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Abstract 

Background  Respiratory syncytial virus (RSV) is the most common cause of bronchiolitis and is related to the severity 
of the disease. This study aimed to develop and validate a nomogram for predicting severe bronchiolitis in infants and 
young children with RSV infection.

Methods  A total of 325 children with RSV-associated bronchiolitis were enrolled, including 125 severe cases and 
200 mild cases. A prediction model was built on 227 cases and validated on 98 cases, which were divided by random 
sampling in R software. Relevant clinical, laboratory and imaging data were collected. Multivariate logistic regression 
models were used to determine optimal predictors and to construct nomograms. The performance of the nomogram 
was evaluated by the area under the characteristic curve (AUC), calibration ability and decision curve analysis (DCA).

Results  There were 137 (60.4%) mild and 90 (39.6%) severe RSV-associated bronchiolitis cases in the training group 
(n = 227) and 63 (64.3%) mild and 35 (35.7%) severe cases in the validation group (n = 98). Multivariate logistic regres-
sion analysis identified 5 variables as significant predictive factors to construct the nomogram for predicting severe 
RSV-associated bronchiolitis, including preterm birth (OR = 3.80; 95% CI, 1.39–10.39; P = 0.009), weight at admission 
(OR = 0.76; 95% CI, 0.63–0.91; P = 0.003), breathing rate (OR = 1.11; 95% CI, 1.05–1.18; P = 0.001), lymphocyte per-
centage (OR = 0.97; 95% CI, 0.95–0.99; P = 0.001) and outpatient use of glucocorticoids (OR = 2.27; 95% CI, 1.05–4.9; 
P = 0.038). The AUC value of the nomogram was 0.784 (95% CI, 0.722–0.846) in the training set and 0.832 (95% CI, 
0.741–0.923) in the validation set, which showed a good fit. The calibration plot and Hosmer‒Lemeshow test indi-
cated that the predicted probability had good consistency with the actual probability both in the training group 
(P = 0.817) and validation group (P = 0.290). The DCA curve shows that the nomogram has good clinical value.

Conclusion  A nomogram for predicting severe RSV-associated bronchiolitis in the early clinical stage was established 
and validated, which can help physicians identify severe RSV-associated bronchiolitis and then choose reasonable 
treatment.
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Background
Bronchiolitis is a lower respiratory tract disease usually 
caused by respiratory virus infection in infants and young 
children [1, 2]. It imposes a significant medical and eco-
nomic burden on societies. In some developed countries, 
including the United States, 108,000 individuals were 
hospitalised for bronchiolitis in 2016, costing 734 mil-
lion dollars [3]. The treatment burden for bronchiolitis is 
increasing annually. An analysis of bronchiolitis hospital-
isations in England between 1979 and 2011 revealed that 
the annual hospitalisation rate for bronchiolitis in 2011 
was 46.1 per 1,000 infants younger than 1 year (95% CI, 
45.6–46.6), which poses a seven-fold increase over the 
32-year period [4]. Furthermore, bronchiolitis has con-
sumed significant resources of paediatric intensive care 
units (ICUs), where it accounted for 9,628 (27.6%) cases 
of 34,829 ICU admissions in Australia and New Zealand 
between 2002 and 2014, resulting in direct costs exceed-
ing $30 million per year [5]. Furthermore, bronchiolitis is 
the leading cause of infant hospitalisation in the develop-
ing countries, including China [6, 7]. Children with bron-
chiolitis accounted for 12.25–21.24% of the total number 
of hospitalised patients with respiratory tract infections 
at the First Hospital of Jilin University in China between 
January 2005 and December 2014, with an average hos-
pital stay duration of 7.78 ± 3.47  days [8]. Furthermore, 
infants with bronchiolitis, especially those with severe 
cases, are more likely to develop cardiovascular and liver 
damage [9].

Respiratory syncytial virus (RSV) is the most com-
mon cause of bronchiolitis, accounting for 41–83% of 
all patients with bronchiolitis [2]. Moreover, RSV infec-
tion is associated with increased hospitalisation rate 
and bronchiolitis severity [10–12]. In 2015, there were 
an estimated 33.1 million cases of RSV-associated acute 
lower respiratory tract infections in children under 
5  years, most of which were mild, while approximately 
3.2 million cases required hospitalisation and 59,600 
died in hospitals worldwide [13]. Most severe cases and 
deaths occur in children under 2 years, and most deaths 
occur in developing countries [14]. Therefore, it is impor-
tant to identify and treat RSV-associated bronchiolitis in 
children at risk of developing severe diseases at an early 
stage. Many studies have investigated the risk factors 
and predictors of severe RSV-associated bronchiolitis, 
and the commonly recognised risk factors are preterm 
birth, young age, congenital heart diseases, bronchopul-
monary dysplasia, and immunodeficiency diseases [15, 

16]. The other risk factors are controversial, such as male 
sex, low weight at admission, history of tobacco expo-
sure, lack of breastfeeding (< 1  month), anaemia, coin-
fections, and high viral load. [14, 17–21]. However, only 
few studies have reported on developing a simple and 
accurate model to predict severe RSV-associated bron-
chiolitis in the early stages. Therefore, this study aimed to 
develop and validate a nomogram for predicting the risk 
of severe RSV-associated bronchiolitis among infants and 
young children and provide a theoretical basis for clinical 
identification.

Method
Selection of the study sample
A retrospective study was conducted in 325 patients with 
RSV-associated bronchiolitis who were hospitalized at 
Tianjin Children’s Hospital in China from January 2018 
to December 2021. This study was approved by the eth-
ics committee of the Tianjin Children’s Hospital and con-
ducted in accordance with the Declaration of Helsinki 
guidelines.

The following three inclusion criteria were met by 
all the children enrolled in this study: (1) age < 2  years, 
which was consistent with the diagnostic criteria of the 
American Academy of Pediatrics (AAP) Guidelines in 
2014 and the National Institute for Health and Care 
Excellence (NICE) Guidelines in 2021 for the Clinical 
Diagnosis of bronchiolitis [22, 23]; (2) showing symp-
toms and signs of lower respiratory diseases at admission 
which was consistent with the clinical diagnostic criteria 
of bronchiolitis, including cough; wheezing; nasal flaring; 
inspiratory rales; expiratory wheezing on auscultation; 
and intercostal, subcostal, or supraclavicular retractions 
[15, 23]; and (3) a positive test for nucleic acid of RSV 
in the nasopharyngeal secretions. The specimens of the 
children were collected at admission, and a viral nucleic 
acid extraction kit (Hubei Langde Medical Technology 
Limited Company) was used to extract the viral RNA 
by magnetic bead extraction. Polymerase chain reaction 
(PCR) amplification was then performed. The follow-
ing factors were used to identify positive experimental 
results: S-shaped amplification curve in the FAM channel 
and a CT value ≤ 38.

Severe bronchiolitis was diagnosed according to the 
expert consensus on the diagnosis, treatment and pre-
vention of bronchiolitis (2014 edition) [24], any of the 
following criteria was met: (1) feeding drops to more 
than half of normal or refusal to eat; (2) respiratory 
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rates > 70 breaths per minute; (3) three concave signs 
(intercostal, subcostal, and supraclavicular retractions); 
(4) nasal flaring or moaning; (5) blood oxygen satura-
tion < 88%; or (6) extreme restlessness, lethargy, or 
coma.

The exclusion criteria included any of the following: (1) 
a course of illness for more than 2 weeks when admitted 
to the hospital; (2) nosocomial infection; (3) automatic 
discharge or death during hospitalization; (4) co-bacterial 
infection; or (5) incomplete medical records.

Collection of clinical data
All the patients’ medical data were collected at hospital 
admission and discharge, including demographic infor-
mation, medical history, physical examination, etio-
logical examination, laboratory data, imaging features 
and clinical management, as follows: (1) demographic 
information: age, gender, region (rural/urban), weight at 
admission, preterm birth, mode of delivery (natural birth/
cesarean section), history of birth asphyxia, birth weight, 
feeding mode (breast/formula feeding), underlying dis-
eases (including hemodynamically significant heart dis-
ease, chronic lung disease, immunodeficiency disease, 
etc.), history of wheezing, history of eczema; (2) medi-
cal history and physical examination: fever, cough and 
wheezing days before admission, use of antibiotics and 
systemic corticosteroids before admission, breath rate, 
three concave signs (intercostal, subcostal, or supraclav-
icular retractions), abnormal lung auscultation (including 
moist rales and/or stridor); (3) etiological examination: 
the nasopharyngeal secretions of the children were col-
lected on admission, and a viral nucleic acid extraction 
kit produced by Hubei Langde Medical Technology Lim-
ited Company was used to extract viral RNA. Then, PCR 
amplification was performed to detect 7 respiratory path-
ogen nucleic acids (including respiratory syncytial virus, 
adenovirus, influenza virus A, influenza virus B, parain-
fluenza virus tpye1-3). Two sputum samples and one 
blood sample were collected simultaneously for Gram 
staining and culturing in growth medium to exclude 
bacterial infection and galactomannan by antigen assay 
to exclude fungal infection; (4) lung X-ray examination 
(no obvious abnormality/visible infiltration, emphysema, 
atelectasis and pleural effusion); (5) laboratory data: 
white blood cell (WBC), neutrophil ratio (N%), lympho-
cyte ratio (L%), eosinophil ratio (E%), hemoglobin (Hb), 
C-reactive protein (CRP), procalcitonin (PCT), interleu-
kin-6 (IL-6), lactic acid (La), aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), creatine kinase 
(CK), creatine kinase isomer-MB (CK-MB), lactic dehy-
drogenase (LDH), immunoglobulin E (IgE); (6) hospital 
course: hospitalization days.

Statistical methods
Variable selection and model construction
We used R software with the “sample ()” function to ran-
domly divide the data of the 325 patients into a training 
group (70%, 227 patients) and a validation group (30%, 
98 patients). All 227 patients in the training dataset 
were analysed for variable selection and risk prediction. 
Variables significant (P < 0.1) at univariate analysis were 
included in the multivariable model.

The selected factors were used to develop the risk pre-
diction model for severe RSV-associated bronchiolitis 
and were presented as a nomogram using R software 
with the “rms” packages. The nomogram proportionally 
converts each variable to a scale of 0–100 points based 
on the regression coefficient. The absolute value of the 
variable with the highest β coefficient in the multivaria-
ble logistic regression was assigned 100 points. The value 
of each selected variable was marked to obtain the cor-
responding points. The total points, based on the sum 
of the points for each predictor in this nomogram, were 
associated with the risk of severe RSV infection.

Validation of the nomogram
The performance of the prediction model was evaluated 
based on its discrimination ability, calibration ability and 
clinical value. The discrimination ability was evaluated 
through the area under the receiver operator character-
istic curve (AUC), and the calibration plot accompanied 
by the Hosmer‒Lemeshow test was applied to assess the 
calibration ability. The model was validated using the 
bootstrap method with 1000 resamples to quantify any 
overfitting. Decision curve analysis (DCA) was applied to 
evaluate the clinical utility of the nomogram based on its 
net benefits at different threshold probabilities.

In addition, for better clinical application of the 
nomogram, the total scores of each patient were calcu-
lated based on the model. The ROC analysis was used 
to explore the optimal cutoff value for predicting severe 
RSV-associated bronchiolitis, and the critical value with 
maximum Youden index (sensitivity + specificity-1) was 
determined. Accuracy of the optimal cutoff value was 
assessed by the sensitivity and specificity.

Statistical analysis
Continuous variables were expressed as the 
mean ± standard deviation (SD) or median values (inter-
quartile range) and assessed by independent group t 
tests or Mann‒Whitney U tests. Categorical variables 
were expressed as percentages (%) and assessed by Chi-
squared tests or Fisher’s exact test. Statistical analysis 
was carried out using SPSS 26.0, and R software (version 
4.0.5, http://​www.r-​proje​ct.​org) was used to perform all 
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the graphics based on the R packages “foreign”, “rms”, 
“ggplot2”, “pROC” and “glmnet”. P < 0.05 was considered 
statistically significant, and factors with P < 0.1 in the 
univariate analysis were included in multivariate logistic 
regression analysis.

Result
Patient characteristics
A total of 325 children with RSV infection met the 
inclusion criteria, among which 206 (63.4%) were male, 
and 125 cases were diagnosed as severe RSV infection. 
The data were randomly divided into a training group 
(n = 227) and a validation group (n = 98). There were 90 
(39.6%) and 35 (35.7%) patients with severe RSV infec-
tion in the training and validation groups, respectively. 
The baseline clinical data and proportion of severe RSV 
infection were similar between the training and valida-
tion groups, except for serum AST level and length of 
wheezing (Table 1).

Predictors of severe RSV infection
In the training group, children with severe RSV infection 
had younger median age (3  m vs 6  m, P < 0.001), lower 
median weight at admission (6.5 kg vs 8.4 kg, P < 0.001), 
higher proportion of country (44.4% vs 28.5%, P = 0.013), 
higher preterm birth rate (17.8% vs 8%, P = 0.026), higher 
cesarean section rate (62.2% vs 47.4%, P = 0.029), higher 
incidence of underlying disease (8.9% vs 2.9%, P = 0.049), 
faster median respiratory rate (51b vs 40b, P < 0.001), 
higher three concave signs rate (73.3% vs 0%, P < 0.001), 
longer median duration of hospital (7d vs 5d, P < 0.001), 
lower mean level of Hb (111  g/L vs 115  g/L, P = 0.024), 
median IgE (8.7U/L vs 14.8U/L, P = 0.027), higher 
median level of CK (110.5U/L vs 97U/L, P = 0.011), 
CKMB (16.5U/L vs 11U/L, P = 0.022) and LDH (415U/L 
vs 380U/L, P = 0.042) compared with those mild RSV 
infection (Table 2).

Univariate logistic regression showed that age 
(OR = 0.90; 95% CI, 0.85‒0.95; P < 0.001), weight at 
admission (OR = 0.74; 95% CI, 0.65‒0.85; P < 0.001), 
children from rural areas (OR = 2.01; 95% CI, 1.15‒3.51; 
P = 0.014), preterm birth (OR = 2.48 95% CI, 1.09‒5.62; 
P = 0.03), cesarean section (OR = 1.82; 95% CI, 1.06‒3.14; 
P = 0.030), fever history (OR = 0.41; 95% CI, 0.24‒0.71; 
P = 0.001), breathing rate (OR = 1.16; 95% CI, 1.11‒1.21; 
P < 0.001), level of CKMB (OR = 1.02; 95% CI, 1.00‒1.03; 
P = 0.039) and LDH (OR = 1.002; 95% CI, 1.000‒1.004; 
P = 0.036) were significant predictors of severe RSV-asso-
ciated bronchiolitis (Table 3).

On multivariate regression analysis, weight at admis-
sion (OR = 0.76; 95% CI, 0.63‒0.91; P = 0.003), pre-
term birth (OR = 3.80; 95% CI, 1.39‒10.39; P = 0.009), 
faster breathing rate (OR = 1.11; 95% CI, 1.05‒1.18; 

P = 0.001), outpatient use of glucocorticoids (OR = 2.27; 
95% CI, 1.05‒4.9; P = 0.038) and lymphocyte percentage 
(OR = 0.97; 95% CI, 0.95‒0.99; P = 0.001) were independ-
ent predictors for severe RSV-associated bronchiolitis 
(Table 3).

Development and validation of a severe RSV 
infection‑predicted nomogram
The 5 variables identified by multivariate regression 
analysis were applied to establish the risk model and pre-
sented with a nomogram (Fig.  1): weight at admission, 
presence of preterm birth, percentage of lymphocytes, 
breathing rate and outpatient use of glucocorticoids. 
Total points based on the sum of the points for each pre-
dictor in this nomogram were associated with the risk of 
severe RSV infection.

By internal bootstrap validation with 1000 resamples, 
the mean AUC of the nomogram based on the training 
group was 0.784 (95% CI, 0.722‒0.846) (Fig.  2A), with 
good discrimination ability for predicting severe RSV 
infection. Furthermore, the calibration plot (Fig. 3A) and 
Hosmer‒Lemeshow test (P = 0.817) of the prediction 
model showed good consistency between the predicted 
probability and actual probability.

The accuracy of the nomogram in the validation data-
set was similar to that of the training group, with an 
AUC value of 0.832 (95% CI, 0.741‒0.923) (Fig. 2B). The 
calibration plot (Fig.  3B) and Hosmer‒Lemeshow test 
(P = 0.290) showed that the prediction model fit well in 
the validation dataset. The DCA curve showed obvious 
net benefits of the predictive nomogram and was signifi-
cantly higher than those of the two extreme cases (Fig. 4).

The ROC analysis identified that the optimal cutoff 
value with maximum Youden index was 126. The sensitiv-
ity and specificity in recognizing severe RSV-associated 
bronchiolitis was 72.7%, 81.6% in the training dataset and 
70.5%, 82.1% in the validation dataset, respectively.

Discussion
In this study, we developed and validated a nomogram 
for predicting severe RSV-associated bronchiolitis. A 
total of 37 candidate variables were considered in the 
development of the nomogram. Moreover, five signifi-
cant predictors were identified using multivariate logis-
tic regression method, namely preterm birth, weight 
at admission, breathing rate, lymphocyte ratio, and 
outpatient administration of glucocorticoids. A nomo-
gram model, with good discrimination, calibration, 
and clinical value, was developed and validated based 
on these five variables for predicting severe RSV-asso-
ciated bronchiolitis. As an example to better explain 
the nomogram model, if a patient of RSV infection is 
weight at admission of 8  kg (58 points), preterm birth 
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of no (0 point), lymphocyte percentage of 40% (37 
points), breathing rate of 40 (50 points) and outpatient 
use of glucocorticoids is yes (23 points), the probabil-
ity of severe RSV infection is estimated to be 78%. The 
predictive model is easy to operate and helpful for the 

early identification and timely treatment of high-risk 
infants and young children with bronchiolitis.

Preterm birth is reported to be a significant risk fac-
tor for severe RSV-associated bronchiolitis [15, 25–27], 
which is consistent with our findings that preterm-born 

Table 1  The variables of training and validation cohort

Abbreviations: WBC White blood cell, N Peripheral neutrophils, L Peripheral lymphocytes, E Peripheral eosinophils, Hb Hemoglobin, CRP C-reactive protein, PCT 
Procalcitonin, IL-6 Interleukin (IL)-6, La Lactic acid, AST Aspartate aminotransferase, ALT Alanine aminotransferase, CK Creatine kinase, CKMB Creatine kinase isomer-MB, 
LDH Lactic dehydrogenase, IgE Immunoglobulin E
a Mean ± SD
b Median (IQR)

Patients (n = 325) Training group (n = 227) Validation group (n = 98) P

Age, monthsb 5(2–10) 5(2–10) 5(3–9.3) 0.936

Sex, male/female 206/119 146/81 60/38 0.595

weight at admission, kgb 7.8(6.3–9.5) 7.7(6.2–9.6) 7.8(6.5–9.4) 0.836

Region, rural/urban 110/215 79/148 31/67 0.580

preterm birth, n(%) 36(11.1%) 27(11.9%) 9(9.2%) 0.475

cesarean section, n(%) 171(52.6%) 121(53.3%) 50(51%) 0.705

history of birth asphyxia, n(%) 6(1.8%) 5(2.2%) 1(1%) 0.467

birth weight, kgb 3.3(3.0–3.6) 3.3(3.0–3.6) 3.3(2.9–3.7) 0.664

non-breastfeeding, n(%) 173(53.2%) 124(54.6%) 49(50%) 0.443

underlying diseases, n(%) 16(4.9%) 12(5.3%) 4(4.1%) 0.645

history of wheezing, n(%) 20(6.2%) 16(7.0%) 4(4.1%) 0.307

history of eczema, n(%) 143(44%) 106(46.7%) 37(37.8%) 0.136

Fever, n(%) 178(54.8%) 128(56.4%) 50(51%) 0.372

Length of cough, daysb 4(3–6) 4(3–6) 4(3–8) 0.681

Length of wheezing, daysb 1(0–3) 1(0–3) 2(0–4) 0.017

Outpatient use of antibiotics, n(%) 247(76%) 168(74%) 79(80.6%) 0.201

Outpatient use of glucocorticoids, n(%) 86(26.5%) 57(25.1%) 29(29.6%) 0.401

Breath rateb 45(40–51) 45(40–51) 44(40–51.5) 0.845

Three concave signs, n(%) 98(30.2%) 66(29.1%) 32(32.7%) 0.579

Abnormal lung auscultation, n(%) 322(99.1%) 224(98.7%) 98(100%) 0.253

Abnormal radiological findings, n(%) 198(60.9%) 141(62.1%) 57(58.2%) 0.503

Length of stay, daysb 6(5–7) 6(5–7) 5(4–7) 0.303

WBC, × 109/La 8.8 ± 3.3 8.6 ± 3.3 9.3 ± 3.2 0.105

N%a 32.2 ± 15.4 33.1 ± 15.6 29.9 ± 14.8 0.078

L%a 57.2 ± 15.1 56.1 ± 15.1 59.5 ± 14.8 0.063

E%b 0.0(0.0–2.0) 0.0(0.0–2.0) 0.0(0.0–2.0) 0.540

Hb, g/Lb 115(106–121) 114(105–121) 111(104.5–119) 0.166

CRP, mg/Lb 2.5(2.5–2.7) 2.5(2.5–3.0) 2.5(2.5–2.5) 0.384

PCT, ng/mlb 0.07(0.05–0.10) 0.07(0.05–0.10) 0.07(0.05–0.10) 0.265

IL-6, pg/mlb 7.6(4.4–13.4) 7.7(4.4–12.4) 7.1(4.2–15.7) 0.985

La, mol/Lb 3.2(2.6–4.0) 3.2(2.6–3.9) 3.3(2.5–4.3) 0.786

AST, U/Lb 44(36–59) 43.0(34.0–58) 47(38.8–63) 0.038

ALT, U/Lb 22(17.0–34.0) 22.0(16–32) 24.5(18.0–37.3) 0.057

CK, U/Lb 103.0(74–146) 104(78–146) 100.5(69.5–146) 0.543

CKMB, Ub/L 12(7–23) 12(7.0–23) 12(7.0–24.3) 0.663

LDH, U/Lb 398((340.5–493.5) 392(337–482) 415.5(346.3–515) 0.079

IgE, IU/Lb 12.9(3.8–40.6) 11.5(3.3–38.7) 12.4(4.5–47.4) 0.851
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children were 3.8 times more likely to develop severe 
RSV infection In a historical cohort study of preterm-
born infants (≤ 32 gestational weeks) [25], the hospitali-
sation rate for RSV-related infection from birth to 1-year 
corrected age was approximately 11.2%. Furthermore, 
the hospitalisation rates increased with the decrease in 

the gestational age (13.9% for preterm-born infants ≤ 26 
gestational weeks vs. 4.4% for those born at 30–32 ges-
tational weeks). A tertiary medical centre study [27] 
reported that between 2001 and 2019, a total of 3,311 
infants were hospitalised for bronchiolitis, with a hospital 
length of stay of 2.5–3 days, and the gestational age was 

Table 2  The clinical, laboratory and radiological features of RSV-associated bronchiolitis in the training group

Abbreviations: WBC White blood cell, N Peripheral neutrophils, L Peripheral lymphocytes, E Peripheral eosinophils, Hb Hemoglobin, CRP C-reactive protein, PCT 
Procalcitonin, IL-6 Interleukin (IL)-6, La Lactic acid, AST Aspartate aminotransferase, ALT Alanine aminotransferase, CK Creatine kinase, CKMB Creatine kinase isomer-MB, 
LDH Lactic dehydrogenase, IgE Immunoglobulin E
a Mean ± SD
b Median (IQR)

training group (n = 227) mild bronchiolitis 
(n = 137)

severe bronchiolitis (n = 90) P

Age, monthsb 5(2–10) 6(3–12) 3(1.8–7.0) 0.000

Sex, male/female 146/81 84/53 62/28 0.244

weight at admission, kgb 7.7(6.2–9.6) 8.4(7.1–9.8) 6.5(5.2–8.6) 0.000

Region, rural/urban 79/148 39/98 40/50 0.013

preterm birth, n(%) 27(11.9%) 11(8%) 16(17.8%) 0.026

cesarean section, n(%) 121(53.3%) 65(47.4%) 56(62.2%) 0.029

history of birth asphyxia, n(%) 5(2.2%) 1(0.7%) 4(4.4%) 0.062

birth weight, kgb 3.3(3.0–3.6) 3.3(3.0–3.5) 3.3(2.9–3.6) 0.672

non-breastfeeding, n(%) 124(54.6%) 76(55.5%) 48(53.5%) 0.751

underlying diseases, n(%) 12(5.3%) 4(2.9%) 8(8.9%) 0.049

history of wheezing, n(%) 16(7.0%) 11(8%) 5(5.6%) 0.476

history of eczema, n(%) 106(46.7%) 67(48.9%) 39(43.3%) 0.410

Fever, n(%) 128(56.4%) 89(65%) 39(43.3%) 0.001

Length of cough, daysb 4(3–6) 4(3–6) 4(3–6) 0.687

Length of wheezing, daysb 1(0–3) 1(0–3) 1(0–3) 0.05

Outpatient use of antibiotics, n(%) 168(74%) 101(73.7%) 67(74.4%) 0.903

Outpatient use of glucocorticoids, n(%) 57(25.1%) 29(21.2%) 28(31.1%) 0.091

Breath rateb 45(40–51) 40(38–45) 51(46–56) 0.000

Three concave signs, n(%) 66(29.1%) 0(0%) 66(73.3%) 0.000

Abnormal lung auscultation, n(%) 224(98.7%) 135(98.5%) 89(98.9%) 0.822

Abnormal radiological findings, n(%) 141(62.1%) 83(60.6%) 58(64.4%) 0.558

Length of stay, daysb 6(5–7) 5(4–6) 7(6–8) 0.000

WBC, × 109/La 8.6 ± 3.3 8.6 ± 3.4 8.7 ± 3.2 0.819

N%a 33.1 ± 15.6 32.1 ± 15.4 34.8 ± 15.7 0.206

L%a 56.1 ± 15.1 57.6 ± 14.6 53.9 ± 15.7 0.073

E%b 0.0(0.0–2.0) 0.0(0.0–2.0) 0.0(0.0–2.0) 0.607

Hb, g/Lb 114(105–121) 115(107–123) 111(104–119.3) 0.024

CRP, mg/Lb 2.5(2.5–3.0) 2.5(2.5–2.8) 2.5(2.5–3.7) 0.614

PCT, ng/mlb 0.07(0.05–0.10) 0.07(0.06–0.10) 0.08(0.05–0.11) 0.661

IL-6, pg/mlb 7.7(4.4–12.4) 7.7(3.8–14.4) 7.6(4.7–13.2) 0.712

La, mol/Lb 3.2(2.6–3.9) 3.2(2.6–4.0) 3.2(2.7–3.9) 0.741

AST, U/Lb 43.0(34.0–58) 45(35–56.5) 41(33.8–60.3) 0.403

ALT, U/Lb 22.0(16–32) 21.0(15–31.5) 22(16.8–33.3) 0.200

CK, U/Lb 104(78–146) 97(67–139) 110.5(87.5–157.8) 0.011

CKMB, U/Lb 12(7.0–23) 11(7.0–20.5) 16.5(9.0–30.0) 0.022

LDH, U/Lb 392(337–482) 380(334.5–447) 415.0(338.8–538.5) 0.042

IgE, IU/Lb 11.5(3.3–38.7) 14.8(4.2–47.7) 8.7(2.8–25.3) 0.027
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associated with the length of stay (R = -0.12; P = 0.000). 
Additionally, our study showed that preterm birth was 
closely associated with the severity of RSV-associated 
bronchiolitis. A possible explanation may be attributed to 
the fact that preterm birth interrupts normal lung devel-
opment in utero, resulting in significant changes in the 
pulmonary physiology and function. In preterm babies, 
the true alveolar structure is not completely formed, 
their surfactant and cortisol systems are immature, and 
their foetal lung is not ready for gas exchange, making 
them more likely to develop severe respiratory diseases 
[28–31].

Our findings revealed that children who received sys-
temic glucocorticoids in an outpatient setting were 2.27 
times more likely to develop severe RSV-associated bron-
chiolitis than those who did not. However, due to the 
controversial efficacy of inhaled or systemic glucocorti-
coids in acute bronchiolitis, the current expert consensus 
in China on the diagnosis and treatment of bronchiolitis 
recommends that [24] glucocorticoids are not recom-
mended for routine use. Previous studies reported that 
the current evidence does not support an association 
between undergoing glucocorticoid treatment and the 
severity of bronchiolitis [32, 33]. Ricardo et al. [33] con-
ducted a meta-analysis of 17 randomised controlled tri-
als (2,596 children with acute bronchiolitis) and reported 
that glucocorticoids did not significantly reduce the hos-
pitalisation rates compared to the placebo (RR = 0.92; 
95% CI, 0.78–1.08; P = 0.30). However, some studies have 

reported that early administration of oral dexametha-
sone in the treatment of patients with acute bronchioli-
tis can reduce the hospitalisation rates (19% vs. 44% for 
dexamethasone group vs. placebo group, respectively) in 
children aged < 24  months (P = 0.039) [34]. The efficacy 
of glucocorticoids may increase in children with severe 
bronchiolitis. Furthermore, paediatricians tend to pre-
scribe glucocorticoids to reduce inflammation and relieve 
asthma in children with obvious wheezing, which in turn 
increases the administration rates of glucocorticoids [35]. 
This may explain the association between glucocorticoid 
administration and severe bronchiolitis in our study.

In severe bronchiolitis, airway resistance shows a 
significant increase, with obstruction of the small air-
ways due to mucus blockage and airway wall oedema as 
well as bronchospasm in the relatively narrow airways 
in infants, resulting in an increased breathing rate and 
work of breathing [35]. Kohei et  al. [36] reported that 
respiratory rates > 70 breaths per minute on the day of 
admission were associated with subsequent transfer to 
the ICU or use of mechanical ventilation (OR = 4.64; 
95% CI, 2.86–7.53; P < 0.001) in a multicentre cohort 
study of 2,104 children hospitalised for bronchiolitis. 
Serge et al. [37] conducted a cohort study of 378 chil-
dren with bronchiolitis, 117 (31%) of whom were hos-
pitalised. They reported that a respiratory rate > 45 
breaths per minute (sensitivity, 68%; specificity, 82%; 
RR, 4.57), could predict the severity of lung disease 
and the need for hospitalisation. The results of these 

Table 3  Univariate and multivariate logistic regression for predicting severe RSV-associated bronchiolitis in the training group

Abbreviations: L Peripheral lymphocytes, Hb Hemoglobin, CK Creatine kinase, CKMB Creatine kinase isomer-MB, LDH Lactic dehydrogenase, IgE Immunoglobulin E, NS 
No significance, CI Confidence interval

Variables Univariate analysis OR (95% CI) P value Multivariate analysis OR (95% 
CI)

P value

Age, months 0.895(0.847–0.946) 0.000 0.995(0.894–1.106) NS

weight at admission 0.742(0.649–0.850) 0.000 0.758(0.631–0.910) 0.003

Region 2.010(1.151–3.510) 0.014 1.292(0.640–2.610) NS

preterm birth 2.477(1.091–5.621) 0.03 3.802(1.392–10.388) 0.009

cesarean section 1.824(1.061–3.138) 0.03 1.665(0.852–3.252) NS

history of birth asphyxia 6.326(0.695–57.540) 0.102

underlying diseases 3.244(0.947–11.113) 0.061 2.110(0.480–9.286) NS

Fever 0.412(0.239–0.711) 0.001 0.503(0.242–1.044) NS

Length of wheezing 1.072(0.962–1.195) 0.205

Breath rate 1.160(1.109–1.213) 0.000 1.111(1.047–1.179) 0.001

Outpatient use of glucocorticoids 1.682(0.918–3.083) 0.093 2.267(1.048–4.9) 0.038

L% 0.984(0.967–1.002) 0.074 0.968(0.946–0.991) 0.001

Hb 0.982(0.961–1.002) 0.083 0.997(0.968–1.026) NS

CK 1.001(1.000–1.001) 0.083 1.001(1.000–1.002) NS

CKMB 1.017(1.001–1.033) 0.039 0.985(0.962–1.008) NS

LDH 1.002(1.000–1.004) 0.036 1.002(1.000–1.005) NS

IgE 1.000(0.998–1.001) 0.454
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two studies are consistent with our findings, where the 
increase in the breathing rate can predict the severity of 
bronchiolitis (OR = 1.11; 95% CI, 1.05–1.18; P = 0.001), 
and our study provides data that support this argument 
from the perspective of the prediction model.

In our findings, the white blood cell count was not 
significantly different (P = 0.819) between the RSV-
mild group (8.6 ± 3.4 × 109/L) and the RSV-severe 
group (8.7 ± 3.2 × 109/L). However, the results of mul-
tivariate regression analysis showed that a decreased 

Fig. 1  Nomogram to predict severe bronchiolitis among children with RSV infection was constructed based on 5 independent predictors. Mark the 
value of these included factors on the corresponding axis. Draw a vertical line from the value to the top lines and get corresponding points. Then, 
sum the points from each variable value. Locate the sum on the total points scale and project it vertically on the bottom axis to obtain a severe 
bronchiolitis risk

Fig. 2  The ROC curves of the nomogran from the training dataset (A) and the validation dataset (B). ROC: receiver operating characteristics
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lymphocyte ratio (53.9 ± 15.7) was an independent 
risk factor for severe RSV infection (OR = 0.97; 95% 
CI, 0.95–0.991; P = 0.001). Paola et  al. [18] reported 
that a lymphocyte count < 3,200/μL (OR = 5.23; 95% 
CI 1.40(19.47); P = 0.014) was an independent risk fac-
tor for severe bronchiolitis, which was consistent with 
our results. This may indicate an insufficient adaptive 
immune response in the infants and young children in 
the severe group. A previous study [38], reported that 
the pathogenesis of viral lower respiratory tract infec-
tion is mainly related to the failure to form an adap-
tive cytotoxic T lymphocyte response and insufficient 
secretion of IL-2, IL-4, IFN-γ by T lymphocytes.

Malcolm et al. [19] reported that a higher weight (kg) 
on admission in children with bronchiolitis reduced 
the risk of requiring mechanical ventilation (adjusted 
OR = 0.51; 95% CI, 0.40–0.65; P < 0.001). Our study 

also showed that a higher admission weight could 
lower the odds of severe cases (OR = 0.76; 95% CI, 
0.63–0.91; P = 0.003). The weight of infants and young 
children shows a specific exponential relationship with 
their chronological age according to the WHO Child 
Growth Criteria [39]. Furthermore, lung develop-
ment is affected by the weight of the children. With the 
increase in weight in infants and young children, the 
size of the lungs, the number of alveoli, and the matu-
rity of the lungs increase [29, 31, 40].

In addition, Paola et  al. [18] and Jonathan et  al. [41] 
reported that age is a significant predictor of severe 
bronchiolitis; however, this was not the case in our 
study (OR = 0.99; 95% CI, 0.90–1.11; P > 0.05). We 
believe this might be related to the large age span of our 
study (0–2 years), while the age of the samples studied 
by Paola et al. [18] was within the range of 0–1 year. It 
may also have something to do with our small sample 

Fig. 3  Calibration plot of severe bronchiolitis risk nomogram in the development cohort (A) and validation cohort (B). The ideal outcome (dashed 
line), the observed outcome (fine dashed line), and the bias-corrected outcome (solid line) are depicted

A B

Fig. 4  Decision curve analysis for the severe bronchiolitis risk nomogram. They-axsi measuered the net benefit. The black solid line represented the 
assumption that all patients had mild bronchiolitis. The gray solid line represented the assumption that all patients had severe bronchiolitis. The red 
solid line represented the risk nomogram. A From the training dataset and (B) from the validation dataset
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size (n = 325) and different races [14, 41]. Our study 
participants were Chinese, while the study populations 
of Paola et al. [18] and Jonathan et al. [41] were Euro-
peans and Americans, respectively. The region had no 
effect in our multivariate logistic analysis (OR = 1.29; 
95% CI, 0.64–2.61; P > 0.05), while in the study by Mar-
cello et al. [42], the living environment and conditions 
were independent risk factors for severe bronchiolitis. 
This may be related to the different national and soci-
oeconomic conditions in the regions where our study 
was conducted.

This study has some limitations. Environmental factors, 
including air pollution (primary traffic pollution, ozone, 
and PM 2.5) and tobacco smoke exposure, were not col-
lected in the medical records. Previous studies reported 
that these factors increase the severity of RSV infections 
[43, 44]. In terms of aetiology, our study examined the 
nucleic acids of seven common respiratory pathogens 
(including RSV, adenovirus, influenza viruses A and B, 
and parainfluenza virus types 1–3); however, some stud-
ies suggested that coinfection with other viruses, includ-
ing rhinovirus and human bocavirus, increases the 
hospitalisation rate of RSV-associated bronchiolitis [11, 
41]. Regarding applicability, our study participants were 
patients aged < 2  years, and the results are applicable to 
children in this age group, but not in children with bron-
chiolitis in other age groups. Furthermore, our study was 
a single-centre study, and all research data were collected 
from one medical centre, which may limit its application 
in other fields and necessitates the development of a mul-
ticentre study.

In conclusion, we developed and validated a nomogram 
for predicting severe RSV-associated bronchiolitis in the 
early clinical stage, which is easy and convenient for the 
physicians to use.

Abbreviations
RSV	� Respiratory syncytial virus
AUC​	� Receiver operator characteristic Curve
DCA	� Decision curve analysis
ICU	� Intensive care unit
PCR	� Polymerase chain reaction
WBC	� White blood cell
N	� Peripheral neutrophils
L	� Peripheral lymphocytes
E	� Peripheral eosinophils
Hb	� Hemoglobin
CRP	� C-reactive protein
PCT	� Procalcitonin
IL-6	� Interleukin (IL)-6
La	� Lactic acid
AST	� Aspartate aminotransferase
ALT	� Alanine aminotransferase
CK	� Creatine kinase
CKMB	� Creatine kinase isomer-MB
LDH	� Lactic dehydrogenase
IgE	� Immunoglobulin E
SD	� Standard deviation

LOS	� Length of stay
ETS	� Tobacco smoke exposure
HBoV	� Human bocavirus

Acknowledgements
The authors wish to thank the patients and participating investigators and 
staff associated with the clinical studies discussed here.

Authors’ contributions
All authors contributed to the intellectual content of this manuscript and 
approved the final manuscript as submitted. (I) Conception and design: Wei 
Guo; (II) Administrative support: Yongsheng Xu and Jun Zheng; (III) Provision 
of study patient: Tongqiang Zhang and Wei Guo; (IV) Collection and assembly 
of data: Jisi Yan and LiHua Zhao; (V) Search literature: Detong Guo and Yupeng 
Wei; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All 
authors.

Funding
This work was supported by The general program of Tianjin Natural Science 
Foundation [Grant number21JCYBJC00460], General project of Tianjin 
Children’s Hospital[Grant numberY2020013], Tianjin Science and Technology 
Committee(21JCQNJC01650, 21JCZDJC01140), China International Medical 
Foundation (grant number Z-2019–41-2101–04) and the Program of Tianjin 
Science and Technology talent cultivation [Grant number RC20020]. We are 
grateful for the financial support from the “Tianjin Key Medical Discipline 
(Specialty) Construction Project (TJYXZDXK-040A)”.

Availability of data and materials
The datasets used and analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The authors are accountable for all aspects of the work in ensuring that ques-
tions related to the accuracy or integrity of any part of the work are appropri-
ately investigated and resolved. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). The study was approved by 
the Ethics Committee of the Tianjin Children’s Hospital (No. L2020-02), and the 
requirement for individual consent for this retrospective analysis was waived.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Respiratory Medicine, Tianjin University Children’s Hospital 
(Tianjin Children’s Hospital), 238 Longyan Road, Beichen District, Tian-
jin 300000, China. 2 Clinical School of Pediatrics, Tianjin Medical University, 
Tianjin, China. 3 Department of Neonatology, Tianjin Central Hospital of Gyne-
cology Obstetrics, 156 Nankai SAN Lu, Nankai District, Tianjin 300100, China. 

Received: 28 October 2022   Accepted: 17 March 2023

References
	1.	 Bronchiolitis. AAoPSoDaMo: diagnosis and management of bronchiolitis. 

Pediatrics. 2006;118(4):1774–93.
	2.	 Florin T, Plint A, Zorc J. Viral bronchiolitis. Lancet (London, England). 

2017;389(10065):211–24.
	3.	 Fujiogi M, Goto T, Yasunaga H, Fujishiro J, Mansbach J, Camargo C, 

Hasegawa K. Trends in Bronchiolitis Hospitalizations in the United States: 
2000–2016. Pediatrics. 2019;144(6):e20192614.

	4.	 Green C, Yeates D, Goldacre A, Sande C, Parslow R, McShane P, Pollard 
A, Goldacre M. Admission to hospital for bronchiolitis in England: 
trends over five decades, geographical variation and association 



Page 11 of 11Yan et al. BMC Infectious Diseases          (2023) 23:249 	

with perinatal characteristics and subsequent asthma. Arch Dis Child. 
2016;101(2):140–6.

	5.	 Schlapbach L, Straney L, Gelbart B, Alexander J, Franklin D, Beca J, 
Whitty J, Ganu S, Wilkins B, Slater A, et al. Burden of disease and 
change in practice in critically ill infants with bronchiolitis. Eur Respir J. 
2017;49(6):1601648.

	6.	 Liu E, Chen H. To improve the standard diagnosis and treatment of bron-
chiolitis by pediatricians in China. Chin J Pediatr. 2015;53(03):161–3.

	7.	 Liu J, Xie Z. Etiology and clinical epidemiology of bronchiolitis. Chin J 
Pract Pediatr. 2019;34(09):729–32.

	8.	 Gao Y, Cheng H, Zhang Y, Wang Y, Cheng H, et al. Epidemiological 
characteristics and trend of 2998 children with bronchiolitis. Matern Child 
Health Care China. 2018;33(10):2276–9.

	9.	 Li G, Lin H, Ying E, Guo X, Ge P, Wang S, et al. Clinical analysis of 61 cases 
with severe bronchiolitis. Fujian Med J. 2017;39(01):16–9.

	10.	 Calvo C, Pozo F, García-García M, Sanchez M, Lopez-Valero M, Pérez-
Breña P, Casas I. Detection of new respiratory viruses in hospitalized 
infants with bronchiolitis: a three-year prospective study. Acta Paediatr. 
2010;99(6):883–7.

	11.	 Midulla F, Scagnolari C, Bonci E, Pierangeli A, Antonelli G, De Angelis D, 
Berardi R, Moretti C. Respiratory syncytial virus, human bocavirus and 
rhinovirus bronchiolitis in infants. Arch Dis Child. 2010;95(1):35–41.

	12.	 Marguet C, Lubrano M, Gueudin M, Le Roux P, Deschildre A, Forget C, 
Couderc L, Siret D, Donnou M, Bubenheim M, et al. In very young infants 
severity of acute bronchiolitis depends on carried viruses. PLoS ONE. 
2009;4(2):e4596.

	13.	 Shi T, McAllister D, O’Brien K, Simoes E, Madhi S, Gessner B, et al. Global, 
regional, and national disease burden estimates of acute lower respira-
tory infections due to respiratory syncytial virus in young children in 
2015: a systematic review and modelling study. Lancet (London, Eng-
land). 2017;390(10098):946–58.

	14.	 Borchers A, Chang C, Gershwin M, Gershwin L. Respiratory syncytial virus–
a comprehensive review. Clin Rev Allergy Immunol. 2013;45(3):331–79.

	15.	 Meissner H. Viral bronchiolitis in children. N Engl J Med. 
2016;374(1):62–72.

	16.	 Hall C, Weinberg G, Iwane M, Blumkin A, Edwards K, Staat M, Auinger P, 
Griffin M, Poehling K, Erdman D, et al. The burden of respiratory syncytial 
virus infection in young children. N Engl J Med. 2009;360(6):588–98.

	17.	 Schuurhof A, Bont L, Siezen CL, Hodemaekers H, van Houwelingen HC, 
Kimman TG, Hoebee B, Kimpen JL, Janssen R. Interleukin-9 polymorphism 
in infants with respiratory syncytial virus infection: an opposite effect in 
boys and girls. Pediatr Pulmonol. 2010;45(6):608–13.

	18.	 Papoff P, Moretti C, Cangiano G, Bonci E, Roggini M, Pierangeli A, Scagno-
lari C, Antonelli G, Midulla F. Incidence and predisposing factors for severe 
disease in previously healthy term infants experiencing their first episode 
of bronchiolitis. Acta Paediatr. 2011;100(7):e17-23.

	19.	 Semple M, Taylor-Robinson D, Lane S, Smyth R. Household tobacco 
smoke and admission weight predict severe bronchiolitis in infants 
independent of deprivation: prospective cohort study. PLoS ONE. 
2011;6(7):e22425.

	20.	 Nishimura T, Suzue J, Kaji H. Breastfeeding reduces the severity of 
respiratory syncytial virus infection among young infants: a multi-center 
prospective study. Pediatr Int. 2009;51(6):812–6.

	21.	 Tourniaire G, Milési C, Baleine J, Crozier J, Lapeyre C, Combes C, Nagot N, 
Cambonie G. Anemia, a new severity factor in young infants with acute 
viral bronchiolitis? Arch Pediatr. 2018;25(3):189–93.

	22.	 Ralston SL, Lieberthal AS, Meissner HC, Alverson BK, Baley JE, Gadomski 
AM, Johnson DW, Light MJ, Maraqa NF, Mendonca EA, et al. Clinical 
practice guideline: the diagnosis, management, and prevention of bron-
chiolitis. Pediatrics. 2014;134(5):e1474-1502.

	23.	 National Institute for Health and Care Excellence (Excellence NIfHaC). 
Bronchiolitis in children: diagnosis and management. London: National 
Institute for Health and Care Excellence (NICE); 2021.

	24.	 Liu E, Chen H, Qian Y, et al. Expert consensus on diagnosis, treat-
ment and prevention of bronchiolitis (2014 edition). Chin J Pediatr. 
2015;53(3):168–71.

	25.	 Stevens T, Sinkin R, Hall C, Maniscalco W, Mcconnochie KM. Respiratory 
syncytial virus and premature infants born at 32 weeks’ gestation or 
earlier: hospitalization and economic implications of prophylaxis. Arch 
Pediatr Adolesc Med. 2000;154(1):55–61.

	26.	 Purcell K, Fergie J. Driscoll Children’s Hospital respiratory syncytial virus 
database: risk factors, treatment and hospital course in 3308 infants and 
young children, 1991 to 2002. Pediatr Infect Dis J. 2004;23(5):418–23.

	27.	 Masarweh K, Gur M, Leiba R, Bar-Yoseph R, Toukan Y, Nir V, Gut G, Ben-
David Y, Hakim F, Bentur L. Factors predicting length of stay in bronchioli-
tis. Respir Med. 2020;161:105824.

	28.	 Friedrich L, Stein R, Pitrez P, Corso A, Jones M. Reduced lung function in 
healthy preterm infants in the first months of life. Am J Respir Crit Care 
Med. 2006;173(4):442–7.

	29.	 Friedrich L, Pitrez P, Stein R, Goldani M, Tepper R, Jones M. Growth rate 
of lung function in healthy preterm infants. Am J Respir Crit Care Med. 
2007;176(12):1269–73.

	30.	 Smith L, McKay K, van Asperen P, Selvadurai H, Fitzgerald D. Normal 
development of the lung and premature birth. Paediatr Respir Rev. 
2010;11(3):135–42.

	31.	 Burri PH. Fetal and postnatal development of the lung. Annu Rev Physiol. 
1984;46:617–28.

	32.	 Hartling L, Fernandes R, Bialy L, Milne A, Johnson D, Plint A, Klassen T, 
Vandermeer B. Steroids and bronchodilators for acute bronchiolitis in 
the first two years of life: systematic review and meta-analysis. BMJ. 
2011;342:d1714.

	33.	 Fernandes R, Bialy L, Vandermeer B, Tjosvold L, Plint A, Patel H, John-
son D, Klassen T, Hartling L. Glucocorticoids for acute viral bronchi-
olitis in infants and young children. Cochrane Database Syst Rev. 
2013;2013(6):CD004878.

	34.	 Schuh S, Coates A, Binnie R, Allin T, Goia C, Corey M, Dick P. Efficacy of 
oral dexamethasone in outpatients with acute bronchiolitis. J Pediatr. 
2002;140(1):27–32.

	35.	 Joyce BJ, Louey S, Davey MG, Cock ML, Hooper SB, Harding R. Compro-
mised respiratory function in postnatal lambs after placental insufficiency 
and intrauterine growth restriction. Pediatr Res. 2001;50(5):641–9.

	36.	 Hasegawa K, Pate B, Mansbach J, Macias C, Fisher E, Piedra P, Espi-
nola J, Sullivan A, Camargo C. Risk factors for requiring intensive care 
among children admitted to ward with bronchiolitis. Acad Pediatr. 
2015;15(1):77–81.

	37.	 Voets S, van Berlaer G, Hachimi-Idrissi S. Clinical predictors of the severity 
of bronchiolitis. Eur J Emerg Med. 2006;13(3):134–8.

	38.	 Welliver T, Garofalo R, Hosakote Y, Hintz K, Avendano L, Sanchez K, Velozo 
L, Jafri H, Chavez-Bueno S, Ogra P, et al. Severe human lower respiratory 
tract illness caused by respiratory syncytial virus and influenza virus 
is characterized by the absence of pulmonary cytotoxic lymphocyte 
responses. J Infect Dis. 2007;195(8):1126–36.

	39.	 WHO Multicentre Growth Reference Study Group (Group WMGRS). WHO 
Child Growth Standards based on length/height, weight and age. Acta 
Paediatr. 2006;450:76–85.

	40.	 Stocks J, Hislop A, Sonnappa S. Early lung development: lifelong effect on 
respiratory health and disease. Lancet Respir Med. 2013;1(9):728–42.

	41.	 Mansbach JM, Piedra PA, Stevenson MD, Sullivan AF, Forgey TF, Clark S, 
Espinola JA, Camargo CA Jr. Prospective multicenter study of chil-
dren with bronchiolitis requiring mechanical ventilation. Pediatrics. 
2012;130(3):e492-500.

	42.	 Lanari M, Prinelli F, Adorni F, Di Santo S, Vandini S, Silvestri M, Musicco M. 
Risk factors for bronchiolitis hospitalization during the first year of life in a 
multicenter Italian birth cohort. Ital J Pediatr. 2015;41:40.

	43.	 Darrow L, Klein M, Flanders W, Mulholland J, Tolbert P, Strickland M. Air 
pollution and acute respiratory infections among children 0–4 years of 
age: an 18-year time-series study. Am J Epidemiol. 2014;180(10):968–77.

	44.	 DiFranza J, Masaquel A, Barrett A, Colosia A, Mahadevia P. Systematic 
literature review assessing tobacco smoke exposure as a risk factor for 
serious respiratory syncytial virus disease among infants and young 
children. BMC Pediatr. 2012;12:81.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Development and validation of a nomogram for predicting severe respiratory syncytial virus-associated bronchiolitis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Method
	Selection of the study sample
	Collection of clinical data
	Statistical methods
	Variable selection and model construction
	Validation of the nomogram
	Statistical analysis


	Result
	Patient characteristics
	Predictors of severe RSV infection
	Development and validation of a severe RSV infection-predicted nomogram

	Discussion
	Acknowledgements
	References


