included
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patients diagnosed with possible COVID-19 disease
according to the severity of symptoms and the imaging
findings, even if their PCR was negative. Laboratory
evaluations, including real-time PCR and complete
blood count (CBC), were performed for all patients on
the first day of admission. Chest computed tomography
(CT) scans, using a l6-detector CT scan machine
(Siemens Healthineers, Somatom, Germany), were
performed (kvp: 100, mAs: 50-100, pitch: 1.5, and
thickness: 4 mm). EDTA blood samples were taken
using a 5-mL syringe for CBC analysis using a Siemens
Advia 2120 hematology analyzer. Then, a peripheral
blood smear was prepared for each patient and stained
with the Wright-Giemsa dye to be evaluated and
differentiated by the pathologist using a Primo Star
Zeiss microscope (Carl Zeiss GmbH 07745, Jena,
Germany). In this study, we differentiated the WBCs
according to the specific morphological variants of
neutrophils and monocytes that we assumed to have a
relationship with the severity and course of the disease.

We named these specific variants as follows: a)
spiky biky neutrophils: neutrophils with more than 1
spike, projecting from segments of neutrophil nuclei,
b) degenerated neutrophils: neutrophils with released
chromatin-based structures, almost like NETs (6), ¢)
hypersegmented neutrophils: neutrophils that are
defined as >5 lobes or >5% of neutrophils with 5 lobes
(11), d) drumstick neutrophils: in this variant, there is
a relatively small round detached piece of the male
nucleus chromatin, e) degenerated monocytes:
monocytes which are about to explode with an
indistinct nucleus and irregular cytoplasmic border, f)
apoptotic cells: WBCs with 1 or multiple pyknotic bits
of chromatin and gray-pink cytoplasm, and g) twisted
neutrophils: neutrophils with nucleus turning around its
long axis (Figure 1).

Chest CT scans were reviewed by a radiologist, and
the percentage of pulmonary involvement was scored
and divided into 5 groups, including no involvement
(<5%), subtle (5%-25% involvement), mild (26%-49%
involvement), moderate (50%-75% involvement), and
severe (>75% involvement) (12).

According to the severity of clinical symptoms,
patients were classified into 2 groups of critical
(admitted to the intensive care unit [ICU]) and non-
critical (no need for ICU admission) patients.

The data were expressed as frequency and
mean+SE and compared using the independent and
paired ¢ tests or 1-way analysis of variance (ANOVA),
followed by the Tukey post-hoc test. The categorical
values were analyzed using Fisher’s exact or chi-
square tests. All analyses were performed using SPSS
version 23 (SPSS Inc., Chicago, IL., USA). A 2-sided
P<0.05 was considered statistically significant.

Ethical Considerations

The Local Research Ethics Committee of Shahid
Beheshti University of Medical Sciences approved this
study (code: IR.SBMU.RETECH.REC-.1400.349).
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Fig. 1. a) Spiky biky neutrophils, b) Degenerated neutrophils, ¢) Hypersegmented neutrophils, d) Drumstick neutrophils, e)

Degenerated monocyte, f) Apoptotic cell, g) Twisted neutrophil

Results

Of the 112 COVID-19 patients, 57 (50.9%) were
women, and 55 (49.1%) were men with a mean+SE age
of 58.61+1.6 years. In addition, 33 patients were in a
critical state, while 79 patients were not. Two patients
died because of COVID-19, and 110 were discharged.

Regarding CBC parameters, the mean WBCs,
neutrophils, lymphocytes, and monocytes absolute
counts were 8.25x10%L, 6.5x10%L, 0.9x10%L, and
0.4x10%/L, respectively. In addition, 30% of patients
showed leukopenia, 21% had leukocytosis, and 66%
were in the normal range regarding the WBC count.
Also, 30% of the patients showed some degree of
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thrombocytopenia. Forty-three patients had >50%
pulmonary involvement, and 36 patients had <50%
pulmonary involvement, as shown in their chest CT
scans.

The mean hemoglobin concentration during
admission was significantly lower in critical patients
(10.5) than in non-critical patients (11.5; P=0.04). The
analysis of other CBC parameters and the clinical
course of the disease, including critical status, degree
of pulmonary involvement, and outcome, did not show
any statistical significance.
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The mean percentage of degenerated monocytes, The mean percentages of different cytological
degenerated granulocytes, and spiky biky neutrophils morphologies of neutrophils and monocytes according
were significantly different among critical and non- to the outcome are mentioned in Table 2.
critical patients (P<0.05). Degenerated monocytes and The results showed that the group of patients who
granulocytes were higher in critical patients as opposed tested positive for SARS-CoV-2 by real-time PCR had
to Spik.y. biky neutrophils, which were higher among a statistically significant increase in the mean
non-critical ones (Table 1). percentage of degenerated monocytes compared to the

group of patients who tested negative (P=0.02; Table
3).

Table 1. The mean percentage of different cytological morphologies of neutrophils and monocytes, according to sex and
diagnosis

Male Female Critical non-critical
Twisted neutrophil 7.9£0.5 7.8+0.5 7.2+0.6 8.1+0.4
BECa e 2340.3 3.140.3 34405 24403 <0.05
monocyte
Degenerated 3.140.4 4340.5 4.740.5 3.340.4 <0.05
granulocyte
Spiky biky neutrophil 21.8+1.1 18.0+1.1 <0.05 16.2+1.3 21.440.9 0.002
Hyper-segmented 4.840.7 3.940.6 3.5405 47406
neutrophil
Drumstick neutrophil 3.2+0.4 4.840.5 <0.05 4.24+0.7 4.0+0.4
Apoptotic ell 0.4+0.1 0.6+0.1 0.7£0.2 0.5+0.1

Table 2. The mean percentage of different cytological morphologies of neutrophils and monocytes according to the outcome

Twisted neutrophils 7.8+0.3 9.5+0.5
Degenerated monocyte 2.7+0.2 2.540.5
Degenerated granulocyte 3.7£0.3 2.51+0.5
Spiky biky neutrophils 19.940.8 17.0+9.0
Hypersegmented neutrophils 4.310.4 3.,5+1.5
Drumstick neutrophils 4.1+0.3 3.,541.5

Apoptotic cells
0.5+0.07 0.00

Table 3. The mean percentage of different cytological morphologies of neutrophils and monocytes based on RT-PCR results

Twisted neutrophils

detected 89 7.5£0.3
Non-detected 14 9.0£0.9
Degenerated monocyte
detected 89 2.840.2
Non-detected 14 1.840.3
Degenerated granulocyte
detected 89 3.740.3
Non-detected 14 37411
Spiky biky Neutrophils
detected 89 19.5+£0.9
Non-detected 14 20.5+£2.0
Hypersegmented neutrophils
detected 89 4.31+0.5
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Non-detected 14 4.440.9
Drumstick neutrophils

detected 89 3.840.3

Non-detected 14 5.6+1.1

The mean percentage of twisted morphology of
neutrophils was significantly higher in the subtle group
than in the mild and moderate groups (10.5 vs. 7.7 and
7.2, respectively; P=0.02; Table 4).

The correlation of the percentage of the twisted and
drumstick morphology of neutrophils to other
cytological variants of neutrophils and monocytes in
the peripheral blood differential counts are shown in

Figures 2 and 3.

The percentage of degenerated granulocytes in the
peripheral blood smear was directly related to the
percentage of degenerated monocytes (P<0.001). Also,
the percentage of hypersegmented neutrophils in the
differential count was directly related to the percentage

of spiky biky and twisted neutrophils (P<0.05 and
P<0.001, respectively).

The percentage of spiky biky neutrophils was
directly correlated with the hemoglobin level measured
during admission (P=0.01). As previously mentioned,
the spiky biky figure is related to milder symptoms and
CT scan involvement, indicating that hemoglobin
levels were higher in patients with a milder disease
course.

The percentage of degenerated monocytes in
differential blood count was associated with the
severity of pulmonary involvement; in other words,
patients with a higher percentage of degenerated
monocytes tended to have more severe pulmonary
involvement, as revealed by chest CT scans (P=0.01).

Table 4. The mean percentage of different cytological morphologies of neutrophils and monocytes according to the severity of

pulmonary involvement in chest CT scan

Twisted neutrophils

Subtle 12

Mild 29

Moderate 38
Severe 3

Degenerated monocyte

Subtle 12
Mild 29
Moderate 38
Severe 3

Degenerated granulocyte

Subtle 12

Mild 29
Moderate 38
Severe 3

Spiky biky Neutrophils

Subtle 12
Mild 29
Moderate 38
Severe 3

Hypersegmented neutrophils

Subtle 12

Mild 29

Moderate 38

Severe 3
Drumstick neutrophils

Subtle 12

Mild 29
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10.5+1.0
7.7£0.6
7.240.4
7.3+1.6

1.940.5
2.5+0.3
2.7£0.4
1.6+0.8

3.440.9
4.410.6
3.5£0.5
1.0£0.6

19.0+2.3
18.1+1.4
20.1+1.4
28.6+3.1

6.1£1.5
3.7+£0.8
4.1+4.5
7.6%£5.3
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Moderate 38
Severe 3
Apoptotic cells
Subtle 12
Mild 29
Moderate 38
Severe 3

® inverse
relationship

e P=0.02

® inverse
relationship

* P<0.05

® inverse
relationship

* P<0.05

Apoptotic
WBC

e directly
related

e P value:
0.02

e directly
related
¢ P value
<0.001

e directly
Hypersegm related
ent
neutrophil e Pvalue
<0.001

Discussion

Building on our previous work exploring the
possible histogenesis of COVID-19, our current study
investigated whether different cytological
morphologies of neutrophils and monocytes in
peripheral blood smears had any impact on the course
of the disease, including critical status, the degree of
pulmonary involvement, and outcome.

Our findings suggest that degenerated monocytes,
degenerated granulocytes, and apoptotic neutrophils
were associated with more severe forms of the disease
requiring hospitalization, as opposed to spiky biky,
drumstick, and twisted variants of neutrophils which
were more abundant in non- critical patients.
Therefore, they could be a helpful tool to predict the
course of the disease.

Vol.18 No.3 Summer, 2023

Seyede Fakhri Mohaghagh Zahed et al. 275

3.1+0.4
3.3+£0.8

0.4%0.2
0.4+0.1
0.61+0.1
0.0+0.0

Fig. 2. The correlation of the percentage of twisted
morphology of neutrophils to other cytological morphologies
of neutrophils and monocytes in the peripheral blood
differential count

Fig. 3. The correlation of the percentage of drumstick
morphology of neutrophils to the rest of the cytological
morphologies of neutrophils and monocytes in the peripheral
blood differential count

COVID-19 patients are prone to hematological
changes with different manifestations according to the
severity of the disease (1-4). Liu and colleagues
showed that lymphopenia was one of the most common
findings in peripheral blood smears of COVID-19
patients, which can also be a prognostic factor in the
course of the disease. They also mentioned that the
increased ratio of neutrophils to lymphocytes and also
a decrease in the hemoglobin concentration could be
regarded as a risk of progression of the disease (1-13).
Our study also revealed some degree of lymphopenia
and lower level of hemoglobin during admission in
patients with critical symptoms.

Hematological abnormalities, including
lymphopenia, neutrophilia, and thrombocytopenia,
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were more pronounced in patients with severe disease
compared with patients with non-severe forms of the
disease (2,14,15,16)

Singh and coworkers also confirmed that
leukocytosis with a predominance of neutrophils,
relative lymphopenia, and monocytopenia could be the
main hematological manifestation of COVID-19
patients. They also mentioned that WBCs (such as
neutrophils) might show different morphological
patterns in peripheral blood smears of COVID-19
patients. Of these morphological changes, more
condensed nuclear chromatin, toxic granulation,
vacuolization of cytoplasm, and C-shaped nucleus of
neutrophils were mentioned (5).

In our study, we termed the NETosis-like variant of
neutrophils as degenerated granulocytes, and it was
significantly correlated with more chance of ICU
admission. Our work will support the studies of Zhu et
al., Chiang et al, and Yang et al. for NETs and
NETosis works (6,17,18). NETosis also predicts
COVID-19 severity and worse outcome (19).

Other peripheral blood findings in COVID-19
patients, including hypersegmented neutrophils and
RBC changes (spherocyte, echinocytes, and rouleaux
formation), have also been observed (7).

Zini and colleagues found other morphological
WBCs changes in peripheral blood smears of patients
with COVID-19, claiming that in the early stages of the
disease, on day 1 of admission, some granulocytic
abnormalities, including immature granulocytes, some
degree of pseudo-Pelger-Huét morphology, and
apoptotic cells, would be more evident, and after 1
week of starting anti-inflammatory and antiviral
therapies, the most predominant changes would be in
lymphocytes, which become activated in the course of
the disease (20).

One study reported a leukoerythroblastic reaction
with many smudge cells in the peripheral blood smear
of a confirmed COVID-19 patient, stating that it could
be a finding of COVID-19 infection; thus, it could help
diagnose the disease more easily (21). Pezeshki and
colleagues reported that the most frequent peripheral
blood smear findings in COVID-19 patients were
smudge cells, atypical lymphocytes, and giant platelets
and schistocytes, but in this study, no relation was
discovered between the progression of the disease and
the morphological features mentioned above (22).

Nazarullah and coworkers also revealed that some
morphological peripheral blood smear findings would
be more pronounced in COVID-19 patients than in the
control group, such as plasmacytoid lymphocytes,
acquired Pelger-Huét anomaly, and left shift of
granulocytic series (23).

Zhang and colleagues focused on monocyte
number and morphologic and functional changes in
COVID-19 patients using flow cytometry. They
claimed that there was no difference in the number of
monocytes between COVID-19 patients and the
control group, but there were remarkable
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dissimilarities in their morphology and function, in a
way that these changes were more pronounced in
critical patients requiring ICU admission (24).

Berber and coworkers showed that in severe cases
of COVID-19, there was a higher number of band
neutrophils and a lower count of segmented
neutrophils, as in our study. They also claimed that a
more severe disease course could be predicted by an
increased  pseudo—Pelger-Huét anomaly, = mature
lymphocyte ratio, decreased mature lymphocytes, and
monocytes with vacuoles (25).

Although the expiring rate depended on the severity
ofillness and viral load, in critical patients, hemoglobin
concentrations decreased, while neutrophils, WBC,
and platelets count increased, especially it was seen in
patients with more than 50% lung opacity involvement
(26).

Another study also showed some morphological
WBC anomalies in COVID-19 patients, including
acquired neutrophilic nuclear projections (ANNP),
acquired Pelger-Huet anomaly, shift to the left of
myeloid series, plasmacytoid lymphocytes, toxic
granulation, and vacuolization and apoptotic cells (27).
Jafarzade and coworkers claimed that macrophages
were the first line of defense against viral infections,
especially in the respiratory tract (28). Therefore, this
could explain why the percentage of degenerated
monocytes in peripheral blood smears of patients was
associated with a more severe form of the disease.

Conclusion

Of the 112 patients evaluated for peripheral blood
smear differentiation regarding the different
cytological variants of neutrophils and monocytes, we
noticed that the most common morphological variants
were spiky biky and twisted neutrophils. Degenerated
monocytes, degenerated granulocytes, and apoptotic
neutrophils were associated with a more severe form of
the disease requiring hospitalization, as opposed to
spiky biky, drumstick, and twisted variants of
neutrophils. Therefore, they could be used as a helpful
tool to predict the course of the disease. However,
further studies on larger patient populations with
different strains of COVID-19 (such as Delta,
Omicron, BA3, BA4, and potentially new strains in the
future) are needed to confirm these findings.

Acknowledgments

In the memory of passed away Professor Moslem
Bahadori, MD, our mentor, who encouraged and
supported to write this paper; we present to his
scientific spirit.

Funding

None.

Conflict of Interest
None.

IRANIAN JOURNAL OF PATHOLOGY



References
I

1.

Liu X, Zhang R, He G. Hematological findings in
coronavirus disease 2019: indications of
progression of disease. Ann  Hematol.
2020;99(7):1421-8. [PMID] [PMCID]
[DOI:10.1007/s00277-020-04103-5]

Terpos E, Ntanasis-Stathopoulos I, Elalamy I,
Kastritis E, Sergentanis TN, Politou M, et al.
Hematological findings and complications of
COVID-19. Am J Hematol. 2020 Jul;95(7):834-
47. [DOI:10.1002/ajh.25829] [PMID] [PMCID]

Yuan X, Huang W, Ye B, Chen C, Huang R, Wu
F, et al. Changes of hematological and
immunological parameters in COVID-19
patients. Int J Hematol. 2020;112(4):553-9.
[DOI:10.1007/s12185-020-02930-w]  [PMID]
[PMCID]

Pozdnyakova O, Connell NT, Battinelli EM,
Connors JM, Fell G, Kim AS. Clinical
Significance of CBC and WBC Morphology in
the Diagnosis and Clinical Course of COVID-19
Infection. Am J Clin Pathol. 2021 Feb
11;155(3):364-375. [PMID] [PMCID]
[DOI:10.1093/ajcp/agaa231]

Singh A, Sood N, Narang V, Goyal A.
Morphology of COVID-19-affected cells in
peripheral blood film. BMJ Case Rep. 2020 May
27;13(5):€236117. [DOI:10.1136/bcr-2020-
236117] [PMID] [PMCID]

Zhu L, Liu L, Zhang Y, Pu L, Liu J, Li X, et al.
High Level of Neutrophil Extracellular Traps
Correlates With Poor Prognosis of Severe
Influenza A Infection. J Infect Dis.
2018;217(3):428-37.
[DOI:10.1093/infdis/jix475] [PMID]

Lakhdari N, Tabet B, Boudraham L, Laoussati M,
Aissanou S, Beddou L et al. Red blood cells
injuries and hypersegmented neutrophils in
COVID-19 peripheral blood film. MedRxiv.
2020.

[DOI:10.1101/2020.07.24.20160101.]

Vol.18 No.3 Summer, 2023

8.

10.

11.

12.

13.

14.

Seyede Fakhri Mohaghagh Zahed et al. 277

Zhao Y, He J, Wang J, Li WM, Xu M, Yu X, et
al. Development of pancytopenia in a patient with
COVID-19. J Med Virol. 2021 Mar;93(3):1219-
20. [DOI:10.1002/jmv.26566] [PMID] [PMCID]

Bahadori M, Dabiri S, Javadi A, Shamsi
Meymandi S, Movahedinia S, Shamsi Meymandi
M, et al. Pathogenesis of COVID-19; Acute Auto-
inflammatory Disease (Endotheliopathica &
Leukocytoclastica COVIDicus). Arch Iran Med.
2021;24(5): 419-26.
[DOI:10.34172/aim.2021.60] [PMID]

World Health Organization. Laboratory testing of
2019 novel (2019-nCoV) in
suspected human cases: interim guidance, 17
January 2020 [Internet]. Who.int. 2022 [cited 19
August 2022]. Available from:
https://www.who.int/publications-detail-
redirect/laboratory-testing-of-2019-novel-
coronavirus-(-2019-ncov)-in-suspected-human-
cases-interim-guidance-17-january-2020

coronavirus

Herbert V. Megaloblastic anemias. Laboratory
Investigation; J Tech Methods Pathol.
1985;52(1):3-19.

Pan F, Ye T, Sun P, Gui S, Liang B, Li L, et al.
Time Course of Lung Changes at Chest CT during
Recovery from Coronavirus Disease 2019
(COVID-19). Radiology. 2020;295(3):715-21.
[PMID] [PMCID]
[DOI:10.1148/radiol.2020200370]

Kazancioglu S, Bastug A, Ozbay BO, Kemirtlek
N, Bodur H. The role of haematological
parameters in patients with COVID-19 and
influenza virus infection. Epidemiol Infect. 2020
Nov 5;148:€272. [PMID] [PMCID]
[DOI:10.1017/S095026882000271X]

Sun DW, Zhang D, Tian RH, Li Y, Wang YS,
Cao J, et al. The underlying changes and
predicting role of peripheral blood inflammatory
cells in severe COVID-19 patients: A sentinel?
Clin Chim Acta. 2020;508:122-9. [PMID]
[PMCID] [DOI:10.1016/j.cca.2020.05.027]

IRANIAN JOURNAL OF PATHOLOGY


https://www.ncbi.nlm.nih.gov/pubmed/32495027
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7266734
https://doi.org/10.1007/s00277-020-04103-5
https://doi.org/10.1002/ajh.25829
https://www.ncbi.nlm.nih.gov/pubmed/32282949
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7262337
https://doi.org/10.1007/s12185-020-02930-w
https://www.ncbi.nlm.nih.gov/pubmed/32656638
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7354745
https://www.ncbi.nlm.nih.gov/pubmed/33269374
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7799218
https://doi.org/10.1093/ajcp/aqaa231
https://doi.org/10.1136/bcr-2020-236117
https://doi.org/10.1136/bcr-2020-236117
https://www.ncbi.nlm.nih.gov/pubmed/32467125
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7276239
https://doi.org/10.1093/infdis/jix475
https://www.ncbi.nlm.nih.gov/pubmed/29325098
https://doi.org/10.1101/2020.07.24.20160101.
https://doi.org/10.1002/jmv.26566
https://www.ncbi.nlm.nih.gov/pubmed/32990983
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7537507
https://doi.org/10.34172/aim.2021.60
https://www.ncbi.nlm.nih.gov/pubmed/34196208
https://www.ncbi.nlm.nih.gov/pubmed/32053470
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7233367
https://doi.org/10.1148/radiol.2020200370
https://www.ncbi.nlm.nih.gov/pubmed/33148349
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7683813
https://doi.org/10.1017/S095026882000271X
https://www.ncbi.nlm.nih.gov/pubmed/32417210
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7224669
https://doi.org/10.1016/j.cca.2020.05.027

278 PD-L1 Peripheral Blood Smear in COVID 19

15

16.

17.

18.

19.

20.

21.

22.

23.

. Fan BE. Hematologic parameters in patients with
COVID-19 infection: a reply. Am J Hematol.
2020;95(8):E215. [DOI:10.1002/ajh.25847]

Lippi G, Plebani M. Laboratory abnormalities in
patients with COVID-2019 infection. Clin Chem
Lab Med. 2020;58(7):1131-4.
[DOI:10.1515/cclm-2020-0198] [PMID]

Chiang CC, Korinek M, Cheng WJ, Hwang TL.
Targeting Neutrophils to Treat Acute Respiratory
Distress Syndrome in Coronavirus Disease. Front
Pharmacol. 2020;11:572009. [PMID] [PMCID]
[DOI:10.3389/fphar.2020.572009]

Yang S, Tsai Y, Pan Y, Hwang T. Understanding
the role of neutrophils in acute respiratory distress
syndrome. Biomed J. 2021;44(4):439-46. [PMID]
[PMCID] [DOI:10.1016/].bj.2020.09.001]

Zhu Y, Chen X, Liu X. NETosis and Neutrophil
Extracellular Traps in COVID-19:
Immunothrombosis and Beyond. Front Immunol.
2022 Mar 2;13:838011. [PMID] [PMCID]
[DOI:10.3389/fimmu.2022.838011]

Zini G, Bellesi S, Ramundo F, d'Onofrio G.
Morphological anomalies of circulating blood
cells in COVID-19. Am J Hematol. 2020;95(7):
870-2. [DOI:10.1002/ajh.25824] [PMID]
[PMCID]

Mitra A, Dwyre DM, Schivo M, Thompson GR
3rd, Cohen SH, Ku N, et al. Leukoerythroblastic
reaction in a patient with COVID-19 infection.
Am J  Hematol 2020;95(8):999-1000.
[DOI:10.1002/ajh.25793] [PMID] [PMCID]

Pezeshki, A., Vaezi, A. & Nematollahi, P. Blood
cell morphology and COVID-19 clinical course,
severity, and outcome. J Hematopathol 14, 221-8
(2021). [DOI:10.1007/s12308-021-00459-3.]
[PMID] [PMCID]

Nazarullah A, Liang C, Villarreal A, Higgins RA,
Mais DD. Peripheral Blood Examination

Findings in SARS-CoV-2 Infection. Am J Clin

How to Cite This Article

24.

25.

26.

27.

28.

Pathol. 2020;154(3):319-29.
[DOI:10.1093/ajcp/agaal 08] [PMID] [PMCID]

Zhang D, Guo R, Lei L, Liu H, Wang Y, Wang
Y, et al. Frontline Science: COVID-19 infection
induces readily detectable morphologic and
inflammation-related phenotypic changes in
peripheral blood monocytes. J Leukoc Biol.
2021;109(1):13-22. [DOI:10.1002/JLB.4HI0720-
470R] [PMID] [PMCID]

Berber I, Cagasar O, Sarici A, Berber NK,
Aydogdu I, Ulutas O, et al. Peripheral Blood
Smear Findings of COVID-19 Patients Provide
Information about the Severity of the Disease and
the Duration of Hospital Stay. Mediterr ] Hematol
Infect Dis. 2021;13(1):e2021009. [PMID]
[PMCID] [DOI:10.4084/mjhid.2021.009]

Javadi A, Dabiri S, Meymandi MS, Hashemi
Bahremani M, Soleimantabar H, Dabiri B, et al.
Changes of Routine Hematological Parameters in
COVID-19 Patients: Correlation with Imaging
Findings, RT-PCR and Outcome. Iran J Pathol.
2022;17(1):37-47.
[DOI:10.30699/ijp.2021.533645.2675]
[PMCID]

[PMID]

Kannan G, Soni M. Leukocyte morphological
changes in COVID-19, a peripheral smear study
and analysis at a tertiary health care centre in
India. Apollo Med [serial online] 2021 [cited
2022 Oct 22];18:158-61. Available from:
https://apollomedicine.org/text.asp?2021/18/3/15
8/320556

Jafarzadeh A, Chauhan P, Saha B, Jafarzadeh S,
Nemati M. Contribution of monocytes and
macrophages to the local tissue inflammation and
cytokine storm in COVID-19: Lessons from
SARS and MERS, and potential therapeutic
interventions. Life Sci. 2020;257:118102.
[PMID] [PMCID]
[DOI:10.1016/].1£5.2020.118102]

Mohaghagh Zahed, S F , Dabiri, Sh, Javadi, A, Movahednia, S, Shamsi Meymandi Pharm, M, et al. Hematocytological Clues
of Peripheral Blood in Different Clinical Presentations of COVID-19. Iran J Pathol, 2023; 18(3): 270-278.

doi: 10.30699/1JP.2023.561331.2963

Vol.18 No.3 Summer, 2023

IRANIAN JOURNAL OF PATHOLOGY


https://doi.org/10.1002/ajh.25847
https://doi.org/10.1515/cclm-2020-0198
https://www.ncbi.nlm.nih.gov/pubmed/32119647
https://www.ncbi.nlm.nih.gov/pubmed/33162887
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7583590
https://doi.org/10.3389/fphar.2020.572009
https://www.ncbi.nlm.nih.gov/pubmed/33087299
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7481802
https://doi.org/10.1016/j.bj.2020.09.001
https://www.ncbi.nlm.nih.gov/pubmed/35309344
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8924116
https://doi.org/10.3389/fimmu.2022.838011
https://doi.org/10.1002/ajh.25824
https://www.ncbi.nlm.nih.gov/pubmed/32279346
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7262044
https://doi.org/10.1002/ajh.25793
https://www.ncbi.nlm.nih.gov/pubmed/32212392
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7228283
https://doi.org/10.1007/s12308-021-00459-3.
https://www.ncbi.nlm.nih.gov/pubmed/34249171
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8255335
https://doi.org/10.1093/ajcp/aqaa108
https://www.ncbi.nlm.nih.gov/pubmed/32756872
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7454310
https://doi.org/10.1002/JLB.4HI0720-470R
https://doi.org/10.1002/JLB.4HI0720-470R
https://www.ncbi.nlm.nih.gov/pubmed/33040384
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7675546
https://www.ncbi.nlm.nih.gov/pubmed/33489048
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7813282
https://doi.org/10.4084/mjhid.2021.009
https://doi.org/10.30699/ijp.2021.533645.2675
https://www.ncbi.nlm.nih.gov/pubmed/35096087
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8794564
https://www.ncbi.nlm.nih.gov/pubmed/32687918
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7367812
https://doi.org/10.1016/j.lfs.2020.118102

	1. Pathology and Stem Cells Research Centers, Pathology Department, Afzalipour Medical School, Kerman Medical Sciences University, Kerman, Iran
	2. Department of Pathology, Shahid Beheshti University of Medical Sciences, Tehran, Iran
	3. Infectious Branch, Internal Medicine Department, Afzalipour Hospital, Kerman Medical Sciences University, Kerman, Iran
	4. Department of Pathology, NYU Long Island School of Medicine, NYU Langone Hospital, New York, United States of America
	5. Virology Research Center, National Research Institute of Tuberculosis and Lung Disease, Shahid Beheshti University of Medical Sciences, Tehran, Iran
	Introduction

	Background: To gain insight into the pathogenesis and clinical course of COVID-19 from a historical perspective, we reviewed paraclinical diagnostic tools of this disease and prioritized the patients with a more severe form of disease admitted to intensive care units (ICUs). The objective was to better predict the course and severity of the disease by collecting more paraclinical data, specifically by examining the relationship between hematological findings and cytological variation of blood neutrophils and monocytes. 
	Methods: This retrospective study was conducted on 112 patients with confirmed COVID-19 admitted to Imam Hossein Hospital (Tehran, Iran) from August to September 2020. Peripheral blood smears of these patients were differentiated according to several cytological variations of neutrophils and monocytes, and the correlation to the severity of the disease was specified.
	Results: The mean percentages of degenerated monocytes, degenerated granulocytes, and spiky biky neutrophils were significantly different among critical and non-critical patients (P<0.05). Degenerated monocytes and granulocytes were higher in critical patients as opposed to spiky biky neutrophils, which were higher among non-critical ones. Comparing the peripheral blood smears of COVID-19 patients (regarding pulmonary involvement in chest computed tomography [CT] scans [subtle, mild, moderate, and severe groups]), the twisted form of neutrophils was significantly higher in the subtle group than in the mild and moderate groups (P=0.003).
	Conclusion: Different cytological morphologies of neutrophils and monocytes, including degenerated monocytes, degenerated granulocytes, and spiky biky and twisted neutrophils, could help to predict the course and severity of the disease.
	Material and Methods
	Results
	Discussion
	Conclusion
	Acknowledgments
	Funding
	Conflict of Interest
	References


