Received: 22 July 2022 Accepted: 19 September 2022

DOI: 10.1111/bjh.18489

REVIEW

BRITISH JOURNAL OF HAEMATOLOGY

Coronavirus disease 2019 (COVID-19): Focus on peripheral blood

cell morphology

Gina Zini"?® | Giuseppe d'Onofrio’

'Haematology, Catholic University of Sacred
Heart, Rome, Italy

“Fondazione Policlinico Universitario
Agostino Gemelli IRCCS, Rome, Italy

Correspondence

Gina Zini, Fondazione Policlinico
Universitario Agostino Gemelli IRCCS, Largo
Agostino Gemelli 8, Rome 00168, Italy.
Email: gina.zini@unicatt.it

Summary

Numerous studies have shown peculiar morphological anomalies in COVID-19
patients' smears. We searched all the peer-reviewed scientific publications that ex-
plicitly reference the cytomorphological alterations on peripheral blood smears of
patients with COVID-19. We extracted data from sixty-five publications (case re-
ports, patient group studies, reviews, and erythrocyte morphology studies). The re-
sults show that frequent alterations concern the morphology of lymphocytes (large
lymphocytes with weakly basophilic cytoplasm, plasmacytoid lymphocytes, large
granular lymphocytes). Neutrophils display abnormal nuclei and cytoplasm in a dis-
tinctive cytomorphological picture. Besides a left shift in maturation, granulations
can be increased (toxic type) or decreased with areas of basophilia. Nuclei are often
hyposegmented (pseudo-Pelger-Huét anomaly). Apoptotic or pycnotic cells are not
uncommon. Monocytes typically have a large cytoplasm loaded with heterogeneous
and coalescing vacuoles. Platelets show large and giant shapes. The presence of eryth-
rocyte fragments and schistocytes is especially evident in the forms of COVID-19
that are associated with thrombotic microangiopathies. Such atypia of blood cells re-
flects the generalized activation in severe COVID-19, which has been demonstrated
with immunophenotypic, molecular, genetic, and functional methods. Neutrophils,
in particular, are involved in the pathophysiology of hyperinflammation with cy-

tokine storm, which characterizes the most unfavorable evolution.
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INTRODUCTION (SARS-CoV-2), referred to as coronavirus disease 2019
(COVID-19), date back to early 2020.! Within a few weeks,
The first descriptions in the scientific literature of infec-  the first reports of haematological abnormalities were

tion by severe acute respiratory syndrome coronavirus-2  published in different phases of the disease.” These first
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observations were confirmed by studies of numerous pa-
tients with COVID-19.* At this point, 2.5years after the
start of the pandemic, there is now in-depth knowledge of
the haematological alterations characteristic of the infection,
of their frequency in disease of different severity and requir-
ing a different level of care (intensive care vs. non-intensive
care), and of the evolution in the different phases of the dis-
ease, up to recovery or death,®’ including long-term alter-
ations in recovered patients.® Some clinical correlations and
their potential value as a more or less unfavourable prog-
nostic indicator of evolution are well established for some
anomalies.”'’

Quantitative abnormalities of haematological variables
measured in the full blood count (FBC) have been described
in early works on large COVID-19 patient groups® and have
recently been updated with new controlled studies®' and
reviews.”'”'? In most cases, anaemia is absent, mild or mod-
erate, and, in pathogenetic terms, of the hyporegenerative
form usually associated with inflammatory and infectious
diseases. Anaemia can be more severe in COVID-19 cases
with microangiopathic and haemorrhagic complications
from disseminated intravascular coagulation. In these same
patients, platelet counts, which are otherwise often normal,
can also decrease markedly. The occasional anaemia and
thrombocytopenia can have prognostic implications. The
more consistent abnormality of white blood cells (WBCs) is
lymphocytopenia, which is frequent in all hospitalised pa-
tients and, differing from CD4" lymphocytopenia of human
immunodeficiency virus (HIV) infection, does not involve
a specific subpopulation but rather all lymphocyte subsets
to an often indistinguishable extent.!>'* Infection and de-
struction of lymphocytes by the virus (apoptosis) are likely
to cause lymphocytopenia. On the other hand, the absolute
number of circulating neutrophils is higher in the most se-
vere and protracted forms of the condition. Neutrophilia in
severe cases is one of the most distinctive haematological as-
pects of COVID-19, which distinguishes it from most other
respiratory viral infections and is part of the context of the
hyperinflammatory syndrome with cytokine storm that oc-
curs in severe COVID-19 cases."

Alongside those above haemocytometric and quantita-
tive alterations, it is now an established fact that the cells
that circulate in the peripheral blood (PB) of many patients
with COVID-19, especially in the clinically relevant forms
observed in intensive care units (ICUs) and non-ICU hos-
pital settings, show evident morphological alterations, more
marked and more common than those observed in other
viral and, more generally, infectious diseases.*'* Our review
focusses on the literature explicitly dealing with qualitative
morphological features of PB circulating cells in patients
with COVID-19 to collect all the available information and
highlight the most frequent and, if it is the case, characteris-
tic morphological features of any type of such populations.

We wanted to know: (i) whether published studies have
described consistent morphological anomalies in cells on the
PB film of patients with COVID-19; (ii) if any such abnor-
malities could be considered typical and have diagnostic or

prognostic value in the context of COVID-19 clinical evolu-
tion; and (iii) if any of the morphological findings could be
ascribed to a relationship with the physiopathological events
that characterise the different evolutionary patterns of
COVID-19 (i.e., cytokine storm, respiratory distress, throm-
bosis and microangiopathy).

In our literature study, we searched the keywords refer-
ring to all blood cells and their qualitative alterations in any
possible combinations on the PubMed and Google Scholar
databases with the search terms ‘COVID-19" and ‘SARS-
CoV-2’. We included in the study all peer-reviewed publi-
cations describing specific morphological aspects of blood
cells. We excluded the pre-print and a few other papers in
which, in our opinion, the minimum requirements were not
met in terms of diagnostic criteria.

Types of studies

We have included in our literature review a total of 65 studies
published from March 2020 until June 2022, which describe
the morphological alterations of circulating cells in the PB
film of patients with COVID-19. Among these, there were 15
case reports dealing with morphological aspects. Four case
reports limited the cell anomaly descriptions to lymphocyte
abnormal morphology.'®* One of them had a clonal CD5-
negative B-cell lymphocytosis': the authors highlighted an
excess of smudge cells in the films. In a recent report, a case
of CD5" monoclonal B-cell lymphocytosis was diagnosed at
the time of the first SARS-CoV-2 positive test™: the clonal
lymphocytes showed rod-shaped crystals in their scanty cy-
toplasm. In another six case reports, the authors extended
their observation to neutrophils and monocytes,”*° and
three reported a leucoerythroblastic picture,””*® with abnor-
mal monocytes in one case.”” One study describes a transi-
tory reversible increase in circulating and bone marrow blast
cells during COVID-19.* Several reports of COVID-19 in
patients with coinciding or pre-existing haematological dis-
orders were also available, in which no COVID-19 PB mor-
phology was considered and that had no specific relevance
for our morphology focused review.

We found 28 studies dealing with morphological alter-
ations observed in groups of multiple COVID-19 patients.
Nine reported atypia of a single cell population: abnormal
lymphocytes in seven,” ™ atypical monocytes in one.”® In
all, 19 of these group studies detailed morphological abnor-
malities in multiple cell populations in patients with dif-
ferent phases of the disease (10 of them included control
groups of healthy subjects or patients with non-COVID-19
inflammatory states) (Table 1).123-56 Other studies de-
scribed case reports or original articles specifically dedi-
cated to red blood cell (RBC) morphological abnormalities,
with particular reference to the presence of schistocytes
in COVID-19-related microangiopathies (subsection ‘Red
blood cells’).

Besides several reviews limited to quantitative FBC data
in COVID-19,'%*"?® five reviews on haematological features
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(Continued)

TABLE 1

COVID-19
negative

COVID-19
positive

Other

Platelets

Monocytes

Neutrophil nucleus Lymphocytes

Neutrophil cytoplasm

Reference

Smudge cells (67.4%),

Giant forms

Atypical, increased LGL

Left shift

89

Pezeshki et al.*

schistocytes, immature

granulocytes, NRBCs

COVID-19: FOCUS ON PERIPHERAL BLOOD CELL MORPHOLOGY

Increased RDW, decreased

Aggressive-looking,

Plasmacytoid, reactive

PPH, (bilobed, dumbbell),

30 (healthy) Toxic granules

19 (no cancer)
84 (cancer)

Refaat et al.”

eosinophils, granulocyte

left shift

giant size, vacuoles

(ballerina-like), covicytes

(see text)

coarse chromatin

Granulocyte left shift, smudge

Vacuoles (increased in

Reactive (increased

Hypersegmentation,

Toxic granules, vacuoles

80 32

Jain et al.’*

and apoptotic neutrophils,
NRBC, schistocytes

fatal cases)

in fatal cases),

PPH, non-lobated,
ring-shape

lymphoplasmacytoid

Apoptotic bodies, karyorrhexis

Large, giant,

Plasmacytoid, Downey Cytoplasmic vacuoles

PPH (50% in ICU cases),

Toxic granules, vacuoles

100 (50 ICU)

Singh et al.”

and granules pleomorphic

cells, hyperbasophilic

hypolobation,
karyolysis

(ICU patients)

cytoplasm, pseudopod

formation

NRBC, immature neutrophils,

Activated

PPH, hypercondensed

Hypergranular,

77

Zini et al.”®

occasional pyknotic and

smudge cells

chromatin

hypogranular, pale

blue areas, frequent
partial MPO

deficiency

Abbreviations: COVID-19, coronavirus disease 2019; HIV, human immunodeficiency virus; ICU, intensive care unit; LGL, large granular lymphocyte; MPO, myeloperoxidase; MPV, mean platelet volume; NRBC, nucleated red blood cell;

PDW, platelet distribution width; PPH, pseudo-Pelger-Huét anomaly; RDW, red cell distribution width.

of the PB in COVID-19 include variably extended cytomor-
phological information.*”'>*%° Qther literature reviews
were dedicated specifically to eosinophils,” RBCs,*? and the
association of thrombotic thrombocytopenic purpura (TTP)
with COVID-19 or anti-COVID-19 vaccination.”’

MATERIALS AND METHODS

In general, the authors used optical microscopes and
manually spread PB films fixed and stained according to
Romanowsky panoptical methods (May-Gronwald-Giemsa,
Giemsa, Wright-Giemsa or Leishman-Giemsa). Among all
the studies, nine used automatically spread and stained films
processed with digital image analysers,'"!6-183>38,40,42:49,50
All cell images in Figures 1-3 of this review were taken
by the authors of this review from May-Grinwald-Giemsa
fixed and stained PB films using a Zeiss photo camera and
microscope using a X100 oil-immersion objective.

PERIPHERAL BLOOD CELL
MORPHOLOGY IN COVID-19

Lymphocytes

Lymphocytopenia is frequent in COVID-19 on admission,’
and its severity is associated with unfavourable progression.
It was described from the beginning of the COVID-19 pan-
demic in China, with a high proportion in patients admit-
ted to hospital." The decrease in circulating lymphocytes is
generally more severe in patients requiring assisted respira-
tion and in ICU patients and is more marked in cases with
unfavourable evolution'': Pozdnyakova et al.' demonstrated
a continuing decline in the absolute lymphocyte count from
ICU admission to demise. All CD3" T-lymphocyte sub-
sets and B lymphocytes were reduced, especially in severe
cases, >!#248 glthough the loss of CD8" lymphocytes was
predominant in some studies (Figure 1).%°

The presence of lymphocytes with abnormal mor-
phology is a universal finding in blood films from
SARS-CoV-2-infected patients, even in the context of
lymphocytopenia. It is reported in almost all morpho-
logical studies and considered heterogeneous by their
authors. Such lymphoid cells are generically defined as
atypical," %" reactive,'®*37454 activated,*®*° vari-
ant”! or pleomorphic,”** and are similar to those seen in
Epstein-Barr virus (EBV) and cytomegalovirus (CMV),*
and other viral infections.'’ Such terminology variability
and confusion is reflected in the PB cell nomenclature
document published by the International Committee for
Standardization in Haematology (ICSH).%® The ICSH rec-
ommends that ‘reactive lymphocytes is used to describe
lymphocytes with a benign aetiology, and abnormal lym-
phocyte with an accompanying description of the cells
is used to describe lymphocytes with a suspected ma-
lignant or clonal aetiology’. According to the European
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FIGURE 1 Lymphocytes and monocytes from peripheral blood films of patients hospitalised with coronavirus disease 2019 (COVID-19). (A) A
large lymphocyte with voluminous cytoplasm, light blue, containing very fine azurophilic granules and a rounded vacuole. The edge of the cytoplasm is
deformed by the surrounding red blood cells. The eccentric nucleus has an irregular profile with small notches and contains a perfectly round vacuole.
Chromatin is distributed in heterogeneous condensation zones separated by lighter spaces. The general morphology is similar to a Downey type II cell
of infectious mononucleosis. Above, to the right, is a teardrop cell or dacrocyte. (B) In the upper part, a circulating plasma cell with intensely basophilic
cytoplasm, eccentric round nucleus with blue chromatin, and clear perinuclear sarcoplasm. Below are two small lymphocytes, the larger of which has
intensely basophilic cytoplasm. (C) Bottom left a large granular lymphocyte (LGL). The cytoplasm is clear, with a slight peripheral increase in basophilia,
and contains about 20 distinct dark red granules (note the difference from the fine azurophilic granules in (A). In the upper right corner is a granulocyte
precursor with an oval nucleus, granular chromatin, and several small nucleoli. The granules appear mature, and a clear paranuclear area corresponding
to the Golgi apparatus is not visible (nucleus-cytoplasmic maturation asynchronism). (D) A monocyte of intermediate appearance, spongy nuclear
chromatin, and fine nucleoli. The nuclear profile is moderately irregular, with multiple shallow notches. The cytoplasm is greyish-blue, with numerous
vacuoles of heterogeneous size. The peripheral accentuation of the staining is due to the superposition of the cytoplasm on the surrounding red blood
cells, which do not easily deform the external profile of the monocyte. Note a sizeable hyperchromatic platelet at the bottom left of the image. (E) A
monocyte with voluminous light blue cytoplasm pierced by multiple vacuoles of heterogeneous size and variable shape, round or ovoid. The nucleus is

C-shaped. (F) A monocyte with greyish cytoplasm full of violet granules and, on the left side, fully occupied by numerous coalescing nucleoli.

LeukemiaNet nomenclature, abnormal lymphoid cells
should be respectively named ‘atypical lymphocytes, sus-
pect reactive’ and ‘atypical lymphocytes, suspect neoplas-
tic’.®” However, in this review we have exactly reported the
atypical lymphoid terminologies originally adopted by the
authors, which gives a further impression of the confusion
in this area. If not otherwise specified, all the abnormal
lymphoid cells in patients with COVID-19 are ‘reactive
lymphocytes’ according to the ICSH and ‘atypical lympho-
cytes, suspect reactive’ according to LeukemiaNet.

Thus, in patients with COVID-19, the following three
morphological subtypes have been reported with high
frequency:

1. Large lymphocytes with increased amounts of pale or
more intensely blue cytoplasm are common®>***>?";

these cells are often deformed by the adjacent RBCs,
an aspect colourfully nicknamed ‘ballerina skirt ap-
pearance’,'” or identified with Downey type II
cells or Downey type III immunoblasts of infectious

mononucleosis.>®*?

. Lymphoplasmacytoid cells, with an eccentric nucleus,

plentiful deep blue basophilic cytoplasm and perinuclear
hof (halo), are mentioned by almost all authors. Reports
of circulating plasma cells are less frequent*® and include
a minority with plasmablastic features (immature chro-
matin and nucleoli).”’ Mott cell-like plasmacytoid lym-
phocytes, with prominent immunoglobulin cytoplasmic
inclusions, or Russell bodies, are also mentioned."”!>*°!

. The proportion of large granular lymphocytes (LGLs)

without substantial morphological atypia is reported to be
increased in almost all papers.



COVID-19: FOCUS ON PERIPHERAL BLOOD CELL MORPHOLOGY

BRITISH JOURNAL OF HAEMATOLOGY

(A

FIGURE 2 Neutrophils from peripheral blood films of patients hospitalised with coronavirus disease 2019 (COVID-19). (A) A neutrophil with
strongly condensed nuclear chromatin. The cytoplasm shows toxic granulation and an irregular area of intense basophilia close to the nucleus. The right
side of the cytoplasm has a frayed edge. (B) A neutrophil with a bilobed nucleus, pseudo-Pelger-Huét type. (C) A neutrophil with toxic granulation and
an inferior border of ragged and basophilic cytoplasm. The unlobed nucleus has a polycyclic outline. (D) Two neutrophils with unlobed nuclei (pseudo-
Pelger-Huét). (E) A neutrophilic with an unsegmented nucleus with strongly condensed pre-apoptotic chromatin and hypogranular cytoplasm. (F) A
neutrophil with a unlobed nucleus with very compact chromatin and sparse cytoplasm with purplish granules and a basophilic halo on the right.

Additional morphological features mentioned by several
authors among the atypical features of the COVID-19 lym-
phoid populations are:

1. Cytoplasmic vacuoles'>*>*%*

2. Cytoplasmic basophilia, generalised®® or confined to cy-
toplasmic margins®

3. Lobulated nuclei*>** or bizarre nuclear shape

4. Spongy™ or loose®® chromatin and presence of a nucleo-
lus,*>? similar to blasts**°

5. Apoptotic lymphocytes, with an amorphous mass of
chromatin®>*>*

6. Presence of pseudopods

7. Smudge or smear cells, considered of lymphoid origin'®

21,48,53,55

Refaat et al.”® described a COVID-19-specific presence
of a particular type of abnormal lymphocyte they named
‘covicyte’, characterised by clumped nuclear chromatin and
deep-blue cytoplasm with a granular tail; the presence of
such cells would be associated with a better prognosis.*>>®
A few authors have used generic and imprecise definitions,
such as monocytoid,"> Downey-like,"”” blastoid,”! or blast-
like cells.*” Only one paper mentioned the presence of intra-
nuclear inclusions in lymphoid cells.*"

The number and proportion of atypical lymphoid cells
out of the whole lymphocyte population were described as
highly variable in the different papers and in the differ-
ent patients, but it was higher, with one exception, com-
pared to the control population when such was available.
In one study, atypical lymphocytes were present in 16% of
patients at the first visit, while the median time for their
appearance in most patients was 8days, with a peak at
day 9. In a reported multivariate analysis, the presence
of atypical lymphocytes, especially with lymphoplasma-
cytic features, was predictive of COVID-19 positivity,' or
was found to be valuable as an indication for reverse tran-
scriptase polymerase chain reaction for SARS-CoV-2.%® In
only one study, was the proportion of atypical lympho-
cytes higher in non-COVID-19 ICU patients than in pa-
tients with COVID-19.°" Interestingly, according to some
authors, the presence of”” or an increase in’ circulating
atypical lymphoid cells was associated with better progno-
sis and favourable evolution. In contrast, according to oth-
ers, atypical lymphocytes were characteristic of the initial
stages or milder forms,'! or were not related to the severity
of the disease.’

Atypical lymphocytes were also observed in bronchoalve-
olar lavage fluid’*®® and in pleural fluid.”
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FIGURE 3 Various cells from peripheral blood films of patients hospitalised with coronavirus disease 2019 (COVID-19). (A) Circulating apoptotic

cell. Note the unstructured, amorphous nuclear chromatin and the intensely basophilic cytoplasm containing granules and vacuoles. It could represent

a neutrophil but also possibly a lymphocyte or monocyte. (B) A basophil with clearly evident numerous granules, partly overlapping the nucleus: The
morphology is generally normal. (C) Dysmorphic eosinophil metamyelocyte, with coarse red-blackish granules (pro-eosinophilic) superimposed on

the eosinophilic granules, visible particularly near the nucleus. (D) Above, a normal-looking basophil. In the erythrocyte population on the right side

of the image, several schistocytes can be seen, some of them with the typical shape of keratocytes (arrows). On the left, a dacrocyte. (E) Around a small
neutrophilic myelocyte, several small agglutinates of red blood cells are seen, likely reflecting the presence of autoantibodies. (F) A giant platelet, rich in
vacuoles, and two large platelets, in which the distinction between the central granulated part (chromomer) and the peripheral basophilic part (hyalomer)

is visible.
Neutrophil granulocytes

Neutrophilia is not rare in COVID-19' and is a sign of
adverse prognosis.*®*>”! Neutrophil counts tend to be in-
creased in patients admitted to ICUs and in fatal cases of
COVID-19.”* Given the quantitative changes concerning
the two main circulating leucocyte classes, it is not surpris-
ing that an increased neutrophil/lymphocyte ratio has been
identified as a significant predictor of prognosis and survival
in patients with COVID-19.”>"*

Many authors have described morphological abnormali-
ties in neutrophil granulocytes. In most cases described with
sufficient details, neutrophil dysmorphism were associated
and more marked in the not rare cases with absolute neu-
trophilia and severe diseases, progressing toward respiratory
failure (Figure 2).**

Generic definitions, such as dyspoiesis® or dysplasia,
have sometimes been used. The literature review showed
that neutrophil abnormalities were often reported as strik-
ing and showed a high degree of consistency, so it is possible
to delineate a COVID-19-typical combination of neutrophil
aberrations involving the nucleus and cytoplasm. The ab-
normal features described below, heterogeneously associated

22,48

in variable combinations, are typically described in PB films
of patients with COVID-19. We have recently shown that the
vaccination status does not have any substantial effect on the
frequency, type or severity of morphological abnormalities is
COVID-19 hospitalised patients.”®

Neutrophil cytoplasmic abnormalities

1. Hypergranular cytoplasm (dark, crowded, coarse, «toxic»
type), often reported as toxic, ?®?»*1-4343474951 f5,n4
in up to 97% of patients."

Hypogranular cytoplasm.’®****° Not uncommonly a
combination of hypergranular/toxic neutrophils with hy-
pogranular neutrophils on the same film is reported.
Presence of small basophilic, agranular cytoplasmic areas,
blue areas or Déhle bodies'*>**74*%%; such pale blue areas
correspond to membranes of the endoplasmic reticulum.
Cytoplasmic vacuoles,'>***>***"% found in up to 95% of
cases.*’

Blue-green cytoplasmic inclusions (ascribed to lipid-rich
lipofuscin from necrotic liver cells), observed in severe or

24,47
fatal cases.
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6. Decreased myeloperoxidase (MPO) activity using auto-
mated cytochemistry blood cell counters.*®

Neutrophil nuclear abnormalities

The most frequent findings are nuclear hyposegmenta-
tion or absence of nuclear lobation, with dark clumped
chromatin®***>*>46%  and  unusual nuclear profiles
(rounded, C-shaped, fetus-like or ring-shaped).** The
nuclear hyposegmentation with abnormal,”® hyperdense*®
or amorphous™ chromatin is often referred to as ac-
quired or pseudo-Pelger-Huét (PPH) anomaly: a similar
morphology is reported in COVID-19 by the majority of
authors 223%41A4248477495L58 11y gne study of 12 patients,
PPH anomaly was found in all COVID-19 cases, with 50%
having over 10% of ‘pelgeroid’ neutrophils and 50% having
neutrophils with non-lobated nuclei.*?

In addition, the following nuclear shapes or structural ab-
normalities have been variably reported:

1. Hypersegmented nuclei*®

2. Detached nuclear fragments,” also indicated as Howell-
Jolly body-like inclusions'

3. Karyorrhexis*>*"*®

4. Karyolysis*>

General neutrophil abnormalities

1. Apoptotic neutrophils in the circulation,*>3%444455>
also referred as pyknosis*®

2. Disintegrated or smudged neutrophils*®

Giant forms*’

4. Myeloid left shift,'">*"*»* almost universally present, with
an increased proportion of band forms®»** and circulating
granulocyte precursors, such as metamyelocytes, myelo-
cytes, promyelocytes and even blasts with cytoplasmic
granules.””*~*%°"52 They occasionally combine with cir-
culating nucleated RBCs (NRBC:s) in a leucoerythroblas-
tic picture (see below and Table 1).

»

Monocytes

Monocytes are numerically neither increased nor de-
creased. According to most reports,’® although monocy-
topenia and depletion of specific monocyte subsets have
been described.”>”® However, the majority of studies have
reported the presence of monocytes with atypical, aber-
rant shapes in the PB film of patients with COVID-19,*"*3
not seen in the circulation of healthy individuals and not
expected, with the same consistency, in other viral or bac-
terial infections. Differently from the pleomorphism of
the COVID-19 atypical lymphocyte populations described
above, the atypical monocytes in COVID-19 appear to

have relatively consistent morphological features. In par-
ticular, they are larger than usual.’®*® Using automated
blood cell counters, the value of the monocyte volume dis-
tribution width is increased, indicating an increased vol-
ume heterogeneity.”*”’

In general, monocytes maintain their abundant greyish-
blue cytoplasm and fine cytoplasmic granulations, but ba-
sophilic cytoplasm and clumped chromatin*' and increased
cytoplasmic granules have been occasionally reported.***
An impressive morphological monocyte feature, highlighted
by almost all authors, is an increase and dysmorphism of cy-
toplasmic vacuolisation, considered striking in some studies,
with many large coalescing empty vacuoles 25238474854
Sporadic cases with haemophagocytosis images in PB have
been described.?! Blue-green cytoplasmic inclusions, simi-
lar to those observed in neutrophils, have been seen in fatal
cases.™*

Some authors consider COVID-19 monocytes to be
activated®*" or reactive®® based on their morphological
features. In effect, functional changes, with an increase
of activation and inflammation markers, have been re-
ported in COVID-19 monocytes.*®® In one study, mono-
cyte size was significantly and positively correlated with
the expression of the pro-inflammatory marker interleu-
kin (IL)-8.%8

Eosinophil granulocytes

There is significant heterogeneity of results for possible
quantitative variations of eosinophils in COVID-19: eo-
sinophil number and morphology have not been reported
among the most frequent and substantial blood cell altera-
tions in these patients. Several authors reported normal
eosinophil count or eosinopenia; eosinophil count tends
to be low in patients admitted to hospital and ICU and in
fatal cases of COVID-19.97%7° One study showed a corre-
lation between eosinophil and lymphocyte counts, except
for patients with severe disease on the first day after hospi-
tal admission who had low values for eosinophils.”® Apart
from a few isolated reports, eosinophilia is not a charac-
teristic of COVID-19. In a study on 314 cases, 28.7% at
admission had mild eosinophilia (0.5-1.5x 10°/L), which
increased during the first week of treatment: such patients
with eosinophilia had lower C-reactive protein and lower
requirement for hospital stay, ICU admission, mechanical
ventilation, and oxygen supplementation (milder clinical
course and better disease outcome) so that a protective
role of eosinophils in mitigating the severity of inflamma-
tion was suggested.®

From a morphological point of view, on the other hand,
we have found very few reports of eosinophil abnormal-
ities, such as ‘dysmorphisms’ (trilobed or unsegmented
nucleus, hypogranular cytoplasm, multiple vacuoles).'"*
Atypical immature eosinophils can be occasionally seen
(Figure 3).
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Basophil granulocytes

Chen et al.* found that the absolute count of basophils in
patients with COVID-19 was lower than in the control group
but higher than in patients with influenza. No morphologi-
cal details about basophil abnormalities are available in the
reviewed literature (Figure 3).

Leucoerythroblastic picture

The presence of NRBCs in the circulation, usually combined
with metamyelocytes, myelocytes or promyelocytes, was ini-
tially observed in 1% of 300 patients by Buoro et al.* at the
beginning of the pandemic in Italy and confirmed in early
case reports.””*® Recent studies on groups of patients reaf-
firm such a finding,*>*"*****! in some reports with higher
frequency in patients requiring intensive support.11 The cir-
culating NRBCs can show dyserythropoietic features.” A
circulating megakaryocyte was reported in a single case.”

Blast cells

Rare circulating blasts have been occasionally reported.***?
A transient increase in blast cell count to 6%, mimicking
acute leukaemia, was described in a single COVID-19 case.™
The bone marrow aspirate was hypocellular with 23% blasts
and decreased proportion of granulocytes with left shift. PB
and bone marrow reverted to a normal picture with no blasts
after 2 weeks.

Red blood cells

Anaemia in COVID-19 is often absent or mild at presenta-
tion. Median haemoglobin (Hb) at concentration on admis-
sion in the low normal range was reported in a large group
study.” The Hb tends to decrease with disease progression.
In a group of 259 hospitalised patients, anaemia was mild
in 14%, moderate in 8.1%, and severe in only five (1.9%); the
percentage of anaemic patients increased to 68.8% 1week
after admission; moderate or severe anaemia was associated
with more extended hospital stay and poor survival.*’

If present, anaemia is usually of the normocytic normo-
chromic type, with no abnormalities of mean cell volume,
mean cell Hb or mean cell Hb concentration in the absence
of associated iron or vitamin deficiencies or Hb disorders.
However, increased anisocytosis is commonly reported,
and an increase of the automated index of anisocytosis, the
red cell distribution width, measured by modern blood cell
counters, has been confirmed as a reliable, although non-
specific, marker of worse prognosis.®* ™

On the other hand, RBC shape abnormalities have only
occasionally been reported; these have included poly-
chromasia,” basophilic ~stippling,”**"*!  dacrocytes,®
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stomatocytosis, increased rouleaux formation,*" and RBC
fragments/schistocytes.***>** In a study of 20 patients
with COVID-19 in the ICU or sub-ICU from Northern
Italy, a peculiar picture of polychromasia, basophilic stip-
pling, rouleaux formation and autoagglutination has been
described and considered compatible with autoimmune
haemolytic anaemia®; spherocytes and knizocytes (with
a doubled or tripled or variably shaped pale central ridge)
were also present and the direct antiglobulin test was pos-
itive in 50%.

The presence of schistocytes (Figure 3) has been observed
in patients with thrombotic microangiopathy or TTP oc-
curring as the initial presentation of COVID-19,*"° or in
patients with simultaneous or preceding COVID-19 test
positivity.”"*> The presence of schistocytes together with
echinocytes and mushroom cells has been described in two
patients with acute kidney injury.” In one study, the ICSH
guidelines for schistocyte microscope evaluation® were fol-
lowed: schistocytes (=1%) were found in a high proportion
of patients with COVID-19,” at various stages of the disease
and with variable severity, irrespective of lung involvement
and overt intravascular coagulation. A moderate increase
of schistocytes (2%-4%) was reported in 50 consecutive pa-
tients using the Sysmex XN-9000 blood cell counter with
microscope confirmation, in association with increased
lactate dehydrogenase and D-dimer and mild decrease of
A disintegrin and metalloproteinase with thrombospondin
type 1 motifs, member 13 (ADAMTS13) activity,”® a com-
bination that supports the presence of microangiopathy in
COVID-19. In addition, schistocytes and TTP have even
been observed after anti-COVID-19 vaccination.®*” %!

Platelets

The platelet count has been reported as normal®* or de-
creased on admission to hospital.>'*!**!% In one of the first
clinical descriptions from China, the frequency of low plate-
let count at admission was 36.2%.> The count may change
during disease evolution, and patients with severe or critical
diseases can have a reduced platelet count.'® In one study,
45.5% of patients had a count of <100 x 10°/L.'*

Platelets are often morphologically abnormal in
COVID-19 and can have a hyperactive phenotype.'**'% The
following platelet shape features have been described in pa-
tients with COVID-19:

1. Platelet anisocytosis** and pleomorphism.*®

2. Large or giant platelets (Figure 3),2"*~*"*32% including
in children.*® Using automated blood cell counters, plate-
lets in COVID-19 have an increased mean platelet volume
in some studies.”

3. Hyperchromatic platelet granulomere (Figure 3).*>*

4. Peripheral clear areas of different sizes.”

5. Pseudopodial protrusions.***’

6. Platelet clumping or aggregates.”'



10

COVID-19: FOCUS ON PERIPHERAL BLOOD CELL MORPHOLOGY

BRITISH JOURNAL OF HAEMATOLOGY

Full blood count, morphology and clinical
correlations

Few studies have determined and reported the percentage
of the different circulating leucocytes with morphologi-
cal abnormalities. In a detailed report of 12 patients with
COVID-19, 50% of cases had >10% monolobated neutro-
phils or PPH on the PB film.*? Such a finding was observed
in five of the seven patients who progressed to respiratory
failure but in only one of those with a stable clinical course.
Absolute neutrophilia was present in four of the six cases
with such a high percentage of PPH neutrophils.

Neutrophil morphological abnormalities are often, but
not always, associated with absolute neutrophilia. According
to some studies, they are more frequent in ICU than in non-
ICU COVID-19 patients.”® PPH, in particular, like lymph-
openia, is described as more frequent (p<0.05%) in severe
stage subjects47 and patients progressing to respiratory
failure. PPH and increased pyknotic and damaged cells
have been reported as specific and predictive of the diag-
nosis of COVID-19 patients compared with patients with
non-COVID-19 diseases.”® In a group of 80 patients with
COVID-19 (41 ICU and 39 non-ICU), left myeloid shift,
ring-shaped neutrophils, prominence of monocyte vacu-
olisation, and LGLs emerged as highly sensitive markers of
disease severity, so that serial analysis of the PB film poten-
tially predicts the course of the disease. Neutrophil nuclear
abnormalities tend to disappear during anti-viral and anti-
inflammatory treatment™ and after elimination of the virus
(i.e., after a negative SARS-CoV-2 test)."! Similarly, toxic
coarse cytoplasmic granules, left shift, and apoptotic cells,
decrease during follow-up.*

Not all studies confirmed statistically significant correla-
tions between morphological neutrophil abnormalities and
clinical severity of the disease*®**** or between ICU and
ward patients.*®

The percentage of atypical lymphocytes did not generally
correlate with the WBC or the absolute lymphocyte count
but was less evident in patients with lymphopenia. Similarly,
the proportion of vacuolated monocytes did not signifi-
cantly affect monocyte count. However, in most studies, a
high proportion of atypical lymphocytes of reactive type and
monocytes with exuberant vacuolation was associated with
initial and milder disease. In COVID-19-positive cases, the
presence of monocyte vacuolisation or atypical lymphocytes
reduced the odds of being in the ICU by 0.21- and 0.23-fold
respectively.'' These authors used a digital morphological
analyser and did not note significant neutrophil nuclear ab-
normalities in neutrophils but only left-shifted immature
granulocytes and vacuolisation with toxic granules in se-
vere cases.'" Others have confirmed that hospital stay can
be shorter in cases with a high initial vacuolated monocyte
count.”’” In one study, absolute counts of LGLs and reactive
lymphocytes were significantly decreased in the severe cases,
while average or higher levels of LGL ratios were present in
the milder cases despite the decrease in total lymphocytes;
patients who showed an increase in LGLs, even transiently,

tended to recover.” A LGL increase thus seems associated
with an effective immune response and could represent a
promising marker in the early screening stage for critical
illness and recovery from severe COVID-19.*’ Lymphocyte
morphology abnormalities, in other studies, did not show a
specific combination with the clinical course of the disease.*?

Limitations of the morphological findings

A certain degree of subjectivity is inherent in cell identifica-
tion and interpretation. All the articles and case reports we
reviewed were, however, accompanied by sufficient photo-
graphic documentation, and only in occasional cases could
one raise some doubts about the cytodiagnostic interpreta-
tion provided by the authors.

A limitation is the lack of homogeneity and standardisa-
tion in the laboratory methods used to prepare the PB film.
Virtually no article describes in an exhaustive way the pro-
tocols adopted, with particular reference to the time elapsed
between sampling, storage of the blood in an ethylenedi-
amine tetra-acetic acid (EDTA) anticoagulated tube, spread-
ing of a film of anticoagulated blood (or possibly immediate
execution of the film without anticoagulation), fixation and
staining. Using different models of automated film makers
and stainers for microscope review and application of cov-
erslips can be another methodological variable worth men-
tioning in manuscripts describing cell morphology.

Storage-induced cytological lesions can sometimes
overlap with COVID-19-related leucocyte aberrations':
neutrophils and, less frequently, lymphocytes can undergo
apoptosis in the EDTA tube with loss of chromatin struc-
ture, monocyte vacuolisation tends to increase with time,
lymphocyte fragility in lymphoproliferative disorders can
increase during storage. Such changes are time and tem-
perature dependent.'®” There is almost no information con-
cerning the time and temperature between blood collection
and film preparation in the literature we evaluated. The
‘Materials and Methods’ sections, in future works, should
include a detailed description of such methodological vari-
ables to avoid false increases, development or disappearance
of nuclear and cytoplasmic anomalies.

The heterogeneity of morphological descriptions in the
different papers represents a source of possible confusion for
readers and future researchers. Standardisation committees
and expert groups have recently published guidelines that
include efforts toward standardisation of nomenclature and
terminology in morphology and cell counting in haematol-
ogy, which could be of help in harmonising cell anomalies'
descriptions.®®®” In particular, digital cell analysers should
be considered, especially as far as their increased capacity to
count smudge cells and their still unknown accuracy in flag-
ging neutrophil and monocyte abnormalities in COVID-19
are concerned, [116:18:35,3740,42,49,50

From a diagnostic standpoint, studies on the absolute
enumeration of neutrophils and, even more importantly,
eosinophils generally lack an accurate record of patients'
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treatment, underscoring the possible effects of adminis-
tration of corticosteroids, which can accentuate eosinope-
nia and promote neutrophilia, and possible effects of other
medications.

Finally, almost all studies have been conducted on hospi-
talised patients. Therefore, data on blood cell abnormalities
in the great majority of patients with mild COVID-19 or with
asymptomatic SARS-CoV-2 infection are not yet available.

DISCUSSION

Quantitative and qualitative blood cell features in hospi-
talised patients with COVID-19 provide plenty of informa-
tion. Due to diverging changes in their absolute count, the
neutrophil-to-lymphocyte ratio has a well-established di-
agnostic and prognostic value. Morphological aberrations
of such cells in the PB film are plentiful, and the scientific
literature, although not homogeneous in article type and
quality, allows us to delineate a typical blood cell profile
in hospitalised patients with COVID-19, with clinical and
physiopathological correlates (Figure 4).

Morphological alterations of lymphocytes are universally
present in COVID-19. They are heterogeneous and cover the
full spectrum of morphological abnormalities seen in infec-
tious diseases associated with important reactive lympho-
cytosis, such as infectious mononucleosis, with large cells
with light blue cytoplasm and immature-looking, lymph-
oplasmacytoid cells, and an increased proportion of LGLs
(in contrast with the immunophenotypic data of decreased
CD16 ¥, CD56" cells). In general terms, lymphocyte mor-
phological changes in COVID-19 can be considered intense
but not specific and not dissimilar from those observed in
other viral infections. Lymphocytes of atypical shapes are
heterogeneous and variably combined. Although frequently
significant even in lymphocytopenic patients, they are not
individually specific for COVID-19 and tend to repeat the
aspects of reactive lymphocytosis that we observe, e.g., in
EBV, CMV or parvovirus infections. The prognostic value
of lymphocyte morphology in COVID-19 has been variously
related to a better or a worse prognosis and remains uncer-
tain. The appearance and numerical increase in large or
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plasmacytoid lymphocytes is a relatively late phenomenon™

and, in our early experience, often heralded clinical recovery
in severely ill patients,” having an opposite significance to
worsening lymphocytopenia. COVID-19 monocytes often
display a homogeneous, moderately atypical aspect, consist-
ing of large size and extensively vacuolated cytoplasm. Such
morphology correlates with a state of cellular activation and
the expression of pro-inflammatory markers, such as IL-8
and IL-6."*%7>!% The prognostic significance of such ex-
tensive monocyte vacuolisation is uncertain.

Neutrophilia, on the other hand, is prognostically un-
tavourable. The neutrophil-to-lymphocyte ratio is cur-
rently accepted as a helpful indicator of disease evolution,
and high values are associated with an increased risk of
death in ICU patients.”>”* Neutrophil toxic granules are
a common finding in infections. In contrast, hypergran-
ular and hypogranular neutrophils' co-existence is more
typical of severe COVID-19. Such cytoplasmic features
can be correlated with recent studies showing abnormal
neutrophil degranulation and, in particular, dysregulation
of the release of primary granule enzymes MPO and elas-
tase as a result of direct SARS-CoV-2 infection of human
neutrophils.'” MPO and elastase are components of neu-
trophil extracellular traps (NETs). We recently found,
using an automated cytochemical analyser, that frequency
of partial MPO deficiency in PB samples from hospital-
ised COVID-19 cases was increased,’® possibly indicating
granule release related to disease activity. Other automated
FBC analysers can measure morphometric parameters or
cell population data (CPD) of neutrophils and other cells,
which could indicate states of activation or degradation.
The first published results indicate that, although CPD
largely depends on the technology used,''®'"! increased
monocyte volume heterogeneity,”’” and less granular
and smaller neutrophils are among the most interesting
findings."

According to the majority of the articles we have anal-
ysed, among the many atypical findings in PB films of pa-
tients with at least moderate or severe COVID-19, nuclear
hyposegmentation is the most distinctive morphological
feature of COVID-19 neutrophils. Disturbed nuclear seg-
mentation, associated with the PPH anomaly with a peculiar

Severe cases, ICU,

Neutrophil nuclear

respiratory failure

Appropriate treatment ‘

Transitory, disappear during
treatment and recovery

necessary

abnormalities (PPH, =)
pyknosis)
Reactive lymphocytes and
hypervacuolated monocytes '

Initial and milder cases with =
stable clinical course

Lymphopenia and decreased
reactive
lymphocytes/monocytes can
herald clinical deterioration

FIGURE 4
intensive care unit; PPH, pseudo-Pelger-Huét.

Clinical correlations of morphological findings in severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection. ICU,
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hypercondensation of nuclear chromatin, proceeding from
abnormal clumping to complete loss of structure in dark
masses to colliquation and apoptosis, is the dominant mor-
phological expression that the majority of authors have
highlighted in their description. The nuclear profile varies
from a small, rounded mass to a bilobed, often asymmet-
rical, pince-nez shape, to a band or rod-like contour. These
changes, when present in a significant proportion (i.e., >10%
of neutrophils) are found in patients with severe disease,
often progressing to respiratory failure (followed or not by
recovery) and have a prognostic unfavourable value.*?

The PPH morphology is usually related to haematologi-
cal disorders with myelodysplasia, infectious and immune
diseases, and use of several drugs."">'*> The peculiar type of
PPH anomaly observed in severe COVID-19 displays an ap-
parent evolution toward apoptosis and lends itself, based on
very recent studies, to far-reaching pathophysiological con-
siderations, which certainly go beyond the boundaries and
objectives of this morphological review. It will be sufficient
here to recall the links between morphology and the neu-
trophil hyperactive state described in the severe COVID-19
cytokine storm. The PPH anomaly and other abnormalities
of neutrophils in COVID-19 are likely the morphological ex-
pressions of the multiple abnormalities of neutrophil func-
tion and maturation, which these cells display when they are
studied with classical or innovative technological methods.
Neutrophils in COVID-19 show an immature phenotype
and many dysfunctional features."'* The study of circulat-
ing neutrophils in COVID-19 with modern techniques of
transcriptomics and RNA-sequencing, flow and mass cy-
tometry, and metabolic and functional analysis have shown
heterogeneity and immaturity features with signs of recent
activation, enhanced capacity for NET formation, immuno-
suppressive capacity against T-cell proliferation and lower
density due to reduced granulation."” Compromised oxygen
exchange in severe COVID-19 cases likely depends on devel-
oping a cytokine storm, which devolves into NET formation
in pulmonary spaces and microvessels.'>"'® Nuclear changes
in COVID-19 films display possible similarities to those
experimentally described in NET formation or NETosis.""”
When a stimulated neutrophil undergoes NETosis, the mul-
tilobular nucleus tends to modify its profile, lose the lobular
shape, and round up. NETs are released via cell lysis (pos-
sibly related to the reported abundance of smudge cells). In
other cases, the nuclear membrane can remain intact with
the release of some nuclear vesicles containing DNA, after
which chromatin condensation and loss of structure occur
(apoptotic nuclei)."”” Nuclear morphology of the acquired
and transitory PPH anomaly (round nuclei with hypercon-
densed chromatin) is evocative of nuclear changes observed
during NETosis: profile rounding, bleb formation, chro-
matin decondensation and condensation, nuclear rupture,
and disassembly. Interestingly, increased expression of the
scaffolding proteins, lamins, in the neutrophil nuclear mem-
brane, which controls nuclear membrane shape, is combined
with nuclear rounding in activated neutrophils."” Moreover,
the rare hereditary Pelger-Huét anomaly is characterised by

hypolobulated or rounded neutrophil nuclei due to an au-
tosomal mutation of lamin B receptor (LBR gene),""® and
studies on the PPH anomaly seen in neutrophils of a mouse
model with systemic lupus erythematosus (SLE) have shown
aberrant mis-splicing of the LBR transcript."® The link of
the typical changes in nuclear shape in NETosis, hereditary
Pelger-Huét anomaly, SLE and medication-related PPH with
COVID-19 PPH is evocative of a common physiopathologi-
cal mechanism possibly involving anomalies of the LBR pro-
tein function, NET release and neutrophil activation.'”

Neutrophils have a role in the pathogenesis of thrombosis
in COVID-19."% Platelet activation, morphologically visible
as giant forms, granule increase or decrease, and presence
of cytoplasmic protrusions and pseudopods, appears as an
almost universal finding in films obtained from hospitalised
patients with COVID-19. The activated platelet state can have
a link with neutrophil activation and can correspond to the
described neutrophil-platelet interactions leading to the so-
called immunothrombosis in the microvasculature, where
mixed platelet-neutrophil thrombi have been described.'*!

Finally, the report of TTP with increased schistocytes
in the PB film as a sign of COVID-19 or TTP development
in patients with COVID-19, suggests a possible association
between the two conditions. SARS-CoV-2 has thus to be
included among the different RNA viruses associated with
TTP, first of all HIV, for which a pathogenetic role has been
proposed or demonstrated.'*?

From a cytomorphological differential diagnosis stand-
point, the COVID-19 PB film changes should not be con-
fused with primary haematological disorders. Chronic
myelomonocytic leukaemia can be excluded by the rarity of
increased monocyte count, the specific type of cytoplasmic
vacuolation and the absence of immature monocytes and
monoblasts in COVID-19. In some cases, marked neutrophil
dysmorphism combined with a leucoerythroblastic picture
can have analogies with myelodysplastic syndromes or, even,
idiopathic myelofibrosis. Based on the awareness of the spe-
cific COVID-19 morphological features, the clinical context
and the transitory nature of the anomalies, any possible con-
fusion can easily be avoided.

In conclusion, morphological anomalies of blood cells
in COVID-19 likely have physiopathological bases to be un-
derstood, and some have substantial prognostic significance.
From a haematology laboratory standpoint, it is clear from the
collected data that an expert morphologist is fundamental in
their recognition and description. This work cannot be dele-
gated entirely to the currently available digital morphology
analysers. The experience with COVID-19 PB films reminds
us that we cannot yet do without a microscope on the labora-
tory bench and, above all, without expert and attentive opera-
tors who do not miss on the slide or on the screen of a digital
analyser, subtle variations in shape or colour of cellular struc-
tures capable of opening the way to new paths to knowledge.
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