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Abstract

Background

Respiratory syncytial virus (RSV) is a common cause of acute respiratory infection in chil-

dren. One of the most important strategies for treatment of an RSV infection is to decide

whether the patient needs respiratory support. This study aimed to assess the validity and

clinical benefit of the Global Respiratory Severity Score (GRSS) and the Wang bronchiolitis

severity score (WBSS) for clinical decision-making regarding providing respiratory support

(high-flow nasal cannula, nasal continuous positive airway pressure, or ventilator) in infants

with an RSV infection.

Study design and methods

This retrospective cohort study enrolled 250 infants aged under 10 months who were admit-

ted to Atsugi City Hospital with an RSV infection between January 2012 and December

2019. The utility of these scores was evaluated for assessing the need for respiratory sup-

port through decision curve analysis by calculating the optimal GRSS and WBSS cut-offs

for predicting the need for respiratory support.

Results

Twenty-six infants (10.4%) received respiratory support. The optimal cut-offs for the GRSS

and the WBSS were 4.52 and 7, respectively. Decision curve analysis suggested that the

GRSS was a better predictive tool than the WBSS if the probability of needing respiratory

support was 10–40%.

Conclusions

The GRSS was clinically useful in determining the need for respiratory support in infants

aged under 10 months with an RSV infection.

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0253532 July 1, 2021 1 / 10

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Kubota J, Hirano D, Okabe S, Yamauchi

K, Kimura R, Numata H, et al. (2021) Utility of the

Global Respiratory Severity Score for predicting the

need for respiratory support in infants with

respiratory syncytial virus infection. PLoS ONE

16(7): e0253532. https://doi.org/10.1371/journal.

pone.0253532

Editor: Troy D. Moon, Vanderbilt University

Medical Center, UNITED STATES

Received: January 15, 2021

Accepted: June 7, 2021

Published: July 1, 2021

Copyright: © 2021 Kubota et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the manuscript and its Supporting

Information files.

Funding: This study was supported by Kawano

Masanori Memorial Public Interest Incorporated

Foundation for Promotion of Paediatrics (31-waka-

16) to Jun Kubota. The funder had no role in the

study design, data collection and analysis, decision

to publish, or preparation of the manuscript.

https://orcid.org/0000-0002-1891-4746
https://doi.org/10.1371/journal.pone.0253532
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253532&domain=pdf&date_stamp=2021-07-01
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253532&domain=pdf&date_stamp=2021-07-01
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253532&domain=pdf&date_stamp=2021-07-01
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253532&domain=pdf&date_stamp=2021-07-01
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253532&domain=pdf&date_stamp=2021-07-01
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253532&domain=pdf&date_stamp=2021-07-01
https://doi.org/10.1371/journal.pone.0253532
https://doi.org/10.1371/journal.pone.0253532
http://creativecommons.org/licenses/by/4.0/


Introduction

Respiratory syncytial virus (RSV) infection is a common cause of acute respiratory infection,

particularly lower respiratory infection, in children [1, 2]. The severity of RSV infections

ranges widely from mild to severe disease requiring ventilator support [3]. Most children are

infected with RSV at least once by the time that they are two years old [4]. In infants with an

RSV infection, the hospitalization rate is up to 20% [2, 3]. Since there is no specific treatment

or vaccine and supportive care remains the primary treatment [5, 6], one of the most impor-

tant strategies of treatment for an RSV infection is to decide whether the patient needs respira-

tory support [7, 8]. However, there is no standard scoring system for measuring the severity of

an RSV infection. Some of the conventional scoring systems target different age groups or

were developed for different purposes, such as measuring the outcomes of clinical trials and

predicting the need for supportive care, including hospitalization, over relatively brief periods

[9–11]. In 2017, the Global Respiratory Severity Score (GRSS) was developed as a specific scor-

ing system to assess the requirement for hospitalization with RSV infection [9]. The GRSS

includes both systematic and respiratory parameters, including age-specific respiratory rates

for infants aged less than 10 months, and grades the overall severity over the course of illness.

We hypothesized that the chronological severity score of the GRSS would be useful to guide

decision-making regarding providing respiratory support. However, the GRSS has not been

adequately validated. The bronchiolitis severity score developed by Wang et al. [12] (WBSS)

has been recognized as a scoring system for lower respiratory infections for about 30 years. It

is one of the most commonly used respiratory scoring systems in children, despite not being a

specific scoring system for assessing the severity of the RSV infection, and has been used in

previous studies [13–15]. Therefore, we chose the WBSS to compare with the GRSS.

The aim of this study was to assess the validity and clinical benefit of the GRSS and WBSS

in order to guide decision-making in providing respiratory support for infants with RSV

infections.

Study design and methods

Patients

We conducted a retrospective study at Atsugi City Hospital in Kanagawa, Japan. Patients aged

<10 months who were admitted to the Department of Pediatrics at our hospital for treatment

of an RSV infection between January 1, 2012 and December 31, 2019 were included in the

study. In Japan, the number of RSV infections increased by 1.4-fold between 2012 and 2019;

more cases were reported in the winter seasons throughout the study period (https://www.

niid.go.jp/niid/ja/ydata/10071-report-jb2019.html). Only patients aged <10 months were

included because Caserta et al. [9] used this age group to develop the GRSS. Patients were diag-

nosed with an RSV infection using rapid antigen-based tests. The Alere BinaxNOW RSV rapid

test (Abbott Diagnostics, Abbott Park, IL, USA) and ALSONIC RSV test (Alfresa Pharma

Corp., Osaka, Japan) were used from January 1, 2012 to March 31, 2019, and April 1, 2019 to

December 31, 2019, respectively. Exclusion criteria were defined based on the exclusion crite-

ria that Caserta et al. [9] used in the study in which the GRSS was developed. Hence, infants

with any of the following conditions were excluded: a gestational age less than 36 weeks at

birth; hospitalized for apnea only; high-risk conditions, such as chronic aspiration, congenital

cardiac disease, immunosuppression, malignancy, and neurological conditions; indications for

palivizumab prophylaxis; a history of admission in the neonatal intensive care unit; asthma; a

history of wheezing; treatment with steroids; or a lack of the basic information needed to cal-

culate the GRSS. The reason for excluding patients with a history of wheezing and treatment
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with steroids was to ensure that participants had an exclusive RSV infection without underly-

ing diseases such as laryngomalacia, gastroesophageal reflux disease, and asthma. Infants tak-

ing steroids were excluded because steroids may mask the clinical signs used to calculate the

GRSS and WBSS.

Starting respiratory support (with a high-flow nasal cannula, nasal continuous positive air-

way pressure, or a ventilator) was dependent on the pediatrician’s judgment based on clinical

signs such as tachypnea, the presence of wheeze, rales/rhonchi, retractions, and respiratory

acidemia on venous blood gas analysis.

Study design

A retrospective cohort study was conducted and the medical records of each included patient

was reviewed.

The primary predictors were the GRSS and the WBSS, and the primary outcome was the

requirement for respiratory support.

Table 1 shows the parameters of the GRSS and the WBSS. The GRSS was calculated by

entering ten parameters: age (months), oxygen saturation (%), respiratory rate (breaths/min-

ute), general appearance, presence of wheeze, rales/rhonchi, retractions, cyanosis, lethargy,

and poor air movement in the online calculator (available at: https://rprc.urmc.rochester.edu/

app/AsPIRES/RSV-GRSS/) [9]. The WBSS was calculated using four parameters: respiratory

rate in breaths/minute (<30: 0; 30–45: 1; 46–60: 2;>60: 3), wheezing (none: 0; terminal expira-

tion or only with stethoscope: 1; entire expiration or audible on expiration without stetho-

scope: 2; inspiration and expiration without a stethoscope: 3), retractions (none: 0; intercostal

only: 1; tracheosternal: 2; severe with nasal flaring: 3), and general condition (normal: 0; irrita-

ble, lethargic, feeding poorly: 3) [12]. With both scoring systems, higher scores were indicative

of more severe signs of RSV infection. The GRSS and the WBSS were calculated using the

worst signs in the day, but using the same signs to calculate each score.

Table 1. Parameters of each scoring system.

Global Respiratory

Severity Score

Wang bronchiolitis severity score

Age (months) 0–10 <24 months old

Oxygen saturation

(%)

67–100 NA

Respiratory rate

(breaths/min)

30–123 <30, 30–45, 46–60, >60

General appearance Well, mild, moderate,

severe, NA

Normal, abnormal (irritable, lethargic, poor feeding)

Wheezing present Yes, no, NA None, terminal expiration or only with stethoscope, entire

expiration or audible on expiration without stethoscope or audible

on inspiration and expiration, without a stethoscope

Rales/rhonchi

present

Yes, no, NA NA

Retractions present Yes, no, NA None, intercostal only, tracheosternal, severe with nasal flaring

Cyanosis present Yes, no, NA NA

Lethargy present Yes, no, NA NA

Poor air movement Yes, no, NA NA

In the Global Respiratory Severity Score, “NA” is allowed to be selected for only one of the seven parameters where it

is listed as an option.

NA, not applicable

https://doi.org/10.1371/journal.pone.0253532.t001
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The patients were divided into two groups depending on whether they were provided with

respiratory support. The GRSS and the WBSS were calculated based on the patient’s condition

at the time of the assessment of the need for respiratory support. In infants who did not receive

respiratory support, both scores were calculated using the worst measures during

hospitalization.

The sick days were calculated using the onset of the presenting signs (rhinorrhea, cough,

wheezing, fever, and lethargy) as the first day.

Statistical analysis

Continuous variables are expressed as the median and interquartile range (IQR), and categori-

cal variables are expressed as frequencies. Comparisons between the two groups were made

using the Mann-Whitney U-test for continuous variables, and the chi-square or Fisher’s exact

test for categorical variables.

The primary study objective was addressed in three steps. First, the optimal cut-off values

for dichotomizing the GRSS and the WBSS were determined using the Youden index (the

maximum value of [sensitivity–(1 –specificity)]) [16] based on the receiver-operating charac-

teristic curve. Second, the groups that did and did not receive respiratory support were com-

pared according to whether the GRSS and the WBSS were over the calculated optimal cut-off

value. Last, we evaluated which score was more useful as an indicator of whether infants with

an RSV infection need respiratory support using a decision curve analysis. Vickers et al. [17]

explained the decision curve analysis as a method that “calculates a clinical ‘net benefit’ for one

or more prediction models or diagnostic tests in comparison to default strategies of treating all

or no patients.” The net benefit was calculated by using the formula:

Net benefit ¼ sensitivity � prevalence � ð1 � specificityÞ � ð1 � prevalenceÞ � w

where w is the odds at the threshold probability [17]. In this study, the net benefit represents

the benefit of starting respiratory support, and the threshold probability represents the proba-

bility of starting respiratory support.

All analyses were performed using the Stata version 15.1 (StataCorp., College Station, TX,

USA) software package. The statistical code for running the decision curve analysis was

installed from the website (available at: www.decisioncurveanalysis.org). P values<0.05 were

considered to be statistically significant.

Ethical approval and informed consent

This study was conducted in accordance with the ethical principles of the Declaration of Hel-

sinki and with the ethical guidelines for epidemiological studies issued by the Ministry of

Health, Labour and Welfare, Japan. This study was approved by the Atsugi City Hospital Insti-

tutional Review Board (R2-03), which waived the requirement for obtaining informed consent

from the patient’s guardian because the data were obtained retrospectively from the patients’

charts.

Results

Patient characteristics

A total of 366 infants aged<10 months were admitted to our hospital with an RSV infection

during the study period. Of these infants, 250 (68.3%) fulfilled the inclusion criteria. The rea-

sons for excluding 116 infants were: treatment with steroids (n = 33); history of wheezing

(n = 31); incomplete medical records (n = 12);<36 weeks gestational age at birth (n = 10);
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unknown gestational age at birth (n = 8); congenital heart disease (n = 8); history of admission

in the neonatal intensive care unit (n = 6); asthma (n = 2); immunosuppression (n = 1); neuro-

muscular disease (n = 1); congenital syphilis (n = 1); and others (n = 3). The characteristics of

the included infants are shown in Table 2. The median age of the study patients was 2.9

months (IQR: 1.6–5.7 months), and 54.0% were male.

Twenty-six infants (10.4%) received respiratory support and 224 infants (89.6%) did not.

The characteristics of both groups are shown in Table 2. The median sick days on starting

respiratory support or the worst score was the fifth day for both groups (P = 0.13). The median

age (months) of the infants who required respiratory support was significantly younger than

that of the infants who did not require respiratory support (P = 0.005). The median GRSS and

WBSS of the infants who required respiratory support were significantly higher than that of

infants who did not require respiratory support (P< 0.001 and P< 0.001, respectively). How-

ever, none of the other variables considered differed significantly between the groups. Dataset

is available as S1 Database.

Optimal cut-off for dichotomization of the Global Respiratory Severity

Score and the Wang bronchiolitis severity score

As shown in Fig 1, the area under the curves of the GRSS and the WBSS were 0.875 and 0.821,

respectively. The optimal cut-off for dichotomizing the scores, based on the receiver operating

characteristic curve analysis, was 4.52 and 7 for the GRSS and the WBSS, respectively. Using

these cut-offs, the GRSS and the WBSS had specificities of 90% and 60%, respectively, for pre-

dicting the need for respiratory support (Table 3).

Decision curve analysis for predicting the need for respiratory support

using the Global Respiratory Severity Score and the Wang bronchiolitis

severity score

Fig 2 shows the decision curve analysis for predicting the need for respiratory support using

the GRSS and the WBSS with cut-offs of 4.52 and 7, respectively. The GRSS was a better pre-

dictor than the WBSS if the probability of needing respiratory support was 10–40%. Con-

versely, the WBSS was a better predictor than the GRSS if the probability of starting

respiratory support devices was <10%.

Table 2. Baseline characteristics of the study patients.

Respiratory support (n = 26) No respiratory support (n = 224) P-value

Sex, n (%) 0.22

Male 17 (65.4) 118 (52.7)

Female 9 (34.6) 106 (47.3)

Age (months), median (IQR) 1.9 (1.0–3.2) 3.1 (1.7–5.8) 0.005

Gestational age at birth (week), median (IQR) 38.8 (38.0–39.6) 38.7 (38.0–39.9) 0.88

Sick days at the time of the worst score or on starting respiratory support, median (IQR) 5 (5–7) 5 (4–6) 0.13

GRSS, median (IQR) 4.86 (3.67–6.10) 2.79 (1.91–3.83) <0.001

WBSS, median (IQR) 8 (7–9) 6 (5–7) <0.001

High-flow nasal cannula, n (%) 9 (34.6)

Nasal continuous positive airway pressure, n (%) 4 (15.4)

Ventilator, n (%) 13 (50.0)

GRSS, Global Respiratory Severity Score; IQR, interquartile range; WBSS, Wang bronchiolitis severity score

https://doi.org/10.1371/journal.pone.0253532.t002
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Discussion

Our findings suggest that the GRSS is a potentially useful tool to enable clinicians to accurately

predict the need for respiratory support among infants with an RSV infection. The optimal

cut-off of the GRSS for predicting the need for respiratory support was 4.52.

Based on the decision curve analysis shown in Fig 2, we believe that the GRSS is more useful

than the WBSS as a predictor of the need for respiratory support in clinical practice. This result

was expected for three reasons. First, the American Academy of Pediatrics recommends sup-

plemental oxygen administration in infants with bronchiolitis with an oxygen

saturation < 90% [6, 18]. In addition, oxygen saturation level has been shown to be the most

important predictor of the need for positive pressure ventilation and intensive treatment in

hospitalized infants with bronchiolitis [19]. Therefore, it stands to reason that a scoring system

for the severity of an RSV infection should include oxygen saturation, which is part of the

GRSS, but not the WBSS. Second, in children, respiratory rates are very variable and change

with age [20]. For example, the median, 10th percentile, and 90th percentile of the respiratory

rates are 41, 30, and 56 breaths/minute in infants aged 0–3 months, compared with 29, 21, and

40 breaths/minute in children aged 18–24 months. The WBSS, which classifies the respiratory

rates into four categories in children aged less than two years, is not adapted to these age-

related changes in respiratory physiology, while the GRSS adjusts the respiratory rate accord-

ing to age. Third, the GRSS provides a more comprehensive assessment of the respiratory con-

dition than the WBSS because it includes three additional parameters: rales/rhonchi, cyanosis,

Fig 1. Receiver-operating characteristic curves of the Global Respiratory Severity Score and the Wang

bronchiolitis severity score. The AUCs for the GRSS and the WBSS are 0.875 and 0.821, respectively, corresponding

to cut-off values of�4.52 and�7, respectively.

https://doi.org/10.1371/journal.pone.0253532.g001

Table 3. Values of the Global Respiratory Severity Score and the Wang bronchiolitis severity score.

Cut-off Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI)

GRSS 4.52 0.69 (0.50–0.83) 0.90 (0.86–0.93) 0.45 (0.31–0.60) 0.96 (0.93–0.98)

WBSS 7 0.92 (0.76–0.98) 0.60 (0.53–0.66) 0.21 (0.15–0.29) 0.99 (0.95–1.00)

CI, confidence interval; GRSS, Global Respiratory Severity Score; NPV, negative predictive value; PPV, positive predictive value; WBSS, Wang bronchiolitis severity

score

https://doi.org/10.1371/journal.pone.0253532.t003

PLOS ONE Utility of the GRSS in children with RCV infection

PLOS ONE | https://doi.org/10.1371/journal.pone.0253532 July 1, 2021 6 / 10

https://doi.org/10.1371/journal.pone.0253532.g001
https://doi.org/10.1371/journal.pone.0253532.t003
https://doi.org/10.1371/journal.pone.0253532


and poor air movement. Therefore, it is understandable that the GRSS is a more accurate mea-

sure of the severity of an RSV infection compared to the WBSS.

The decision curve analysis can indicate which model is optimal to maximize the outcome

of interest, while the area under the receiver operating characteristic curve focuses only on the

predictive accuracy of a model [21]. In Fig 2, the net benefit represents the benefit of starting

respiratory support, and the threshold probability represents the probability of starting respi-

ratory support. The yellow line indicates that respiratory support should be initiated for all

patients regardless of both scores. The red and blue lines indicate that respiratory support

should be initiated based on the GRSS or WBSS, respectively. At each threshold probability

(probability of starting respiratory support), it can be verified which line indicates the highest

net benefit. The decision curve analysis finding that the GRSS is a good indicator of a 10–40%

chance of needing respiratory support is consistent with evidence from other studies. In a post

hoc analysis of a national database an average of 17.6% of children aged less than two years

with a hospitalized RSV infection between 2004 and 2013, including those admitted to an

intensive care unit, required respiratory support [22]. In a prospective multicenter observa-

tional study, the median proportion of children with bronchiolitis aged less than two years

who required respiratory support ranged from 15 to 26% [23]. Of the participants in the study,

70% had an RSV infection [23].

Pediatricians should determine the need for respiratory support as soon as possible because

early initiation of respiratory support is the most important treatment strategy for children

with bronchiolitis, including an RSV infection [7]. Between 2000 and 2016, the use of mechan-

ical ventilation and hospital costs significantly increased in children with bronchiolitis aged

less than two years despite the overall decline in the hospitalization rate for bronchiolitis [24,

25]. Therefore, chronological use of the GRSS, which has the specificity (90%) and negative

predictive value (96%) (Table 3) to guide decisions regarding the initiation of respiratory sup-

port in infants with an RSV infection could reduce the burden of unnecessary treatment and

save healthcare costs.

This study had several limitations. First, the GRSS is for use in infants aged less than

10 months, so it does not provide guidance for older children. However, the rate of

Fig 2. Decision curve analysis for predicting the requirement for respiratory support based on the Global

Respiratory Severity Score and the Wang bronchiolitis severity score. The Y-axis measures the net benefit of

respiratory support devices. The X-axis shows the probability of the need for respiratory support.

https://doi.org/10.1371/journal.pone.0253532.g002
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hospitalization with RSV infections in infants aged less than 5 months is about 2–5 times

higher than those aged more than 5 months [1, 26]. In this study, children with respiratory

support were significantly younger than those without respiratory support. Therefore, the age

criterion of the GRSS is not a major limitation. The results of this study might have been better

for the GRSS than the WBSS because the exclusion criteria for this study were based on the

exclusion criteria used to develop the GRSS. When the WBSS was developed, patients who

required 35% or more of inspired oxygen were excluded [12], so the WBSS is not well suited to

scoring patients with severe disease. As more than 80% of infants hospitalized with an RSV

infection do not have any underlying conditions and are otherwise healthy [27], the GRSS

exclusion criteria are likely to be more representative than the WBSS exclusion criteria, of

infants hospitalized with RSV infection. In future, further studies are needed to expand the cri-

teria of the GRSS. Second, this study was conducted at a single facility. Third, the admission of

patients with an RSV infection and starting respiratory support was dependent on the pediatri-

cian’s judgment based on clinical signs. There was a limited turnover of pediatricians during

the study period, hence the criteria for admission and starting respiratory support are unlikely

to have changed during the study period. Fourth, not all infants aged less than 10 months old

were tested using rapid diagnostic testing at admission because this was undertaken based on

respiratory symptoms and the RSV epidemic. Fifth, rapid antigen diagnostic testing, which has

a lower sensitivity and specificity than polymerase chain reaction, was used. However, in view

of its relatively low cost, we considered that the diagnostic accuracy of rapid antigen diagnostic

testing was adequate for clinical situations. Lastly, the GRSS and the WBSS were evaluated by

selecting the worst findings in the day because this study was a retrospective study. However,

they were scored at the time of medical examination in actual clinical settings. To address

these limitations, the GRSS should be scored using the findings at the time of medical exami-

nation in a multicenter study.

In conclusion, the GRSS was clinically useful in determining the need for respiratory sup-

port in infants aged under 10 months with an RSV infection.
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