
Journal Pre-proofs

Thrombocytopenia is associated with severe coronavirus disease 2019 (COV-
ID-19) infections: A meta-analysis

Giuseppe Lippi, Mario Plebani, Brandon Michael Henry

PII: S0009-8981(20)30124-8
DOI: https://doi.org/10.1016/j.cca.2020.03.022
Reference: CCA 16068

To appear in: Clinica Chimica Acta

Received Date: 8 March 2020
Revised Date: 11 March 2020
Accepted Date: 12 March 2020

Please cite this article as: G. Lippi, M. Plebani, B. Michael Henry, Thrombocytopenia is associated with severe
coronavirus disease 2019 (COVID-19) infections: A meta-analysis, Clinica Chimica Acta (2020), doi: https://
doi.org/10.1016/j.cca.2020.03.022

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition of a cover
page and metadata, and formatting for readability, but it is not yet the definitive version of record. This version
will undergo additional copyediting, typesetting and review before it is published in its final form, but we are
providing this version to give early visibility of the article. Please note that, during the production process, errors
may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

© 2020 Published by Elsevier B.V.

https://doi.org/10.1016/j.cca.2020.03.022
https://doi.org/10.1016/j.cca.2020.03.022
https://doi.org/10.1016/j.cca.2020.03.022


1

Thrombocytopenia is associated with severe coronavirus disease 2019 (COVID-19) 

infections: a meta-analysis

Giuseppe Lippi1, Mario Plebani2¶, Brandon Michael Henry3¶

1. Section of Clinical Biochemistry, Department of Neuroscience, Biomedicine and Movement, 

University of Verona, Verona, Italy

2. Department of Laboratory Medicine, University Hospital of Padova, Padova, Italy

3. Cardiac Intensive Care Unit, The Heart Institute, Cincinnati Children’s Hospital Medical Center, 

Ohio, USA

¶ These authors share senior authorship in this work

Short title: Platelet count in COVID-19

Key words: platelets; thrombocytopenia; coronavirus, COVID-19

Corresponding Author:

Brandon Michael Henry, M.D.

Cardiac Intensive Care Unit

The Heart Institute

Cincinnati Children’s Hospital Medical Center

3333 Burnet Avenue, Cincinnati, Ohio, 45229, USA

Email: Brandon.henry@cchmc.org



2

Abstract

Background

Coronavirus disease 2019 (COVID-19) is a novel infectious disease with lack of established laboratory 

markers available to evaluate illness severity. In this study, we investigate whether platelet count could 

differentiate between COVID-19 patients with or without severe disease. Additionally, we evaluate if 

thrombocytopenia is associated with severe COVID-19.  

Methods

An electronic search in Medline, Scopus and Web of Science was performed to identify studies 

reporting data on platelet count in COVID-19 patients. A meta-analysis was performed, with 

calculation of weighted mean difference (WMD) of platelet number in COVID-19 patients with or 

without severe disease and odds ratio (OR) of thrombocytopenia for severe form of COVID-19.

Results

Nine studies with 1779 COVID-19 patients, 399 (22.4%) with severe disease, were included in the 

meta-analysis. The pooled analysis revealed that platelet count was significantly lower in patients with 

more severe COVID-19 (WMD -31109/L; 95% CI, from -35 to -29109/L). A subgroup analysis 

comparing patients by survival, found an even lower platelet count was observed with mortality 

(WMD, -48109/L; 95% CI, -57 to -39109/L. In the four studies (n=1427) which reported data on 

rate of thrombocytopenia, a low platelet count was associated with over fivefold enhanced risk of 

severe COVID-19 (OR, 5.1; 95% CI, 1.8-14.6).

Conclusions

Low platelet count is associated with increased risk of severe disease and mortality in patients with 

COVID-19, and thus should serve as clinical indicator of worsening illness during hospitalization. 
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1. Introduction

Since its emergence in December 2019, the outbreak of novel Coronavirus Disease 2019 (COVID-

19) outbreak has infected over 113,000 people globally with nearly 4000 deaths [1]. COVID-19, caused 

by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), produces a respiratory and 

systemic illness which progresses to a severe form of pneumonia in 10-15% of patients [2]. Severe 

COVID-19 can lead to critical illness, with acute respiratory distress (ARDS) and multi-organ failure 

(MOF) as its primary complications, eventually followed by intravascular coagulopathy [3]. In order to 

optimize patient care and resource allocation during this pandemic, biomarkers are urgently needed for 

stratifying patients’ risk and for actively monitoring illness severity.   

Platelet count is a simple and readily available biomarker, which is independently associated with 

disease severity and risk of mortality in the intensive care unit (ICU) [4–6].  Moreover, a low platelet 

count correlates with higher disease severity scores such as Multiple Organ Dysfunction Score (MODS), 

Simplified Acute Physiology Score (SAPS) II, and Acute Physiology and Chronic Health Evaluation 

(APACHE) II [5]. In the severe acute respiratory syndrome (SARS) outbreak, thrombocytopenia was 

reported to occur in up to 55% of patients and was identified as a significant risk factor for mortality 

[7,8]. Platelet count, with hypoxemia, were the only two variables used by Zou et al. for developing a 

SARS prognostic model which displayed 96.2% accuracy [9]. In the present study, we aim to investigate 

whether platelet count could differentiate between COVID-19 patients with or without severe disease, 

and assess if thrombocytopenia may be associated with severe COVID-19.  

2. Materials and Methods
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We carried out an electronic search in Medline (PubMed interface), Scopus and Web of Science, using 

the keywords “laboratory” OR “platelets” AND “coronavirus 2019” OR “COVID-19” OR “2019-nCoV” 

OR “SARS-CoV-2”, between 2019 and present time (i.e., March 6, 2020), without language restriction. 

The title, abstract and full text of all documents identified using these search criteria were screened 

independently by two investigators (GL and BMH), and all documents reporting information on platelet 

count (either the value or the rate of thrombocytopenia) in COVID-19 patients with a clinically validated 

definition of severe disease were finally included in our meta-analysis. The reference list of all identified 

documents was scrutinized, with the aim of identifying additional potentially eligible studies. 

A meta-analysis was performed, with calculation of weighted mean difference (WMD) and 95% 

confidence interval (95% CI) of platelet number in COVID-19 patients with or without severe disease, 

as well as the odds ratio (OR) of thrombocytopenia for severe COVID-19. Subgroup analysis was 

performed based on study definition of severity. The statistical analysis was performed with MetaXL, 

software Version 5.3 (EpiGear International Pty Ltd., Sunrise Beach, Australia). When unavailable, mean 

and standard deviation of platelet count were extrapolated from sample size, median and interquartile 

range (IQR), according to Hozo et al [10]. The study was carried out in accordance with the declaration 

of Helsinki and with the term of local legislation.

3. Results

3.1 Outcome of the electronic search

Overall, 98 documents could be initially identified based on our search criteria and from the reference 

lists, 89 of which were excluded after title, abstract or full text reading, since they were review articles 

(n=8), commentaries or other editorial materials (n=2), they did not deal with COVID-19 disease (n=71), 

or did not expressly reported the number of platelets and/or the rate of thrombocytopenia in COVID-19 
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patients with or without severe disease (n=8). Therefore, 9 studies could finally be included in our meta-

analysis, totaling 1779 COVID-19 patients, 399 of whom (22.4%) with severe disease  [11–19]. 

3.2 Characteristics of the included studies

The characteristics of our included studies is presented in table 1. The sample size varied between 12 

and 1099 COVID-19 patients, whilst the rate of those with severe disease ranged between 14-62%. Eight 

studies included Chinese patients, whilst one was based in Singapore [18]. The clinical severity was 

defined as the composite of ICU admission, use of mechanical ventilation or death in two studies [11,13], 

ICU admission in two studies [12,16], progression towards ARDS in one study [14], death in three studies 

[15,17,19], and need of mechanical ventilation in the remaining study [18]. All eight studies provided 

data on the platelet count, whilst only four studies provided information on the rate of thrombocytopenia 

[11,12,14,19], where thrombocytopenia was defined as platelet count <150109/L in two studies 

[11,14], whilst was set at <100109/L in the other two investigations [12,19]. 

3.3 Meta-Analysis

The mean difference in platelet count between COVID-19 patients with or without severe disease in 

the nine individual studies is shown in Figure 1. In seven of the studies, patients with severe COVID-19 

displayed a lower platelet count compared to those with milder forms (mean difference ranging between 

-3 to -54109/L) [11,13–16,18,19], whilst in the remaining two studies the platelet count was found to 

be lower in patients with non-severe forms of COVID-19 (mean difference ranging between 27 to 

31109/L) [12,17]. The pooled results of these nine studies revealed that the platelet count was 

significantly lower in patients with more severe COVID-19 (WMD -31109/L; 95% CI, -35 to -

29109/L). The heterogeneity was high (I2, 92%; p<0.001). The platelet count remained significantly 
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lower (WMD, -22109/L; 95% CI, -26 to -16109/L; I2, 91%; p<0.001) in patients with more severe 

COVID-19 after excluding the large study of Guan et al. [11], which accounted for nearly 71% of the 

overall sample size. In subgroup analysis of three studies [15,17,19] whose primary outcome was 

mortality, a more substantial drop in platelets was observed in non-survivors (WMD, -48109/L; 95% 

CI, -57 to -39109/L; I2, 91%; p<0.001). In subgroup analysis of the remaining six studies [11–14,16,18] 

which used a variable clinical definition of COVID-19 severity of which mortality was not the primary 

outcome, platelets remained significantly low in the severe form (WMD, -29109/L; 95% CI, -32 to -

26109/L; I2, 92%; p<0.001). In the four studies reporting the rate of thrombocytopenia, a platelet count 

below the lower limit of the locally defined reference range was associated with a over fivefold enhanced 

risk of severe COVID-19 (OR, 5.13; 95% CI, 1.81-14.58).

4. Discussion

In the presence of this rapidly emerging, novel infection uncharacteristic of the era of modern 

medicine, identification of biomarkers that could predict disease severity and prognosis are essential to 

guiding clinical care. Uniquely to COVID-19, a wide range of variability in disease severity is observed 

ranging from asymptomatic to critical [2]. As such, biomarkers are needed to identify severe disease 

among hospitalized patients. In this study, we found that platelet count may be a simple, economic, rapid 

and commonly available laboratory parameter, that could straightforwardly discriminate between 

COVID patients with and without severe disease. Moreover, we observed that thrombocytopenia is also 

associated with threefold enhanced risk of severe COVID-19. 

Thrombocytopenia is commonplace in critically ill patients, and usually suggests serious organ 

malfunction or physiologic decompensation as opposed to primary hematologic etiology, as well as the 

development of intravascular coagulopathy, often evolving towards disseminated intravascular 

coagulation (DIC) [20]. In COVID-19 patients, the mechanism for thrombocytopenia patients is likely 
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multifactorial. In SARS, it was suggested that the combination of viral infection and mechanical 

ventilation leads to endothelial damage triggering platelet activation, aggregation and thrombosis in the 

lung, causing vast platelet consumption [7]. Moreover, as lung may be a site of platelet release from fully 

mature megakaryocytes, a decrease or morphologic alternation in the pulmonary capillary bed may lead 

to deranged platelet defragmentation [7]. Coronaviruses may also directly infect bone marrow elements 

resulting in abnormal hematopoiesis, or trigger an auto-immune response against blood cells [7,21]. It 

also has been suggested that a consistently present low grade DIC may propagate a low platelet count in 

SARS [7]. However, as noted by the World Health Organization (WHO), significant differences are 

observed between SARS and COVID-19 [2]. As such, the pathophysiologic mechanisms behind each 

infection are likely to differ [21]. 

Our study was limited by variable definition of disease severity among the studies, bias of which we 

in part mitigated through subgroup analysis. Moreover, different cut-offs for thrombocytopenia limits 

interpretations of that analysis. High heterogeneity suggests inherent variability in platelet levels among 

patients. At the current time, there is a lack of individual patient data available for more in-depth analysis 

which may in the future enable more detailed analyses. 

Outside findings from the early small, retrospective studies on this emerging pathogen, limited data is 

available on clinically useful biomarkers for severe COVID-19. In a meta-analysis of early COVID-19 

studies, procalcitonin was found to proffer a nearly 5-fold higher risk of severe infection (OR, 4.76; 95% 

CI, 2.74-8.29) [22].  Future studies should aim to confirm our findings and pool data to identify other 

biomarkers of severe disease or poor outcomes in COVID-19 infections. Additional research shall also 

be planned to clarify the precise mechanisms underlying the reduction of platelet count in patients with 

severe COVID-19, as well as their possible hyper- or hypo-activation.
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Table Legends

Table 1. Characteristics of the Included Studies. 

Figure Legends

Figure 1. Forest plot of mean difference in platelet count between COVID-19 patients with or without 

severe disease. 
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Table 1. Characteristics of the Included Studies. 

*Platelet Count presented as median (IQR) or mean (SD). NR = not reported.

Study ID
Countr

y N. Cases Age
Female     

(%)

Platelet 
Count:               

all x 10^9/L

Platelet Count:             
Non-Severe x 

10^9/L
Platelet Count:           
Severe x 10^9/L

Thrombocytopeni
a (%): All

Thrombocytopeni
a (%): Non-

Severe
Thrombocytopeni

a (%): Severe
Guan W et al. 

[11] China
1099

(173 severe) 47 (median) 41.9% 168 (132-207) 172 (139-212)
137.5 (99.0-

179.5) 36.2% 31.6% 57.7%
Huang C et al. 

[12] China
41 (13 
severe)

49 year 
(median) 28.0%

164.5 (131.5-
263.0)

196.0 (165.0-
263.0)

140.0 (131.0-
263.0) 5.0% 8.0% 4.0%

Liu W et al. [13] China
78 (11 
severe) 38 (median) 50.0% 169.1 (57.3) 173.2 (55.4) 143.9 (64.8) NR NR NR

Liu y et al. [14] China
12

(6 severe)
54 years 
(mean) 33.0% 160.3 (53.3) 186.2 (50.7) 139.5 (31.1) 41.7% 66.7% 16.7%

Ruan Q et al. [15] China 150 (68 died)

67 (median) 
died, 50 
(median) 
survived 32.0% NR 173.6 (67.7) 222.1 (78.0) NR NR NR

Wang D et al. 
[16] China

138 (36 
severe) 56 (median) 45.7% 163 (123-191) 165 (125-188) 142 (119-202) NR NR NR

Yang X et al. [17] China 52 (20 died) 59.7 (mean) 33.0% NR 164 (74) 191 (63) NR NR NR
Young BE et al. 

[18]
Singapo

re 18 (6 severe) 47 (median) 50.0% 159 (116-217) 159 (128-213) 156 (116-217) NR NR NR

Zhou F et al. [19] China 137 (54 died) 56 (median) 38.0%
206.0 (155.0-

262.0)
220 (168.0-

271.0)
165.5 (107.0-

229.0) 7% 1% 20%
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Highlights

 Platelet count can discriminate between patients with severe and non-severe novel coronavirus disease 2019 (COVID-19) infections.

 Patients who did not survive have a significantly lower platelet count than survivors. 

 Thrombocytopenia is associated with increased risk of severe disease. 

 A substantial decrease in platelet count should serve as clinical indicator of worsening illness in hospitalized patients with COVID-19. 
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