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VERSION 1 - REVIEW 

REVIEWER Michael Spaeder 
Children's National Medical Center, Washington, DC, United States 

REVIEW RETURNED 06-Aug-2015 

 

GENERAL COMMENTS This is a very interesting study that involves the use of mathematical 
modeling techniques to estimate the burden of illness of pediatric 
RSV disease. There are many strengths of the project most notably 
1.) access to several large comprehensive databases (e.g. 
population-based data set) and 2.) estimation of the burden as it 
relates to both hospitalized and ambulatory children. I think that the 
inclusion of estimates on the utilization of antimicrobials in RSV have 
profound public health ramifications.  
 
I do believe that the manuscript would benefit tremendously in two 
areas.  
 
1. In the Methods, a much more complete and transparent 
description of the model components is needed. Even for some 
experienced in mathematical modeling, it is difficult to understand 
how the role of each variable. Furthermore, it is not clear how 
estimates of burden on general practitioner visits were derived. 
Given the readership of BMJ Open, I would recommend that the 
Methods be written in a manner such that a non-statistician could 
understand conceptually what is being done.  
 
2. I think there needs to be some consideration of the fact that a 
great deal of acute viral respiratory illness in children are caused by 
viruses other than RSV and influenza. It is a strength of the 
manuscript that efforts were made to control for influenza. Recent 
evidence would suggest that human rhinoviruses and enteroviruses 
play a significant role in childhood respiratory illness - even some 
evidence that the incidence is greater than RSV and influenza. Other 
viruses like parainfluenza viruses, human metapneumovirus, 
coronavirus and adenovirus also play a role. The role of these other 
viruses as well as a discussion on whether or not some of the RSV 
estimates at the outpatient level were over-estimated as a result.   

 

REVIEWER Raffaella Nenna 
Department of Paediatrics and Infantile Neuropsychiatry, "Sapienza" 
University of Rome, Rome, Italy. 
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REVIEW RETURNED 09-Oct-2015 

 

GENERAL COMMENTS The paper by Taylor Sylvia et al, report a modelling estimates of the 
burden of RVS infection in children in UK. This article represents an 
interesting proposal to estimate the burden of RSV on the health 
system. Indeed, this infection, as we know, has a significant impact 
on health and on health care costs every year.  
Major point:  
The discussion should be focused more on the clinical relevance of 
the results. For example, the reduction of cases in 2006/2007 should 
be more reasoned according to the literature.  
Unfortunately, the lack of laboratory confirmation of RSV infection 
weakens the strength of the conclusions that should be more 
cautious.  
Minor points:  
Abstract page 3 line 6 “children ≤ 4” years? Please correct.  

 

REVIEWER Ben Cowling 
The University of Hong Kong, Hong Kong 

REVIEW RETURNED 31-Oct-2015 

 

GENERAL COMMENTS I enjoyed reading this study of the burden of RSV in the UK. The 
study has a number of important strengths:  
 
# Excellent data quality on outpatient and inpatient episodes, and 
mortality, and prescriptions.  
# Excellent national surveillance data on influenza and RSV activity  
# Appropriate use of statistical methods  
# Conclusions of scientific and public health importance  
 
I just had a few minor questions:  
 
1. In analysing the association between respiratory virus activity and 
health outcomes, it is important to use a good proxy measure of 
incidence rates of infection. Authors chose to use /the weekly 
number of positive laboratory tests for RSV/ (and influenza), and it 
would be helpful to have more justification on this particular choice 
of incidence proxy. Did authors investigate the use of /the weekly 
proportion of specimens testing positive for RSV/ or some composite 
measure of influenza-like illness multiplied by laboratory data. An 
alternative choice of proxy was used by Goldstein et al.* namely the 
rate of hospitalizations coded for RSV bronchiolitis for age <1 
(http://www.ncbi.nlm.nih.gov/pubmed/25980600)  
 
2. Was there any evidence that the RSV proxy varied by age? The 
authors used the same incidence proxy to represent incidence rates 
in all age groups?  
 
3. Please consider including a descriptive figure to show the pattern 
in RSV activity over calendar time that was used as the incidence 
proxy in the model.  
 
4. What is the meaning of "range" in Tables 2-4? Are these 95% 
confidence intervals? 

 

REVIEWER Leonhard Held 
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Epidemiology, Biostatistics and Prevention Institute  
University of Zurich  
Switzerland 

REVIEW RETURNED 16-Nov-2015 

 

GENERAL COMMENTS This is an interesting study reporting on associations between 
different health outcomes related to respiratory disease and RSV, 
while controlling for influenza. I have a few concerns regarding the 
statistical analysis:  
 
1) A multiple regression model is used for a weekly rate (say y/n) as 
outcome. Rates have associated variances y/n^2 under the Poisson 
assumption for the number of counts y. I can see that you prefer the 
linear regression model over a more modern log-linear Poisson or 
negative binomial model for count data, since you want to relate the 
explanatory variables to the observed rates as attributable risks. 
However, I am worried about heteroscedasticity, which is not taken 
into account in this study. This could lead to biased estimates and 
standard errors. The authors should re-run the analysis with weights 
n^2/y to account for this.  
 
2) I am also worried that auto-correlation is not taken into account. 
The authors should at least show empirical autocorrelation functions 
of the residuals, see e.g. Diggle (1990, "Time Series Analysis", 
OUP), perhaps in supplementary material. Assuming just one 
sin/cos term to capture seasonality may not be enough and higher 
order terms may be needed, if autocorrelation of the residuals is 
present.  
 
3) It is somewhat unusual to first smooth the outcome using a 
moving average of order 3 (page 11), since this reduces variation 
considerably and thus causes based standard errors. I don't think 
the motivation "in order to adjust for irregular utilisation of health 
services over the critical Christmas and New Year holiday period" is 
particularly compelling. I would have preferred to use binary 
indicators directly in the regression model (for the original, un-
smoothed outcome) in order to account for under-reporting in the 
two Christmas holiday weeks, say.  
 
4) A more general issue is that the effect of RSV and/or Influenza on 
the respective outcome may be lagged by one week, did the authors 
investigate this issue?  
 
5) Details should be given how the confidence intervals in Figure 1 
have been computed.  
I would also like to suggest to show an additional Figure with the 
actual (weekly) data being analysed. 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1  

 

This is a very interesting study that involves the use of mathematical modeling techniques to estimate 

the burden of illness of pediatric RSV disease. There are many strengths of the project most notably 

1.) access to several large comprehensive databases (e.g. population-based data set) and 2.) 

estimation of the burden as it relates to both hospitalized and ambulatory children. I think that the 

inclusion of estimates on the utilization of antimicrobials in RSV have profound public health 
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ramifications.  

 

I do believe that the manuscript would benefit tremendously in two areas.  

 

1. In the Methods, a much more complete and transparent description of the model components is 

needed. Even for some experienced in mathematical modeling, it is difficult to understand how the 

role of each variable. Furthermore, it is not clear how estimates of burden on general practitioner 

visits were derived. Given the readership of BMJ Open, I would recommend that the Methods be 

written in a manner such that a non-statistician could understand conceptually what is being done.  

Response: We have made changes to the methods section, including adding a short explanation of 

time series regression modelling to explain the overall concept to the general reader, which we hope 

will make the methods clearer.  

 

2. I think there needs to be some consideration of the fact that a great deal of acute viral respiratory 

illness in children are caused by viruses other than RSV and influenza. It is a strength of the 

manuscript that efforts were made to control for influenza. Recent evidence would suggest that 

human rhinoviruses and enteroviruses play a significant role in childhood respiratory illness - even 

some evidence that the incidence is greater than RSV and influenza. Other viruses like parainfluenza 

viruses, human metapneumovirus, coronavirus and adenovirus also play a role. The role of these 

other viruses as well as a discussion on whether or not some of the RSV estimates at the outpatient 

level were over-estimated as a result.  

 

Response: A discussion of how the model dealt with other pathogens (which clearly are important but 

for which we had no data) has been added to the discussion.  

 

Reviewer: 2  

 

The paper by Taylor Sylvia et al, report a modelling estimates of the burden of RVS infection in 

children in UK. This article represents an interesting proposal to estimate the burden of RSV on the 

health system. Indeed, this infection, as we know, has a significant impact on health and on health 

care costs every year.  

 

Major point:  

The discussion should be focused more on the clinical relevance of the results. For example, the 

reduction of cases in 2006/2007 should be more reasoned according to the literature.  

Response: While the apparent decrease in RSV activity in the 2006/2007 season may be of some 

interest, we consider it as an incidental finding and of little clinical relevance in the context of our 

study. There is considerable variability in the annual incidence of both RSV and influenza; particularly 

for influenza for reasons which are not fully explained. The 2006/7 season was of low influenza 

incidence, to the extent that in a modelling study of mortality (Hardelid P, Pebody R, Andrews N 

Mortality caused by influenza and RSV by age group in England and Wales 1999 ISIRV 2013 Vol7 (1) 

35-45) the estimate for 2006 was zero deaths.  

The non-specific symptomatic expression of illness caused by these viruses with excesses often 

occurring concurrently emphasise the need for distinction by virological tests. However the costs 

involved and the time taken in testing make this impracticable on a wide community based scale. 

Therefore patients must often be managed on a symptomatic basis regardless of the virus aetiology. 

For hospitalised patients total isolation management is necessary lest once admitted the patient 

becomes additionally infected with the other virus. Rapid virological tests may be helpful as a screen 

to reduce the risk of cross infection.  

The key observation of our study, as highlighted in the abstract, results and discussion, is that the 

RSV burden exceeds the influenza burden in children. RSV is a major cause of childhood respiratory 

illness at the level of the GP, hospital, and morgue. This is of enormous clinical relevance, with 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-009337 on 2 June 2016. D

ow
nloaded from

 

http://bmjopen.bmj.com/


potentially quite profound implications for public health policy and the direction of resources to RSV 

prevention activities. We do not agree with the reviewer that a discussion of the clinical relevance of 

the results is lacking.  

 

Unfortunately, the lack of laboratory confirmation of RSV infection weakens the strength of the 

conclusions that should be more cautious.  

Response: The RSV time series was based on laboratory-confirmed RSV reports from the Public 

Health England database. We consider the results to be robust within the limitations of the study, as 

set out in the Discussion section.  

Minor points:  

Abstract page 3 line 6 “children ≤ 4” years? Please correct.  

Response: The abstract has been corrected as indicated.  

 

Reviewer: 3  

 

I enjoyed reading this study of the burden of RSV in the UK. The study has a number of important 

strengths:  

 

# Excellent data quality on outpatient and inpatient episodes, and mortality, and prescriptions.  

# Excellent national surveillance data on influenza and RSV activity  

# Appropriate use of statistical methods  

# Conclusions of scientific and public health importance  

 

I just had a few minor questions:  

 

1. In analysing the association between respiratory virus activity and health outcomes, it is important 

to use a good proxy measure of incidence rates of infection. Authors chose to use /the weekly number 

of positive laboratory tests for RSV/ (and influenza), and it would be helpful to have more justification 

on this particular choice of incidence proxy. Did authors investigate the use of /the weekly proportion 

of specimens testing positive for RSV/ or some composite measure of influenza-like illness multiplied 

by laboratory data. An alternative choice of proxy was used by Goldstein et al.* namely the rate of 

hospitalizations coded for RSV bronchiolitis for age <1 

(http://www.ncbi.nlm.nih.gov/pubmed/25980600)  

 

Response: We are glad to have been asked this question, as it brought to our attention that we had 

not been sufficiently clear about the proxy we used. In fact, we used the weekly proportion of 

specimens positive for RSV (and flu) out of the total for each season as our proxy. We have clarified 

that in the text. During the study, we investigated both raw counts and the proportion, and found it 

made little difference.  

 

2. Was there any evidence that the RSV proxy varied by age? The authors used the same incidence 

proxy to represent incidence rates in all age groups?  

Response: Although RSV-positive samples have been identified in specimens from persons of all 

ages with influenza-like illness, laboratory testing and diagnosis of RSV is for the most part restricted 

to children, with >90% of tests for RSV performed on samples from infants and young children. 

Therefore, RSV viral samples are representative of the timing of RSV epidemics in children, but not 

necessarily in adults and the elderly population.  

We did in fact find evidence that the timing of the peaks varied by age. In another part of this study, 

we examined RSV in adults. That paper is currently in press. In it we wrote: “Previous evidence 

suggests that winter increases in the incidence of RSV-associated outcomes (e.g., acute bronchitis) 

among adults follows those in children by 2–4 weeks. Most laboratory tests for RSV are performed on 

samples from children. Therefore, in the absence of hard data regarding RSV infection in older 
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persons, we hypothesised that the efficacy of the lagged variable in the regression models reflects an 

actual sequential pattern of infection across age groups, as previously suggested (Zambon et al 

2001). A longer lag time was used for hospitalisations and deaths (three-week lag) than for office 

visits (two-week lag), to allow for the delay between illness onset and the development of 

complications which might prompt admission.”  

 

3. Please consider including a descriptive figure to show the pattern in RSV activity over calendar 

time that was used as the incidence proxy in the model.  

Response: We are unable to include the suggested figure. This is because the data belong to PHE 

and we have agreed not to divulge them to third parties.  

 

4. What is the meaning of "range" in Tables 2-4? Are these 95% confidence intervals?  

Response: As indicated in the footnotes to Table 2, the range = range of estimates per season. This 

has been added to the footnotes of tables 3 and 4.  

 

Reviewer: 4  

 

This is an interesting study reporting on associations between different health outcomes related to 

respiratory disease and RSV, while controlling for influenza. I have a few concerns regarding the 

statistical analysis:  

 

1) A multiple regression model is used for a weekly rate (say y/n) as outcome. Rates have associated 

variances y/n^2 under the Poisson assumption for the number of counts y. I can see that you prefer 

the linear regression model over a more modern log-linear Poisson or negative binomial model for 

count data, since you want to relate the explanatory variables to the observed rates as attributable 

risks. However, I am worried about heteroscedasticity, which is not taken into account in this study. 

This could lead to biased estimates and standard errors. The authors should re-run the analysis with 

weights n^2/y to account for this.  

Response: In log-linear Poisson, negative binomial, and linear regression models based on count 

data there is the potential for bias linked to heteroscedasticity. This is a general limitation of all the 

models and is not specific to the model we used. It is difficult to address this issue and it is difficult 

assess the impact on the estimated rates. We have considered the reviewers suggestion but believe 

the potential issue would be difficult to resolve by attributing weights (1/var) to the observed weekly 

counts as suggested. We are unable to re-run the analysis at this point.  

2) I am also worried that auto-correlation is not taken into account. The authors should at least show 

empirical autocorrelation functions of the residuals, see e.g. Diggle (1990, "Time Series Analysis", 

OUP), perhaps in supplementary material. Assuming just one sin/cos term to capture seasonality may 

not be enough and higher order terms may be needed, if autocorrelation of the residuals is present.  

Response: The inclusion of a seasonal (sine/cosine pair) term in the regression model is aimed at 

controlling for a number of seasonal confounders for which data is not available, but it does not 

necessarily adjust for temporal autocorrelation in the time series. That is a limitation of most of the 

previously published literature on disease burden that made use of any type of epidemiological time 

series. To fully take into account the temporal dependence in the structure of the data, a few previous 

studies used dynamic regressions that included autoregressive terms as predictors to adjust for this 

temporal autocorrelation. However, because the autoregressive terms adjust incidence by its own 

past values, such an analysis would capture only the association between the disease outcome and 

spikes and declines in pathogen incidence that were not expected based on its past behaviour. This 

would be far from representing the potential burden attributable to RSV or any other pathogen (see 

Alonso et al. 2014. J Infect. 68:604; Influenza and specific humidity in French Guiana: when analytical 

simplicity is golden). Given the very nature of observational/ecological studies, there is not currently a 

technique that can satisfactorily ensure temporal and spatial independence in the structure of the time 

series data, and simultaneously yield biologically meaningful estimates of disease burden. The best 
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approach in such cases is to recognize the exploratory nature of this type of study and avoid an 

excessive reliance on p-values and confidence intervals (which are determined based on the 

assumption of independence). This is a limitation inherent to this entire field. Of note, when 

developing the model, we ran variants with shorter period cyclical terms, and found that adding these 

terms did not explain any more of the variability.  

 

3) It is somewhat unusual to first smooth the outcome using a moving average of order 3 (page 11), 

since this reduces variation considerably and thus causes based standard errors. I don't think the 

motivation "in order to adjust for irregular utilisation of health services over the critical Christmas and 

New Year holiday period" is particularly compelling. I would have preferred to use binary indicators 

directly in the regression model (for the original, un-smoothed outcome) in order to account for under-

reporting in the two Christmas holiday weeks, say.  

Response: In the UK influenza and RSV are often particularly prevalent around Christmas and New 

Year when there is commonly disruption to health services resulting in fewer patients seeking care 

and less virological testing. Disruption also occurs over school half term and periods of particularly 

inclement weather - although these are not seasonally consistent. We have considered the reviewers 

comment and while your method may in fact be a good one, we believe that our approach was 

adequate.  

 

4) A more general issue is that the effect of RSV and/or Influenza on the respective outcome may be 

lagged by one week, did the authors investigate this issue?  

Response: Various lagged forms of the influenza and RSV virology predictor variables were tested in 

the model to determine the lagged model form that maximized R2. This analysis was performed for 

each age group, to describe the temporal RSV patterns by age. The best model fit in <18 year olds 

was obtained without lagging the RSV or influenza data.  

 

5) Details should be given how the confidence intervals in Figure 1 have been computed.  

I would also like to suggest to show an additional Figure with the actual (weekly) data being analysed.  

Response: We added details about the computation of confidence intervals to the methods section. 

We are unable to include the suggested figure. This is because the data belong to PHE and we have 

agreed not to divulge them to third parties. 

VERSION 2 – REVIEW 

REVIEWER Michael C. Spaeder, MD 
Division of Pediatric Critical Care, University of Virginia School of 
Medicine, Charlottesville, VA, USA 

REVIEW RETURNED 15-Dec-2015 

 

GENERAL COMMENTS The authors have addressed all of my comments from the prior 
review. Thank you for the opportunity to review their very interesting 
manuscript.  

 

REVIEWER Leonhard Held 
University of Zurich  
Switzerland 

REVIEW RETURNED 06-Jan-2016 

 

GENERAL COMMENTS I looked into the response to my original comments and I get the 
impression that none of the comments I have made on the original 
version have been incorporated in the revised version of this paper. 
While I have some understanding to not incorporate all my 
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comments, incorporating none of my comments is clearly 
unacceptable to me.  
 
A minimal requirement for publication now seems to be, that the 
points made in the response letter regarding the "exploratory nature 
of this study" and the limitations "inherent to this entire field" are 
explicitly incorporated in the paper. 

 

VERSION 2 – AUTHOR RESPONSE 

I looked into the response to my original comments and I get the impression that none of the 

comments I have made on the original version have been incorporated in the revised version of this 

paper. While I have some understanding to not incorporate all my comments, incorporating none of 

my comments is clearly unacceptable to me.  

 

A minimal requirement for publication now seems to be, that the points made in the response letter 

regarding the "exploratory nature of this study" and the limitations "inherent to this entire field" are 

explicitly incorporated in the paper.  

 

Response:  

We apologize for not adequately addressing the comments of reviewer 4. We have now added 

sentences to the manuscript (discussion, page 15) that expound on the exploratory nature of the 

study and the limitations inherent to this entire field as reflected in our previous responses to reviewer 

4’s comments 1 and 2 (see below). We thank the reviewer for improving the quality of this manuscript 

and hope that this revised version is now acceptable.  

 

Previous comments by reviewer 4 and responses:  

This is an interesting study reporting on associations between different health outcomes related to 

respiratory disease and RSV, while controlling for influenza. I have a few concerns regarding the 

statistical analysis:  

 

1) A multiple regression model is used for a weekly rate (say y/n) as outcome. Rates have associated 

variances y/n^2 under the Poisson assumption for the number of counts y. I can see that you prefer 

the linear regression model over a more modern log-linear Poisson or negative binomial model for 

count data, since you want to relate the explanatory variables to the observed rates as attributable 

risks. However, I am worried about heteroscedasticity, which is not taken into account in this study. 

This could lead to biased estimates and standard errors. The authors should re-run the analysis with 

weights n^2/y to account for this.  

Response: In log-linear Poisson, negative binomial, and linear regression models based on count 

data there is the potential for bias linked to heteroscedasticity. This is a general limitation of all the 

models and is not specific to the model we used. It is difficult to address this issue and it is difficult 

assess the impact on the estimated rates. We have considered the reviewers suggestion but believe 

the potential issue would be difficult to resolve by attributing weights (1/var) to the observed weekly 

counts as suggested. We are unable to re-run the analysis at this point.  

 

2) I am also worried that auto-correlation is not taken into account. The authors should at least show 

empirical autocorrelation functions of the residuals, see e.g. Diggle (1990, "Time Series Analysis", 

OUP), perhaps in supplementary material. Assuming just one sin/cos term to capture seasonality may 

not be enough and higher order terms may be needed, if autocorrelation of the residuals is present.  

Response: The inclusion of a seasonal (sine/cosine pair) term in the regression model is aimed at 

controlling for a number of seasonal confounders for which data is not available, but it does not 

necessarily adjust for temporal autocorrelation in the time series. That is a limitation of most of the 

previously published literature on disease burden that made use of any type of epidemiological time 
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series. To fully take into account the temporal dependence in the structure of the data, a few previous 

studies used dynamic regressions that included autoregressive terms as predictors to adjust for this 

temporal autocorrelation. However, because the autoregressive terms adjust incidence by its own 

past values, such an analysis would capture only the association between the disease outcome and 

spikes and declines in pathogen incidence that were not expected based on its past behaviour. This 

would be far from representing the potential burden attributable to RSV or any other pathogen (see 

Alonso et al. 2014. J Infect. 68:604; Influenza and specific humidity in French Guiana: when analytical 

simplicity is golden). Given the very nature of observational/ecological studies, there is not currently a 

technique that can satisfactorily ensure temporal and spatial independence in the structure of the time 

series data, and simultaneously yield biologically meaningful estimates of disease burden. The best 

approach in such cases is to recognize the exploratory nature of this type of study and avoid an 

excessive reliance on p-values and confidence intervals (which are determined based on the 

assumption of independence). This is a limitation inherent to this entire field. Of note, when 

developing the model, we ran variants with shorter period cyclical terms, and found that adding these 

terms did not explain any more of the variability.  

 

3) It is somewhat unusual to first smooth the outcome using a moving average of order 3 (page 11), 

since this reduces variation considerably and thus causes based standard errors. I don't think the 

motivation "in order to adjust for irregular utilisation of health services over the critical Christmas and 

New Year holiday period" is particularly compelling. I would have preferred to use binary indicators 

directly in the regression model (for the original, un-smoothed outcome) in order to account for under-

reporting in the two Christmas holiday weeks, say.  

Response: In the UK influenza and RSV are often particularly prevalent around Christmas and New 

Year when there is commonly disruption to health services resulting in fewer patients seeking care 

and less virological testing. Disruption also occurs over school half term and periods of particularly 

inclement weather - although these are not seasonally consistent. We have considered the reviewers 

comment and while your method may in fact be a good one, we believe that our approach was 

adequate.  

 

4) A more general issue is that the effect of RSV and/or Influenza on the respective outcome may be 

lagged by one week, did the authors investigate this issue?  

Response: Various lagged forms of the influenza and RSV virology predictor variables were tested in 

the model to determine the lagged model form that maximized R2. This analysis was performed for 

each age group, to describe the temporal RSV patterns by age. The best model fit in <18 year olds 

was obtained without lagging the RSV or influenza data.  

 

5) Details should be given how the confidence intervals in Figure 1 have been computed.  

I would also like to suggest to show an additional Figure with the actual (weekly) data being analysed.  

Response: We added details about the computation of confidence intervals to the methods section. 

We are unable to include the suggested figure. This is because the data belong to PHE and we have 

agreed not to divulge them to third parties. 
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