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The aim. To review the literature on the presence of morphological changes in
DOI: 10.24061/2413- hematopoietic parameters in the case of SARS-CoV-2 infection with respect to the
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Results and Conclusions. Morphological changes in at least one blood cell lineage
E-mail: were observed in all cases of SARS-CoV-2 infection. The most common are nuclear
smolyanova.ukr@gmail.com and cytoplasmic disorders of neutrophils, such as hypogranulation and

hypo/hypersegmentation of neutrophil nuclei, often with toxogenic stippling. Typical
changes in lymphocyte morphology include monocytoid, lymphoplasmacytoid,
granular, and atypical cells with nucleoli. Prognostically unfavorable
morphological signs in the PBS include giant neutrophils and their toxic granulation,
plasmacytization of lymphocytes, and a dynamic decrease in granular and abnormal
lymphocytes and monocytes. A low count of lymphocytes and their subpopulations is
associated with a severe clinical presentation and an unfavorable outcome of
COVID-19 disease, which suggests the feasibility of their immunophenotypic
evaluation and monitoring. The detection and serial monitoring of inflammatory
monocytes using flow cytometry may be valuable in predicting the course and
choosing adequate therapy for SARS-CoV-2 infection. Additionally, an increase in
the red cell distribution width was also shown to have prognostic importance.

MOP®OJIOTTYHI 3MIHHU ITOKA3HUKIB KPOBOTBOPEHHA ITPH COVID-19 TA IX
IIPOTHOCTHYHE 3HAYEHHA
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Kniouoéi cnosa: Pe3tome. Buou mop@onociunux 3MiH 3a2a1bHO20 aHANI3Y KPOGI pa3oM 3 IHUWUMU
2eMamono2iuHi NOKA3HUKY, 1a60pamopHUMU  NOKASHUKAMU MOXMCYMb OONOMOZMU  6CTNAHOSUMU  MANCKICMb
COVID-19, maszox Cmauy ma Hadamu NPOSHOCMUYHY IHQOPMAYI0 NpU GUSHAYEHHI GUICUBAHOCHII
nepugepuunoi kposi, SARS- nayienma 3 COVID-19. [JJocnioscenns maska nepugepuunoi kposi — pymuHua i
CoV-2. npocma npoyeoypa, Ky MONCHA GUKOHAMU 8 0)0b-KOMY MEOUYHOMY 3aKIAoi.

IIpome danux npo mopghonoziuni 3minu 6 nepu@depuyHoOMy MAasKy Kposi nio uac
Byrosuncoruii meouunuti COVID-19 we neoocmamuvo. Tomy axmyanvHum € 6usigieHHs 0coOaugocmell i
gicnux. 2023. T. 27, Ne 4 3aKOHOMIPHOCIEN YUX 3MiH 3 Ypaxysanuam masxckocmi kiiniunoi kapmunu COVID-
(108). C. 100-105. 19 ma ecmanoenenst ix RPOSHOCMUYHOL 3HAYYUWOCT.

Mema oOocnioycenns — nposecmu 02140 Aimepamypu w000 HAAGHOCMI

Moponociunux 3min noxasnukie kposomeopenns npu ingexyii SARS-CoV-2 ma
BUABUMU IX NPOZHOCIUYHE 3HAYEHHS OJIsL GUSHAYEHHS nepedicy 3aX60PIOGAHHSL.

Pesynemamu  ma eucnoeéku. YV ecix eunaokax ingexyii SARS-CoV-2
cnocmepieanucst Mop@onoSiuni 3MIHU, RPUHALUMHI 6 OOHIU JIHII KIIMuH KpOS.
Havinowupeniwumu Oyau s0ephi ma yumoniazmamuyHi nopyueHHs neumpoginia:
2inoepanynayis ma cino/einepceemenmayis sioep Heumpo@inis, 4acmo 3 MOKCUUHOIO
sepuucmicmio. Tunogi 3sminu mopghonoeii rimgoyumis 6KIOUAIOMb MOHOYUMOIOHI,
qimponrazmoyumoioni,  epauynApHi  ma  amunosi  KIMuHu 3 20epysimu.
IIpoenocmuuno HecnpuamMaUSUMU MOPGHONOIUHUMU OZHAKAMU 8 NepupepuiHomy
MA3Ky Kpogi € 2icaHmcbKi Heumpo@inu ma IX MOKCUYHA 3epHUCMICMb,
naazmMoyumu3ayis Aimgoyumis, OuUHaAMiuHe 3MEHWEHHS 3ePHUCTIUX | AHOMATbHUX
aimepoyumie i monoyumis. Huszvka xinoxkicme nimgpoyumie ma ix cyononynayiu
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acoyitoeEMbCA 3 MAACKOIO KNIHIYHOIO KAPMUHOIO MA HECTPUAMAUGUM PE3YTbMamom
saxsoprosarna Ha COVID-19, wo ceiouums npo doyinvricms ix imynogeHomuniunoi
oyinku ma MouimopuHey. Busenenns ma cepiiinuti MoHimopume 3aNanrbHUX
MOHOYUMIB 3a OONOMO2010 NPOMOYHOI Yumomempii modxce Oymu yiHHUM OJA
npocHo3yeanHs nepebicy ma eubopy adexgamuoi mepanii ingexyii SARS-CoV-2.
Kpim moeo, b6yno noxkasano, wo 30inbueHHs WUpUHY pO3NOOLTY epumpoyumie mac

npocHocmu4dHe 3HaA4€eHHA.

A literature review on the management of patients with
COVID-19 disease reveals that it is a multisystem disorder
that also affects the hematopoietic system, leading to the
appearance of morphological changes in blood cells in
patients with SARS-CoV-2 infection.

The types of morphological changes in the complete
blood count, along with other laboratory parameters, can
help determine the severity of the condition and have
prognostic value for the patient's survival. Identifying
prognostic markers can aid in clinical decision-making.
Peripheral blood (PB) smear examination is a routine and
simple procedure that can be performed at any medical
institution. However, data on morphological changes in PB
cells during Covid-19 are still insufficient. Available
research results mainly focus on quantitative indicators [1],
while structural cellular changes reflect the depth of
hematopoietic disorders. Therefore, it is relevant to
identify the features and patterns of these changes, taking
into account the severity of the clinical presentation of
COVID-19, and establish their prognostic significance.

Aim. To review the literature on the presence of
morphological changes in hematopoietic parameters in the
case of SARS-CoV-2 infection, taking into account the
clinical picture of the disease course.

Main body. L. Florian and co-authors presented a case
study of a 39-year-old woman with typical manifestations
of COVID-19. Among the quantitative indicators of the
complete blood count, the following were observed: mild
anemia, severe leukopenia with a predominance of
neutrophils in the white blood cell differential (84%), as
well as occasional blastoid cells. The bone marrow
examination showed a myeloid left shift, a predominance
of immature neutrophils, and up to 30% of atypical cells.
The blastoid cells were dysplastic immature neutrophils.
When staining blood smears with Wright-Giemsa,
neutrophilic granulocytes with hypogranulation of the
cytoplasm and a hyposegmented nucleus were observed.
After six months of monitoring the blood test, the
leukocyte count returned to normal, and their
morphological atypia disappeared [2].

Other authors have reported similar morphological
abnormalities, specifically the presence of dysplastic
neutrophils with a myeloid left shift in SARS-CoV-2
infections [3, 4]. The most significant morphological
changes in the peripheral blood smear are neutrophils with
clumpy chromatin, multiple abnormal nuclear shapes,
pseudo-Pelger-Huet deformity, and smudged neutrophils
[5].

Acquired Pelger-Huth anomaly was noted in all cases
of COVID-19, affecting more than 5% of granulocytes in
most cases. Monolobed neutrophils were rare in cases of
COVID-19 [6].

Yarali Nese et al presented severe nonspecific
dysplastic changes in granulocytes and platelets in patients
with COVID-19, along with lymphopenia and reactive
lymphocytosis [7]. Morphological changes in neutrophils,
such as nucleus hypersegmentation (with up to eight
segments) and toxic granulation, are observed in 75% of
cases [8]. The number of giant neutrophils and toxic
granulations/D6hle bodies is elevated in severe COVID-19
[9].

With COVID-19 infection, neutrophils with abnormal
nuclear shapes in the form of ring-shaped and pi-shaped are
also found [5]. A. Singh et al described fetus-like C-shaped
nuclei with nuclear projections, which were named COVID
nuclei [10]. Other authors report the appearance in the PB
smear of apoptotic cells with liquefied nuclear chromatin
and granular or dark blue cytoplasm, resembling
polymorphs with nuclear fragmentation, the frequent
presence of immature granulocytes in the form of small
promyelocytes, myelocytes, or metamyelocytes. There are
also reactive large atypical monocytes with an abnormal
nucleus shape and cytoplasmic vacuolisation [4, 11].

The reported circulating granulocytes with cytoplasmic
and nuclear morphological abnormalities usually appear
before an increase in reactive lymphocytes in COVID-19
infection [12, 13]. It is hypothesized that granulocyte
dysplasia may be linked to increased activity of pro-
inflammatory cytokines in these patients due to infection
[2, 14]. The inhibitory effect of cytokines from virus-
infected cells on myeloid bone marrow cells was also
revealed [7]. High levels of interleukin-6 (IL-6) were found
to be correlated with pyknotic cells (p=0.003) [15].

If larger studies confirm these morphological changes
in PB cells, they could potentially serve as a basis for
diagnosing COVID-19 in the absence of a PCR test.

In the literature, there are reports of dysplastic cells
appearing not only in the myeloid but also in the
lymphocytic series during coronavirus infection.

Samuel E. Weinberg et al reported the presence of
medium to large atypical lymphocytes with loosely
condensed chromatin, and moderate to deep basophilic
cytoplasm on the background of lymphopenia or a lower
lymphocyte norm in the analysis of peripheral blood in
hospitalized COVID-19 patients. In some patients, the
same lymphocytes were found in bronchial alveolar lavage
smears. However, their percentage in total lymphocyte
count did not correlate with disease severity [16].

The most common finding on a peripheral blood smear
in COVID-19 patients is lymphopenia with reactive
lymphocytes, some of which appear as monocytoid or
lymphoplasmacytoid cells [17]. A. Singh et al described
the presence of large granular lymphocytes with round or
jagged nuclei, condensed chromatin, some of them with
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prominent nucleoli, along with abundant pale blue
cytoplasm with distinct azurophilic granules. These cells
are likely to be natural killer/cytotoxic T-lymphocytes. The
formation of apoptotic bodies and cytoplasmic follicles
was observed in some lymphocytes [10].

The literature also describes large atypical, bizarre
mononuclear cells, which are 2-3 times larger than
erythrocytes and have irregular nuclear membranes, dense
chromatin, sparse or moderate cytoplasm, and a small
number of cytoplasmic granules and vacuoles in SARS-
CoV-2 infection [18].

A study by E. Schapkaitz et al. showed that 57.8% of
patients with Covid-19 had atypical lymphocytes in
peripheral blood [3]. G. Kaur reported the presence of
lymphocytes with abundant blue cytoplasm and/or
plasmacytoid lymphocytes [5]. In patients with clinically
manifested COVID-19, plasmacytoid lymphocytes were
statistically significantly more common (p<0.05) [6, 19].
D. Foldes and co-authors believe that monitoring of
plasmacytoid lymphocytes confirms the provisional
clinical diagnosis of this condition [19].

According to an immunophenotypic study by Y. Liu et
al, T-lymphocyte subpopulations have prognostic
significance for the course of SARS-CoV-2 infection.
There was a negative linear correlation between viral load
and the number of CD4+ and CD8+ T-lymphocytes, but a
strong direct relationship with disease severity [20].

Y .M. Akgabelen et al. found numerous giant platelets
and vacuolated monocytes in a PB smear, along with
dysplastic neutrophils, in children with COVID-19 [21].
Platelet morphological abnormalities have also been
described in this disease, both in patients with
thrombocytosis and in patients with thrombocytopenia.
These morphological changes include the presence of giant
platelets, usually hyperchromic, vacuolated, and some with
pseudopedicles [22, 23]. G. Kaur and co-authors draw
attention to the importance of platelet clumping with a
normal count in most COVID-19 patients [5].

The literature reports on erythropoietic changes in
COVID-19 infection, which may play an important role in
disease progression [24, 25]. G. Kaur et al describe the
morphology of red blood cells as mostly normocytic and
normochromic, with some cells having nuclei and coarse
basophilic stippling [5]. The red cell distribution width is
much higher in severe cases of the disease with high
mortality [9, 24, 25].

A. Berzuini et al describe morphological abnormalities
of erythrocytes in blood smears, such as high percentages
of stomatocytes and knizocytes, which are rarely found in
other types of anemia [26]. T. Thomas et al.'s studies
revealed changes in the N-terminal cytosolic domain of
band 3 (AE1), which suggest a decrease in the ability of
erythrocytes in Covid-19 patients to respond to
environmental variations in  hemoglobin  oxygen
saturation/oxidant stress. Increased oxidation of structural
proteins and disorder of membrane lipid homeostasis have
been found, which may alter erythrocyte elasticity,
potentially  contributing to the thromboembolic
complications seen in severe Covid-19 disease [27].
Further research is needed into the role of erythrocytes in

102

the pathophysiology of SARS-CoV-2 infection, as well as
pathways for reversing erythrocyte dysfunction.
Therapeutic intervention may include inhibition of reactive
oxygen species production and/or antioxidant therapy [28].
A leukoerythroblastic blood picture is described on rare
occasions [29].

The excessive activation of the macrophage system
with the development of a cytokine storm and subsequent
acute lung injury leading to acute respiratory distress
syndrome is a dangerous consequence of SARS-CoV-2
infection. Therefore, it is of great clinical importance to
recognize it in the early stages of development in patients
at the highest risk for timely therapy correction. In this
regard, the results of studies by D. Zhang et al are worth
attention. The analysis of blood parameters between 34
patients with COVID-19 and a group of healthy
individuals, despite the absence of significant differences
in the count of monocytes, which are progenitors of
macrophages  in  tissues, revealed  substantial
morphological and functional differences in the
aforementioned groups. More pronounced changes in
monocytes were seen in patients requiring long-term
hospitalization and treatment in the intensive care unit
(ICU). Covid-19 patients had large monocytes, which were
distinct on forward scatter analysis by routine flow
cytometry (FSC high). These monocytes had features of a
mixed population of M1/M2 macrophages with higher
expression of CD80+ and CD206+ compared to other
monocytes with low FSC levels, and secreted higher levels
of IL-6, IL-10, and TNF-a when compared with the normal
controls [4].

The authors H. Gabr and colleagues, in addition to the
previous reports, described pyknotic and destroyed cells,
pseudo-Pelger-Huet nuclei of neutrophils, abnormal
lymphocytes, and monocytes, and the presence of a
leukoerythroblastic reaction in a peripheral blood smear in
their examination of 113 COVID-19 patients and 50
controls without COVID-19. Some of the disease cases had
unfavorable outcomes [15].

I. Berber and colleagues found, in their examination of
50 patients with SARS-CoV-2 infection and 30 healthy
individuals, a significantly higher count of neutrophils with
Pelger-Huet anomaly in infected individuals compared to
the number of mature lymphocytes, along with a decrease
in the number of segmented neutrophils and eosinophils.
These differences were related to the severity of the
disease. Meanwhile, a high initial percentage of mature
lymphocytes and monocytes with vacuoles at the time of
diagnosis may be prognostically favorable for reducing the
length of hospital stay [30].

After examining 50 COVID-19 patients, S. Bahadur
and colleagues reported the most frequent statistically
significant changes in peripheral blood smears:
hypolobization of neutrophil nuclei and the presence of
toxic granules in them, the presence of atypical granules
with nucleolar prominences in lymphocytes, cytoplasmic
granulation with clumped nuclear chromatin in monocytes,
giant platelets on the background of thrombocytopenia, and
normocytic normochromic anemia. The authors did not
find any relationship between the severity of the clinical
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condition and the viral load size, as well as between the
morphological changes in peripheral blood and the viral
load [31].

Y. Horiuchi et al., in their study of 38 healthy
individuals and 40 COVID-19 patients, found that in
addition to more pronounced quantitative changes in PB
parameters in severe patients compared to mild cases
(anemia, lymphopenia, leukocytosis (p<0.001)), there were
also morphological cell disorders. The granular
lymphocyte count was normal or higher in mild cases and
significantly lower in fatal cases. A transient increase in
granular lymphocyte count has been associated with
survival in patients with severe infections [9].

O. Pozdnyakova et al. conducted a study on 90 patients
with coronavirus infection and 30 intensive care patients
with other diseases and a negative result for COVID-19.
All patients with viral infection demonstrated pronounced
quantitative and morphological changes in leukocytes.
Abnormal leukocyte morphology was most pronounced in
monocytes and lymphocytes in mild cases and disappeared
as the disease progressed. Significant differences in cell
morphology were observed between COVID-19-positive
and COVID-19-negative ICU patients, indicating a role for
coronavirus in their occurrence. In severe acute respiratory
syndrome, there was a higher RNA content in monocytes,
lower content in lymphocytes, and the presence of smaller
hypogranular neutrophils [32].

Similar studies in comparable groups of patients were
conducted by S. Jain et al. compared to the COVID-19
negative group (consisting of 32 healthy individuals), the
COVID-19 positive group (consisting of 80 individuals)
showed significantly more pronounced myeloid left shift
and a higher frequency of Déhle bodies, acquired pseudo-
Pelger-Huét anomaly, ring-shaped and monolobed
neutrophils, and plasmacytoid lymphocytes in the analysis
of PB. The greater left shift, total white blood cell count
with ring-shaped neutrophils, the number of monocytes
with vacuolation, and large granular lymphocytes in
COVID-19-positive ICU patients were statistically
significantly higher compared to milder non-ICU cases.
These parameters have become highly sensitive markers of
disease severity [33].

In patients with severe COVID-19, bone marrow
aspirate  shows histiocytic ~ proliferation  with
hemophagocytosis, which may indicate a poor clinical
outcome [17, 34, 35]. According to A. Rahman et al,
COVID-19 may predispose to hemophagocytic
lymphohistiocytosis through activation of the IL-1/IL-6
pathway, including the overproduction of IL-1f by
macrophages. The authors also reported an increase in
pleomorphic  megakaryocytes, plasma cells, and
macrophages in the bone marrow [36].

The morphology of blood cells may be abnormal in
myelodysplastic syndrome, as well as in various non-
clonal disorders, such as infections, autoimmune diseases,
malnutrition, drug or toxin exposure. It has been observed
that the inhibitory effect of cytokines from virus-infected
cells on hematopoiesis can also cause myelodysplastic
changes [37], which is seen in cases of SARS-CoV-2
infection.

Conclusion

1. In almost all cases of manifestation of COVID-19,
one, two, or three blood cell lineages have varying numbers
of morphological changes.

2. The most common were nuclear and cytoplasmic
disorders of neutrophils, such as hypogranulation and
hypo/hypersegmentation of neutrophil nuclei, often with
toxogenic stippling.

3. Typical changes in lymphocyte morphology include
monocytoid, lymphoplasmacytoid, granular, and atypical
cells with nucleoli.

4. Prognostically unfavorable morphological signs in
the peripheral blood smear include giant neutrophils and
their toxic granulation, plasmacytization of lymphocytes, a
dynamic decrease in granular and abnormal lymphocytes
and monocytes.

5.A low count of Iymphocytes and their
subpopulations is associated with a severe clinical
presentation and an unfavorable outcome of COVID-19
disease, which suggests the feasibility of their
immunophenotypic evaluation and monitoring.

6. The detection and serial monitoring of inflammatory
monocytes using flow cytometry may be valuable in
predicting the course and choosing adequate therapy for
SARS-CoV-2 infection.

7. An increase in red cell distribution width is
associated with dyserythropoiesis and has prognostic
importance.

Therefore, a complete blood count with a
comprehensive analysis of quantitative and morphological
data should be performed on each newly diagnosed
hospitalized patient with COVID-19, as it has the potential
to predict the course of the disease.
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