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Abstract
Background: The clinical implications of platelet count changes in patients with bronchiolitis throughout
hospitalization have not been extensively investigated. We aimed to investigate the signi�cance of
platelet count on admission and platelet count changes during hospitalization in pediatric patients with
bronchiolitis.

Methods: Clinical data from 559 consecutive patients hospitalized for bronchiolitis were collected and
compared after grouping according to the platelet count on admission and the delta platelet count during
hospitalization (the platelet count on discharge minus the platelet count on admission; Group A, delta
platelet count ≤ -50 × 109/L; Group B, -50 × 109/L < delta platelet count ≤ 50 × 109/L; Group C, delta
platelet count > 50 × 109/L).

Results: Thrombocytosis was found in 122 (21.8%) patients, while 437 (78.2%) patients had a normal
platelet count on admission. There was no difference in disease severity between these two groups.
Groups A, B, and C comprised 79 (14.1%), 179 (32.0%), and 301 (53.9%) patients, respectively. The
patients from Group A had a higher platelet count on admission, a lower platelet count on discharge, and
a longer hospitalization duration. These patients had a lower concentration of C-reactive protein, longer
periods of oxygen therapy and stay in the pediatric intensive care unit (PICU), and a greater frequency of
mechanical ventilation than the patients from Group B or Group C. Notably, among all the patients, the
delta platelet count [63 (-3–142) × 109/L] negatively correlated with the numbers of days of oxygen
therapy [4.0 (3.0–6.0), day] (r = -0.186, P = 0.027) and stay in the PICU [5.0 (3.0–6.0), day] (r = -0.391, P =
0.001).

Conclusions: Repeated assessment of platelet count during hospitalization in pediatric patients with
bronchiolitis may provide useful information for disease management.

Background
Bronchiolitis is a disorder most commonly found in infants and young children with viral infections of the
lower respiratory tract [1]. Platelets are anucleate blood cells that play a fundamental role in the
development of thrombosis and hemostasis. Over the past few years, increasing evidence has validated
that the platelet is an important component of the human immune system in response to infection [2–4].
During the process of infection and in�ammation, thrombocytes can secrete various substances such as
cytokines, procoagulants, oxidants, and antimicrobial peptides, which are involved in bene�cial or
harmful activities to human health [5–7]. In particular, viral infections often coincide with platelet
activation [8].

Previous studies on pediatric patients with bronchiolitis have focused on single platelet count
determinations at hospital admission, and these studies found that the prevalence of thrombocytosis on
admission ranged from 22.7% to 38.6% among consecutive patients with bronchiolitis [9–11]. The
association between thrombocytosis on admission and disease severity in patients with bronchiolitis has
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been studied [9]. However, the average life span of platelets in blood is 7–10 days. Therefore, during the
hospitalization of patients with bronchiolitis, the platelet count may change signi�cantly within the period
as a result of altered production and increased destruction and/or sequestration of thrombocytes [7, 8,
11, 12]. To date, the clinical implications of platelet count changes in patients with bronchiolitis
throughout hospitalization have not been extensively investigated.

In the present study, we �rst investigated the association between the platelet count on admission and
the clinical characteristics of pediatric patients with bronchiolitis. In addition, we also compared the
clinical characteristics and disease severity among these patients grouped by the platelet count changes
from admission to discharge.

Methods

Study design and patients
In this retrospective observational study, consecutively admitted pediatric patients who were diagnosed
with bronchiolitis at the Children’s Hospital of Soochow University (a tertiary teaching hospital in Suzhou,
Jiangsu Province, China) between January 2016 and December 2018 were included. Laboratory results,
including complete blood count (CBC), were obtained within 6 h after admission. In addition, the CBC
results were also determined at least 24 h before discharge, according to the decision of the attending
physician. The study �owchart is displayed in Figure 1. Because no patients in this study had a platelet
count of less than 100 × 109/L on admission or before discharge, a thrombocytopenia group was not
included.

First, the patients were divided into two groups according to the platelet count on admission. Second, in
order to analyze the impacts of platelet count changes on the disease severity of hospitalized children
with bronchiolitis, the patients were divided into three groups according to the delta platelet count
(platelet count on discharge minus platelet count on admission): Group A had a reduction in platelet
count, delta platelet count ≤ –50 × 109/L; Group B had a stable platelet count, –50 × 109/L < delta
platelet count ≤ 50 × 109/L; and Group C had an increase in platelet count, delta platelet count > 50 ×
109/L.

The inclusion criteria were as follows: 1) age ranged from 1 month to 24 months; 2) bronchiolitis was
con�rmed by the �rst episode of wheezing, cough, or rhinorrhea (the presence of an upper respiratory
tract infection); wheezes or crackles (ausculatory �ndings); or over-aeration or peribronchial in�ltration
with or without atelectasis (radiological �ndings).

Patients were excluded from this study if any of the following conditions were present: 1)
immunosuppression; 2) primary hematological disorder (immune thrombocytopenia, leukemia,
myelodysplastic syndrome, etc.); 3) active tuberculosis; 4) experienced trauma or surgery within the
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preceding two weeks; 5) chronic gastrointestinal disorder; 6) premature; 7) congenital heart disease; 8)
bronchopulmonary malformation; 9) genetic or neurological disorder.

This study was approved by the Ethics Committee of the Children’s Hospital of Soochow University.
Signed consent was obtained from the patients’ guardians.

Data collection and microbiologic evaluation
The demographic information, clinical signs and symptoms, and laboratory �ndings of the patients were
collected. Respiratory syncytial virus, adenovirus, in�uenza viruses A and B, and parain�uenza viruses 1–
3 were detected using direct �uorescent antibody test kits (Chemicon, USA), following the manufacturer’s
instructions. Human metapneumovirus was detected by �uorescent real-time polymerase chain reaction
(PCR) (BIO-RAD iCycler; Hercules, CA, USA). Rhinovirus was detected using reverse-transcription PCR (BIO-
RAD iCycler). Human bocavirus was detected by real-time PCR with nasopharyngeal swab samples. A
quantitative diagnostic kit (DaAn Gene Co. Ltd., Guangzhou, China) was used to detect M. pneumoniae
DNA. The diagnosis of mycoplasma pneumoniaeinfection was based on both positive PCR and positive
IgM �ndings at admission or at follow-up, or a ≥4-fold rise in the IgG titer, as described previously [13,
14].

Study de�nitions
The delta platelet count of 50 × 109/L was determined as the cut-off value for the three groups to
minimize the chance of misclassi�cation of patients according to known normal variability of platelet
counts measured by the counter (XE2000i, Sysmex, Japan) [15–17]. Thrombocytosis was de�ned as a
platelet count > 500 × 109/L, according to the relevant studies [9, 11]. Fever was de�ned as an axillary
temperature exceeding 38.0 °C. The diagnosis of tachypnea was made when the respiratory rate was
higher than the World Health Organization value categorized by age; the guidelines were as follows: age
0–2 months, > 60 breaths/min; age 2–12 months, > 50 breaths/min; age 1–5 years, > 40 breaths/min;
and age > 5 years, > 20 breaths/min [18]. The disease severity parameters, including the requirement for
supplemental oxygen, length of oxygentherapy, admission to the pediatric intensive care unit (PICU),
length of stay in the PICU, mechanical ventilation, and length of hospitalization, were recorded [19, 20].

Statistical analysis
Statistical analyses were performed using SPSS 21.0 software (International Business Machines
Corporation; Armonk, NY, USA). Data normality was determined by the Kolmogorov–Smirnov test.
Continuous variables with non-normal distribution were expressed as the median and interquartile range
(25th–75th percentile). Continuous variables with non-normal distribution were analyzed by the Mann–
Whitney U-test or the Kruskal–Wallis test. Categorical variables were compared with the chi-squared test
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or Fisher’s exact test. Correlations between variables were determined by the Spearman correlation. P <
0.05 was considered statistically signi�cant.

Results
A total of 559 consecutive patients were enrolled in this study. The male-to-female ratio of the enrolled
patients was 2.45:1. The overall median age was 8 months. A total of 143 (25.6%) patients required
supplemental oxygen at the time of admission. Among the 64 (11.4%) patients who were admitted to the
PICU, 2 patients were transferred from the ward to the PICU during hospitalization. Seven (1.3%) patients
required mechanical ventilation at the time of admission. None of the patients developed
thromboembolic or hemorrhagic complications during hospitalization, and all of them reached clinical
recovery.

Thrombocytosis was found in 122 (21.8%) patients, while 437 (78.2%) patients had a normal platelet
count on admission. The clinical characteristics of the patients grouped according to the platelet count
are presented in Table 1. Compared to the patients with a normal platelet count, the patients with
thrombocytosis were younger, were less likely to have a fever, and had more days of illness before
admission. Of note, although there were more males than females in the study, a lower percentage of the
males had thrombocytosis. Regarding the laboratory �ndings, the patients with thrombocytosis also had
a higher peripheral leukocyte count and a lower concentration of C-reactive protein. Moreover, respiratory
syncytial virus infection was more frequently documented in patients with thrombocytosis, while human
bocavirus was less commonly observed in patients with thrombocytosis (Table 1).

The following characteristics did not differ signi�cantly between the patients with thrombocytosis and
the patients with a normal platelet count: occurrence of tachypnea; hemoglobin level; length of
oxygentherapy; admission rate to the PICU; length of stay in the PICU; requirement for supplemental
oxygen or mechanical ventilation; length of hospitalization; and rates of infection for human
metapneumovirus, rhinovirus, in�uenza virus A/B, parain�uenza virus 1/2/3, adenovirus, and
mycoplasma pneumoniae (Table 1).

Group A, Group B, and Group C comprised 79 (14.1%), 179 (32.0%), and 301 (53.9%) patients,
respectively. The median delta platelet counts in Group A, Group B, and Group C were –99 (ranged from –
344 to –50) × 109/L, 7 (ranged from –48 to 50) × 109/L, and 133 (ranged from 51 to 711) × 109/L,
respectively. The clinical characteristics of the patients grouped by the delta platelet count are presented
in Table 2. Compared to the patients with a stable platelet count (Group B) and the patients with an
increased platelet count (Group C), the patients with a decreased platelet count (Group A) had a longer
duration between platelet count measurements and a lower C-reactive protein level. Regarding the
parameters on disease severity, the patients in Group A had a longer length of oxygentherapy, a longer
length of stay in the PICU, a longer length of hospitalization, and more frequent use of mechanical
ventilation than the patients in Group B (all P < 0.05) or Group C (all P < 0.05). Moreover, the patients in
Group A were younger (P = 0.006), had a lower occurrence of fever (P < 0.001), and had a higher
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peripheral leukocyte count (P = 0.001) than the patients in Group C. Furthermore, the patients in Group C
had a lower platelet count on admission (P < 0.001), a higher platelet count on discharge (P < 0.001), a
more frequent occurrence of fever (P < 0.001), a lower peripheral leukocyte count (P = 0.003), a higher
concentration of C-reactive protein (P = 0.046), and a lower infection rate of rhinovirus (P = 0.004) than
the patients in Group B (Table 2).

The following characteristics did not differ signi�cantly among the three groups: gender ratio; number of
days of illness before admission; occurrence of tachypnea or hemoglobin; rate of requiring supplemental
oxygen; admission rate to the PICU; infection rates of respiratory syncytial virus, human
metapneumovirus, human bocavirus, in�uenza virus A/B, parain�uenza virus 1/2/3, adenovirus, and
mycoplasma pneumoniae (Table 2).

Next, we further evaluated the associations between the delta platelet count and the parameters of
disease severity. We identi�ed that the delta platelet count [63 (–3–142) × 109/L] was negatively
correlated with the length of oxygentherapy [4.0 (3.0–6.0), day] (r = –0.186, P = 0.027) as well as the
length of stay in the PICU [5.0 (3.0–6.0), day] (r = –0.391, P = 0.001) (Figure 2).

Discussion
The present study demonstrated that the prevalence of thrombocytosis on admission among pediatric
patients with bronchiolitis was 21.8%, which is consistent with the report by Zheng, et al. [11]. We �rst
compared the clinical characteristics between the patients with thrombocytosis and the patients with a
normal platelet count on admission. We validated the �ndings of a previous report that the patients with
thrombocytosis were younger than the patients with a normal platelet count and that there was no
difference in disease severity between the two groups [9]. It has been reported previously that the platelet
count peaks during the second and third weeks of the illness [21]. However, in the present study, the
median duration of illness before admission in the thrombocytosis group was 5 days. The reason for this
discrepancy between studies might be that the bone marrow precursor cells of young patients are more
sensitive to external stimuli such as infections and in�ammation than those of older patients [22]. We
also demonstrated that respiratory syncytial virus infection was more frequently documented in the
patients with thrombocytosis, which is in agreement with the results of previous studies [10, 11]. Human
bocavirus infection was less commonly documented in the patients with thrombocytosis, which has not
been described previously; therefore, further research must be performed on the relationship between this
type of infection and thrombocytosis in pediatric patients with bronchiolitis.

The �rst novel aspect of the present study is the observation that the patients with a normal platelet
count on admission more often presented with a fever and had higher C-reactive protein levels than the
patients with thrombocytosis. The reason for this difference might be that immune responses to
stimulation are more vigorous in older patients, as immunity improves with age in young patients. Our
study also demonstrated that a lower percentage of male patients were in the thrombocytosis group
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compared with the normal platelet count group, but the exact underlying mechanisms are unclear and
warrant further investigations.

Another novel �nding is the observation that changes of platelet count during hospitalization, even for the
patients whose platelet counts remained within the normal range, were associated with age, the severity
of bronchiolitis, and laboratory abnormalities. The patients with a decreased platelet count were younger
and had a more severe disease status than the patients with an increased or a stable platelet count. The
decrease in platelet count after hospitalization in our patients indicated a poor compensatory response of
the host immune cells to infection. Activated platelets can secrete various substances, including
kinocidins, the chemokine (C-X-C motif) ligand 4, the chemokine (C-C motif) ligand 5, the chemokine (C-C
motif) ligand 3, and other microbicidal components, which contribute to the clearance of viruses [8].
Thus, the reduction in platelet count might result in impaired antivirus effects during infection in patients.

Perhaps the most important novelty of the present study is the demonstration that the delta platelet count
was negatively correlated with the length of oxygentherapy and the length of stay in the PICU. Thus,
assessment of dynamic platelet count changes in patients hospitalized for bronchiolitis may help risk
strati�cation and medical prognostication, as well as provide important information for disease
management.

There are several limitations associated with the present study that must be mentioned. First, our �ndings
were derived from a single medical center, and they might not be applicable to patients in other areas. A
multi-center study is necessary in the future. Second, existing selection bias might be present in this study
due to the inherent features of its retrospective design. Third, no patients in this study had a platelet
count less than 100 × 109/L on admission or before discharge. Thus, the results might not be
representative of the overall population of bronchiolitis patients.

Conclusions
In conclusion, changes in platelet count over time are common among hospitalized pediatric patients
with bronchiolitis. Our study demonstrates that a decrease in platelet count is associated with disease
severity. Repeated assessment of the platelet count during the hospitalization of patients with
bronchiolitis may provide useful information on disease management.
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Parameter Thrombocytosis

group (n = 122)

Normal

platelet count

group

(n = 437)

P

General characteristics      

Age, median (IQR), months 4.0

(2.0–6.0)

8.0

(2.5–14.0)

<0.001

Male, n (% 76 (62.3) 321 (73.5) 0.016

Platelet count on admission,

median (IQR), × 109/L

567.5

(526.5–594.0)

360.0

(292.0–427.5)

<0.001

Days of illness before

admission, median (IQR),

days

5.0

(3.75–7.0)

4.0

(3.0–5.0)

<0.001

Clinical signs and symptoms    

Fever, n (%) 28 (22.9) 192 (43.9) <0.001

Tachypnea, n (%) 23 (18.9) 91 (20.8) 0.633

Laboratory findings on

admission

     

Peripheral leukocyte count,

median (IQR), × 109/L

13.14

(9.56–16.47)

9.68

(7.05–12.85)

<0.001

Hemoglobin, median (IQR),

g/L

115.5

(109.0–125.0)

118.0

(108.0–126.0)

0.285

C-reactive protein, median 1.17 1.78 0.028
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(IQR), mg/dL (0.33–5.51) (0.52–9.53)

Disease severity      

Requirement for

supplemental oxygen, n (%)

31 (25.4) 112 (25.6) 0.961

Length of oxygen therapy,

median (IQR), days

4.0

(3.0–5.25)

4.0

(3.0–6.0)

0.624

Admission to the PICU, n (%) 10 (8.2) 54 (12.4) 0.202

Length of stay in PICU,

median (IQR), days

6.0

(2.0–6.0)

5.0

(3.0–6.75)

0.973

Mechanical ventilation, n (%) 2 (1.6) 5 (1.1) 0.650

Length of hospitalization,

median (IQR), days

8.0

(7.0–10.0)

8.0

(7.0–10.0)

0.352

Pathogens      

Respiratory syncytial virus, n

(%)

48 (39.3) 102 (23.3) <0.001

Human metapneumovirus, n

(%)

1 (0.8) 9 (2.1) 0.699

Rhinovirus, n (%) 28 (22.9) 72 (16.5) 0.099

Human bocavirus, n (%) 5 (4.1) 47 (10.8) 0.025

Influenza virus A, n (%) 1 (0.8) 4 (0.9) >0.999

Influenza virus B, n (%) 0 (0) 0 (0) /

Parainfluenza virus 1, n (%) 0 (0) 2 (0.5) >0.999

Parainfluenza virus 2, n (%) 0 (0) 0 (0) /

Parainfluenza virus 3, n (%) 4 (3.3) 14 (3.2) >0.999
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Adenovirus, n (%) 0 (0) 3 (0.7) >0.999

Mycoplasma pneumoniae, n

(%)

25 (20.5) 93 (21.3) 0.850

IQR, interquartile range; PICU, pediatric intensive care unit.

 

Table 2. Comparison of the clinical characteristics of patients grouped by

the delta platelet count.
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Parameter Group A

(Decreased

PC)

(n = 79)

Group B

(Stable PC)

(n = 179)

Group C

(Increased

PC)

(n = 301)

P

General characteristics        

Age, median (IQR), months 4.0 (2.0–11.0)

a

6.0 (2.0–12.0) 7.0 (3.0–14.0) 0.018

Male, n (% 52 (65.8) 120 (67.0 225 (74.8) 0.108

Platelet count on admission,

median (IQR), × 109/L

492.0

(414.0–577.0)

ab

426.0

(339.0–524.0)

354.0

(278.0–440.5)

c

<0.001

Platelet count on discharge,

median (IQR), × 109/L

357

 (302–464) ab

436

(350–542)

529

 (435.5–590)

c

<0.001

Days of illness before

admission, median (IQR), days

5.0 (3.0–6.0) 4.0 (3.0–6.0) 4.0 (3.0–5.0) 0.506

Duration between Platelet

count measurements, median

(IQR), days

7.0 (6.0–10.0)

ab

7.0 (6.0–9.0) 7.0 (6.0–9.0) 0.039

Clinical signs and symptoms        

Fever, n (%) 19 (24.1) a 54 (30.2) 147 (48.8) c <0.001

Tachypnea, n (%) 22 (27.8) 34 (19.0) 58 (19.3) 0.207

Laboratory findings on

admission

       

Peripheral leukocyte count,

median (IQR), × 109/L

11.48

(8.84–15.12) a

10.76

(7.96–14.25)

9.70 <0.001
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(6.95–12.93)

c

Hemoglobin, median (IQR),

g/L

120 (112–128) 117 (108–

127)

117 (108–

123)

0.132

C-reactive protein, median

(IQR), mg/dL

0.87

(0.25–3.48) ab

1.46

(0.47–7.52)

2.93

(0.63–10.57)

c

<0.001

Disease severity        

Requirement for supplemental

oxygen, n (%)

23 (29.1) 47 (26.3) 73 (24.3) 0.657

Length of oxygen therapy,

median (IQR), days

6.0

(3.75–10.75)

ab

4.0

(3.0–6.0)

4.0

(3.0–5.0)

0.002

Admission to the PICU, n (%) 15 (19.0) 21 (11.7) 28 (9.3) 0.055

Length of stay in PICU, median

(IQR), days

7.0 (6.0–9.0)

ab

5.0 (4.0–6.0) 4.0 (3.0–6.0) <0.001

Mechanical ventilation, n (%) 5 (6.3) ab 1 (0.6) 1 (0.3) 0.001

Length of hospitalization,

median (IQR), days

8.0 (7.0–11.0)

ab

8.0 (7.0–10.0) 8.0 (7.0–10.0) 0.038

Pathogens        

Respiratory syncytial virus, n

(%)

26 (32.9) 44 (24.6) 80 (26.6) 0.375

Human metapneumovirus, n

(%)

0 (0) 2 (1.1) 8 (2.7) 0.293

Rhinovirus, n (%) 16 (20.3) 43 (24.0) 41 (13.6) c 0.013

Human bocavirus, n (%) 9 (11.4) 17 (9.5) 26 (8.6) 0.750

Influenza virus A, n (%) 0 (0) 0 (0) 5 (1.7) 0.176
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Influenza virus B, n (%) 0 (0) 0 (0) 0 (0) /

Parainfluenza virus 1, n (%) 0 (0) 0 (0) 2 (0.7) 0.655

Parainfluenza virus 2, n (%) 0 (0) 0 (0) 0 (0) /

Parainfluenza virus 3, n (%) 1 (1.3) 3 (1.7) 14 (4.7) 0.152

Adenovirus, n (%) 0 (0) 0 (0) 3 (1.0) 0.555

Mycoplasma pneumoniae, n

(%)

22 (27.8) 30 (16.8) 66 (21.9) 0.116

PC, platelet count; IQR, interquartile range; PICU, pediatric intensive care

unit;

a Group A (Drop in PC) vs. Group C (Rise in PC), P < 0.05;

b Group A (Drop in PC) vs. Group B (Stable PC), P < 0.05;

c Group C (Rise in PC) vs. Group B (Stable PC), P < 0.05.

Figures
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Figure 1

The �owchart of this study and the patient groups. PC, platelet count; Delta PC, the platelet count on
discharge minus the platelet count on admission.
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Figure 2

Correlation of the delta platelet count and the parameters of disease severity. (a) Length of oxygen
therapy; (b) Length of stay in the pediatric intensive care unit (PICU). Each dot indicates an individual
patient. Delta platelet count, the platelet count on discharge minus the platelet count on admission.


