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Background: In young children, respiratory syncytial virus (RSV)-related bronchiolitis is typically more severe than other respiratory tract infections, with a greater need for oxygen therapy and respiratory support. Few studies have compared the cost of hospitalization with regard to virological status. The objective of this study was to compare the costs of hospitalization for RSV-positive vs. RSV-negative bronchiolitis in a French university medical center between 2010 and 2015.



Methods: The cost models were compared using conventional goodness-of-fit criteria. Covariates included the characteristics of the patients, pre-existing respiratory and non-respiratory comorbidities, superinfections, medical care provided, and the length of stay.



Results: RSV was detected in 679 (58.3&#x0025;) of the 1,164 hospital stays by children under 2&#x2005;years with virological data. Oxygen therapy and respiratory support were twice as frequent for the RSV-positive cases. The median hospitalization cost was estimated at &#x20AC;3,248.4 (interquartile range: &#x20AC;2,572.1). The cost distribution was positively skewed with a variation coefficient (CV&#x2009;&#x003D;&#x2009;standard deviation/mean) greater than one (mean&#x2009;&#x003D;&#x2009;&#x20AC;4,212.9, standard deviation&#x2009;&#x003D;&#x2009;&#x20AC;5,047, CV&#x2009;&#x003D;&#x2009;1.2). In univariate analyses, there was no significant cost difference between the RSV-positive and RSV-negative cases. In the best multivariate model, the significant positive effect of RSV positivity on cost waned after the introduction of medical care variables and the length of stay. The results were sensitive to the specification of the model.



Conclusions: It was impossible to firmly conclude that hospitalization costs were higher for the RSV-positive cases.
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Introduction

Acute bronchiolitis is the most frequent acute lower respiratory tract infection in infants (1) and constitutes the primary indication for hospital admission in children under the age of 12 months (2). Respiratory syncytial virus (RSV) is the leading cause of acute lower respiratory tract infections in children worldwide (3). Acute RSV-related infections place a heavy burden on healthcare systems (4, 5). Better knowledge of the hospitalization costs related to acute bronchiolitis is a prerequisite for cost-effectiveness analyses of innovative vaccines, antivirals, and prophylactic treatments against RSV-related infections (6).

The impact of the viral etiology on the course of respiratory disease has been described in the literature. Several studies have shown that RSV-related infections are more severe than infections caused by other respiratory tract viruses (7&#x2013;14). In contrast, a number of studies concluded that RSV was not a severity factor (15, 16), and others were inconclusive (17, 18). Apart from methodological differences, interstudy differences in the study population might explain these discrepant findings. One can reasonably suggest that the characteristics of the patients on admission (age, underlying medical conditions, etc.) are linked to the hospitalization cost independently of the viral etiology. In most studies, the RSV-positive patients were younger than the RSV-negative patients, whereas the latter had a greater comorbidity burden on admission. As the length of stay (LOS) and admission to pediatric intensive care units (PICUs) were known to be the most important cost drivers in hospitals, a more severe course of disease was expected to generate higher costs. Surprisingly, only two studies had analyzed hospitalization costs with regard to the viral etiology by comparing costs for the RSV-positive vs. RSV-negative cases: one found higher costs for the RSV-positive patients (13), and the other found that the difference was not significant (15). Lastly, a Japanese study of children with respiratory tract infections found that hospitalization costs were lower when RSV was the primary etiology (4).

Hospitalization cost distributions are generally highly skewed and heavily tailed; in order to handle these distributional characteristics, a number of models have been developed and described in the literature (19). After a comparison of the various models, the most appropriate one can be selected.

The objectives of the present study were to estimate the cost of hospitalization for acute bronchiolitis in children under 2 years of age and to compare resource use in the RSV-positive vs. RSV-negative cases, after controlling for a wide range of covariates.



Material and methods


Study design

We carried out a retrospective, observational study of routine healthcare data collected at Lille University Medical Center (Lille, France) between 2010 and 2015. The present report complied with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement. We included all children under 2 years of age and who were admitted to hospital through the pediatric emergency department (PED) with a diagnosis of bronchiolitis. In our experience, almost all the children admitted to hospital for bronchiolitis first attend the PED. The statistical unit was the hospital admission, given that few children were admitted more than once during the 6-year study period. Multiple admissions were considered as independent observations.



Inclusion and exclusion criteria

We included all the children admitted for acute bronchiolitis through the PED. The diagnosis recorded in de-identified electronic medical records was confirmed by combining the International Classification of Diseases, 10th Revision (ICD-10) code and a compatible diagnosis-related group (DRG) code. The following inclusion and exclusion criteria were applied to selected cases: age under 24 months on admission, admission through the PED between 1 January 2010 and 31 December 2015, an entire stay at Lille University Medical Center (i.e., no transfers to or from another hospital) and an ICD-10 code for acute bronchiolitis due to RSV (J21.0), human metapneumovirus (J21.1), other specified organisms (J21.8), or unspecified organisms (J21.9). The following DRG codes were applied: 04M02 &#x201C;Bronchitis and asthma, age under 18&#x201D;; 04M04 &#x201C;Simple pneumonia and pleurisy, age under 18&#x201D;; 04M06 &#x201C;Respiratory infections and inflammation, age under 18&#x201D;; 04M18 &#x201C;Bronchiolitis&#x201D;; and 04M13 &#x201C;Pulmonary edema and respiratory distress,&#x201D; irrespective of the level of severity. Cases were excluded if virological test data were missing.



Statistical power and sample size

During the study period, approximatively 2,000 children below the age of 24 months were admitted through the PED to Lille University Medical Center for acute bronchiolitis. In view of this sample size, we assessed the difference in mean cost between the RSV-positive cases and RSV-negative cases that could be detected for a predefined statistical power. Two data sets were used to estimate the mean [standard deviation (SD)] costs: (i) using the French national hospital discharge database (20), we counted the number of hospital stays with the selected ICD-10 codes over a 3-year period (2013&#x2013;2015) in French university medical centers; and (ii) the mean cost per DRG and the corresponding standard error of the mean were obtained from the French national cost scale for 2015 (Supplementary Table S1).

Assuming that the mean (SD) cost of a hospital stay was &#x20AC;2,403 (&#x20AC;5,335) (Supplementary Table S1) and considering a two-tailed comparison of means (alpha&#x2009;&#x003D;&#x2009;0.05, power&#x2009;&#x003D;&#x2009;0.80) and an RSV positivity rate of 60&#x0025; (1, 21), it was possible to detect an intergroup cost difference (i.e., RSV-positive cases vs. RSV-negative cases) of &#x20AC;682 per hospital stay with a sample size of 2,000 and &#x20AC;788 with a sample size of 1,500. This potential difference was approximatively equivalent to the mean daily cost of a bed in a French tertiary hospital.



Data collection

All included children were tested by nasopharyngeal swab sampling for a panel of respiratory viruses, using direct immunofluorescence antibody assays or multiplex PCR tests. In our center, the use of PCR has been steadily increasing since 2013. In 2015, direct immunofluorescence accounted for two-thirds of the tests, and multiplex PCRs accounted for the remaining third. Over the study period, the children were systematically screened for RSV but not always for the other viruses. The virological test results were analyzed with regard to RSV status. Positivity for other respiratory viruses was also noted. A comorbidity was defined as an underlying condition (according to the medical records of the patient) known to be a risk factor for severe bronchiolitis [i.e., premature birth (&#x003C;37 weeks of amenorrhea), chronic respiratory failure, bronchopulmonary dysplasia, cystic fibrosis, lung or respiratory tract malformation, congenital cardiac defects causing hypoxemia, immunodeficiency disorders, Down&#x2019;s syndrome, severe swallowing disorders, and neuromuscular disease] (22, 23). The data on the features and outcome of the respiratory infection [fever, the provision of oxygen therapy or respiratory support (including mechanical ventilation), radiographic pattern, and superinfections] were also collected. Lastly, LOS and admission to the PICU were reported.



Variables

Most variables were encoded as binary variables. The virology results were encoded as &#x201C;RSV-positive&#x201D; or &#x201C;positive for other viruses&#x201D; (rhinovirus, metapneumovirus, myxovirus parainfluenzae, myxovirus influenza, adenovirus, bocavirus, and other viruses). Comorbidities were categorized as &#x201C;respiratory comorbidities&#x201D; if they could compromise respiratory function or as &#x201C;other comorbidities&#x201D; if not. Likewise, superinfections were categorized as &#x201C;pulmonary&#x201D; or &#x201C;other&#x201D; (gastrointestinal, ENT, skin, etc.). Age was measured in months and was categorized for analysis as a three-level variable (&#x003C;2 months, from 2 to less than 6 months, and &#x2265;6 months). The LOS was analyzed as a continuous variable on a log scale.

The costs of hospital stays included in this study were obtained from the analytical accounting system at Lille University Medical Center. In French hospitals, analytical accounting is managed in accordance with the national guidelines monitored by the French Ministry of Health. Few costs are directly attributable to hospital stays (e.g., drugs, implantable medical devices); most are measured at the ward level and then reallocated to hospital stays using allocation keys. The evaluation of costs depends on these accounting conventions. However, and with the exception of difficult-to-conduct bottom-up approaches (such as micro-costing), accounting cost is the best available measure of inpatient resource use. All costs were expressed in 2015 euros. Costs arising in the previous years were adjusted using the hospital care price index (Supplementary Table S2).

The data collection, processing, and storage were registered with the data protection officer of Lille University Medical Center (reference: DEC16&#x2013;274) and complied with the French legislation. In line with the French legislation on retrospective analyses of de-identified data from routine clinical practice, authorization by an institutional review board was not required.



Statistical analyses


Initial descriptive analyses

In univariate analyses, the RSV-positive cases were compared with RSV-negative cases in terms of all the other study variables. For categorical variables, we applied a chi-squared test or (when required) Fisher&#x2019;s exact test. For quantitative variables other than cost, we applied the Student&#x2019;s t-test (for normally distributed data) or the Kruskal&#x2013;Wallis test (for other distributions). The mean costs were analyzed with regard to all the categorical variables, including the viral etiology. The differences between means were tested with a non-parametric bootstrap test. For all tests, the threshold for statistical significance was set to p&#x2009;&#x003C;&#x2009;0.05. The results were not corrected for multiple testing.

To test the influence of the viral etiology on the course of hospital stays, logistic models were built with variables describing the medical care of the patients (PICU admission, oxygen therapy, respiratory support, or x-ray imaging) as dependent variables and the characteristics of the patients on admission (age, sex, prematurity, and comorbidities) and the virological test result as independent covariates.



Cost models


	a)Functional formsSeveral cost model specifications were compared: ordinary least squares (OLS) regressions with a transformed cost variable; generalized linear models (GLM) with various link functions and family distributions; hazard models; and semiparametric models.

	1.For OLS regressions, we first considered conventional log transformation and then ran Box-Cox regression models.

	2.Concerning GLMs, the extended estimating equations approach (EEE) (24) was used to select the adequate link function and family distribution simultaneously. Most of the usual GLMs with log link functions and gamma/inverse Gaussian family distributions were also considered as benchmarks.

	3.With regard to hazard models, a generalized gamma model was first estimated. Nested specifications of the generalized gamma model (lognormal, Weibull, standard gamma, and exponential) were then tested.

	4.Concerning semiparametric models, a discrete conditional density estimator was provided (25, 26). Data were ranked according to actual cost, the sample was subdivided into 10 strata (i.e., deciles), and the mean cost was computed within each stratum. The probabilities with which observations belonged to the predefined intervals were estimated using an ordered logit model (ORL) or a multinomial logit model (MNL). Predicted costs were computed as the vector product of probabilities and intervals of the mean cost.




	b)Choice of independent variablesCovariates were successively introduced. The virological test result&#x2014;the main focus of our analysis&#x2014;was always an independent variable. The characteristics of the patients on admission were introduced first (Model 1). The variables describing the medical care of the patients and the occurrence of adverse events during the hospital stay were then added (Model 2). Lastly, the LOS (on a log scale) was included in the independent variables as a proxy for unobserved severity (Model 3). Model 2 was considered to be the model of interest because LOS is not an independent predictor of cost but is an outcome per se and is at least partly endogenous.

	c)Goodness-of-fit testsThe following modeling strategy was implemented to compare models and select the most accurate one. First, goodness-of-fit tests (Pregibon&#x2019;s link test, Pearson&#x2019;s rho test, and the modified Hosmer&#x2013;Lemeshow test) were applied, and the prediction errors [the mean absolute prediction error (MAPE), the mean prediction error (MPE), and the root mean square error (RMSE)] were checked. Overfitting was assessed using the Copas test, with the full sample randomly allocated to an estimation subsample (80&#x0025;) and a forecast subsample (20&#x0025;). When overfitting was rejected, the final model was re-estimated on the full sample. In a second step, the information criteria [the Akaike information criterion (AIC) and the Bayesian information criterion (BIC)] were considered. All testing procedures were conducted on Model 2 (the &#x201C;full&#x201D; model). The statistical analyses were performed using Stata software (version 15.0, StataCorp, College Station, TX, United States).







Results


Descriptive analyses

The virological test data were available for 1,164 (68&#x0025;) of the 1,717 hospital stays meeting the inclusion criteria of the study. The cases lacking virological test data had a shorter LOS, were classified in less severe DRGs, and concerned older children (Supplementary Table S3). When hospital stays of less than three nights were excluded, the proportion with virology testing data was 82&#x0025;.

The virology test was informative in 804 cases (69.1&#x0025;) (Table&#x00A0;1). RSV was detected in 679 (58.3&#x0025;) cases, i.e., 84&#x0025; of the cases with informative virological test data. Of the RSV-positive cases, 4.6&#x0025; were also positive for one or more other viruses. A total of 188 cases (16.2&#x0025;) had comorbidities, and there was one in-hospital death (an RSV-positive case). The RSV-negative infants were older and more likely to have been born prematurely and had more comorbidities. Infections with other viruses were more frequent among the RSV-negative cases. Oxygen therapy was more frequent among the RSV-positive cases.


TABLE 1 Descriptive statistics for RSV status (full sample, N&#x2009;&#x003D;&#x2009;1,164).

[image: Table 1]

There was no difference between the RSV-negative and RSV-positive cases regarding the mean LOS (whereas the median LOS was longer for the RSV-positive cases), PICU admission, x-ray imaging, and the occurrence of a superinfection.

After controlling for the characteristics of the patients, the odds ratio associated with the &#x201C;RSV-positive&#x201D; variable was 2.05 (95&#x0025; CI&#x2009;&#x003D;&#x2009;1.52&#x2012;2.79) for oxygen therapy and 1.64 (95&#x0025; CI&#x2009;&#x003D;&#x2009;1.02&#x2012;2.65) for respiratory support. The odds ratio did not significantly differ from unity for x-ray imaging and for PICU admission. The &#x201C;positive for another virus&#x201D; variable was never statistically significant (Supplementary Table S4).



Univariate analyses of cost

The cost distribution of the sample was highly skewed and heavily tailed (Supplementary Table S4). Although log transformation reduced the skewness, the level of kurtosis remained high. In univariate comparisons, the RSV-positive and RSV-negative cases did not differ with regard to the mean cost (whereas the median cost was higher for the RSV-positive cases). The mean cost did not depend on the sex. Positivity for other viruses, prematurity, other comorbidities, and the occurrence of superinfection were associated with a higher cost. The variables describing the medical care received for respiratory failure and admission to the PICU increased the cost of hospitalization by a factor of between 2 and 3 (Table&#x00A0;2).


TABLE 2 Comparisons of the mean cost in a univariate analysis (full sample, N&#x2009;&#x003D;&#x2009;1,164).

[image: Table 2]



Multivariate analyses


	a)Selection of the most accurate model



Concerning the OLS regressions, heteroscedasticity was detected on the log-transformed cost. The maximum likelihood estimator for the Box-Cox transformation coefficient was &#x2212;0.11 (95&#x0025; CI&#x2009;&#x003D;&#x2009;&#x2212;0.14 to &#x2212;0.07). No further heteroscedasticity was further detected. Concerning GLMs, the distribution of log-scale errors for the log-gamma GLM was nearly symmetric (skewness&#x2009;&#x003D;&#x2009;0.04, p&#x2009;&#x003D;&#x2009;0.65) but was heavily tailed (kurtosis&#x2009;&#x003D;&#x2009;3.54, p&#x2009;&#x003D;&#x2009;0.004). A modified Park&#x2019;s test rejected both the gamma and inverse Gaussian families. The EEE approach identified an inverse square root link function (estimated Box-Cox transformation coefficient&#x2009;&#x003D;&#x2009;&#x2212;0.38, 95&#x0025; CI&#x2009;&#x003D;&#x2009;&#x2212;0.72 to &#x2212;0.05) and a family between gamma and inverse Gaussian (estimated power coefficient&#x2009;&#x003D;&#x2009;2.58, 95&#x0025; CI&#x2009;&#x003D;&#x2009;2.10&#x2013;3.05) (Supplementary Table S5). Concerning the hazard models, the kappa coefficient was not significantly different from zero for the generalized gamma, (&#x03BA;&#x2009;&#x003D;&#x2009;&#x2212;0.06, 95&#x0025; CI&#x2009;&#x003D;&#x2009;&#x2212;0.22 to 0.10), which suggested a heteroscedastic lognormal distribution for cost (Supplementary Table S6).

The results of specification tests and goodness-of-fit criteria are summarized in Supplementary Tables S7, S8. The Pearson&#x2019;s rho test and the modified Hosmer&#x2013;Lemeshow test were the most critical tests. For all model specifications, the correlation between raw residuals and fitted values was significant, indicating a degree of misspecification. The correlation was lowest for the log-gamma GLM and the lognormal model. Discrete conditional density estimators and the Box-Cox model failed the modified Hosmer&#x2013;Lemeshow test. The Copas test did not detect any overfitting. The estimation subsample (n&#x2009;&#x003D;&#x2009;931) and the forecast subsample (n&#x2009;&#x003D;&#x2009;233) did not significantly differ with regard to the proportion of the RSV-positive cases (57.6&#x0025; vs. 61.4&#x0025;, respectively) or the mean cost (&#x20AC;4,225.90 vs. &#x20AC;4,160.70, respectively). The MAPE was lowest for the lognormal model and the Box-Cox model, although the log-gamma GLM had the lowest RMSE. In the forecast subsample, the lognormal model yielded the smallest MPE, MAPE, and RMSE. In the estimation subsample, the AIC and BIC were lowest for the lognormal model and the Box-Cox model. However, all the models had very similar predictive abilities (Figure&#x00A0;1). All the models overestimated the actual cost in the first seven deciles and underestimated the actual cost at the tail of the distribution. Ultimately, two models were selected: the lognormal model and the log-gamma GLM.


[image: Figure 1]
FIGURE 1
Mean prediction error per decile of actual cost (forecast subsample, N&#x2009;&#x003D;&#x2009;233).



	b)The main cost drivers



The lognormal model (Table&#x00A0;3) and the log-gamma GLM (Table&#x00A0;4) gave similar results. The cost was lower for males than for females and was significantly higher for children below 2 months of age than for older children. Prematurity and pre-existing comorbidities were associated with a higher hospitalization cost, as were the occurrence of superinfections and medical care for respiratory failure. Here, RSV positivity did not have an impact on the hospitalization cost. Although the RSV-related infections increased the cost in the lognormal model when solely the characteristics of the patients were controlled for, the relationship weakened when other explanatory variables were included in the model. In the standard log-gamma GLM model, the RSV-related infections did not affect the hospitalization cost&#x2014;even when considering the most parsimonious model. The detection of other respiratory viruses always had a significant, positive (increasing) impact on cost.


TABLE 3 The results for the lognormal model (full sample, N&#x2009;&#x003D;&#x2009;1,164).

[image: Table 3]


TABLE 4 The results for the log-gamma GLM (full sample, N&#x2009;&#x003D;&#x2009;1,164).
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The introduction of the LOS as an independent variable strongly impacted all the regression coefficients. The hospitalization cost was roughly proportional to the LOS. The medical care for respiratory failure (respiratory support and PICU admission, notably) still had positive impact on cost after controlling for the LOS. In this adjusted model, young age appeared to be a cost moderator: for a given LOS, the hospitalization costs were lower for children below 6 months of age than for older children, even though the mean LOS was higher in the younger age group. As expected, comorbidities and superinfection had positive coefficients. After adjustment for the LOS, the viral etiology had no impact on cost.




Discussion

In our sample, the median hospitalization cost was estimated at &#x20AC;3,248.4 (interquartile range: &#x20AC;2,572.1); the estimated mean&#x2009;&#x00B1;&#x2009;SD hospitalization cost for bronchiolitis was &#x20AC;4,212.9&#x2009;&#x00B1;&#x2009;&#x20AC;5,047. This was higher than the cost computed from all the DRGs related to bronchiolitis at the national level, including very short hospital stays (&#x20AC;2,403&#x2009;&#x00B1;&#x2009;&#x20AC;5,335). However, our estimates were consistent with a previous French study (27) and a recent systematic literature review (28). In the review, the estimated cost per episode of inpatient care without any follow-up was &#x20AC;4,712 on average and ranged from &#x20AC;1,530 in Europe to &#x20AC;6,315 in North America. Our results did not, however, demonstrate that hospitalization costs were higher for the RSV-related infections&#x2014;even though the latter were associated with a higher incidence of respiratory support and oxygen therapy, both of which are proxy makers of disease severity.

A number of known risk factors increased the hospitalization cost. These variables were highly significant in all multivariate analyses, whatever the cost model specification considered. In univariate analyses, there was no significant mean cost difference between the RSV-positive and RSV-negative cases (&#x20AC;4,163 vs. &#x20AC;4,283, respectively), whereas the median cost was higher for the RSV-positive cases than for the RSV-negative cases (&#x20AC;3,393 vs. &#x20AC;2,902, respectively; p&#x2009;&#x003D;&#x2009;0.0018). Furthermore, the LOS was not significantly different (six nights, on average). In contrast, the cases for whom other respiratory viruses were detected had higher cost than the other cases (&#x20AC;5,564 vs. &#x20AC;4,004, respectively), with a significant longer LOS (2.7 nights longer, on average). The RSV-positive and RSV-negative cases appeared to have different sets of cost drivers. On one hand, respiratory support and oxygen therapy were more frequently prescribed for the RSV-positive cases. On the other, the RSV-negative cases were more frequently positive for other respiratory viruses, were more likely to be preterm, and had more comorbidities on admission. This observation might be explained (at least in part) by the fact that the at-risk children and those more likely to test positive for other viruses received palivizumab prophylaxis. Moreover, the proportion of children with chronic comorbidities is known to be high in our center (29). The impact of the RSV-related infections on cost varied from one model specification to another: it was significant and positive when considering the heteroscedastic lognormal model and non-significant when considering the gamma-log GLM. After the introduction of variables describing medical care, the coefficient for the &#x201C;RSV-positive&#x201D; variable became non-significant for all cost model specifications. After introducing the LOS as an independent variable, the viral etiology had no impact on cost; however, it must be borne in mind that LOS is highly correlated with cost and is so partly endogenous.

Our study had a number of strengths. First, our local guidelines promoted systematic virological testing during the study period for children admitted through the PED for bronchiolitis-related symptoms. Hence, the viral etiology was known for about two-thirds of hospital stays overall and 80&#x0025; of stays of more than two nights. Second, the analytical accounting system in our medical center provided an estimate of the cost per hospital stay during the study. The study database therefore enabled us to evaluate how the inpatient cost for bronchiolitis varied as a function of the viral etiology. Third, we compared nine cost models in detail. According to the current international guidelines in this field, a variety of candidate models should be assessed with regard to their predictive ability; a particular model should not be selected a priori because the coefficients might vary from one specification to another.

The study also had some limitations. First, less severe cases were discharged rapidly, and virological test data were lacking for some of these, which generated selection bias. We characterized this bias for the available data: non-tested cases were less severe and had a lower cost than tested cases. Second, the study might be underpowered. For short hospital stays, the proportion of cases with virological test data was lower than expected (13.5&#x0025;, for stays of less than three nights), which resulted in a smaller-than-expected sample size. In French tertiary hospitals, short stays are more frequent and account for 40&#x0025; of the total. Considering the sample case-mix and the national reference cost per DRG in 2015, the mean estimated cost per case was &#x20AC;3,659 (Supplementary Table S3). However, the national reference cost is known not to be representative of tertiary hospitals (30). Third, the cost was measured imperfectly on the basis of the data from the analytical accounting system in our hospital; this was not the real economic cost reflecting the opportunity cost of the resources used. The opportunity cost is difficult to measure in healthcare systems to which market rules do not apply. Nevertheless, the 2020 guidelines of the French National Authority for Health on choosing methods for economic evaluation state that the cost obtained from a hospital&#x2019;s analytical accounting system is the best available measure in the French setting. Fourth, the single-center design of the study means that the results might not be readily generalizable. The prevalence of complex cases is generally higher in a university medical center than in a general hospital. Fifth, some important explanatory variables might have been missing (e.g., severity scores or precise descriptions of symptoms on admission); this is a general limitation of retrospective studies. Sixthly, direct immunofluorescence testing was progressively replaced by multiplex PCR testing during the study period from 2010 to 2015. In most prospective studies, multiplex PCR is considered to be the gold standard. However, there was no reason to believe that this change in clinical practice influenced our comparison of the RSV-positive vs. RSV-negative cases. Our results must now be confirmed in a prospective, multicenter study of costs.

There are very few published data on the possible variation in bronchiolitis-related hospitalization costs as a function of the viral etiology. In studies of costs, these comparisons were at best ancillary analyses and were not conducted in depth. Our present study was designed to fill this knowledge gap. This is particularly important because a number of new monoclonal antibodies, vaccines, and anti-RSV drugs are at various stages in clinical development. Cost analyses do not have a financial perspective. In most European countries, marketing authorizations for prophylactic or therapeutic innovations depend on the availability of well-conducted, full-scale cost-effectiveness studies; cost analyses are essential inputs for the latter. Health economic evaluations and studies of the economic burden of disease based on retrospective hospital cost inputs are subject to the inherent limitations of these approaches, as described in detail here. In view of the associated uncertainties, the findings must be interpreted with caution.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent from the participants&#x2019; legal guardian/next of kin was not required to participate in this study in accordance with the national legislation and the institutional requirements.



RESCEU investigators

University of Antwerp: Philippe Beutels. University Medical Center Utrecht: Louis Bont. Servicio Galego de Saude: Federico Martinon-Torres. University of Turku and Turku University Hospital: Terho Heikkinen. University of Edinburgh: Harish Nair and Harry Campbell. University of Oxford: Andrew Pollard. Imperial College London: Peter Openshaw. National Institute for Public Health and the Environment: Adam Meijer. Statens Serum Institut: Thea K Fischer. University of Groningen: Maarten van den Berge. PENTA Foundation: Carlo Giaquinto. AstraZeneca: Michael Abram. Pfizer: Kena Swanson. GlaxoSmithKline: Bishoy Rizkalla. Sanofi Pasteur: Charlotte Vernhes and Scott Gallichan. Janssen: Jeroen Aerssens. Novavax: Veena Kumar. Team-IT Research: Eva Molero.



Author contributions

BD and FD: conception of the study, development of the statistical analysis plan, analysis of the data, and drafting of the final version of the manuscript. MB, XL, and MW: acquisition and analysis of the data and drafting of the first version of the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work was funded by the Innovative Medicines Initiative 2 Joint Undertaking (grant agreement: 116019). This Joint Undertaking received funding from the European Union&#x2019;s Horizon 2020 research and innovation program and the European Federation of Pharmaceutical Industries and Associations. The funder had no role in the study design, data collection, data analysis, data interpretation, or writing of the report. The corresponding author had full access to all the data in the study and had final responsibility for the decision to submit for publication. This manuscript represents the views of the authors only. The European Commission is not responsible for any use that may be made of the information it contains.



Conflict of interest

FD reports fees since 2021 as expert in a board headed by Sanofi-Pasteur about RSV passive immunotherapy. Outside the submitted work, FD also reports academic grants and fees as expert in boards headed by Takeda and MSD.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher&#x0027;s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fped.2023.1126229/full&#x0023;supplementary-material



References

1. &#x00D8;ymar K, Skjerven HO, Mikalsen IB. Acute bronchiolitis in infants, a review. Scand J Trauma Resusc Emerg Med. (2014) 22:23. doi: 10.1186/1757-7241-22-23

2. Bont L, Checchia PA, Fauroux B, Figueras-Aloy J, Manzoni P, Paes B, et al. Defining the epidemiology and burden of severe respiratory syncytial virus infection among infants and children in western countries. Infect Dis Ther. (2016) 5:271&#x2013;98. doi: 10.1007/s40121-016-0123-0

3. Shi T, McAllister DA, O&#x2019;Brien KL, Simoes EAF, Madhi SA, Gessner BD, et al. Global, regional, and national disease burden estimates of acute lower respiratory infections due to respiratory syncytial virus in young children in 2015: a systematic review and modelling study. Lancet. (2017) 390:946&#x2013;58. doi: 10.1016/S0140-6736(17)30938-8

4. Sruamsiri R, Kubo H, Mahlich J. Hospitalization costs and length of stay of Japanese children with respiratory syncytial virus. A structural equation modeling approach. Medicine (Baltimore). (2018) 97(29):e11491. doi: 10.1097/MD.0000000000011491

5. Tam CC, Yeo KT, Tee N, Lin R, Mak TM, Thoon KC, et al. Burden and cost of hospitalization for respiratory syncytial virus in young children, Singapore. Emerg Infect Dis. (2020) 26:1489&#x2013;96. doi: 10.3201/eid2607.190539

6. Domachowske JB, Anderson EJ, Goldstein M. The future of respiratory syncytial virus disease prevention and treatment. Infect Dis Ther. (2021) 10(Suppl 1):47&#x2013;60. doi: 10.1007/s40121-020-00383-6

7. Resch B, Gusenleitner W, M&#x00FC;ller W. The impact of respiratory syncytial virus infection: a prospective study in hospitalized infants younger than 2 years. Infection. (2002) 30:193&#x2013;7. doi: 10.1007/s15010-002-2122-1

8. Tsolia MN, Kafetzis D, Danelatou K, Astral H, Kallergi K, Spyridis P, et al. Epidemiology of respiratory syncytial virus bronchiolitis in hospitalized infants in Greece. Eur J Epidemiol. (2003) 18:55&#x2013;61. doi: 10.1023/a:1022556215190

9. Garc&#x00ED;a CG, Bhore R, Soriano-Fallas A, Trost M, Chason R, Ramilo O, et al. Risk factors in children hospitalized with RSV bronchiolitis versus non-RSV bronchiolitis. Pediatrics. (2010) 126:e1453&#x2013;60. doi: 10.1542/peds.2010-0507

10. Herv&#x00E1;s D, Reina J, Ya&#x00F1;ez A, del Valle JM, Figuerola J, Herv&#x00E1;s JA. Epidemiology of hospitalization for acute bronchiolitis in children: differences between RSV and non-RSV bronchiolitis. Eur J Clin Microbiol Infect Dis. (2012) 31:1975&#x2013;81. doi: 10.1007/s10096-011-1529-y

11. Bamberger E, Srugo I, Abu Raya B, Segal E, Chaim B, Kassis I, et al. What is the clinical relevance of respiratory syncytial virus bronchiolitis? Findings from a multi-center, prospective study. Eur J Clin Microbiol Infect Dis. (2012) 31:3323&#x2013;30. doi: 10.1007/s10096-012-1699-2

12. Ghazaly M, Nadel S. Characteristics of children admitted to intensive care with acute bronchiolitis. Eur J Pediatr. (2018) 177:913&#x2013;20. doi: 10.1007/s00431-018-3138-6

13. Bozzola E, Ciarlitto C, Guolo S, Brusco C, Cerone G, Antilici L, et al. Respiratory syncytial virus bronchiolitis in infancy: the acute hospitalization cost. Front Pediatr. (2021) 8:594898. doi: 10.3389/fped.2020.594898

14. Marguet C, Lubrano M, Gueudin M, Le Roux P, Deschildre A, Forget C, et al. In very young infants severity of acute bronchiolitis depends on carried viruses. PLoS One. (2009) 4:e4596. doi: 10.1371/journal.pone.0004596

15. Wilson DF, Horn SD, Smout R, Gassaway J, Torres A. Severity assessment in children hospitalized with bronchiolitis using the pediatric component of the comprehensive severity index. Pediatr Crit Care Med. (2000) 1:127&#x2013;32. doi: 10.1097/00130478-200010000-00007

16. Prasad N, Newbern EC, Trenholme AA, Wood T, Thompson MG, Aminisani N, et al. Respiratory syncytial virus hospitalisations among young children: a data linkage study. Epidemiol Infect. (2019) 147:e246. doi: 10.1017/S0950268819001377

17. Di Carlo P, Romano A, Salsa L, Gueli A, Poma A, Fuc&#x00E0; F, et al. Epidemiological assessment of respiratory syncytial virus infection in hospitalized infants, during the season 2005-2006 in Palermo, Italy. Ital J Pediatr. (2009) 35:11. doi: 10.1186/1824-7288-35-11

18. Stollar F, Alcoba G, Gervaix A, Argiroffo CB. Virologic testing in bronchiolitis: does it change management decisions and predict outcomes? Eur J Pediatr. (2014) 173:1429&#x2013;35. doi: 10.1007/s00431-014-2334-2

19. Jones AM. Models for health care. HEDG working paper 10/01. University of York (2010).

20. Boudemaghe T, Belhadj I. Data resource profile: the French national uniform hospital discharge data set database (PMSI). Int J Epidemiol. (2017) 46:392&#x2013;392d. doi: 10.1093/ije/dyw359

21. Hasegawa K, Mansbach JM, Teach SJ, Fisher ES, Hershey D, Koh JY, et al. Multicenter study of viral etiology and relapse in hospitalized children with bronchiolitis. Pediatr Infect Dis J. (2014) 33:809&#x2013;13. doi: 10.1097/INF.0000000000000293

22. Tahamtan A, Samadizadeh S, Rastegar M, Nakstad B, Salimi V. Respiratory syncytial virus infection: why does disease severity vary among individuals? Expert Rev Respir Med. (2020) 14:415&#x2013;23. doi: 10.1080/17476348.2020.1724095

23. Manzoni P, Figueras-Aloy J, Sim&#x00F5;es EAF, Checchia PA, Fauroux B, Bont L, et al. Defining the incidence and associated morbidity and mortality of severe respiratory syncytial virus infection among children with chronic diseases. Infect Dis Ther. (2017) 6:383&#x2013;411. doi: 10.1007/s40121-017-0160-3

24. Basu A, Rathouz PJ. Estimating marginal and incremental effects on health outcomes using flexible link and variance function models. Biostatistics. (2005) 6:93&#x2013;109. doi: 10.1093/biostatistics/kxh020

25. Han FA, Hausman JA. Flexible parametric estimation of duration and competing risk models. J Appl Econ. (1990) 5:1&#x2013;28. doi: 10.1002/jae.3950050102

26. Foresi S, Peracchi F. The conditional distribution of excess returns: an empirical analysis. J Am Stat Assoc. (1995) 90:451&#x2013;66. doi: 10.1080/01621459.1995.10476537

27. Kramer R, Duclos A, VRS Study Group in Lyon, Lina B, Casalegno JS. Cost and burden of RSV related hospitalisation from 2012 to 2017 in the first year of life in Lyon, France. Vaccine. (2018) 36:6591&#x2013;3. doi: 10.1016/j.vaccine.2018.09.029

28. Zhang S, Akmar LZ, Bailey F, Rath BA, Alchikh M, Schweiger B, et al. Cost of respiratory syncytial virus-associated acute lower respiratory infection management in young children at the regional and global level: a systematic review and meta-analysis. J Infect Dis. (2020) 222(Suppl 7):S680&#x2013;7. doi: 10.1093/infdis/jiz683

29. Diallo D, Santal C, Lagr&#x00E9;e M, Martinot A, Dubos F. Vaccination coverage of children with chronic diseases is inadequate especially for specifically recommended vaccines. Acta Paediatr. (2020) 109:2677&#x2013;84. doi: 10.1111/apa.15275

30. De Pouvourville G. Exploitation seconde de la base de l&#x0027;&#x00E9;tude nationale de co&#x00FB;ts (ENC). Dossiers solidarit&#x00E9; et sant&#x00E9; n&#x00B0;9. Minist&#x00E8;re de l&#x0027;emploi et de la solidarit&#x00E9;. Direction de la recherche, des &#x00E9;tudes, de l&#x0027;&#x00E9;valuation et des statistiques (Paris) (2009).



OPS/images/fped-11-1126229-t003.jpg
Variables Model 1 Model 2 Model 3

95% CI 95% Cl 95% Cl

RSV-positive 108 10 127 1 099 10 113 ! 098 10 1.03
Positive for other viruses 101 10 138 106 to 135 X 094 10 1.02
RSV-positive x posilive for other viruses X 084 10 1.60 B 091 10 140 ! 092 10 1.08
Sex (male sex = 1) 085 10 0.97 087 10 096 X 096 10 1.00
Age <2 months 111 to 134 114 to 134 078" 075 10 0.81
Age 2-6 months ¥ 092 10 1.09 097 10 112 095" 092 10 0.98
Age 26 months - - Ref. -
Preterm 109 10 134 101 to 117 097 094 10 1.00
Respiratory it 101 to 141 101 to 130 102 097 10 1.06
Other 112 10 151 116 to 148 1097 105 1o 1.13
Pulmonary superinfections 109 t0 128 102 099 1o 1.05
Other superinfections E 113 t0 142 102 098 10 1.06
Oxygen therapy 1510173 106" 103 10 1.09
X-ray imaging 106 to 121 106" 103 10 1.09
Respiratory support 157 o 198 1257 118 10 1.32
PICU admission 100 to 130 114 106 10 1.22
Ln(LOS) 2.8 27510292
Constant 2,643.48 1,588.67 50137

OR, odds ratio.

“p-value < 5%

“*p-value < 1%.
“**p-value <10%

In(o) odeled as a linear function of variables. The “fever" variable was not included further in the statistical analyses because it had no impact on cost and
e prevalence wis similar for the. REV-pasitive cases and RSV-regative cases:






OPS/images/fped-11-1126229-t004.jpg
Variables Model 1 Model 2

95% Cl 95% CI
RSV-positive 095 10 1.19 100 093 10 1.08 X 098 t0 103
Positive for other viruses 100 to 153 123 106 to 143 X 094 10 102
RSV-positive x positive for other viruses 0.94 to 2.15 1.14 0.86 to 1.49 { 0.93 to 1.10
Sex (male sex=1) 081 10 099 0917 085 10 0.97 X 096 to 101
Age <2 months 1.18 to 1.50 b - 1.15 to 1.39 0. 0.78 to 0.83
Age 2-6 months 097 10 121 109" 100 10 1.19 094 10 099
Age 26 months - Ref. : E
Preterm 118 to 160 Lt 102 10122 095 to 1.01
Respiratory comorbidities 1.05 to 1.74 121 1.03 to 1.42 X 0.96 to 1.06
Other comorbidities 1.27 to 1.89 1.50** 1.29 to 1.75 1.05 to 1.13
Pulmonary superinfections. 120 1.10 to 1.32 1.00 to 1.07
Other superinfections 139 12210 158 1.00 o 108
Oxygen therapy 150 138 10 1.63 1.03 10 109
X-ray imaging 117 1.08 to 126 1.05 to 111
Respiratory support 209" 171 10 254 11510 128
PICU admission 112 09310135 10910 127
Ln(LOS) 274 10 290
Constant 309610 1,789.70 501.68
OR, odds ratio.

**p-value < 1%

“p-value < 5%

“**p-value < 10%.

The “fever” variable was not included further in the statistical analyses because it had no impact on cost and its prevalence was similar for the RSV-positive cases and RSV-
negative cases.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Impact of RSV test positivity, patient characteristics, and treatment characteristics on the cost of hospitalization for acute bronchiolitis in a French university medical center (2010–2015)

		Introduction



		Material and methods



		Study design



		Inclusion and exclusion criteria



		Statistical power and sample size



		Data collection



		Variables



		Statistical analyses



		Initial descriptive analyses



		Cost models



















		Results



		Descriptive analyses



		Univariate analyses of cost



		Multivariate analyses











		Discussion



		Data availability statement



		Ethics statement



		RESCEU investigators



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
?frontiers ‘ Frontiers in Pediatrics

Impact of RSV test positivity, patient
characteristics, and treatment characteristics
on the cost of hospitalization for acute
bronchiolitis in a French university
medical center (2010-2015)









OPS/images/fped-11-1126229-g001.jpg
t

benchmark) benchmark)
Gee: generoled estmating equations

ORL: ordered logitmodel
AR O 0 T





OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





OPS/images/fped-11-1126229-t001.jpg
Variables RSV-negative RSV-positive All p-values for RSV-negative
vs. RSV-positive

(n=485, 41.7%) (n=679, 58.3%) (n=1,164)
Positive for other respiratory viruses (%) 125 (25.8) 31 (46) 156 (13.4)
Age: median (months) (IQR) 30 (20-7.0) 2.0 (10-50) 3.0 (1.0-60)
Sex (male sex = 1) (%) 296 (61.0) 353 (52.0) 649 (55.8)
Preterm (%) 123 (254) 125 (184) 248 (213)
Respiratory comorbidities (%) 55 (11.3) 36 (5.3) 91 (7.8)
Other comarbidities (%) 67 (138) 55 (8.1) 122 (105)
Length of stay: median (nights) (IQR) 40 (3.0-7.0) 5.0 (30-8.0) 50 (3.0-7.0)
PICU admission (%) 41 (85) 51(7.5) 92 (7.9)
Fever (%) 197 (40.6) 319 (47.0) 516 (44.3)
Oxygen therapy (%) 314 (64.7) 539 (79.4) 853 (733)
Respiratory support (%) 45 (93) 85 (125) 130 (112)
X-ray imaging (%) 358 (73.8) 494 (72.8) 852 (73.2)
Pulmonary superinfection (%) 73 (15.1) 115 (169) 188 (162)
Other superinfection (%) 51 (105) 61 (90) 112 (96)
Cost: mean (€,015) = SD 42825+ 6,166.4 4,163.1 + 4,068.1 42129+50473
Cost: median (€:015) (IQR) 2,9023 (2,773.7) 33936 (2,314.9) 3,248.4 (2,572.1)






OPS/images/fped-11-1126229-t002.jpg
Variables

RSV-positive

No/without
[WEELE
cost

42825+
61664

Yes/with
mean = SD
cost

4163.1 =
4,068.1

Bootstrapped

95% CI*

~782.1 to 437.8

Positive for other
respiratory viruses

40037 =
46649

5,564.2 %
69027

570.1 to 2,773.7

Sex (male sex=1)

45088 =
61535

39781+
39449

~1,208.7 to 12.0

Preterm

37869+
2,988.1

57860+
9,149.7

954.7 10 3,258.1

Respiratory comorbidities

39968 =
38367

6761.0 =
12,1138

726.3 10 5,726.1

Other comorbidities

39379+
36386

6,561.6+
11,1688

945.8 to 5,081.3

Fever

41475
5558.4

42950+
43247

~4003 to 723.3

Pulmonary
superinfections

38662+
46435

60128+
64908

12194 to 3,047.6

Other superinfections

40196+
48169

6,027.9+
65990

763.4 t0 3,433.4

PICU admission

37649 %
42304

94328+
92218

38591 t0 7,573.6

Oxygen therapy

25490+
2,128.1

48195+
56345

1,8455 to 2,755.3

X-ray imaging

29861+
21015

4,662.1 =
56963

1,2765 10 2,169.0

Respiratory support

34152%
20986

10,557.3
12,1960

51841 t0 9,5143

*Bootstrapped credibility interval for the

without) —percentile method.

difference in means (yes/with vs. no/





