
P
os

te
d

on
A

ut
ho

re
a

20
D

ec
20

20
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

84
23

20
.0

28
74

95
4/

v1
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

The relationship of the immature platelet fraction with the
diagnosis and severity of acute bronchiolitis in children.
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Abstract

Objective: Acute bronchiolitis is one of the most common causes of hospitalization for children younger than 1 year. Although
the prognosis for these children is generally good, the condition involves a risk of mortality. Here, we evaluate the immature
platelet fraction (IPF) as a biomarker for the severity of acute bronchiolitis. Material and Methods: In total, 179 children
who had been diagnosed with acute bronchiolitis were classified into three groups: mild, moderate, and severe bronchiolitis,
and 80 healthy children were included as a control group. The diagnostic capacity of the IPF, mean platelet volume (MPV),
platelet distribution width (PDW), white blood cell count (WBC), and platelet count (PLT) values to predict bronchiolitis was
evaluated using receiver operating characteristic (ROC) curves and their respective areas under the curves (AUCs) calculated
with 95% confidence intervals. Results: Patients with acute bronchiolitis had a larger IPF than their healthy counterparts (p
< 0.001). Additionally, a positive correlation was observed between the clinical severity of the disease and the IPF. The ROC
curve analysis indicated that the IPF cut-off point for predicting acute bronchiolitis was >3.2%, with a sensitivity of 84% and
specificity of 97%. Our results clearly demonstrate that the AUCs for IPF, MPV, PDW, WBC, and PLT were statistically
significant for the bronchiolitis versus the control group. The AUC was greatest for the IPF. Conclusion: The IPF is a new
marker for diagnosing and evaluating the clinical severity of acute bronchiolitis.
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The relationship of the immature platelet fraction with the diagnosis and severity of acute
bronchiolitis in children.

Abstract

Objective:Acute bronchiolitis is one of the most common causes of hospitalization for children younger than
1 year. Although the prognosis for these children is generally good, the condition involves a risk of mortality.
Here, we evaluate the immature platelet fraction (IPF) as a biomarker for the severity of acute bronchiolitis.

Material and Methods: In total, 179 children who had been diagnosed with acute bronchiolitis were
classified into three groups: mild, moderate, and severe bronchiolitis, and 80 healthy children were included
as a control group. The diagnostic capacity of the IPF, mean platelet volume (MPV), platelet distribution
width (PDW), white blood cell count (WBC), and platelet count (PLT) values to predict bronchiolitis was
evaluated using receiver operating characteristic (ROC) curves and their respective areas under the curves
(AUCs) calculated with 95% confidence intervals.

Results: Patients with acute bronchiolitis had a larger IPF than their healthy counterparts (p < 0.001).
Additionally, a positive correlation was observed between the clinical severity of the disease and the IPF.
The ROC curve analysis indicated that the IPF cut-off point for predicting acute bronchiolitis was >3.2%,
with a sensitivity of 84% and specificity of 97%. Our results clearly demonstrate that the AUCs for IPF,
MPV, PDW, WBC, and PLT were statistically significant for the bronchiolitis versus the control group. The
AUC was greatest for the IPF.

Conclusion: The IPF is a new marker for diagnosing and evaluating the clinical severity of acute bronchi-
olitis.

Keywords: Bronchiolitis, immature platelet fraction, inflammation

1| INTRODUCTION

Bronchiolitis is the most common lower respiratory tract infection in children younger than 1 year1. Viruses
are the most common cause of acute bronchiolitis, especially respiratory syncytial virus. Bronchiolitis is
characterized by airway obstruction and edema, increased mucus production, and the loss of airway epithelial
cells. The clinical severity of bronchiolitis ranges from mild cases that can be treated on an outpatient basis
to severe cases that require mechanical ventilation or extracorporeal membrane oxygenation in intensive
care units2. The lack of any single biomarker for acute bronchiolitis that may be applied across all clinical
scenarios is a recurring problem and has led many clinicians and researchers to pursue alternative diagnostic
strategies.

3



P
os

te
d

on
A

ut
ho

re
a

20
D

ec
20

20
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

84
23

20
.0

28
74

95
4/

v1
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

Platelets play an important role in hemostasis, inflammation, allergic reactions, and angiogenesis, as well as
the repair and renewal of tissues. They also secrete mediators such as chemokines, cytokines, and coagu-
lation factors, which provoke a strong inflammatory response and tissue regeneration. Platelet production
in bone marrow increases and platelets are redistributed during the inflammatory response3. In addition
to platelet count (PLT), platelet indexes include plateletcrit, mean platelet volume (MPV), platelet distri-
bution width (PDW), and a new parameter called the immature platelet fraction (IPF). The IPF is the
percentage of reticulated platelets that can be measured in the blood, and it may be used to quantify the
production of bone marrow platelets. The IPF correlates directly with the thrombopoietic rate, increasing
when platelet production rises and decreasing when production falls. Inflammation causes changes in the
bone marrow, leading to increases in platelet production and the circulation of immature platelets4,5. Here,
we evaluate the relationship between changes in platelet parameters such as IPF and the clinical severity of
acute bronchiolitis.

2 | MATERIAL AND METHODS

A prospective study of children aged 1–24 months who were hospitalized with acute bronchiolitis was per-
formed between December 2018 and May 2019. In accordance with American Academy of Pediatrics guide-
lines, a diagnosis of acute bronchiolitis was based on at least two of the following signs: chest retractions,
tachypnea, and the first episode of wheezing or rales on auscultation following a viral upper respiratory
tract infection in children aged younger than 24 months6. The study included 179 patients with acute
bronchiolitis and 80 healthy children. Inclusion criteria were: aged 1–24 months, first wheezing episode, no
previous disease history, and no previous medication. Exclusion criteria were: chronic disease, premature
birth, birth weight < 2500 g, malnutrition, passive smoking, proven immune deficiency, proven or suspected
acute bacterial infection, previous treatment with bronchodilators or corticosteroids, or having symptoms for
more than 7 days. On admission, the clinical severity score (CSS) for acute bronchiolitis (i.e., a composite
clinical score including respiratory rate, retraction, wheezing, and general condition) was used to evaluate
patients, as previously described by Wang et al .7 Each patient with bronchiolitis was classified into one
of three groups, depending on whether they had mild, moderate, or severe bronchiolitis. Complete blood
count measurements (including white blood cells, MPV, and platelets) were recorded from the blood samples
taken on the first day of hospitalization using a BC-6800 analyzer (Mindray, Shenzhen, China). The IPF was
recorded using flow cytometry and the reticulocyte/platelet channel of an XE-5000 automated hematology
analyzer (Sysmex, Kobe, Japan) with a fluorescent dye containing polymethrin and oxazine. The IPF is
the fraction (%) of immature platelets in the total platelet population. No standard reference range for
the IPF has been determined. Data from each patient recorded in the emergency room included: age, sex,
disease history, medication, birth history, whether this was the first attack of bronchiolitis, weight, vital signs
(i.e., heart rate, respiratory rate, tympanic temperature, and oxygen saturation when breathing ambient air,
which was measured using pulse oximetry and expressed as SpO2). The control group included 80 healthy
children who attended pediatric clinics for routine health checks or vaccinations. They had similar age/sex
demographic characteristics to the children with bronchiolitis. Complete blood counts and IPF data were
obtained from blood samples taken for routine testing of these children at their first visit. The families of
all children were informed about the study objectives, and written informed consent was obtained before
enrollment in the study. The study protocol was approved by the Ethics and Research Committee of Erciyes
University (Kayseri, Turkey).

2.1 Statistical analyses

Statistical analyses were performed using SPSS software (ver. 21.0; IBM, Chicago, IL, USA). Continuous
variables are expressed as medians (minimum–maximum) and categorical variables as values and percentages.
Categorical data were compared using chi-square tests. For non-normally distributed data, the Mann–
Whitney U test was used to determine whether or not differences between groups were statistically significant.
Spearman’s method was used to evaluate correlations between the IPF and other blood parameters if variables
were not normally distributed. The most discriminating biomarkers for acute bronchiolitis were identified
by drawing receiver operating characteristic (ROC) curves for each biomarker, and calculating sensitivity

4
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and specificity, as well as positive and negative predictive values. Areas under the curves (AUCs) for IPF,
PLT, MPV, PDW, and white blood cell count (WBC) were evaluated for the acute bronchiolitis versus the
control group. Logistic regression was used to identify associated factors and to calculate odds ratios and
95% confidence intervals. A p -value < 0.05 was considered statistically significant.

3 | RESULTS

In total, 179 patients aged 1–24 months were included in this study, with a median age of 8 months (range,
1–24 months): 116 (64.80%) of these patients were male and 63 (35.20%) were female. The control group
included 80 healthy children, also with a median age of 8 months (range, 2–24 months): 49 (61.2%) of them
were male and 31 (38.8%) were female. The patient and control group did not differ significantly in age
or sex (p = 0.619 and p = 0.583, respectively). Patients had significantly higher WBC, PLT, MPV, IPF,
and PDW values compared with the control group (p = 0.000). The frequency of eosinophilia did not differ
significantly between the patient and control groups (p = 0.756; Table I).

The patient group included 48 (26.80%), 104 (58.10%), and 27 (15.10%) children classified as having mild,
moderate, and severe bronchiolitis, respectively. The median CSS was 6 (range, 2–12). No significant
correlation was found between acute bronchiolitis CSS and age, sex, body temperature, oxygen saturation
(%), PLT, WBC, proportion of lymphocytes, or proportion of eosinophils (p > 0.05). The MPV value of
the mild clinical severity group was significantly lower than those of the moderate (p = 0.002) and severe
(p = 0.000) group, but MPV values did not differ significantly between the moderate and severe groups (p
= 0.142). IPF values differed significantly among the mild, moderate, and severe groups (p < 0.001). A
positive correlation was observed between the CSS and the IPF (p < 0.001). The mild clinical severity group
had a significantly lower PDW compared with the moderate and severe groups (p = 0.000), but the PDW
values of the moderate and severe groups did not differ significantly.

ROC curve analyses were used to evaluate the performance of each biomarker in distinguishing acute bron-
chiolitis patients from controls, and in assessing acute bronchiolitis severity. The AUC for IPF, MPV, PDW,
WBC, and PLT was 0.95, 0.85, 0.58, 0.79, and 0.71, respectively. ROC curve analysis suggested that the
cut-off for using IPF to predict bronchiolitis was >3.2, with a sensitivity of 84% and a specificity of 97%.
The positive and negative predictive values of the IPF were 98.7% and 73.5%, respectively. The AUC was
greatest for IPF (Fıgure1). IPF, MPV, and PDW ROC curves showed significant sensitivity and selectivity
in patients (p < 0.001; Table III). For all patients, this was the first bronchiolitis attack. At admission, the
median body temperature of patients was 37°C (36–39.3°C) and their median oxygen saturation was 91%
(75–99%). In total, 99 patients had a chest X-ray finding (e.g., diffuse interstitial consolidation or increased
aeration), 68 patients were given antibiotics, and 71 patients received steroid therapy (all patients in the
severe group and 42.3% of patients in the moderate group). All patients were provided with supportive
therapy such as hydration, oxygen, and salbutamol nebules if indicated.

4 | DISCUSSION

We found that the IPF, which is a new platelet index, was greater in patients with acute bronchiolitis than
in healthy individuals and was positively correlated with the clinical severity of acute bronchiolitis. To our
knowledge, this is the first study to investigate the relationship between acute bronchiolitis and IPF. Some
cytokines and mediators are activated as part of the response to inflammatory conditions. Inflammation
mediates the activation of endotoxins and cytokines, causing immature reticulated platelets (i.e., IPF) to
be transferred from the bone marrow to peripheral blood. Platelets stimulate receptors as part of the in-
flammatory response to pathogens, and interleukins are released to suppress inflammation8–10. Therefore,
the IPF is a biochemical and hematological systemic inflammatory marker that can function as an index of
platelet activation and production rate in the bone marrow11. Diagnostic accuracy studies performed over
the last few years suggest that IPF levels can provide clinically relevant information regarding inflammatory
activity and disease prognoses4,11,12. Roberto et al . reported that IPF levels increased in patients with sepsis
before sepsis was observed clinically, and they also found that IPF was a better biomarker for sepsis than
procalcitonin or C-reactive protein13. Park et al . found that IPF levels were significantly higher in patients
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with sepsis than in individuals who did not have sepsis5. Rodolfo et al . evaluated the IPF as a biomarker
for sepsis diagnosis and severity and found that it was correlated with sepsis severity scores and had the
highest diagnostic accuracy for sepsis among all the clinical and laboratory parameters assessed14. Another
study found that IPF was strongly positively correlated with MPV and PDW, and attributed this to an
increase in the number of larger and wider platelets that appeared after the destruction of pro-inflammatory
cytokines and endotoxins as part of a severe inflammatory response15. Together, these findings suggest that
IPF levels increase in inflammatory diseases such as sepsis and may be used as an indicator of the inflamma-
tory response. Our observation that the IPF was greater in patients with acute bronchiolitis than in healthy
individuals is consistent with previous studies. The clinical severity of acute bronchiolitis was positively cor-
related with the IPF. Therefore, patients with acute bronchiolitis and high IPF values should be monitored
closely after admission to the emergency department. IPF values higher than 3.2% had a specificity of 97%
and a sensitivity of 84% for clinical deterioration of acute bronchiolitis.

Platelets play an important role in inflammatory responses, and the PLT increases in many inflamma-
tory diseases. Studies have found that patients with acute bronchiolitis have higher PLTs than healthy
individuals16,17. Our patient group had significantly greater PLT values than our healthy control group,
and this observation is consistent with previous studies. Our severe bronchiolitis group had higher PLT
values compared to our mild bronchiolitis group, but the difference was not statistically significant. During
an inflammatory response, depolymerization occurs in the microtubular structure of platelets, and changes
also occur in the structure of actin that becomes polymerized; consequently, platelets change their shapes
and these changes are reflected in the MPV18. Changes in MPV can be observed before changes in platelet
number, so changes in MPV may be useful for predicting inflammation at an early stage and determining
its subsequent severity19–21. Among our study population, the MPV was significantly higher in those with
moderate and severe bronchiolitis than in those with mild bronchiolitis or in healthy controls, so MPV values
may be used to estimate prognoses and the severity of acute bronchiolitis; patients with an MPV value grea-
ter than 9 fL should be monitored carefully for clinical deterioration. Several previous studies have evaluated
the relationship between acute bronchiolitis and MPV. Gökçe et al .22 found that patients with acute bron-
chiolitis had higher MPVs than their healthy counterparts, but found no statistically significant differences
in MPVs between different bronchiolitis groups. Higher MPVs were observed in children with influenza A
respiratory tract infections than in healthy children23. MPVs were also found to be higher in children with
pneumonia, asthma, or sepsis than in healthy children24–26. Gasparyan et al .27 found that MPV values were
increased in patients with mild inflammation, and they attributed this finding to the transfer of large activa-
ted platelets to the site of infection as the severity of inflammation increased. Together, these results suggest
that the MPV may also be used to estimate prognoses and the severity of other inflammatory diseases.

PDW, another platelet volume index, shows the variation in platelet diameters and varies by platelet ac-
tivation. An increase in PDW may occur as a result of swelling, disruption, or platelet immaturity20. In
our study, PDW values were significantly greater in patients with moderate and severe bronchiolitis cases
than in those with mild bronchiolitis or healthy controls. Ergulet al . found greater PDW values in children
with acute bronchiolitis than in healthy children17. PDW may also be greater in patients with sepsis than
in healthy individuals, and may be used as a prognostic indicator for patients with sepsis26,28.

The present study had some limitations. It was not a multi-center study. Additionally, we did not characterize
the viruses that cause acute bronchiolitis and compare the corresponding clinical severities. The IPF is a
novel indicator of inflammation, and it is also a new marker for diagnosing and evaluating the clinical severity
of acute bronchiolitis. Larger prospective studies are needed to clarify the clinical significance of using IPF
values to assess patients with acute bronchiolitis.
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