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Introduction

The coronavirus disease 2019 (COVID-19) caused by
severe acute respiratory syndrome coronavirus 2 (SARS-
-CoV-2) was first identified in a group of patients with acute
pneumonia in Wuhan, the capital of Hubei Province in the
People’s Republic of China, in late December 2019 [1, 2].
While COVID-19 predominantly affects the lungs, it is not
limited to respiratory manifestations, and has the potential
to affect numerous organs including the hematopoietic
system [3].

In addition to quantitative changes in the complete
blood cell count, several publications report multi-lineage
morphological abnormalities in peripheral blood cells
during COVID-19 infection. A leucoerythroblastic reaction
characterized by the appearance of myelocytes and nucleat-
ed red blood cells is frequently seen in COVID-19-patients.
Erythrocytes show distinct aberrations of erythropoiesis
including basophilic stippling and anisocytosis [4-6]. In
addition, the absence of nuclear segmentation in neutro-
phils consistent with pseudo Pelger morphology has been
reported in many cases. Further abnormalities regarding
neutrophils involve ring-shaped nuclei, clumped chromatin,
disintegrated apoptotic cell formations, cytoplasmic vacu-
oles, and dark toxic granulation [5, 6].

COVID-19 patients typically show a range of reactive
lymphocytes including lymphoplasmacytoid cells, an in-
creased proportion of large granular lymphocytes (LGL) as
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well as circulating plasma cells and mott cells [4-8]. Acti-
vated monocytes with aberrant nuclei, clumped chromatin
and prominent vacuolization have been reported frequent-
ly [4, 5]. The appearance of circulating megakaryocytes,
and especially giant platelets with occasional focal attach-
ment to the surface of leukocytes, represent additional
COVID-19-associated findings in peripheral blood films and
have been described in several publications and case re-
ports [4, 5]. In our study, we aimed to investigate specific
morphological characteristics of neutrophil granulocytes
in COVID-19 patients in direct comparison with control pa-
tients negative for SARS-CoV-2, but with clinical presenta-
tions strongly suggestive of COVID-19.

Material and methods

Patients

This study included 42 patients who were admitted to our
hospital with respiratory symptoms during the first wave
of COVID-19 between April and June 2020. Patients were
eligible for the study if a diagnostic test to confirm, or con-
versely rule out, COVID-19 [SARS-CoV-2-polymerase chain
reaction (PCR) or chest computed tomography scan] was
performed at initial presentation.

SARS-CoV-2 polymerase chain reaction
Isolation and purification of viral RNA from a nasopharyn-
geal swab were performed via the EZ1 Virus Mini Kit v2.0
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and EZ1 Advanced XL device (Quiagen, Hilden, Germany)
according to the manufacturer’'s recommendations.

Amplification of SARS-CoV-2 specific spike gene
(S gene) and beta-coronavirus specific envelope gene
(E gene) were done via RealStar SARS-CoV-2 RT-PCR Kit
1.0 (Altona Diagnostics, Hamburg, Germany) according to
the manufacturer’s protocol.

Blood smears and morphological
examination

Blood smears were automatically performed by the Sys-
mex SP-50 system (Sysmex, Norderstedt, Germany) and
automatically stained with undiluted May Gruenwald solu-
tion for 72 seconds, followed by staining with 1:10 diluted
May Gruenwald solution for 24 seconds, and staining with
1:25 diluted Giemsa solution for 192 seconds. Slides were
analyzed by light microscopy using an OLYMPUS BX-53
microscope (Olympus, Tokyo, Japan), oil objective x100,
equipped with OLYMPUS cellSens standard version 2.3
software for image acquisition.

Statistical analyses

For comparison of hypogranularity between COVID-19 pa-
tients and control patients, Fisher's exact test was used
and performed by GraphPadPrism software, version 9.0.0
(GraphPad Software Inc, San Diego, CA, USA). Required
sample size of COVID-19 patients for significant correla-
tion of hypogranularity and death with power =0.8 was
computed by G*Power 3.1.9.4 (Heinrich-Heine University
Duesseldorf, Duesseldorf, Germany).

Ethical approval

This study was approved by the local ethics committee
(no. 57/20). Informed consent was obtained from all
patients.

Results and discussion

Patients for assessment of peripheral
blood smears

From April until June 2020, 42 patients were included with
COVID-19 characteristic symptoms, such as cough, short-
ness of breath, or fever. 20 of these patients had a positive
result of SARS-CoV-2 PCR from a nasal swab and were
consequently regarded as the SARS-CoV-2 positive group.
The other 22 patients, who formed the control group, pre-
sented in the same time period as the suspected cases of
COVID-19, but did not have an infection with SARS-CoV-2,
thus showing a negative SARS-CoV-2 PCR and an alternative
explanation of the symptoms during follow up. Blood smears
were available from 19 patients in the SARS-CoV-2-positive
group and from 20 patients in the control group. Age and
comorbidities were distributed equally within both groups.
Patients’ characteristics are shown in Table I.
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Hypogranularity and other dysplastic
features of neutrophilic granulocytes

in patients with COVID-19

Several dysplastic and reactive alterations of neutrophilic
granulocytes could be frequently observed in SARS-CoV-2-
-positive patients (Figures 1A, B): 18 of 19 patients (94.7%)
displayed hyposegmented neutrophils. Ring-shaped nuclei
were prominent in 10 of 19 patients (52.6%) and bizarre
nuclear formations could be observed in 14 of 19 patients
(73.7%). Neutrophils from 1 of 19 patients (5.3%) showed
toxic granulations; Dohle bodies could be detected in 2 of
10 patients (10.6%), 10 of 19 patients (52.6%) displayed cy-
toplasmic vacuoles in neutrophils. Hypogranularity of neutro-
philic granulocytes was observable in 9 of 19 patients (47.4%).

Hypogranularity was significantly more frequent in pa-
tients positive for SARS-CoV-2 at diagnosis than in symp-
tomatic controls (47.4% vs. 15%, p =0.0407; Figure 1C).
This hypogranularity was reversible in 55.6 per cent of the
cases during the inpatient hospital stay (Figure 1D) result-
ing in normal or strong neutrophilic granulations.

Median time of granularity normalization was 36 days.
Interestingly, 4 of 9 patients (44.4%) with hypogranular neu-
trophils died, whereas in the group of patients with normal
granularity only 1 of 10 patients (10%) died. This effect was
not statistically significant (p =0.1409). Computed sample
size of COVID-19 patients required for a significant correla-
tion of hypogranularity and death was n =40.

Increased concentrations of neutrophilic granulocytes
have recently been described as a typical COVID-19 asso-
ciated phenomenon [9-11]. Neutrophils are significantly
involved in systemic hyperinflammation [12, 13]. Previous
analyses showed morphological alterations and dysplastic
features of neutrophilic granulocytes in COVID-19 patients
[5, 6, 8, 14]. In our study, we found that hypogranularity of
neutrophilic granulocytes is significantly more frequent in
COVID-19 patients than in control patients with compara-
ble clinical features. Neutrophil degranulation in general
is a feature of many inflammatory disorders [15].

Thus, in the context of COVID-19, hypogranularity is
probably linked to systemic hyperinflammation and the
attempt to eliminate the virus. Interestingly, the observed
hypogranularity was reversible in 56% of our patients. This
dynamic change has not previously been described. The
findings of our study underscore a severe, but reversible,
perturbation of granulopoiesis by SARS-CoV-2.

Although larger patient numbers and further analyses
would be needed for confirmation, our results might indi-
cate that granulocytic function in COVID-19 is affected more
severely than in other reactive conditions. The presence of
hypogranular neutrophils may be associated with dismal
outcome, even though this effect was not statistically sig-
nificant in our small patient cohort. Further studies will be
needed to elucidate the involvement of granulopoiesis in
the evolution of COVID-19.
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Table I. Patient characteristics
Variable COVID-19 patients (n =20)

Control patients (n =22)

Demographic characteristics Median (95% CI)

Age (years) 66.5 (62.0-75.0) 70 (58.0-80.0)
No. [%]
Male 16 (80.0) 12 (54.5)
Comorbidities No. [%]
Any comorbidity 19 (95.0) 21 (95.5)
Former or current smoker 2(10.0) 8(36.4)
Hypertension 14 (70.0) 14 (63.6)
Obesity (BMI =30 kg/m?) 9 (45.0) 4(18.2)
Overweight (BMI >25 kg/m?, <30 kg/m?) 7 (35.0) 2(9.1)
Diabetes 7 (35.0) 2(9.)
Hyperlipoproteinemia 3(15.0) 2(9.1)
Chronic heart disease 8 (40.0) 14 (63.6)
Peripheral arterial disease 0(0.0) 2(9.1)
Chronic obstructive pulmonary disease (COPD) 0(0.0) 4(18.2)
Asthma 1(5.0) 0(0.0)
Chronic renal disease 3(15.0) 7(31.8)
Rheumatic diseases 2 (10.0) 1(4.5)
Neurological and neuromuscular diseases 8 (40.0) 7(31.8)
Malignant tumor 5(25.0) 6 (27.3)
Immunodeficiency 4(20.0) 3(13.6)
Liver disease 2(10.0) 3(13.6)
Thyroid disease 2 (10.0) 4(18.2)
Gastrointestinal disease 8 (40.0) 6 (27.3)
Allergic disease 3(15.0) 1(4.5)
Mental illness 2(10.0) 6 (27.3)
Addiction 3(15.0) 2(9.1)
Current medication No. [%]
Antidiabetic drugs 7 (35.0) 1(4.5)
Angiotensin converting-enzyme inhibitors (ACE inhibitors) 6 (30.0) 4(18.2)
Beta-blockers 7 (35.0) 11 (50.0)
Angiotensin receptor blockers (ARBs) 2(10.0) 3(13.6)
Lipid-lowering drugs 4 (20.0) 5(22.7)
Platelet agglutination inhibitors 5(25.0) 7 (31.8)
Direct oral anticoagulants (DOACs) 3(15.0) 4(18.2)
Phenprocoumon 0(0.0) 0 (0.0)
Calcium channel blockers (CCBs) 4 (20.0) 3(13.6)
Diuretics 4 (20.0) 11 (50.0)
Systemic corticosteroids 0(0.0) 5(22.7)
Anti-infective drugs (antibiotic, antiviral and antifungal medication) 2 (10.0) 2(9.2)
Analgesic 3(15.0) 8(36.4)
Proton-pump inhibitors (PPlIs) 8 (40.0) 8(36.4)
Immunosuppressive drugs 2(10.0) 3(13.6)
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Table | (cont.). Patient characteristics

Variable COVID-19 patients (n =20) Control patients (n =22)
No. [%]
Inhaled corticosteroids 1(5.0) 1(4.5)
Inhaled adrenergic 3, receptor agonists 1(5.0) (18.2)
Inhaled anticholinergics 0(0.0) (13.6)
Thyroid drugs 1(5.0) (18.2)
Anticonvulsants 0(0.0) (18.2)
Psychotropic drugs 3(15.0) (22.7)
Antineoplastic drugs 1(5.0) 2(9.1)
Symptoms at admission No. [%]
Fever 9 (45.0) 14 (63.6)
Cough 8 (40.0) 10 (45.5)
Shortness of breath 9 (45.0) 14 (63.6)
Abdominal pain 1(5.0) 2(9.)
Nausea and vomiting 2(10.0) 3(13.6)
Diarrhea 4 (20.0) 0(0.0)
Headache 1(5.0) 1(4.5)
Fatigue 2 (10.0) 3(13.6)
Myalgia or arthralgia 2(10.0) 1(4.5)
Tachycardia 1(5.0) 1(4.5)
Edema 0(0.0) (22.7)
Deterioration of general condition 5(25.0) 4(18.2)
Vital signs at admission Median (95% CI)
Heart rate [/min] 84.5 (76.0-100.0) 90.0 (77.0-100.0)
Systolic blood pressure [mm Hg] 139.0 (127.0-165.0) 140.0 (128.0-156.0)
Diastolic blood pressure [mm Hg] 78.5 (62.0-85.0) 76.0 (70.0-92.0)
Respiratory rate [/min] 20.0 (16.0-28.0) 19.0 (16.0-26.0)
Temperature [°C] 37.1(36.8-37.8) 37.15 (36.7-37.8)
No. [%]
Need for supplemental oxygen 6 (30.0) 11 (50.0)
Chest auscultation at admission No. [%]
Any abnormal breath sounds 8(40.0) 17 (77.3)
Crackling 6 (30.0) 12 (54.5)
Diminished breath sounds 0(0.0) 5(22.7)
No pathological findings 5(25.0) 5(22.7)
CT findings No. [%]
Abnormalities on chest CT consistent with viral pneumonia 20 (100.0) 10 (45.5)
Treatment No. [%]
Admission to intensive care unit 15 (75.0) 12 (54.5)
Oxygen therapy or non-invasive ventilation 12 (60.0) 14 (63.6)
Invasive ventilation 11 (55.0) 5(22.7)
Extracorporeal membrane oxygenation (ECMO) 1(5.0) 0(0.0)
Prone positioning 10 (50.0) 1(4.5)
Catecholamines 13 (65.0) 5 (22.7)
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Table | (cont.). Patient characteristics

No. [%]
Hemodialysis 7 (35.0) 2(9.1)
Antibiotic treatment 17 (85.0) 19 (86.4)
Antiviral treatment 5(25.0) 4(18.2)
Antifungal treatment 3(15.0) 1(4.5)
Treatment duration Median (95% Cl)
Length of hospital stay (days) 28.5(19.0-39.0) 13.5 (8.0-23.0)
Duration of ventilation (days) 27.0 (18.0-41.0) 4.0 (2.0-9.0)
Complications No. [%]
Respiratory complications 17 (85.0) 17 (77.3)
Sepsis 16 (80.0) 19 (86.4)
Organ dysfunction 17 (85.0) 10 (45.5)
Electrolyte imbalance 10 (50.0) 10 (45.5)
Clinical outcome No. [%]
Discharged 16 (80.0) 21 (95.5)
Died 4 (20.0) 1(4.5)
COVID-19 — coronavirus disease 2019; n — sample size; Cl — confidence interval; No. — number of patients; BMI — body mass index; CT — computed tomography
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Figure 1A. Nuclear abnormalities in neutrophils with hyposegmented, ring-shaped and bizarre nuclei (from left to right); B. Cytoplasmic
alterations including toxic granulations, Déhle bodies (arrows), cytoplasmic vacuoles and hypogranularity (from left to right); C. Comparison
of hypogranularity in neutrophilic granulocytes in patients with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) versus control
patients at time of presentation to hospital; D. Five examples of reversible hypogranularity of neutrophilic granulocytes (patients P1-P5).
Left: blood smears at diagnosis of coronavirus disease 2019. Right: matching blood smears during recovery time in hospital
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