IMAGES IN HEMATOLOGY

Morphological anomalies of circulating blood cells in COVID-19
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Quantitative hematologic abnormalities have been described in the first patient studies of
COVID-19, the disease caused by the SARS-COv-2 virus, currently responsible for a rapidly
spreading pandemic, worldwide infection with high mortality rate. In severe cases, the disease
progresses, through subsequent phases, from an upper respiratory tract infection with local and
general flu-like symptoms to a viral pneumonia and hyperinflammatory host reaction, which leads
to acute respiratory distress and multi-organ failure. The most common hematological findings
include lymphocytopenia (1-3), neutrophilia (4-6), eosinopenia (7,8), mild thrombocytopenia
(35%) or, less frequently, thrombocytosis (2,9). The presence of atypical, reactive lymphocytes has
been only occasionally reported (10). In one recent report from California, USA, a mild leucoerythroblastic picture was observed in the peripheral blood film (11).
Italy has been, and still is severely hit by the epidemic (12). At Fondazione Policlinico A.
Gemelli of Rome, a parallel COVID-19 hospital has been created to provide assistance to patients
from the region of Lazio and central Italy. We have had up to 249 patients with COVI-19 admitted
on March 25, 2020. After microscope observation of peripheral blood film from the first 40 cases
at admission, when antiviral and anti-inflammatory treatment was not yet administered, we have
noted the presence of marked morphological abnormalities of the neutrophil lineage. Platelet
morphology also showed peculiar and frequent anomalies, mainly consisting in the presence of
very large, usually hyperchromatic platelets with peripheral areas of different size, not rarely
protruding in pseudopodia formations (Fig. 1L), both in patients with thrombocytosis (four cases
with a count of 503-629 x109/L) and in those with thrombocytopenia (66-93 x109/L ). Quantitative
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CBC parameters were heterogeneous and overlapped with the majority of results from the
literature (1-8).
Neutrophil absolute counts were frequently increased in the first days after admission (>5
x109/L in 14/40 cases), before or just after the beginning of treatment, with a trend to decrease
one week thereafter (1.48-3.23 in seven followed-up cases). Their morphological abnormalities
concerned both nuclear and cytoplasmic granulation (Fig. 1A to 1D). In particular, we underline
the presence of many, crowded, dark granulations in the cytoplasm (similar to “toxic” granules)
and of peripheral light blue agranular areas. In a minority of cases, cytoplasmic hypogranularity
was very frequent. Abnormalities of nuclear shape were striking, with increased frequency of
band forms but also of dysmorphic cells with total absence of nuclear segmentation, consistent
with pseudo-Pelger morphology. Apoptotic cells were easily found in many peripheral blood films
(Fig 1H to 1J): they appeared with liquefied nuclear chromatin and granulated or deep blue
cytoplasm, suggesting possible derivation from different types of cells (i.e., neutrophils and
lymphocytes, respectively). Immature granulocytes, especially small myelocytes and
metamyelocytes, were also frequently present in early phase cases (Fig. 1E), as recently described
(11); more Immature cells, sometimes showing immature nuclei and small azurophilic granules,
were occasionally observed (Fig. 1F and 1G). Using the automated cytochemical reaction for
myeloperoxidase, provided by the blood cell counter ADVIA 2120 (Siemens, Milan, Italy), in two of
the 40 cases at diagnosis, the neutrophil population showed a marked decrease of the peroxidase
activity (Fig 2), with myeloperoxidase index of -10.4 and -14.4, respectively (manufacturer’s
normal range ±10).
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In seven patients the peripheral blood film was re-observed after five to seven days of
antiviral and anti-inflammatory treatment: the above described neutrophil morphological changes
had almost completely disappeared and the lymphocyte population showed wide morphological
heterogeneity with large atypical lymphocytes (Fig. 1K), lymphoplasmacytoid cells and increased
proportion of large granular lymphocytes. Treatment comprised antiviral, anti-inflammatory and
anti-interleukin 6 products.
In summary, it is our aim to point out that different hematological pictures can be seen in
the subsequent phases of COVID-19. In particular, in the early phase of symptom aggravation,
usually coinciding with hospital admission, a pronounced??? granulocytic reaction with
immaturity, dysmorphism and apoptotic-degenerative morphological evidence in peripheral
blood. After several days of treatment, the hematologic pictures tended to shift toward
impressive lymphocyte activation, often with numerical increase, and heterogeneous
morphological expression.
These abnormalities mainly highlight the severe, transitory and reversible perturbation of
myelopoiesis, especially in the form of accelerated and disordered granulopoiesis, in patients with
COVID-19 in severe symptomatic phase. According to recent updates, such quantitative and
qualitative abnormalities can be related to the cytokine storm and hyperinflammation which is a
fundamental pathogenic factor in the evolution of COVID-19 pneumonia, possibly in the form of
secondary hemophagocytic lymphohistiocytosis, leading to an often fatal multi-organ failure (1315). Our preliminary observation could therefore call for further studies of the involvement of
myelopoiesis in the pathogenesis and evolution of COVID-19.
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Figure 1 (A to L) – Morphological anomalies in peripheral blood films from different COVID-19
patients: A to L: patients at admission, not treated with antiviral and anti-inflammatory drugs. A:
Neutrophil granulocytes with bilobed and unsegmented, pseudo-Pelger like nuclei. B: Neutrophil
granulocytes with unsegmented nucleus with coarsely clumped chromatin; cytoplasm is
hypergranular with basophilic, agranular areas. C: Unsegmented, hypergranular neutrophil with
multiple vacuoles. D: Neutrophil granulocyte with marked cytoplasmic hypogranularity. E:
Circulating small neutrophil myelocyte. F: Circulating dysplastic promyelocyte (scattered azurophil
granules, absence of paranuclear Golgi zone). G: Immature circulating cell with blasts-like reticular
chromatin and rare thin azurophilic granules. H. Unsegmented granulocyte with hyperchromic
nuclear chromatin and tightly condensed cytoplasm, likely pre-apoptotic. I: Circulating apoptotic
neutrophil. J: Apoptotic cell with blue cytoplasm, of possible lymphocyte origin. K: Large polyploid
reactive lymphocyte with hyperbasophilic cytoplasm. L: Giant vacuolated platelets.
Figure 2. Partial myeloperoxidase (MPO) deficiency in a patient with dysmorphic neutrophils
(same as Fig. 1A). The neutrophil population (purple signals) on the ADVIA 2120 scattergram is
shifted to the left, partially invading the monocyte area (green signals), which determines a false
increase of the monocyte percentage. Quantitative data: WBC 2.78 x109/L, neutrophils 1.29
x109/L, monocytes 0.89 x109/L (falsely including a fraction of MPO-deficient neutrophils),
lymphocytes 0.41 x109/L, large unstained cells (LUC) 0.19 x109/L.

This article is protected by copyright. All rights reserved.

Accepted Article
This article is protected by copyright. All rights reserved.

Accepted Article
This article is protected by copyright. All rights reserved.

Accepted Article
This article is protected by copyright. All rights reserved.

