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Purpose: Information about dynamic changes occurring in the parameters and morphology of erythrocytes and platelets during the
coronavirus disease 2019 (COVID-19) infection and convalescence is scarce. To explore potential associations between dynamic
erythrocyte and platelet parameters, morphological changes, and the course or severity of the disease is essential.

Patients and Methods: From January 17th, 2020, to February 20th, 2022, we followed up on 35 patients with non-severe and 11
patients with severe COVID-19 following their discharge. We collected clinical features, dynamic complete blood count (CBC), and
peripheral blood smears (PBS) and analyzed parameter and morphological changes of erythrocytes and platelets depending on the
course or severity of the disease. The course of the disease included four periods, namely onset (T1), discharge (T2), 1-year follow-up
(T3), and 2-year follow-up (T4).

Results: Red blood cell (RBC) counts and hemoglobin were the lowest in T2, followed by T1, and lower in T1 and T2 than in T3 and
T4. Inversely, the red blood cell distribution width (RDW) was the highest in T2, followed by T1, and higher than in T3 and T4.
Compared to non-severe patients, the platelet of severe patients was lower in T1 and T2. In contrast, the mean platelet volume (MPV)
and platelet distribution width (PDW) tended to be higher in severe patients. Similarly, anisocytosis was more common in peripheral
blood smears at early stages and in severe patients. Finally, large platelets were more common in severe patients.

Conclusion: Anisocytosis of erythrocytes and large platelets are found in patients with severe COVID-19, these changes may help
primary hospitals to identify patients with a high risk of severe COVID-19 at an early stage.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic has led to unprecedented research. Studies showed that hemato-
logical parameters mediate disease progressions, such as leukocytosis, thrombocytopenia, lymphopenia, neutrophilia, and
eosinopenia, and have been considered markers for evaluating disease severity.' The white blood cell (WBC) change is
seen as a vital pathogenic driver of disease progression,* while information on erythrocyte and platelet abnormalities in
COVID-19 patients is limited.

Red blood cell distribution width (RDW) and mean corpuscular volume (MCV) are used clinically to evaluate anemia
types. The RDW value indicates the presence of anisocytosis for an extended period, reflects erythropoietic stress and is
associated with poor prognosis. It is also important in nonhematological diseases, such as social pneumonia, hypoxemia,
pulmonary embolism, autoimmune diseases, and cardiovascular diseases.”® And MCV was also associated with

nonhematological disease mortality and prognosis, such as chronic kidney disease and sepsis.”'° In COVID-19, RDW
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was an independent predictor of mortality.""'> MCV is highly altered in COVID-19,"? inversely related to acute kidney
injury patients, and persists at hospital discharge.'*

Platelets, one of the hematologic parameters, are essential effectors of hemostasis,'> and study shows that platelet
hyperactivity is necessary for lung inflammation and other organs.'®'” Recent researches have shown that platelet
parameters are helpful for the diagnosis of diseases and represent a value as a prognosis for pathology.*'® Mean platelet

volume (MPV) may indicate systemic inflammation'®*°

and help diagnose inflammatory diseases such as pneumonia,
tumors, diabetes, and coronary heart disease.?""*> Microthrombi were found in COVID-19 patients’ lungs, hearts, and
bones, and platelets were destroyed in the spleen, which may lead to platelet consumption.” Platelet aggregation and
macroplatelets in COVID-19 patients were also observed in peripheral blood smears, which indicated platelet
hyperactivity.>> > However, there are few dynamic studies on whether platelet parameters change during the disease
and recovery from COVID-19.

Peripheral blood smear (PBS) is a simple and effective method to study the change in blood cells and can be used to
respond to the automated complete blood count (CBC) analysis. Most of the blood cell morphology in COVID-19
patients primarily focuses on WBC morphology changes, including Pelger-Huét anomaly, atypical lymphocytes, and
large monocytes with vacuolated cytoplasm,”® especially in severe COVID-19 cases. Several red blood cell (RBC)
abnormalities have been described, including polychromasia, basophilic stippling, rouleaux, autoagglutination, spher-
ocytes, schistocytes, stomatocytes, and mushroom-shaped cells.?7-% Besides, macroplatelets and microthrombi have been
described sporadically.?* All these studies were case reports>” or looked at a limited number of peripheral blood smears
from COVID-19 patients. Overall, such studies are hardly comparable, and there is little or no information about other
clinical and laboratory characteristics of patients.

Growing evidence suggests that CBC and morphological changes in these patients are dynamic and related to the
disease course. There are still few studies on erythrocyte and platelet parameters and morphological changes in COVID-
19 patients. We collected clinical features and dynamic peripheral blood to explore the potential associations between

parameters and morphological modifications of erythrocytes and platelets and the course or severity of disease.

Materials and Methods
Study Design
From January 17th, 2020, to February 20th, 2022, we followed up 144 subjects for two years after they were discharged
from Taizhou Hospital where they were confirmed with COVID-19 by polymerase chain reaction (PCR) test. Throat
swabs were used for the PCR test. The following subjects were excluded during the first-year follow-up: (1) refusal to
participate (n = 42); (2) Unable to contact (n = 6); (3) 23 subjects who lived outside Taizhou. Among the remaining 73
subjects, 27 lost the follow-up in the second year: (1) refused to participate (n = 13); (2) Unable to contact (n = 3); (3) 11
subjects who lived outside Taizhou. Eventually, 46 subjects were included, including 24 males and 22 females, with
a median age of 48 years, and 23.9% were severe patients. According to the Chinese Government Diagnosis and
Treatment Guideline (Trial 5th version), patients with COVID-19 are classified into two groups: (1) non-severe; (2)
severe. Non-severe patients are defined as those who have fever or respiratory tract symptoms with pneumonia or mild
symptoms without pneumonia. Severe patients are defined as those who meet any of the following three criteria: (1)
respiratory distress, respiratory rate > 30 times/min; (2) oxygen saturation <93% in resting state; and (3) arterial blood
oxygen partial pressure/oxygen concentration < 300 mmHg (1 mmHg = 0.133 kPa).*° The participants had no history of
hematologic disease. Demographic data of patients, including age, sex, body mass index (BMI), length of stay, symptoms
and signs, and comorbidities, were extracted from the patients’ profiles.

We analyzed the dynamic and morphological changes in the parameters of the four-time nodes. The first was T1:
defined as within seven days after the admission; the second was T2: within seven days before the discharge and two
weeks after the discharge; the third was T3: one-year follow-up; the fourth was T4: two-year follow-up.*’
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Ethic Statement
The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the ethics
committee of Taizhou Hospital of Zhejiang Province, and informed consent was obtained from each enrolled subject.

CBC Analysis

Venous blood samples were collected into EDTA-2K-containing tubes (0.184 mol/L; BD) for CBC tests, and analysis
was performed in Sysmex XN-2000 analyzers (Sysmex Corporation, Kobe, Japan). The MCV was obtained by dividing
hematocrit by the RBC count, and MPV by dividing plateletcrit by the platelet count. The reference ranges of CBC
parameters were based on the People’s Republic of China Health Industry Standards (WS/T 405-2012). We also
collected venous blood samples from 39 healthy individuals as control, they were from the physical examination center
were included by matching age, sex, and health status (no underlying diseases or immune diseases, relevant clinical
indicators within the normal range) with subjects.

Peripheral Blood Smear Analysis

All the samples were collected within the first 12 hours. SP-10 was for slide creation and staining (Wright-Giemsa
stained), and the DI-60 automatic digital cell imaging analyzer (Sysmex Corporation, Kobe, Japan) was used for
capturing high-magnification images in the optimal area for erythrocyte and platelet. We stored the peripheral blood
smears at room temperature. Both microcytes (erythrocytes <6.5um) and macrocytes (erythrocytes >8.5um) were
automatically measured by in-built rulers of CellaVision DM Software (DI-60).%? The average diameters of normal
erythrocytes and platelets are 6.5-8.5 pum and approximately 1.5-3 um, respectively, and large platelets measure 3—7
um.* Because lack of a 3 um in-built ruler, and 3 um is approximately half the diameter of a normal erythrocyte; thus,
we used half the diameter of normal erythrocytes as a reference to determine the size of large platelets. Whilst giant
platelets are larger than normal sized red cells, so we used the diameter of normal erythrocytes as a reference to
determine the size of giant platelets.*”

We also collected PBSs from 29 healthy volunteers, and they were from the physical examination center and were
included by matching age, sex, and health status (no underlying diseases or immune diseases, relevant clinical indicators
within the normal range) with subjects. The morphological change of COVID-19 subjects were compared with those
healthy volunteers.

Two independent skilled operators reviewed the blood smear images. Morphological analysis of peripheral blood was
performed by the first physician experienced in peripheral blood smear examination. The results were then cross-
validated by the second physician independently.

Statistical Analysis

The Kolmogorov—Smirnov test determined distributions of continuous variables. Normally distributed data were
described as mean and standard deviation (SD). Continuous variables were presented as median (interquartile range,
IQR) if variables were skewed distributed. Categorical variables were presented as frequencies (percentages). The
Student’s #-test was used to compare normally distributed measurements for independent samples. The homogeneity of
variance test was used to compare normally distributed measurements for multiple groups. Skewed distribution variables
were compared with Mann—Whitney rank-sum tests. When appropriate, categorical data were compared with the Chi-
square or Fisher’s exact test. P< 0.05 was considered statistically significant. All statistical analyses were performed
using IBM SPSS 26.0 software (SPSS Inc., Chicago, IL, United States).

Results

Study Design and Workflow

A total of 144 patients with COVID-19 were discharged from Taizhou Hospital from January 17th, 2020 to
February 20th, 2022. Seventy-one patients were excluded from the first-year follow-up because they failed to keep the
appointment for several reasons, as outlined in Figure 1. Forty-two patients refused to participate, 6 patients failed to be
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COVID-19 recovered subjects in Taizhou (n=144)

excluding:

refused to participate (n=42);
failed to be contacted(n=6);
lived outside Taizhou(n=23)

A 4

One-year follow-up (2021/2/8-19) Cases included (n=73)

excluding:

refused to participate (n=13);
failed to be contacted(n=3);
lived outside Taizhou(n=11)

A

Two-year follow-up (2022/2/9-10) Cases included (n=46)

A

Comparative analysis of CBC for recovered patients from COVID-19 (n=46)

A4

excluding: lack of peripheral smear(n=10)

A

Comparative analysis peripheral blood smear in patients recovered from COVID-19
one and two years after the recovery (n=36)

Figure | Study design and workflow.

contacted and 23 patients lived outside Taizhou. In the second-year follow-up, 27 patients did not attend, 13 declined to
participate, 3 failed to be contacted and 11 lived outside Taizhou. Eventually, 46 patients were included in the
comparative analysis of CBC. With the lack of peripheral smears in 10 patients, we analyzed the peripheral blood cell
smear of 36 patients comparatively (see Figure 1).

Clinical Characteristics of Patients

The demographic and clinical characteristics of participants are shown in Table 1. The median age of the enrolled
participants is 48 (40-54), with 24 (52.17%) men and 22 (47.83%) women, 11 (23.9%) severe and 35 (76.1%) non-
severe, they are all the Asian race, and Han ethnicity. We observed a higher median age in severe patients (62 years vs 45
years; P =0.001). BMI is 23.5 (21.6-25.5), and the median duration of hospital stay is 22 (14.3-27.3). The most common
symptoms and signs are fever (39 patients, 84.7%), followed by cough (28 patients, 60.8%). The most common
comorbidity is hypertension (9 patients, 19.5%), followed by diabetes (5 patients, 10.8%) (see Table 1).

CBC of COVID-19 Subjects in Different Courses

Forty-six patients with COVID-19 were included in this analysis. Table 2 shows the CBC of patients during the
admission to the two-year follow-up. Lymphocyte, eosinophil, and basophil count varied in different stages.
Lymphocytes of patients with COVID-19 were decreased compared to healthy volunteers (see Table S1) in T1, increased
in T2 and then gradually stabilized in T3 and T4 (see Table 2). Compared to non-severe patients, lymphocytes were
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Table | Characteristics of Enrolled Patients

Characteristic COVID-19 (n=46) COVID-19 (n = 46) P value
Severe (n = 11) | Non-Severe (n = 35)

Gender (Male/Female) 24/22 4/7 20/15 0.229

Median age (IQR), year 48 (40-54) 62 (51-71) 45 (39-51) 0.001

BMI (IQR), kg/m? 23.5 (21.6-25.5) 24.7 (21.9-25.7) 23.1 (21.5-24.7) 0.251

Length of stay, days 22 (14.3-27.3) 22 (19.5-27.5) 22 (13.5-28.5) 0.761

Symptoms and signs [n (%)]

Fever 39 (84.7) 10 (90.9) 29 (82.8) 0.517
Pharyngalgia 4 (8.6) 0 4 (11.4) 0.241
Cough 28 (60.8) 5(45.4) 23 (65.7) 0.23
Expectoration 13 (28.2) 2 (18.1) I (31.4) 0.395
Muscle soreness 2 (4.3) 0 2 (5.7) 0418
Headache 6 (13.0) 2 (l8.1) 4 (11.4) 0.562
Diarrhea 2 (43) I (9.0) 1 (2.8) 0.377
Chest tightness 4 (8.6) 2 (18.1) 2(5.7) 0.201

Comorbidities-n (%)

Hypertension 9 (19.5) 4 (36.3) 5(14.2) 0.107
Diabetes 5(10.8) 2 (18.1) 3 (85) 0.372
Medication-n (%)

Arbidol 26 (56.5) 9 (81.8) 17 (48.6) 0.052
Antibiotics 17 (48.6) 5 (45.5) 12 (34.3) 0.503
Oseltamivir 10 (21.7) 2 (18.2) 8 (22.9) 0.743
Immunoglobulin 12 (26.1) 9 (81.8) 3 (86) <0.001
Hormone 14 (30.4) 8 (72.7) 6 (17.1) <0.001
Interferon 46 (100) I'1 (100) 35 (100) NA

Kaletra 46 (100) I'1 (100) 35 (100) NA

Abbreviations: NA, not applicable; IQR, interquartile range.

lower in severe patients at T1 and T2, and there were no statistically significant differences between groups for T3 and
T4 (see Figure 2C). Similarly, the trend of basophils was similar to that of lymphocytes from T1 to T4. In T1, severe
patients were with lower basophil than non-severe patients, and healthy volunteers (see Figure 2F, Table S1). Eosinophils
of patients were the lowest in T1, lower than healthy volunteers, and there was no significant difference between T2 to T4
(see Figure 2E, Table S1 and Table 2). As to WBC, neutrophil and monocyte count, there were no significant differences
between different stages and severity (see Figure 2A-B, Figure 2D).

The red blood cell count and hemoglobin level were deceased in the T1 compared to healthy volunteers (see Table S1)
and were the lowest in the T2, with both in severe patients lower than those in non-severe patients (see Figure 2J and Figure
2K), as shown similarly in Figure 2N. Afterward, the count and the level increased and stabilized in T3 and T4. Compared
with the T1 and T2 stages, the MCV in T3 and T4 increased and RDW decreased (see Figure 2L-M, Table 2). In contrast to
non-severe patients, severe patients showed a persistently higher RDW from T1 to T4 (see Figure 2M and Figure 2N). The
platelet count was the lowest in stage T1, with no statistically significant differences from T2 to T4; besides, it was lower in
severe patients compared to non-severe ones at the T2 stage (see Figure 2G and Figure 2N). MPV and platelet volume
distribution width (PDW) in severe patients tended to be higher than in non-severe patients (see Figure 2H-I, Figure 2N).
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Table 2 Complete Blood Count of COVID-19 Subjects in Different Courses (n = 46)

Characteristic TI T2 T3 T4 P value
White blood cell count (x10%/L) 5.1 (4.0-6.4) 5.7 (4.8-6.9) 5.5 (4.6-6.4) 5.3 (4.5-6.4) 0.395
Neutrophil count (x 10%/L) 3.4 (2.64.5) 3.4 (2.84.5) 2.9 (24-3.7) 2.9 (2.4-3.6) 0.052
Lymphocyte count (x10°/L) 1.0 (0.7-1.4) 1.5 (1.2-1.8) 1.8 (1.4-2.1) 1.7 (1.5-2.3) <0.001
Monocyte count (x10°/L) 0.4 (0.3-0.5) 0.5 (0.4-0.6) 0.4 (0.3-0.5) 0.4 (0.3-0.5) 0.103
Eosinophil count (x10%/L) 0 (0-0.03) 0.09 (0.05-0.14) | 0.08 (0.05-0.15) | 0.095 (0.06-0.15) | <0.001l
Basophil count (x10°/L) 0.01 (0.01-0.02) | 0.02 (0.01-0.03) | 0.03 (0.02-0.04) | 0.03 (0.02-0.05) <0.001
Red blood cell count (x10'%/L) 4.5 (4.1-5.0) 4.3 (3.94.7) 4.8 (4.5-5.1) 4.7 (4.5-5.2) <0.001
Hemoglobin (g/L) 137 (125-147) 128 (117-145) 149 (140-159) 146 (135-159) <0.001
Mean corpuscular volume (fL) 89.8 (87.8-91.1) | 91.4 (88.4-93.7) | 93.2 (90.1-94.9) | 93.9 (90.7-95.7) <0.001
Red blood cell distribution width (%) 12.4 (12.1-13) 12.9 (12.2-13.5) 12.5 (12-12.7) 12.3 (12-12.9) 0.005
Platelet (x10%/L) 201 (161-242) 245 (195-308) 232 (203-267) 240 (207-276) 0.007
Mean platelet volume (fL) 10.5 (9.9-11.2) 10.4 (9.8-10.9) 10.6 (10.1-11.3) 10.6 (10.0-11.2) 0.431
Platelet volume distribution width (%) 12.5 (11-13.6) 12.1 (10.8-13.1) | 12.7 (11.4-14.3) 12.5 (11.3-13.3) 0.299

Morphological Change of COVID-19 Subjects in Different Courses

There were mainly microcytes in stages from T1 to T4, and the percentage of microcytes was lower at T1 and T2
compared to T3, T4, and the healthy control group. The ratio of macrocytes was lower than that of the other two in the
four stages (see Table 3). Compared to the healthy control group, the proportions of large platelets in the four stages were
higher (see Table 3).

Typical Abnormal Platelet Morphological Change of COVID-19 Subjects
In COVID-19 patients, peripheral blood smears show platelet aggregation (see Figure 3A) and giant platelets (see
Figure 3B-D) with distinct protrusions resembling pseudopodia (see Figure 3C).

Dynamic Morphological Change in Peripheral Blood of COVID-19 Subjects

Peripheral blood smears of T1 (see Figure 4A-B) and T2 (see Figure 4C-D) stages showed anisocytosis, polychromatic
erythrocyte, nonhomogeneous platelets, and large platelets with the anomaly of a granules distribution; while at T3 (see
Figure 4E-F) and T4 stages (see Figure 4G-H), peripheral blood smears showed fewer anisocytosis and large platelets.

Discussion
The COVID-19 pandemic has led to extensive research. However, few literatures have examined the dynamics of CBC in
recovered patients during COVID-19, while dynamic morphological changes were rarely reported. Our study shows
significant numerical and morphological changes associated with SARS-CoV-2 infection and that the severity of the
changes varies during disease courses. On the other hand, those changes are usually not significant during the follow-up.
Although there are significant numerical and morphological changes at the early stage, they have remained normal and
stable during the follow-up period. It is worth noting that although red blood cell distribution width (RDW) is within the
normal range, the RDW of severe patients is higher than that of non-severe patients during the whole stage.
Hematological changes may occur during the acute phase of infection, including shifted distribution width and
changes in red blood cells’ shape, structure, and function.** RDW was considered an independent predictor of mortality
in COVID-19.%'" Patients with or without CVD Covid-19 significantly increased MCV and decreased RDW three
months after discharge.®>> Similarly, our study showed a rise in MVC and a reduction in RDW after the discharge in both
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Figure 2 Complete blood count (CBC) of COIVD-19 subjects in different courses and severity. (A) White blood cell count (WBC) counts; (B) neutrophil count; (C)
lymphocyte count; (D) monocyte count; (E) eosinophil count; (F) basophil count; (G) platelet count; (H) mean platelet volume (MPV); (I) platelet volume distribution width
(PDW); (J) red blood cell (RBC) count; (K) hemoglobin; (L) mean corpuscular volume (MCV); (M) red blood cell distribution width (RDW); (N) heatmap of CBC. *P<0.05,
*#P<0.01.

Infection and Drug Resistance 2023:16 hetps: 1663

Dove:


https://www.dovepress.com
https://www.dovepress.com

Shen et al

Dovepress

Table 3 Morphological Change of COVID-19 Subjects in Different courses

Characteristic Control Tl (n=8) T2(n=36) | T3(n=36) | T4 (n=36)
Microcyte [%, Median (IQR)] 6.9 (34-153) | 2.3 (1.2-5.1) | 2.7 (1.2-5.9) | 6.1 (4.1-9.8) | 6.8 (4.1-12.2)
Macrocyte [%, Median (IQR)] 0.5 (0.3-1.0) 0.7 (0.3-1.6) I.I (0.6-2.2) | 0.3 (0.1-0.8) | 0.2 (0.1-0.5)
Large platelet [%, Median (IQR)] | 1.9 (I.1-3.4) | 9.4 (6.5-12.2) | 43 (2.7-6.8) | 57 (3.9-89) | 5.6 (3.9-8.6)

Notes: Microcyte (%): the number of microcytes per one hundred red blood cells; Macrocyte (%): the number of macrocytes per one
hundred red blood cells; Large platelet (%): the number of large platelets per one hundred platelets.
Abbreviation: IQR, interquartile range.

severe and non-severe cases. Notably, RDW was a significant difference between severe and non-severe patients. The
study showed that when the coefficient of variation of RDW was greater than 13.6, the likelihood of lung tissue injury
increased by 9.3 times, and it was a lung volume marker for COVID-19 severity.*> Studies have proved that increased

36 7 cancer,38

RDW is common in human disorders, including cardiovascular disease,” venous thromboembolism,’
diabetes,> community-acquired pneumonia, chronic obstructive pulmonary disease,” liver,** and kidney failure,*' and
so on. Increased RDW reflects a severe dysregulation of erythrocyte homeostasis, including impaired erythropoiesis and
abnormal erythrocyte survival. Short or very short telomeres (DNA-protein structures located at the ends of chromo-

somes) cause senescence in erythroid cells, which leads to increased replication stress and impaired erythroid

Figure 3 Typical abnormal platelet morphological change of COVID- 19 subjects. (A) Platelet aggregation (blue arrows); (B) platelet aggregation (blue arrows) and giant platelet
(red arrows); (C) giant platelet (red arrows) with distinct protrusions resembling pseudopodia (black arrows). (D) Giant platelet (red arrows). (Wright-Giemsa stain, x100).

Figure 4 Dynamic morphological change in peripheral blood of COIVD-19 subjects. (A-D) Peripheral blood smears of Tl and T2 stage, showing anisocytosis and
nonhomogeneous platelets. (A) Large platelets with the anomaly of a granules distribution; (B) large platelet; (C) polychromatic erythrocyte; (D) anisocytosis. (E-H)
showing fewer anisocytosis and normal size platelet and large platelet. (E) Large platelet; (F) normal platelet; (G) homogeneous erythrocyte; (H) homogeneous erythrocyte
and normal platelet. The large blue squares are the local magnification of the small ones. (Wright-Giemsa stain, Overall magnificationx40, local magnificationx100).
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maturation.*> As we know, shorter telomeres of hematopoietic cells of the elderly, people with cardiometabolic disease,
and male group were reported in COVID-19 cases,*® which may be the reason for the increased RDW in severe COVID-
19 patients.

Oxidative stress is characterized by disrupting the balance between oxidants and antioxidant defenses, profoundly
affecting erythrocyte homeostasis and survival.>” Many respiratory viral infections, including COVID-19, cause infected
cells to die, activate the innate immune response, and produce inflammatory cytokines; these processes are associated
with the development of oxidative stress, which may contribute to the increased RDW.** Disruption of iron metabolism
and reactive erythropoietin results in impaired erythrocyte maturation, the other promoter of anisocytosis. Besides,
inflammation and several proinflammatory cytokines can also lower erythrocyte survival and inhibit the synthesis or
activity of erythropoietin.*>*® Recent findings have shown that severe COVID-19 cases with higher ferritin®’ and
decreased serum erythropoietin levels.*® Besides, kidneys are frequently affected by (SARS-CoV-2).** However, chronic
kidney disease leads to the gradual decline of erythropoietin synthesis®® and increased erythrocyte fragmentation,
inflammation, poor nutritional status,”’ and increased oxidative stress.’® They are all responsible for increasing RDW.

In our research, platelet aggregates and macroplatelets were observed in patients with COVID-19, indicating platelets
have enhanced adhesion properties™ and hyperactivity.>*>* Besides, we noticed that large platelets with anomalies of a
granule distribution might be related to platelets releasing their alpha and dense granule contents in COVID-19
patients.” In our study, PDW and MPV tended to be higher in severe patients with COVID-19. PDW reflects the
heterogeneity of platelets, and it increases in response to platelet destruction and newly formed immature platelets®> due
to the infections of COVID-19, which may be related to platelet internalization of virus to promote platelet death.’®

54.57:58 and there was an

According to the study, increased MPV in COVID-19 means these platelets may be hyperactive,
adverse association between MPV and glomerular filtration rates (GFR) in severe patients with acute kidney injury.>® In
summary, platelet parameters and morphological changes are closely related to platelet activation.

SARS-CoV-2 contributes to platelet activation via various pathways, including directly binding to platelet surface,
provoking endothelial injury, and sustaining the release of von Willebrand factor.?**33:¢*61 Firstly, SARS-CoV-2
directly binds to platelet angiotensin-converting enzyme 2 (ACE2), which can stimulate platelets, release coagulation
factors and inflammatory cytokines, and promote the formation of platelet aggregates,”* and Eric Boilard et al consider
that platelet alpha and dense granule are elevated in blood are the source of inflammatory cytokines.”® At the same time,
Milka Koupenova et al consider through ACE2 or attached to microparticle by taking up virions, platelets can internalize
the virus, resulting in platelet programmed death and release of platelet content; this response contributes to dysregulated
functionality.’® Besides, SARS-CoV-2 also interacts with platelets and megakaryocytes via ACE2-independent mechan-
isms, alternative receptors, or co-factors.®* In addition, Florian Puhm et al®' consider that tissue factor (TF) produced by
SARS-CoV-2 infected cells activates thrombin which signals to protease-activated receptor (PARs) on platelets, then
strongly activates platelets. In contrast, neither virus nor purified spike protein activates platelets. Platelet activation may
also occur due to thrombin generation after concomitant blood coagulation activation.®> All of the above mechanisms
may act in concert with, or contribute to, the production of highly active platelets, identified by their increased size,
which would then play a role in triggering microthrombotic and major thrombotic events commonly seen in critically or
critically ill patients with COVID-19.°* However, five patients had higher MPV in the four-stage timeline in our research,
one of which may be due to valve replacement with atrial fibrillation,®> and another may be related to abnormal liver
function.®®®” The other three were without comorbidities and did not use drugs related to platelet activation; the reasons
for platelet activation are unknown. Overall, platelet parameters play an important role in differential diagnosis and
prognosis prediction of diseases, and they are easily accessible and inexpensive. MPV can be used as an adjunct test to
vital capacity and to predict mortality in patients with COVID-19.°® Besides, MPV is used in differential diagnosis to
help distinguish COVID-19 from influenza during seasonal influenza outbreaks.®’

All in all, our study shows parameters and morphological changes of erythrocyte and platelet associated with SARS-
CoV-2 infection and that severity of changes varies between disease courses. However, although we have provided
a plausible explanation for this association, further studies of the underlying mechanisms and pathophysiological

pathways are needed to clarify whether there is a causal or simple association between the two.
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Conclusion

In conclusion, our study revealed changes in the parameters and morphology of erythrocytes and platelets following
SARS-CoV-2 infection, and the extent of these changes varied according to the disease course and severity. Anisocytosis
of erythrocytes and large platelets are found in patients with severe COVID-19, these changes may help primary hospitals
to identify patients with a high risk of severe COVID-19 at an early stage.
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