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Abstract
Coronavirus disease 2019 (Covid-19) is associated with high incidence of venous and arterial thromboembolic events. 
Currently, there are no markers to guide antithrombotic therapy in Covid-19. Immature platelets represent a population of 
hyper-reactive platelets associated with arterial events. This prospective study compared consecutive Covid-19 patients (n 
= 47, median age = 56 years) to patients with acute myocardial infarction (AMI, n = 100, median age = 59 years) and a 
group of stable patients with cardiovascular risk factors (n = 64, median age = 68 years). Immature platelet fraction (IPF) 
and immature platelet count (IPC) were determined by the Sysmex XN-3000 auto-analyzer on admission and at subsequent 
time-points. IPF% on admission was higher in Covid-19 than the stable group and similar to the AMI group (4.8% [IQR 
3.4–6.9], 3.5% [2.7–5.1], 4.55% [3.0–6.75], respectively, p = 0.0053). IPC on admission was also higher in Covid-19 than 
the stable group and similar to the AMI group (10.8 ×  109/L [8.3–18.1], 7.35 ×  109/L [5.3–10.5], 10.7 ×  109/L [7.7–16.8], 
respectively, P < 0.0001). The maximal IPF% among the Covid-19 group was higher than the stable group and similar to the 
AMI group. The maximal IPC in Covid-19 was higher than the maximal IPC in both the stable and AMI groups (COVID-19: 
14.4 ×  109/L [9.4–20.9], AMI: 10.9 ×  109/L [7.6–15.2], P = 0.0035, Stable: 7.55 ×  109/L [5.55–10.5], P < 0.0001). Patients 
with Covid-19 have increased immature platelets indices compared to stable patients with cardiovascular risk factors, and 
as the disease progresses also compared to AMI patients. The enhanced platelet turnover and reactivity may have a role in 
the development of thrombotic events in Covid-19 patients.
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Abbreviations
AMI  Acute myocardial infarction
CAD  Coronary artery disease
Covid-19  Coronavirus disease 2019

IPC  Immature platelet count
IPF  Immature platelet fraction
PT  Prothrombin time
RT-PCR  Reverse transcription polymerase chain 

reaction
SARS-CoV-2  Severe acute respiratory syndrome corona-

virus 2
VTE  Venous thromboembolism

Background

Coronavirus disease 2019 (Covid-19) is a pandemic with 
global effect on morbidity and mortality. The clinical char-
acteristics of the disease have been reported in several case 
series, and can range from mild respiratory infection to multi 
organ dysfunction syndrome and fatal respiratory failure [1–4]. 
Severe Covid-19 is associated with a high incidence of venous 
thromboembolic events (VTE) [5]. In a cohort of 3 hospitals 
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from the Netherlands, describing 183 critically-ill Covid-19 
patients, receiving prophylactic anticoagulation, the cumula-
tive incidence of both venous and arterial thrombotic compli-
cations (acute pulmonary embolism, deep-vein thrombosis, 
ischemic stroke, myocardial infarction or systemic arterial 
embolism), was 31%, mainly consisting of VTE [6]. Recently, 
several published case series reported arterial thrombotic 
events consisting of acute ST-elevation myocardial infarc-
tion and acute stroke among patients with Covid-19 [7–9]. 
Covid-19 is accompanied by several hematologic abnormali-
ties, among them thrombocytopenia, prolonged PT, elevated 
D-dimmer and fibrinogen degradation products, as well as 
microangiopathy [10, 11]. Some of the hematological abnor-
malities, such as increased D-dimer levels, were shown to be 
associated with short-term mortality [12, 13]. The association 
of thrombocytopenia on one hand and increased thrombotic 
risk, including arterial thrombotic events, on the other, raises 
the possibility of platelet hyper-reactivity, as a contributing 
factor in some patients with Covid-19. Identifying Covid-19 
patients with increased risk for thrombotic events may have 
therapeutic implications for the recommended antithrombotic 
regimen.

Reticulated platelets (RPs) are young immature platelets 
recently released to the circulation from the bone marrow by 
megakaryocytes. They have a high dense granules content and 
residual mRNA. They are believed to be more pro-thrombotic 
and hyper-reactive than mature platelets [14–16]. They are 
known to be associated with thrombotic propensity and have 
a greater predilection for thrombus formation. Increased levels 
of RPs have been associated with high platelet turnover, and 
with arterial thrombotic events including acute coronary syn-
drome and acute stroke [14–16]. An automated assay—imma-
ture platelet fraction (IPF), correlates directly with reticulated 
platelets level, evaluated by the more complex method of flow 
cytometry [17]. In patients with coronary artery disease (CAD) 
and acute myocardial infarction (AMI), IPF is an independent 
predictor for major adverse cardiovascular events, including 
cardiovascular death [18, 19]. Furthermore, IPF and IPF-
related indices are strong independent predictors of response 
to antiplatelet treatment among patients with CAD [20].

The aim of the current study was to assess immature 
platelets by measuring IPF levels and other IPF-related indi-
ces in patients with Covid-19, compared to patients with 
acute myocardial infarction (AMI) and stable patients with 
cardiovascular risk factors.

Methods

Study design and participants

This was a prospective cohort study which compared con-
secutive patients with Covid-19 (study group) to 2 control 

groups from ongoing studies. The study group included con-
secutive patients admitted to the Assuta Ashdod Medical 
Center in Israel with confirmed novel corona virus (SARS-
CoV-2) infection and Covid-19 from March 30, 2020 to 
April 28, 2020. There were no exclusion criteria for this 
group except for patient refusal to participate in the study. 
Diagnosis of Covid-19 was made by at least one positive 
real time RT-PCR assay with respiratory symptoms and 
radiological findings. Disease severity was defined accord-
ing to the Modified Early Warning Score (MEWS) as well 
as degree of respiratory support [21]. Blood samples for the 
Covid-19 group were drawn on admission, 3 days afterwards 
and again, post one week of hospitalization. For patients 
with severe disease an additional blood test was drawn after 
the first week of hospitalization. The second group included 
patients, hospitalized at the Assuta Ashdod Medical Center, 
Israel, with acute myocardial infarction (AMI). They had 
either ST-segment elevation MI or non ST-segment elevation 
MI, and all patients underwent percutaneous coronary inter-
vention (PCI). Blood samples for this group were drawn at 4 
time points: (a) on admission to the hospital before receiving 
P2Y12 inhibitors; (b) 1 day post-PCI; (c) 3–4 days after PCI; 
(d) 30 days post-PCI. Exclusion criteria to this group were 
anemia (hemoglobin < 10 g/dL), thrombocytopenia (platelet 
< 100 ×  109/L), and chronic hemato-oncologic disease. The 
third group included patients with cardiovascular risk fac-
tors (diabetes, hypertension, and/or hyperlipidemia,) and/or 
stable chronic CAD, followed at the Cardiology clinics at the 
Assuta Ashdod Medical Center, Israel. Blood samples for 
this group were drawn at two time points, one month apart. 
Exclusion criteria to this group were also anemia (hemo-
globin < 10 g/dL), thrombocytopenia (platelet count < 100 
×  109/L), and chronic hemato-oncologic disease. Patients in 
the second group (AMI cohort) and the third group (stable 
cohort) were recruited prospectively in the period of January 
2019–March 2020.

Blood samples were evaluated for immature platelet frac-
tion (IPF) using an automated analyzer (Sysmex XN-3000, 
Sysmex America Inc. Mundelein, Illinois), which uses fluo-
rescent dyes containing oxazine and ethylene glycol. This 
system discriminates between mature and immature platelets 
and reports the immature platelet fraction as percentage. IPC 
(immature platelet count)—was calculated by multiplying 
IPF and total platelet count, representing the absolute count 
of immature platelets (×  109/L). All groups’ results for IPF 
and IPC, are presented as baseline value and maximal value 
(from all blood tests taken).

Statistical analysis

Categorical variables were described as frequency rates and 
percentages, and continuous variables were described using 
median, and interquartile range (IQR) values. Continuous 
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variables were compared using independent group t tests 
when the data were normally distributed; otherwise, the 
Mann–Whitney test was used. All statistical analyses were 
performed using JMP software version 15.1.0—SAS Insti-
tute Inc, NC USA. For comparisons, a 2-sided α of less than 
0.05 was considered statistically significant.

Results

The study included 47 consecutive patients with confirmed 
Covid-19 (the study group), 100 patients with AMI (AMI 
control group) and 64 patients with cardiovascular risk fac-
tors and/or stable CAD (Stable control group). The median 
age of the Covid-19 group was 56 years (IQR, 31–66; range, 
17–90 years), and 28 (59.6%) were men. Cardiovascular 
comorbidities and risk factors were present in more than half 
of the cohort (63.8%), as described in Table 1. In the AMI 
control group, the median age was 59 years (IQR, 51–68), 82 

(82%) of the patients were men and 27 (27%) had diabetes. 
Among the AMI group 54 patients (54%) were hospital-
ized with ST-segment elevation MI and 46 (46%) with non 
ST-segment elevation MI. In the stable control group, the 
median age was 68 years (58–73), 41 (64.1%) were men and 
19 (29.7%) had diabetes (Table 1).

The IPF percentage on admission was higher in the 
Covid-19 group compared to the stable group (4.8% [IQR 
3.4–6.9] in the COVID group vs 3.5% [IQR 2.7–5.1] in 
the stable cohort, P = 0.0053). Similar level of IPF% was 
observed among the Covid-19 and AMI groups (4.55% 
[IQR 3.0–6.75] in the AMI cohort). IPC on admission was 
also higher in the COVID-19 group than the stable group 
(10.8 ×  109/L [IQR 8.3–18.1] in the COVID group versus 
7.35 ×  109/L [5.3–10.5] in the stable cohort, p < 0.0001), 
and similar among the COVID-19 and AMI groups (10.7 × 
 109/L [IQR 7.7–16.8] in the AMI cohort), as described in 
Table 2 and Fig. 1. As with the baseline values, the maximal 
IPF percentage among the Covid-19 group was similar to 

Table 1  Demographic, clinical 
and laboratory findings of 
patients on admission

Covid-19 cohort
n = 47

AMI cohort
n = 100

Stable cohort
n = 64

p value
Covid-19 vs. AMI, 
Covid-19 vs. stable

Demographics and clinical characteristics
 Age, median, (IQR), year 56 (31–66) 59 (51–68) 68 (58–73) 0.0844, 0.0003
 Sex, n(%)
  Male 28 (59.6) 82 (82.0) 41 (64.1) 0.003, 0.5
  Female 19 (40.4) 18 (18.0) 23 (35.9)

 Weight (Kg) 80.0 (64.0–87.5) 83.0 (74.0–93.0) 80.0 (68.0–93.0) 0.1340, 0.4847
 Current smoker 3 (6.3) 43 (43) 8 (12.5) 0.0001, 0.29

Comorbidities
 Diabetes 14 (29.8) 27 (27) 19 (29.7) 0.7, 0.99
 Hypertension 18 (38.3) 50(50) 45 (70.3) 0.2, 0.0008
 Dyslipidemia 13 (27.7) 82 (82) 38 (59.4)  < 0.00001, 0.001
 Prior CAD 8 (17) 35 (35) 13 (20.3) 0.03, 0.7
 CHF 1 (2.1) 14 (14) 10 (15.6) 0.03, 0.02
 CKD 5 (10.5) 9 (9) 5 (7.8) 0.75, 0.6
 CABG 1 (2.1) 2(2) 1 (1.6) 0.96, 0.82

Laboratory findings (admission)
 Hemoglobin (mg/dl) 13.1 (12.0–14.6) 14.25 (13.0–15.4) 13 (12.1–13.8) 0.0032, 0.3776
 White blood cells ×  109/L 7.10 (5.30–8.95) 10.4 (8.4–13.1) 6.65 (5.53–8.45)  < 0.0001, 0.7425
 Lymphocytes ×  109/L 1.25 (0.80–1.80) 2.2 (1.50–2.88) 1.70 (1.33–2.20)  < 0.0001,0.0002
 Platelets ×  109/L 210 (192–316) 230 (202–268) 211 (172–235) 0.5601, 0.0838
 Creatinine (mg/dL) 0.80 (0.60–1.00) 0.90 (0.80–1.10) 0.90 (0.70–1.10) 0.0112, 0.0600
 CRP (mg/L) 18.5 (3.3–75.0) 4.7 (2.0–10.5) 2.30 (1.0–5.0) 0.0007, < 0.0001

Medications, n (%)
 Aspirin 16 (34) 93 (93) 15 (23.4)  < 0.0001, 0.22
 P2Y12 inhibitors 3 (6.4) 99 (99) 4 (6.3)  < 0.0001, 0.52
 ACEI/ARB 17 (36.2) 78 (75) 37 (57.8)  < 0.0001, 0.025
 Beta blockers 12 (25.5) 80 (80) 39 (60.9) < 0.0001, 0.0002
 Statins 13 (27.6) 99 (99) 31 (48.4) < 0.0001, 0.028
 Anti-diabetes drugs 14 (29.8) 25 (25) 10 (15.6) 0.54, 0.07
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that of the AMI group, but higher than that of the stable 
group (Table 2, Fig. 1). However, the maximal IPC in the 
Covid-19 group was significantly higher, compared to both 
control groups (14.4 ×  109/L [9.38–20.9] in the Covid-19 
group vs 10.9 ×  109/L [7.6–15.2] in the AMI group, p = 
0.0035, and 7.55 ×  109/L [5.55–10.5] in the stable group, 
P < 0.0001).

Among the Covid-19 cohort, 44 patients had mild to 
moderate disease, and 3 had severe disease on admission. 
During their hospital course, 13 of the patients admitted 
with mild-moderate disease developed severe disease, 
including one patient who developed massive pulmonary 
emboli and one patient who died. Immature platelets indi-
ces (IPF and IPC) were not associated with the severity of 
Covid-19 as defined by the MEW Score, neither on admis-
sion, nor during the subsequent hospital course (Table 3; 
Fig. 2).

Discussion

To our knowledge, the current study is the first to examine 
indices of platelet turnover and reactivity—IPF and IPC, 
in patients with Covid-19 respiratory disease. The main 
findings of the study are that patients with Covid-19 had 
higher baseline (admission) levels of IPF and IPC than 
stable patients with cardiovascular risk factors, and their 
maximal IPC levels were higher than the maximal IPC 
of both patients with AMI (known to have hyper-reactive 
platelets and enhanced platelet turnover), and patients 
with cardiovascular risk factors. These findings imply that 
immature platelets may have a role in the development 

of thrombotic events in Covid-19 patients, especially the 
recently reported acute arterial events, which are primarily 
platelet- mediated [7–9].

The main mechanism for the high levels of immature 
platelets in patients with Covid-19, as reflected by the high 
values of IPF and IPC, is most likely increased platelet 
turnover. Acute illnesses are often associated with increased 
platelet turnover and enhanced thrombopoiesis, although 
this has mainly been demonstrated for conditions associ-
ated with acute thrombotic events such as AMI and stroke 
[22, 23]. In certain viral infections, platelet specific receptors 
have been reported to interact with viral pathogens [24], 
potentially leading to a systemic inflammatory response, and 
increased platelet consumption and removal, with resultant 
enhanced thrombopoiesis [25–27]. It should be noted, how-
ever, that the lack of association between immature platelet 
indices and Covid-19 disease severity in our study, does not 
support a direct virus-platelet interaction, rather a systemic 
inflammatory response to the virus, with resultant enhanced 
thrombopoiesis.

We examined in the current study both IPF and IPC 
(%IPF * total platelet count) as indices of platelet turno-
ver and reactivity. We have found that the maximal val-
ues of IPC in patients with Covid-19 were higher than 
the maximal IPC values of both patients with AMI and 
stable patients with cardiovascular risk factors. Especially 
remarkable are the elevated values of IPC in Covid-19 
patients compared to patients with AMI, known to have 
hyper-reactive platelets and enhanced platelet turnover 
[22]. It is important to note that IPC has been found to 
be the strongest independent platelet–derived predic-
tor of antiplatelet response to thienopyridines (including 

Table 2  Immature platelets indices in the Covid-19, AMI and stable Cohorts

p values were calculated using Mann–Whitney test

Covid-19 cohort
n = 47

AMI cohort
n = 100

Stable cohort
n = 64

p value
Covid-19 vs. AMI

p value
Covid-19 vs. Stable

IPF (%)
 Admission 4.80 (3.40–6.90) 4.55 (3.03–6.75) 3.50 (2.70–5.08) 0.3255 0.0053
 Maximal 5.60 (3.70–6.90) 5.20 (3.40–7.50) 3.80 (2.80–5.38) 0.6979 0.0004

IPC ×(109/L)
 Admission 10.8 (8.30–18.1) 10.7 (7.73–16.8) 7.35 (5.3–10.50) 0.4307 < 0.0001
 Maximal 14.4 (9.38–20.9) 10.90 (7.6–15.2) 7.55 (5.55–10.5) 0.0035 < 0.0001
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Fig. 1  Immature platelets 
indices in the Covid-19, AMI 
and stable groups. Medians and 
95% CI
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parameters such as the CYP2C19*2 polymorphism, ADP-
induced impedance aggregometry and various immature 
platelet indices) [20]. IPC has also been shown to be a 
strong independent predictor of major adverse cardiac 
events in patients with CAD [19]. Thus, the elevated IPC 
values found in Covid-19 patients might have important 
clinical significance. The increased IPF and IPC values 
at admission and during the hospital course suggest that 
immature platelet markers may be employed for risk 
stratification in Covid-19 patients. In addition, Covid-19 
patients with elevated levels of IPC (above a certain thresh-
old) may benefit from antiplatelet therapy.

The antithrombotic therapy regimen in patients with 
Covid-19 is challenging. The combination of thrombocy-
topenia and consumption coagulopathy, together with high 
risk for VTE and arterial thrombotic events makes the treat-
ment of Covid-19 particularly complex [17]. Current proto-
cols recommend that hospitalized patients with confirmed 
Covid-19 should be treated with VTE prophylaxis, unless 
there are specific contraindications [17]. Due to higher VTE 
risk in patients with severe disease, several protocols sug-
gest they should be treated with full dose of anticoagulation. 
There are still unanswered questions about treatment dura-
tion and whether antiplatelet therapy should be administered 
as well. These challenges emphasized the need for better 
tools for thrombosis risk stratification and particularly plate-
let involvement.

Unexpectedly, we did not find an association between 
immature platelet indices and Covid-19 disease severity. 

This is in contrast to the association of other thrombotic 
indices (such as D-dimer and fibrinogen degradation 
products) with disease severity [13]. It is possible that 
the relatively small size of the Covid-19 group (n = 47), 
and the limited number of patients with severe disease 
(3 patients on admission, and 13 during the subsequent 
hospital course), has limited the ability to detect differ-
ences in immature platelet indices according to disease 
severity.

The current study has several limitations. Although the 
3 study groups were all prospectively enrolled and exam-
ined, they were recruited at different time periods (the 2 
control groups were recruited during a roughly one-year 
period before and up to the Covid-19 outbreak). Further-
more, the two control groups had several exclusion crite-
ria, while no such criteria, were applied for the Covid-19 
group. Nevertheless, the 3 groups were relatively well-
matched in terms of cardiac risk factors and the proportion 
of patients with CAD. In addition, despite the different 
time periods the laboratory assays employed for IPF were 
identical for all patients.

To conclude, patients with Covid-19 respiratory disease 
appear to have enhanced platelet turnover and reactivity, as 
evidenced by increased levels of immature platelet indices 
(especially IPC), compared to both control groups. Further 
research is required to explore the mechanisms of this phe-
nomenon, and to examine the clinical impact of elevated 
immature platelet indices on the risk of thromboembolic 
events, in patients with Covid-19.

Table 3  Immature platelets 
indices in according to Covid-
19 disease severity

p values were calculated using Mann–Whitney test

Mild-Moderate Covid-19
(n = 31)

SEVERE Covid-19
(n = 16)

p value

Mew Score (max) 1 (0–3) 7 (7–8)
Platelets (admission) (× 

 109/L)
205 (182–267) 250 (190–454) 0.16

IPF (%)
 Admission 5.7 (3.8–7.9) 4.2 (2.8–5.68) 0.06
 Maximal 5.6 (3.80–7.33) 5.6 (3.1–6.6) 0.45

IPC count (×  109/L)
 Admission 12.0 (8.6–18.1) 10.70 (7.83–18.1) 0.64
 Maximal 12.5 (9.3–18.4) 14.3 (8.7–20.3) 0.73
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Fig. 2  Immature platelets 
indices in according to Covid-
19 maximal disease severity. 
Medians and 95% CI
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