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Early decrease in blood platelet count is associated with poor
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Abstract

Background Changes in platelet count are common in COVID-19 patients. The platelet count reflects the thrombocyte turnover,
acting as a sensitive indicator of illness severity that is of great clinical utility to monitor a quickly changing health condition of
patients affected by aggressive viral infections. This study aims to investigate the significance of platelet count during the
progression of the disease in COVID-19 patients.

Methods A total of 532 COVID-19 patients were involved in the cohort study from the First People’s Hospital of Jiangxia
District in Wuhan from January 7, 2020, to February 28, 2020. We collected the clinical characteristics and laboratory data of
patients. Patients still hospitalized before February 29, 2020, died on admission, with malignant tumors, previous gastrointestinal
surgery, missing baseline platelet count, or platelet count detected only once, were excluded. We used a generalized additive
model and generalized additive mixed model to compare trends in platelet count over time among survivors and non-survivors,
with an adjustment for potential confounders.

Results During the follow-up, twenty-nine subjects died (mortality rate, 5.45%). The platelets among non-survivors decreased
and among survivors increased gradually within 1 week after admission. In addition, the difference between the two groups
showed an increasing trend during 1 week after admission. This difference increased by an average of 5.3 x 10"9/L daily.
Conclusions In the early stage, platelet count can dynamically reflect the pathophysiological changes in COVID-19 patients.
Early decrease in platelet count was associated with mortality in patients with COVID-19. Causality, however, cannot be deduced
from our data.

Keywords Platelet count - COVID-19 - SARS-CoV-2 - Early prognosis - Predictive preventive personalized medicine (PPPM) -
Clinical knowledge mining - Generalized additive mixed model (GAMM)

Introduction

The “2019 novel coronavirus” was discovered due to unex-
plained pneumonia cases in Wuhan at the end of 2019 [1-3].
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) is a new coronavirus strain that has never been found
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organ is lung tissue. Some patients rapidly develop into acute
respiratory failure, acute respiratory distress syndrome
(ARDS), or multiple organ failure, losing the best time to be
rescued [8, 9]. Therefore, it is important to identify critical
patients early, which is useful for good prognosis.

The White Paper of the“European Association for
Predictive, Preventive and Personalised Medicine”(EPMA)
emphasized that a central component of preventive strategies
is to identify individuals at risk of developing emergent and
severe cases [10]. In the position paper of the 2016 EPMA, it
is also suggested that individualization of the diagnostic and
treatment process is a key to future success [11]. Therefore, it
is necessary to find prognostic indicators to identify potential
and severe cases of COVID-19, which help to apply person-
alized approaches in treatment.

At present, the relevant diagnosis and treatment guidelines
are continuously updated. So far, the main risk factors of
COVID-19-related deaths include oldness, increasing counts
of neutrophil, D-dimer, and decreasing counts of lymphocyte
[12, 13]. In fact, several clinical observational studies have
found that COVID-19 patients had lower counts of platelet
[8, 9, 12, 14-16]. Recently, a meta-analysis reported that
thrombocytopenia was associated with severe COVID-19
[17]. However, the relationship between decreasing counts
of platelet and prognosis in COVID-19 patients is unknown.
This study aimed to investigate the difference in platelet count
between survivors and non-survivors among COVID-19
patients.

Methods
Study design and participants

In this cohort study, we recruited patients from January 7,
2020, to February 28, 2020, at the First People’s Hospital of
Jiangxia District in Wuhan, China. In this period, a total of
1066 patients were diagnosed as COVID-19 according to the
World Health Organization interim guidance. Patients meeting
the following criteria were excluded: (1) those still hospital-
ized before February 29, 2020 (n =345); (2) those died on
admission (n=15); (3) those with malignant tumors (7 = 6);
(4) those with previous gastrointestinal surgery (n=7); (5)
those missing baseline platelet count (z = 31); (6) those plate-
let count detected only once (n = 143). Finally, a total of 532
eligible patients were included (as shown in Fig. 1). This case
series was approved by the Medical Ethics Committee of the
First People’s Hospital of Jiangxia District. Oral consent was
obtained from patients and was recorded by the physician.
Written informed consent was not required because the data
were anonymous, and the study was an observational one
[18].
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Variables measured

We obtained demographic, medical history, and outcome data
from patients’ medical records. After an overnight fast, all
venous blood samples were obtained from patients. A com-
plete blood count analysis (including white blood cell count,
neutrophil count, lymphocyte count, and platelet count) per-
formed within 2 h of collection using BC-3000 auto hematol-
ogy analyzer (Mindray Medical International, Inc.), following
the principle of electrical impedance counting and the hospital
laboratory policy. The laboratory follows the quality assur-
ance system in China. The reference range for platelet count
in a healthy person is 100-300 x 10"9/L (male, 108-273 %
10"9/L; female, 148-257 x 10"9/L). Repeated measurements
of platelet count were performed. The repeated measurements
of platelet count were irregularly spaced over time. Two phy-
sicians checked all data.

Definition of COVID-19

The upper respiratory tract specimens were positive for
SARS-CoV-2 nucleic acid by real-time RT-PCR in Wuhan
Institute of Virology, Chinese Academy of Sciences, which
excluded other viruses, such as influenza A virus (HINI,
H3N2, H7N9), influenza B virus, respiratory syncytial virus,
parainfluenza virus, adenovirus, Severe Acute Respiratory
Syndrome coronavirus (SARSCoV), and Middle Eastern
Respiratory Syndrome coronavirus (MERSCoV). The method
of virus RNA detection was described previously [9].

Statistical analysis

All analyses were performed using R (http://www.R-project.
org) and EmpowerStats software (www.empowerstats.com,
X&Y solutions, Inc., Boston, MA, USA). We presented
continuous measurements as mean (SD) and categorical vari-
ables as count (%). A two-sided P value < 0.05 was consid-
ered statistically significant.

We first showed the difference in platelet count between
survivors and non-survivors stratified by gender (Table 1).
Next, baseline characteristics of all patients at admission were
examined by a ¢ test or Kruskal-Wallis rank sum test for con-
tinuous variables and chi-square tests for categorical data
(Table 2). We also illustrated the age distribution of 29 non-
survivors (Fig. 2). Then, the generalized additive model
(GAM) was used to investigate changes of platelet count over
time between groups (Fig. 3). Finally, the relationship be-
tween early (0—7 days) changes in platelet count and death
in 532 COVID-19 patients derived from a generalized addi-
tive mixed model (GAMM) was analyzed (Table 3). The
GAM and GAMM are particularly suitable for analyzing the
results of repeated measures, especially when some data are
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Fig. 1 Study population. Asterisk
indicates that subjects met
combined conditions

1066 COVID-19 in the First People's Hospital of Jiangxia
District in Wuhan from January 7, 2020, to February 28, 2020

A

534 were excluded*
Still hospitalized before February 29, 2020: N = 345 (32.4%)

4

Died on admission: N =5 (0.5%)

Patients with malignant tumors: N =6 (0.6%)
Previous gastrointestinal surgery: N =7 (0.7%)
Missing baseline platelet count: N = 31 (2.9%)
Platelet count detected only once: N=143 (13.4%)

532 were included in study analysis

missing, the interval between repeated measures is irregular,
and the sample size is moderate [19, 20].

Results

In Table 1, we compared the difference in platelet count be-
tween survivors and non-survivors of different gender on ad-
mission, on the 5-6th day and the 14—15th day. There was one
patient and 113 patients with missing platelet count on the 5—
6th day and on the 14—15th day, respectively. The results
showed that the mean value of platelet count of survivors
was significantly higher than that of non-survivors at the
above mentioned time points, especially on the 5-6th day
(p=0.003) and the 14-15th day (p <0.001) of male patients
and on the 14-15th day (p = 0.001) of female patients.
Baseline data of the 532 COVID-19 patients were shown in
Table 2. The sample included 503 survivors and 29 non-sur-
vivors. No significant difference in sex composition between
the two groups. The white blood cell count and neutrophil
count on admission of the surviving group were significantly
lower than those of the non-surviving group (» <0.001). The
baseline value of lymphocyte count in the surviving group

was significantly higher than that in the non-surviving group
(p<0.001). The platelet count on admission in the surviving
group was not significantly different from that in the non-
surviving group. In addition, the non-surviving group had a
higher proportion of hypertension (55.2% vs. 18.3%) and di-
abetes (31.0% vs. 9.9%) than the surviving group. The mean
age of the non-surviving group was 64.7 +13.1 years, which
was significantly higher than that of the surviving group (48.2

+ 14.4 years, p <0.001). In this case, the average age at SD of
13.1 is not sufficient from the personalization point of view.
The age of each non-survivor is of great importance for the
scientific community, together with the changes in platelet
count over time since admission time to the time of death.
Therefore, we illustrated the age distribution of 29 non-
survivors for further research (Fig. 2).

In Fig. 3, we can observe changes in platelet count over
time between the two groups. We found that platelet count
first decreased and then increased as time went on in the
non-surviving group. However, the trend was the opposite in
the other group. In addition, it can be seen that the changes in
platelet count in 1 week after admission were significantly
different by comparing the changes in platelet count between
the two groups.

Table 1 The difference in platelet

count between survivors and non- Time

Platelet count, 10"9/L, mean(SD) median (25th—75th percentile)

survivors stratified by gender
Male

On admission
On 5-6th day
On 14-15th day

Female

On admission
On 5-6th day
On 14-15th day

Survivors, n =232

176.0 (69.2) 165.0 (128.0-212.0)
218.5(93.0) 195.0 (152.0-265.2)
239.9 (84.7) 232.0 (187.0-291.0)

Survivors, n =271

194.7 (74.0) 180.0 (143.0-225.0)
227.1 (85.1) 212.0 (165.0-274.0)
250.7 (85.8) 247.0 (191.0-300.2)

Non-survivors, n =14 P value
171.7 (93.7) 168.0 (121.2-196.0) 0.826
142.3 (97.7) 115.0 (75.2-209.0) 0.003
114.3 (95.0) 109.5 (42.2-128.5) <0.001
Non-survivors, n =15 P value
180.3 (87.4) 148.0 (125.0-233.5) 0.466
194.0 (86.7) 169.0 (136.2-263.0) 0.157
151.1 (58.8) 157.0 (137.0-196.0) 0.001

p value: as for the difference between survivors and non-survivors; Kruskal-Wallis test was applied for the
variables with a skewed distribution. On the 5-6th day: including 1 patient with missing data; on the 14—15th
day: including 113 patients with missing data
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Table 2 Baseline characteristics and clinical outcomes of patients
infected with SARS-CoV-2

Characteristic Survivors Non-survivors p value
N 503 29
Age, years 482+144 647+13.1 <0.001
White blood cell count, 10M9/L 5.4+3.1 7.6+3.3 <0.001
Neutrophil count, 10°9/L 38+29 63+3.3 <0.001
Lymphocyte count, 10"9/L 1.1+£0.5 0.8+0.4 <0.001
Platelet count, 10°9/L 186.1+£72.3 176.1+£89.0 0.478
Sex 0.821
Male 232 (46.1%) 14 (48.3%)
Female 271 (53.9%) 15 (51.7%)
History of hypertension <0.001
No 411 (81.7%) 13 (44.8%)
Yes 92 (18.3%) 16 (55.2%)
History of diabetes <0.001
No 453 (90.1%) 20 (69.0%)
Yes 50(9.9%) 9 (31.0%)

Data were mean + SD, n (%). p values comparing groups were from
Student’s ¢ test for continuous data and chi-squared tests for categorical
variables

In Table 3, we revealed the relationship between early (0—
7 days) changes in platelet count and death in 532 COVID-19
patients. Based on GAMM, we draw a conclusion that the
platelet count in the non-surviving group was significantly
lower than that in the surviving group. What’s more, the dif-
ference between the two groups showed an increasing trend
within 1 week after admission, which increased by an average
of 5.3 x 10"9/L daily. The increasing value remained 5.3 X
10"9/L with an adjustment for diverse variables, indicating
that the result was stable.
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Fig. 2 Age distribution of 29 non-survivors
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Fig. 3 Association between changes in platelet count and mortality. A
nonlinear association between changes in platelet count and mortality was
found in a generalized additive model (GAM). Smooth curve fitting
graph illustrated the platelet count in 532 COVID-19 patients (29 non-
survivors and 503 survivors) based on the days after admission to hospi-
tal. The dotted line represented the survivors. The solid line represented
the non-survivors. The blue and red-colored areas around the particular
lines represented the 95% credible intervals. All adjusted for sex; age,
years; white blood cell count, 10"9/L; neutrophil count, 10"9/L; lympho-
cyte count, 10"9/L; baseline platelet count, 10"9/L; history of hyperten-
sion; history of diabetes

Discussion

Here, we report the retrospective cohort study that has inves-
tigated the change in platelet count among non-survivors and
survivors suffering from COVID-19. We found that platelet
count in non-survivors decreased more than in survivors in
1 week after admission. This trend persisted after adjustment
for potential confounders. It might be considered that early
decrease in platelet count is associated with poor prognosis
in COVID-19 patients. This study further expanded the effect
of the change of platelet count.

Consistent with the other study, we also found that the
group of non-survivors was older than the surviving group
[12]. The majority of non-survivors were those aged 60—69
and 70-79 years. This may be related to the fact that older
patients are more inclined to have more risk factors for dis-
eases. Compared with survivors, non-survivors had higher
white blood cell count, neutrophil count, and lower lympho-
cyte count, which may be related to disorders of inflammatory
and immune responses in non-survivors. The non-surviving
group had a higher proportion of hypertension and diabetes
than the surviving group. The history of hypertension was a
risk indicator in the Multilobular infiltration, hypo-
Lymphocytosis, Bacterial coinfection, Smoking history,
hyper-Tension and Age (MuLBSTA) score, a clinically pre-
dictive tool for assessing mortality risk of viral pneumonia
[21]. SARS-CoV-2 can bind to its target cells through
angiotensin-converting enzyme 2 (ACE2) [22], which would
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Table 3 Relationship between

early (07 days) changes in Outcome Model 1 Model II

platelet count (10"9/L) and death

in 532 COVID-19 patients de- B (95%CD p value B (95%CI) p value

rived from a generalized additive

mixed model (GAMM) Intercept 167.9 (141.5, 194.2) <0.0001 168.9 (142.1, 195.74) <0.0001
Day 29(24,3.5) <0.0001 29(24,3.5) <0.0001
Death —279(=557,-0.1) 0.05 —279 (=56.1,0.1) 0.0509
Day x death -53(=7.1,-34) <0.0001 -53(-7.1,-34) <0.0001

ClI, confidence interval; Intercept, the mean of platelet count at day =0 and death =0; Day, the mean of the
increasing of platelet count at death=0 over time (daily); Death, the difference of platelet count at day =0
between the group of death = 1 and the group of death = 0; Day x death, the average increasing in platelet count
daily under the condition of the group of death =1 compared with the group of death = 0; Model I: adjusted for
Sex; Age, years; Neutrophil count, 10"9/L; Lymphocyte count, 10"9/L; Model II: adjusted for Sex; Age, years;
White blood cell count, 10"9/L; Neutrophil count, 10"9/L; Lymphocyte count, 10"9/L; History of hypertension;

History of diabetes

facilitate infection with COVID-19, while hypertension and
diabetes mellitus were linked to ACE2 polymorphisms, spe-
cifically in Asian populations [23].

Our results contrasted with previous reports based on the
clinical characteristics of affected patients, which concluded
that platelets were out of the normal range in many COVID-19
patients [8, 9, 12, 14-16]. However, our study extended pre-
vious reports in several ways. First, we showed variation trend
of the platelet count over time. Second, we compared the
variation trend of platelets among survivors and non-
survivors in COVID-19 patients. Third, our results helped to
clarify the relation between variation trend of the platelet
count and prognosis among COVID-19 patients. Fourth, by
using the GAM and GAMM to analyze the collected data on
COVID-19 patients, we also highlighted the complementary
power of this method for the mining of the useful clinical
knowledge, which might otherwise be lost if the data were
analyzed only by the traditional methods based on the analyt-
ical performance and the concept of reference change value
(RCV), total error, bias, intraindividual biological variation,
and biological variation in group [24, 25]. It is important to
keep this observation in mind when analyzing other data sets
in relation to another laboratory test.

As well known, the platelet count shows the production
and decay of thrombocytes, which also reflects the relation
of the consumption and generation of platelets in the body to
some degree [26]. Therefore, platelet count can act as a sen-
sitive indicator of illness severity and shows early changes in
conditions, indirectly reflecting the body’s ability to resist the
disease. Recent studies reported that the lungs of COVID-19
patients showed bilateral diffuse alveolar damage, which was
very similar to those found in SARS-CoV and MERS-CoV
infections [27]. There were several reasons why the platelets
of COVID-19 patients declined in the early stages. On the one
hand, viral infection induced lung tissue damage, resulting in
activation, aggregation, and entrapment of the platelet. This

led to thrombosis at the lung injury site, which increased the
consumption of platelet. On the other hand, mature megakar-
yocytes may release platelets in the lungs. Therefore, when the
damaged lungs caused pulmonary fibrosis and pathological
changes, production of platelet might be affected [28].
Furthermore, virus infection may bring about immune dam-
ages to platelets by inducing auto-antibodies and immune
complexes. The use of immunomodulators and short courses
of corticosteroids at low-to-moderate dose may potentially be
helpful for critically ill patients with COVID-19, using, essen-
tially, very personalized attitude towards each particular
patient.

Our results have several potential clinical implications.
Platelets have a short life cycle and there are very few platelets
stored in the bone marrow. When platelet count changes in the
early stages of the disease, it can sensitively reflect the severity
of the patient’s condition. Progression of disease is related to
the risk of lowering the platelet count, and reduced platelet
count may also aggravate the disease. They are interrelated
and each subtly influencing one another. What’s more, a
downward trend of platelet count is more informative than
whether it is within the normal range. The blood routine test
is easy to carry out and it is inexpensive. We believe that
frequent measurements of the platelet count may be helpful
for the treatment of COVID-19, leading to more effective
measures much earlier.

This study has several limitations. First, only 503 pa-
tients were included. However, the sample size was suffi-
cient to get a conclusion. More populations in other cities
in China or in other countries should be preferably includ-
ed. Second, although we have shown a relationship be-
tween the downward trend of platelet count and prognosis
among COVID-19 patients, whether platelets have effects
on COVID-19, and what specific effects those are, it all
needs to be confirmed by further basic research. Third,
multiple potential confounding variables have been

@ Springer



144

EPMA Journal (2020) 11:139-145

adjusted, but the residual confounding issues may not be
fully resolved.

Conclusions and expert recommendations

Platelet count dynamically shows pathophysiological changes
in body, which can act as an early warning index for the early
treatment of COVID-19. It can also serve as a simple and
repeatable clinical indicator. Compared with clinical symp-
toms, platelet count changes occur earlier and can be easily
determined, so clinicians should pay more attention to the
changes to personalize the therapeutic interventions and treat-
ment procedures.

The 2012 EPMA white paper and the 2016 EPMA posi-
tion paper both highlight the significance of suitable bio-
marker to early and predictive diagnostics and targeted pre-
vention [10, 11]. Our findings conform with the predictive,
preventive, and personalized medicine (PPPM) concepts of
the above two papers and further refine their content, show-
ing the practical application of PPPM in particular case of
worldwide epidemic of SARS-CoV-2. Our data indicate
that platelet count has important information, which could
be used for improved prediction, patient stratification
(moderate vs high severity of the disease), and personalized
prevention needed for the COVID-19-infected individuals,
in order to save lives and economical resources. We recom-
mend adding platelet count as an additional biomarker in
the current management process of COVID-19 patients.
Consequently, it is important to observe the daily changes
of platelet count and regard it as a sign of COVID-19
treatment.
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