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Abstract (250/250 words) 41 

Background: Most studies addressing the association between RSV and recurrent wheezing 42 

(RW) and asthma have been conducted in patients at risk for lung morbidity. Data in full-term 43 

infants is limited. 44 

Methods: The risk of RW/asthma during the first 5 years of life in full-term infants hospitalized 45 

with RSV during the first year (Y) of life was estimated using 2010-16 data from three claims 46 

databases in USA [Truven MarketScan Commercial Claims and Encounters Database (CCAE), 47 

Truven Health MarketScan Multi-State Medicaid (MDCD), and Optum Clinformatics Extended 48 

Data Mart–Socio-Economic Status (SES)]. Full-term infants with and without RSV infection and 49 

≥2 years of continuous health plan enrollment from birth were included. Incidence of 50 

RW/asthma, cumulative incidence, adjusted incidence rate ratios (aIRR), and odds ratios (aOR) 51 

were calculated. 52 

Results: During the 16-year study, 38,494 (CCAE), 62,846 (MDCD), and 23,099 (SES) matched 53 

infant-pairs were included in each cohort. In the CCAE database, RW/asthma incidence/1000 54 

patient-years (69.7 vs 28.7, aIRR: 2.4 [2.3-2.5]); cumulative incidence (17.6-25.2% vs. 5.0-55 

11.4%); and aOR (Y2: 4.1 [3.9-4.4]; Y3: 3.2 [3.0-3.3]; Y4: 2.9 [2.7-3.1]; Y5: 2.6 [2.5-2.9]) were 56 

higher in the RSV vs. non-RSV cohort. Results in the SES insured population were comparable, 57 

while cumulative incidence and aIRR were higher in the Medicaid population (MDCD).  58 

Conclusion: Although there are limitations of this study, including possible coding errors and 59 

missing covariates, we showed that full-term infants with severe RSV infection during the first 60 

year of life, spanning several respiratory seasons and a geographically diverse population, are at 61 

significant risk of RW/asthma during childhood.  62 

 63 

Keywords: Respiratory syncytial virus, recurrent wheezing, asthma, full-term, infants  64 
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Introduction (2500/2500 words) 66 

Respiratory syncytial virus (RSV) is a leading cause of lower respiratory tract infection 67 

(LRTI) in young children worldwide.
1
 During the first year of life, 60 to 70% of children acquire 68 

RSV infection, and almost all children are infected by 2 years of age.
2,3

 RSV accounts for 24% 69 

of all LRTI hospitalizations in children <5 years of age, and 2.1 million outpatient visits every 70 

year.
4,5

  71 

In the US, each year, 1 in 6 children with asthma is evaluated in the emergency 72 

department (ED), and 1 in 20 requires hospitalization.
6
 The etiology of asthma is not fully 73 

understood; however, genetic and environmental exposures appear to be crucial. Viral infections 74 

early in life have been identified as an important risk factor for asthma development later in life.
7
  75 

Most of the studies that highlight the association between RSV infection during early 76 

childhood and subsequent development of recurrent wheezing (RW) or asthma have focused on 77 

localized regions 
8-10

 and either included a mixed population of children at risk of lung morbidity 78 

or have exclusively focused on premature infants, a group that is at particularly high risk both for 79 

RSV infection and pulmonary sequelae.
4,11

 The present study was conducted to investigate the 80 

association between RSV infection in the first year of life in full-term infants in the US and 81 

subsequent development of RW or asthma over 16 years using three large administrative 82 

healthcare claims databases, representing a geographically diverse population. Identification of 83 

risk factors in infancy is an important step towards disease interception and reducing the burden 84 

of RW or asthma later in life. 85 

Methods  86 

Data source 87 

Data were obtained from three administrative claims databases: Truven MarketScan 88 

Commercial Claims and Encounters Database (CCAE), Truven Health MarketScan Multi-State 89 

Medicaid (MDCD), and Optum Clinformatics Extended Data Mart - Socio-Economic Status 90 

(SES). Data obtained from these databases were analyzed independently. The CCAE database 91 

primarily consists of a privately insured population, the MDCD database contains Medicaid 92 

enrollees’ data from multiple states and the SES database contains data of United Healthcare 93 
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(UHC) fully insured population, UHC administrative services only, Medicaid, and legacy 94 

Medicare Choice membership and claims. These databases capture individual’s enrollment 95 

information (e.g., demographics, period of enrollment, plan type), inpatient and outpatient 96 

services, medical and pharmacy claims, and financial information 97 

All study data were accessed with protocols compliant with US patient confidentiality 98 

requirements, including the Health Insurance Portability and Accountability Act of 1996 99 

regulations. Because this study used only deidentified patient records, it was exempt from 100 

institutional review board approval. 101 

Study design 102 

For this retrospective matched-cohort study, eligible infants from the three databases 103 

were identified during the following periods: CCAE (January 1, 2000 to December 31, 2015), 104 

MDCD (January 1, 2006 to December 31, 2015) and, SES (January 1, 2006 to September 30, 105 

2016). 106 

The first year of life was designated as the index period (Y1) and used to identify RSV 107 

exposure. The index period was defined as the period between date of birth (DOB ±15 days), 108 

which was based on the insurance assignment date and the day after one year from DOB (index 109 

date). Infants were followed from the index date for the development of RW or asthma until end 110 

of enrollment, end of year 5, or end of the study period, whichever occurred first (eFigure 1). 111 

Study population and sample selection 112 

Infants with at least 2 years of continuous health plan enrollment with both medical and 113 

pharmacy coverage were included in the analysis. Exclusion criteria were: prematurity 114 

(gestational age <37 weeks), birth weight <2500 gm, slow fetal growth and malnutrition, 115 

congenital heart disease, congenital lung disease or respiratory system anomalies, RW or asthma 116 

during their first year of life or palivizumab immunoprophylaxis (eTable 1). Infants who met 117 

inclusion criteria were included in the RSV cohort if they had a documented RSV infection, 118 

identified by any of the following diagnosis codes: RSV (ICD-9: 079.6; ICD-10: B 97.4), acute 119 

bronchiolitis due to RSV (ICD-9: 466.11; ICD-10: J21.0), or pneumonia due to RSV (ICD-9: 120 

480.1; ICD-10: J12.1). The non-RSV cohort included full-term healthy infants who met the 121 
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inclusion criteria but did not meet the RSV criteria defined above. In addition, the non-RSV 122 

cohort did not have any diagnosis for acute bronchitis due to RSV (ICD-9: 466.0; ICD-10: 123 

J20.5), acute bronchiolitis due to other infectious organisms (ICD-9: 466.19; ICD-10: J21.1, 124 

J21.8, J21.9), unspecified viral pneumonia (ICD-9: 480.9; ICD-10: J12.9), bronchopneumonia 125 

organism unspecified (ICD-9: 485; ICD-10: J18.0); and pneumonia, organism unspecified (ICD-126 

9: 486; ICD-10: J18.8, J18.9), and were not hospitalized for any reason after birth during the first 127 

year of life. A sensitivity analysis was conducted excluding any matched infant-pairs with a 128 

baseline diagnosis of cystic fibrosis, Down's syndrome, immunodeficiency and other respiratory 129 

conditions of fetus and newborn.  130 

ICD–CM-9/10, Generic Product Identifier (GPI), Current Procedural Terminology 131 

(CPT), The Healthcare Common Procedure Coding System (HCPCS), and Uniform/Universal 132 

Billing (UB) codes were used to retrieve data related to diagnoses and medication records and 133 

procedures (eTable 1). 134 

Outcomes  135 

Asthma was identified if there was at least one claim with the ICD-9/10 diagnosis (ICD-136 

9: 493 [asthma], 506.3 [reactive airway disorder syndrome]; ICD-10: J45 [asthma], J68.3 137 

[reactive airway disorder syndrome]) during the follow-up period. RW was defined as at least 3 138 

diagnoses for wheezing (ICD-9: 786.07; ICD-10: R06.2) within the first year of follow-up, with 139 

the date of the first wheezing diagnosis considered as the index date for the RW outcome. The 140 

risk of RW or asthma during the follow-up period was assessed by estimating cumulative 141 

incidence, incidence per 1000 patient-years, time to first event, and probability of event-free 142 

survival. Cumulative incidence was defined as the proportion of infants newly diagnosed with 143 

RW or asthma. 144 

Statistical analysis 145 

The RSV and non-RSV cohorts were 1:1 matched based on gender, health plan type, 146 

year/month of birth, and region of residence. Differences in baseline characteristics between 147 

cohorts were tested using Chi-square or Fisher’s Exact test for categorical variables and 148 

Student’s t-test for continuous variables.  149 A
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Cumulative incidence of RW or asthma was analyzed through each follow up year (Y) 150 

independently (Y2, Y3, Y4, Y5). Adjusted incidence rate ratios (aIRR) with 95% confidence 151 

intervals (CIs), were calculated using a general linear model, assuming Poisson distribution and 152 

logarithm link function while offsetting by at-risk time. The relation of event-free probability and 153 

at-risk years between the two cohorts was assessed using Kaplan-Meier and Cox proportional 154 

hazard models to calculate adjusted hazard ratios (aHR) with 95% CIs. Multivariable conditional 155 

logistic regression modeling was applied to calculate the adjusted odds ratios (aOR) with 95% 156 

CIs for development of RW or asthma for each follow up period. When applicable the following 157 

covariates were used for multivariable models: comorbid infections specific to perinatal period 158 

(ICD-9: 771; ICD-10: P35-P39), other respiratory conditions of fetus and newborn (ICD-9: 770; 159 

ICD-10: P23-P28), influenza vaccination, and pneumococcal vaccination. Analyses were 160 

performed using SAS Enterprise Guide, version 7 (SAS Institute., Cary, NC) and two-tail p 161 

values < 0.05 were considered statistically significant.  162 

Results 163 

Demographic and baseline clinical characteristics 164 

A total of 124,439 matched infant-pairs were included; 38,494 in each cohort from the 165 

CCAE database, 62,846 from the MDCD database, and 23,099 from the SES database (Figure 166 

1). Proportion of female and male infants was comparable across all three databases (females: 167 

CCAE, 45.7%; MDCD, 47.9%; SES, 46.3%). The majority of infants were born between June- 168 

and December (CCAE, 65.9%; MDCD, 65.5%; SES, 68.0%) and 54% of infants enrolled in 169 

CCAE and 52.6% in the SES database were from southern states. Classification by region was 170 

not available for the MDCD database. (Table 1).  171 

Baseline clinical characteristics were comparable between CCAE and SES databases and 172 

showed that infections specific to the perinatal period were more commonly identified in the 173 

RSV vs. non-RSV cohort (5.4% vs. 3.2% P<.0001) as well as other respiratory conditions of 174 

fetus and newborn (5.8% vs. 2.6%; P<.0001). Antibiotic (76.7% vs. 44.7%) and systemic 175 

corticosteroid therapy (continuous corticosteroid use ≥14 days; 24.8% vs. 5.4%) were more 176 

commonly used in the RSV vs. non-RSV cohort (P<.0001). Results from the MDCD database 177 

were similar except for higher prevalence of other medical conditions, and lower vaccination rate 178 

for both cohorts (Table 2). 179 A
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Incidence of Recurrent Wheezing or Asthma 180 

Mean time to first RW or asthma event was shorter in the RSV vs non-RSV cohort in all 181 

three databases: CCAE database (17.9 vs. 25.4 months; aHR [95% CI]: 2.4 [2.3–2.5]). Similarly, 182 

the aHR was 2.6 (95% CI: 2.5–2.6) times higher in the MDCD database, and 2.2 (95% CI: 2.1–183 

2.4) times higher in the SES database. Density plots showed that asthma/RW occurred earlier in 184 

the RSV than in the non-RSV cohort, and although the event-free probabilities continued to 185 

deviate at a slower pace over time, differences remained significant between groups until Y5 186 

(Figure 2).  187 

Incidence rate of RW/asthma per 1000 patient-years was higher in the RSV cohort in all 188 

three databases with a higher increase in the MDCD population. In the CCAE database, 189 

incidence rate in the RSV vs. non-RSV cohort was 69.7 vs. 28.7 (aIRR [95% CI]: 2.4 [2.3–2.5]). 190 

Comparable results were observed in the SES population (RSV vs. non-RSV: 69.0 vs. 30.3; 191 

aIRR [95% CI]: 2.3 [2.2-2.4]) and even greater incidence in the MDCD population (RSV vs. 192 

non-RSV: 100.2 vs. 38.5; aIRR [95% CI]: 2.6 [2.5-2.7]) (eTable 2). In the CCAE population, 193 

cumulative incidence of RW or asthma (aOR [95% CI]) was 2-4 times higher in the RSV vs. 194 

non-RSV cohort through all follow-up periods (Y2: 17.6 vs. 5.0%, 4.1 [3.9-4.4]; Y3: 21.4 vs. 195 

7.9%, 3.2 [3.0-3.3]; Y4: 23.8 vs. 9.7%, 2.9 [2.7-3.1]; Y5: 25.2 vs. 11.4%, 2.6 [2.5-2.9]). Results 196 

from the SES database were comparable with the CCAE population; however, in the MDCD 197 

population, cumulative incidence was higher, especially at Y4 and Y5 follow-up periods 198 

(Table 3). The gradual decrease in aOR with age suggests that the exposure to RSV had a greater 199 

impact on the risk of asthma/RW in the earlier years however, the association was still strong 200 

and significant during the follow up period.  201 

 A sensitivity analysis in which we excluded any infants with baseline comorbidities that 202 

might impact RSV/asthma risk or outcomes (n=6,214; 16%), yielded similar results as the 203 

original matched RSV/non-RSV analysis that included 124,349 matched infant- pairs 204 

(eTables-3-4).  205 
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Discussion 206 

This large study reflecting the real world and conducted over 16 RSV seasons showed 207 

that full-term infants with RSV infection during the first year of life had a significantly high risk 208 

of developing RW or asthma during the first five years of age. Infants included in the RSV 209 

cohort had both a shorter time to the first RW or asthma episode, and a substantially higher 210 

incidence of RW or asthma during the following four years of life, compared with infants who 211 

did not have a documented RSV infection.  212 

Studies in different populations (e.g., infants at risk for asthma, premature infants) have 213 

shown that children with RSV infection at an early age have increased risk of developing RW, 214 

asthma, or impaired lung function later in childhood, adolescence, or even adulthood.
10-23

 215 

Findings of the present study expand on the literature by providing important evidence of this 216 

association in an unselected cohort of full-term infants. We believe these results are 217 

generalizable since we utilized a large dataset including a geographically diverse population with 218 

both commercial or Medicaid insurance. A small percentage of infants in the initial cohort had 219 

comorbidities that could have influenced the risk for RSV infection and asthma. Nevertheless, a 220 

sensitivity analysis excluding these infants yielded similar results, indicating little impact of 221 

confounding comorbidities on the outcomes of interest.  222 

Observational prospective and retrospective studies conducted among US infants with 223 

RSV infection have reported different rates of RW or asthma, presumably due to differences in 224 

study design, outcomes used, selected population, and duration of follow up. Among 225 

retrospective studies an Australian population-based cohort study showed that children 226 

hospitalized with RSV infection within the first 2 years of life, had a higher risk of being 227 

hospitalized for asthma at 2–3 years of age than children without a prior RSV hospitalization, 228 

irrespective of gestational age.
24

 In addition, using claim insurance data from a single state, 229 

Escobar, et al. reported RW rates of 16.2% at 3 years and 12.5% at 5 years of age after RSV 230 

infection in children born at 32 weeks’ gestation in Northern California.
9,10

 In another recent 231 

study that used data from a single administrative database and included premature and full term 232 

infants, the 5-year cumulative rate of asthma/wheezing was 10-18% .
25

 Similarly, asthma rates of 233 

16-23% have been documented at 6 years of age in full term infants with a history of 234 A
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bronchiolitis in the first year of life during the RSV season.
26

 Consistent with those studies, we 235 

found that the majority of infants included in the RSV cohort were born between June and 236 

December, reflecting the seasonality of RSV. Additionally, a greater proportion of infants were 237 

from southern states, perhaps due to the geographical distribution of the insurance plans 238 

represented in the databases, and the longer duration of the RSV season in Florida compared 239 

with the rest of the country.
27

  240 

Prospective studies have reported even higher rates. Bacharier et al
12

 reported a 48% 241 

asthma rate by 7 years of age in children with severe RSV bronchiolitis at ≤12 months of age. In 242 

a pivotal study, Stein et al reported that RSV LRTI before 3 years of age was associated with an 243 

increased risk of wheeze by six years of age.
11

 In four sequential reports derived from the same 244 

cohort but at different ages, Sigurs et al reported that infants with severe RSV infection during 245 

the first year of life had asthma rates significantly higher than the control group at 3, 7, 13, and 246 

18 years of age.
28,29,22,21

 Findings of the present study highlight that an unselected population of 247 

full-term infants across the USA are also at a substantial risk of long-term lung morbidity after 248 

RSV infection with a 5-year cumulative incidence rate that varied from 24% to 35%. 249 

Identification of RSV infection as a strong predictor of early childhood RW or asthma 250 

may contribute to improved care through targeted interventions.
23

 Data derived from preclinical 251 

studies 
30

, observational studies 
31

, and randomized clinical trials 
32

 have shown that prevention 252 

of RSV infection by use of immunoprophylaxis is associated with a significant decrease of 253 

subsequent wheezing. Another potential benefit of preventing RSV infection in infancy may be a 254 

reduction of antibiotic use commonly prescribed in respiratory infections. Thus, studies for the 255 

prevention or treatment of acute RSV infection should include long-term follow-up to determine 256 

the effect of such interventions on long-term pulmonary outcomes.  257 

This study has limitations. Disease coding in claims databases may reflect financial 258 

incentives for reimbursement rather than clinically verified definitions, increasing the potential 259 

for misclassification of exposure and bias towards the null; however, we believe this was 260 

balanced between cohorts. In addition, this study was not designed to assess causality and there 261 

are other variables that may influence the development of RSV infection, RW or asthma, eg, 262 

allergic diseases, that are generally under-reported in administrative claims data and hence were 263 A
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not included in the multivariable analysis. Nevertheless, these results confirm that there is a 264 

strong association between the exposure and the outcome.  265 

In conclusion, RSV infection represents a major burden on the US healthcare system due 266 

to significant acute and long-term respiratory morbidity. The present large population-based, 267 

real-world study shows that full-term Medicaid and commercially-insured children that had an 268 

RSV infection during the first year of life had a significant risk of developing RW or asthma 269 

during the first five years of life. Early RSV prevention or treatment may improve the outcomes 270 

in both low and high-risk infants and help reducing the burden of chronic pulmonary 271 

complications associated with RSV.  272 
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Figure Legends 

Figure 1. Attrition 

Figure 2. Event-free Survival and Probability Density of At-Risk Years 

Footnote to figures 

Footnote to figure 1 

CCAE, Commercial Claims and Encounters database; MDCD, Medicaid; RSV, respiratory syncytial virus; SES, 

Socio-Economic Status 

aIdentification periods: CCAE, 1 January 2000 – 31 December 2015; MDCD, 1 January 2006 – 31 December 2015; 

Optum SES, 1 January 2006 – 30 September 2016. 

bRSV related conditions include: acute bronchitis due to RSV, acute bronchiolitis due to other infectious organisms, 

unspecified viral pneumonia, bronchopneumonia organism unspecified, and pneumonia, organism unspecified 

cDefined as infants without any diagnosis for short gestation (<37 weeks), low birth weight (<2,500 grams), slow 

fetal growth and malnutrition, congenital heart disease, congenital lung disease, and wheezing or asthma during the 

first year of life. Non-RSV infants were excluded if hospitalized for any reason after their birth discharge during the 

first year. 

dReflects percentage of patients in the corresponding cohort in Step 4. N’s represent matched pairs 

 

Footnote to figure 2 

CCAE, Commercial Claims and Encounters database; MDCD, Medicaid; RSV, respiratory syncytial virus; SES, 

Socio-Economic Status; aHR, adjusted hazard ratio; RSV, respiratory syncytial virus 
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Table 1. Demographics of Matched RSV/Non-RSV Cohorts with 1-2 Years of Follow-up Data 

  
Truven Commercial 

RSV/Non-RSV 

Truven Medicaid 

RSV/Non-RSV 

Optum SES 

RSV/Non-RSV 

Sample size per 

cohort 38,494   62,846   23,099   

Female (n, %) 17,606 45.7% 30,107 47.9% 10,692 46.3% 

Year of birth (n, %)             

2000-2005 6,155 16.0% n/a n/a n/a n/a 

2006 2,551 6.6% 3,661 5.8% 2,267 9.8% 

2007 3,126 8.1% 4,503 7.2% 2,586 11.2% 

2008 3,370 8.8% 5,710 9.1% 2,620 11.3% 

2009 4,008 10.4% 6,162 9.8% 2,612 11.3% 

2010 4,844 12.6% 5,321 8.5% 2,555 11.1% 

2011 3,769 9.8% 6,460 10.3% 2,507 10.9% 

2012 4,360 11.3% 11,705 18.6% 2,459 10.6% 

2013 3,214 8.3% 9,678 15.4% 2,013 8.7% 

2014 3,097 8.0% 9,646 15.3% 1,979 8.6% 

Month of Birth (n, %)             

January 2,494 6.5% 4,819 7.7% 788 3.4% 

February 2,263 5.9% 4,017 6.4% 1,556 6.7% 

March 2,552 6.6% 4,219 6.7% 1,448 6.3% 

April 2,882 7.5% 4,115 6.5% 1,791 7.8% 

May 2,945 7.7% 4,490 7.1% 1,813 7.8% 

June 3,119 8.1% 5,060 8.1% 1,983 8.6% 

July 3,851 10.0% 5,624 8.9% 2,273 9.8% 

August 3,844 10.0% 6,200 9.9% 2,282 9.9% 

September 3,904 10.1% 6,191 9.9% 2,622 11.4% 

October 4,094 10.6% 6,323 10.1% 2,486 10.8% 

November 3,478 9.0% 6,109 9.7% 2,149 9.3% 

December 3,068 8.0% 5,679 9.0% 1,908 8.3% 

Region (n, %)             

Northeast 4,527 11.8% n/a n/a 1,952 8.5% 

Midwest 8,194 21.3% n/a n/a 5,295 22.9% A
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South 20,981 54.5% n/a n/a 12,155 52.6% 

West 4,338 11.3% n/a n/a 3,641 15.8% 

Other 454 1.2% n/a n/a 56 0.2% 

Plan Type (n, %)             

HMO 6,412 16.7% 45,302 72.1% 2,115 9.2% 

PPO 23,590 61.3% 23 0.0% 997 4.3% 

POS 3,268 8.5% n/a n/a 16,379 70.9% 

OTH 4,782 12.4% 17,521 27.9% 3,608 15.6% 

Follow-up (n, %)             

1-2 years 38,494 100.0% 62,846 100.0% 23,099 100.0% 

2-3 years 25,603 66.5% 41,836 66.6% 15,641 67.7% 

3-4 years 17,429 45.3% 28,332 45.1% 10,739 46.5% 

4-5 years 11,921 31.0% 17,465 27.8% 7,411 32.1% 

              

HMO, health maintenance organization; PPO, preferred provider organization; POS, point of service; RSV, respiratory syncytial 

virus; SES, Socio-Economic Status 
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Table 2. Baseline Characteristics of the Matched RSV/Non-RSV Cohorts with 1-2 Years of Follow-up Data 

  Truven Commercial Truven Medicaid Optum SES 

  RSV Non- RSV p-value RSV Non- RSV p-value RSV Non- RSV p-value 

Sample Size, n 38,494 38,494   62,846 62,846   23,099 23,099   

Length of hospitalization, mean (SD) 3.9 (3.8) 2.0 (1.8) <.0001 5.9 (5.0) 2.6 (1.8) .02 2.9 (3.8) 1.4 (1.8) <.0001 

Comorbid conditions, %           <.0001       

Bronchopulmonary dysplasia  0.03% 0.00% .07 0.04% 0.02% .59 0.03% 0.01% .29 

Congestive heart failure 0.08% 0.01% <.0001 0.12% 0.01% .13 0.11% 0.01% <.0001 

Cystic Fibrosis 0.07% 0.03% .01 0.05% 0.04% <.0001 0.06% 0.05% .55 

Down's syndrome 0.15% 0.04% <.0001 0.15% 0.12% <.0001 0.17% 0.03% <.0001 

Infant respiratory distress syndrome   1.44% 0.43% <.0001 1.32% 0.42% <.0001 1.12% 0.41% <.0001 

Infections specific to the perinatal period 5.43% 3.24% <.0001 9.70% 5.09% .01 5.94% 3.74% <.0001 

Immunodeficiency 0.13% 0.02% <.0001 0.10% 0.03% <.0001 0.17% 0.03% <.0001 

Neuromuscular disease 0.04% 0.01% .22 0.03% 0.01% <.0001 0.05% 0.01% .01 

Other respiratory conditions of fetus and newborn 5.82% 2.57% <.0001 7.73% 3.44% .02 4.90% 2.24% <.0001 

Primary pulmonary hypertension 0.03% 0.00% .00 0.04% 0.01% <.0001 0.03% 0.02% .37 

Medical Interventions in the first year, %                   

Influenza vaccination 38.17% 36.06% <.0001 25.03% 23.35% <.0001 41.83% 39.67% <.0001 

Pneumococcal vaccination 89.41% 84.56% <.0001 79.24% 72.01% <.0001 95.25% 91.38% <.0001 

Antibiotics 76.71% 44.71% <.0001 76.30% 39.60% <.0001 74.50% 41.04% <.0001 

Chronic systemic corticosteroid therapy* 24.77% 5.44% <.0001 30.01% 4.85% <.0001 21.34% 4.74% <.0001 

Inhaled corticosteroid therapy 8.70% 0.34% <.0001 8.82% 0.35% <.0001 6.37% 0.24% <.0001 

Other recurrent wheezing/ asthma risk factors, %                   

NICU stay (Level II) 2.02% 1.35% <.0001 2.59% 1.84% <.0001 0.12% 0.10% .78 A
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NICU stay (Level III) 1.88% 1.05% <.0001 2.34% 1.53% <.0001 0.06% 0.04% .52 

NICU stay (Level IV) 1.48% 0.71% <.0001 1.64% 0.92% <.0001 1.55% 1.13% .0001 

Presence of RSV test 45.19% 2.97% <.0001 57.00% 3.41% <.0001 54.30% 3.12% <.0001 

Presence of cannula procedure 0.08% 0.00% <.0001 0.01% 0.00% .04 0.07% 0.00% <.0001 

Use of continuous positive airway pressure 0.04% 0.00% .0001 0.06% 0.00% <.0001 0.04% 0.01% .02 

Use of long-term supplemental oxygen therapy 0.01% 0.00% .25 0.01% 0.00% .13 0.01% 0.00% .25 

Use of mechanical ventilation 0.02% 0.00% .03 0.03% 0.00% <.0001 0.03% 0.00% .02 

 

NICU, neonatal care unit; RSV, respiratory syncytial virus; SD, standard deviation; SES, Socio-Economic Status   *Continuous systemic corticosteroid use for ≥14 days 
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Table 3. Cumulative Incidence 

  

RSV Cohort Non-RSV Cohort RSV vs. Non-RSV (reference) 

Total # 

of 

Patients 

At-Risk 

# of 

Cases 

Cumulative 

Incidence 

Total # 

of 

Patients 

At-Risk 

# of 

Cases 

Cumulative 

Incidence 
Adj. OR (95% CI) p-value 

Truven Commercial                 

1-2 years follow-up 38,494 6,773 17.6% 38,494 1,908 5.0% 4.1 (3.9, 4.4) <.0001 

1-3 years follow-up 25,603 5,468 21.4% 25,603 2,023 7.9% 3.2 (3.0, 3.3) <.0001 

1-4 years follow-up 17,429 4,146 23.8% 17,429 1,690 9.7% 2.9 (2.7, 3.1) <.0001 

1-5 years follow-up 11,921 3,004 25.2% 11,921 1,362 11.4% 2.6 (2.5, 2.9) <.0001 

Truven Medicaid                 

1-2 years follow-up 62,846 8,682 13.8% 62,846 2,784 4.4% 3.5 (3.3, 3.6) <.0001 

1-3 years follow-up 41,836 9,334 22.3% 41,836 3,550 8.5% 3.1 (3.0, 3.2) <.0001 

1-4 years follow-up 28,332 8,087 28.5% 28,332 3,481 12.3% 2.9 (2.8, 3.0) <.0001 

1-5 years follow-up 17,465 6,178 35.4% 17,465 2,912 16.7% 2.8 (2.6, 2.9) <.0001 

Optum SES                 

1-2 years follow-up 23,099 2,413 10.4% 23,099 796 3.4% 3.3 (3.0, 3.6) <.0001 

1-3 years follow-up 15,641 2,589 16.6% 15,641 1,018 6.5% 2.9 (2.6, 3.1) <.0001 

1-4 years follow-up 10,739 2,195 20.4% 10,739 1,069 10.0% 2.3 (2.1, 2.5) <.0001 

1-5 years follow-up 7,411 1,808 24.4% 7,411 944 12.7% 2.2 (2.0, 2.4) <.0001 

                  

Adj, adjusted; CI, confidence interval; OR, odds ratio; RSV, respiratory syncytial virus; SES, Socio-Economic Status 

Adjusted odds ratios were calculated via multivariable conditional logistic regression controlling for covariates including comorbid 

infections specific to the perinatal period or other respiratory conditions of fetus and newborn (yes/no), influenza vaccination 

(yes/no), and pneumococcal vaccination (yes/no) 
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Figure 1. Attrition 
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Figure 2. Event-free Survival and Probability Density of At-Risk Years 
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eFigure 1. Study Design
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Online only material
eTable 1: Codes used for data extraction for various diagnoses, medications and procedures
Diagnoses

ICD‐9‐CM Diagnosis Code ICD‐10‐CM Diagnosis Code

RSV 79.60%* B97.4%,

Acute bronchiolitis due to RSV 466.11 J21.0%

Pneumonia due to RSV 480.10% J12.1%

Acute bronchitis due to RSV 466.0% J20.5%

Acute bronchiolitis due to other infectious
organisms

466.19 J21.1%, J21.8%, J21.9%

Unspecified viral pneumonia 480.9% J12.9%

Bronchopneumonia organism unspecified 485.% J18.0%

Pneumonia, organism unspecified 486.% J18.8%, J18.9%

Influenza or bacterial pneumonia 481.%, 482.%, 487.% J13.%, J14.%, J15.0%, J15.6%, J15.8%, J15.9%, A48.1%, J10.%, J11.%

Asthma 493.%, 506.3% J45.%, J68.3%

Wheezing 786.07 R06.2%

Short gestation (defined as <37 completed
weeks of gestation)

765.20 ‐ 765.28 P07.2%, P07.3%

Low birth weight (<2500 grams) 765.0%, 765.1% P07.0%, P07.1%

Slow fetal growth and malnutrition 764.% P05.%

Congenital heart disease (CHD) 746.% Q24.%

Congenital lung disease or anomalies of 748.% Q30.% ‐ Q34.%



2

respiratory system

Bronchopulmonary dysplasia (BPD) 770.7% P27.%

Congestive heart failure 428.% I50.%

Cystic fibrosis 277.0% E84.%

Down's syndrome 758.0% Q90.%

Infant respiratory distress syndrome (RDS) 769.% P22.%

Infections specific to the perinatal period 771.% P35.% ‐ P39.%

Immunodeficiency 279.% D80.% ‐ D89.%

Other respiratory conditions of fetus and
newborn

770.% P23.% ‐ P28.%

Neuromuscular disease 358.% G70.%

Primary pulmonary hypertension 416.0% I27.0%

Long‐term supplemental oxygen therapy V46.2% Z99.81%

Medications and procedures
GPI code CPT/HCPCS Code

Prophylaxis use of palivizumab 19502060% S9562, C9003
Influenza vaccination 17100020% 90470, 90653‐90664, 90666‐90668, G9141, G9142, Q2034‐Q2039
Pneumococcal vaccination 17200065% 90669, 90670, 90732
Angiotensin‐converting enzyme (ACE)
inhibitors

3610%, 369915%,
369918%, 369985%

Angiotensin receptor blockers (ARB) 3615%, 369927%,
369930%, 369940%,
369945%, 409920%

Antianginal medications 32%
Antibiotics 01%‐08%, 1600%‐ 1629%,

1699%
J0290, J0295, J2543, S0040, J0690, J1890, S0074, J0694, J0697,
S0021, J0698, J0713, J0715, J0696, J0692, J0712, S0077, J2010,
J1364, J0456, J2460, J2265, J0120, J0200, J0744, J1956, J2280, S0034,
J1590, J0278, J1580, J1840, J1850, J3000, J3260, S0073, J0770, J1267,



3

Abbreviations: GPI, Generic Product Identifier; CPT, Current Procedural Terminology; HCPCS, The Healthcare Common Procedure Coding System; UB, Uniform/Universal Billing
*% sign was used as a wildcard for data retrieval, it denotes that all sub-codes under the “parent” codes were included in the analysis.

C9241, J1335, J2185, J3243, J0743, S0039
Antihypertensive medications 36% J0210, J2760, J0360, S0139, J1730, J2670
Beta blockers 33%, 369920%, 369927%,

369988%
J1800, C9482

Cardiotonic medications 31% J2260, J1160, J1162
Chronic corticosteroid therapy (defined as
≥180 days of total length of therapy)

22%, 8915% J0702, J7624, J7622, J7633, J7627, J7634, J7626, J8540, J1094, J1100,
J7312, J7637, J7638, J1700, J1710, J1720, J1020, J2030, J1040, J2920,
J2930, J7509, J2650, J7510, J7506, J7512, J3300, J3301, J3302, J3303,
J7683, J7684

Diuretic medications 37%, 369918%, 369920%,
369940%, 369945%,
369950%, 369955%,
369960%, 369968%,
369990%

J1120, S0171, J1940, J3265, J2150, J7665, J3350, J1205

Other cardiovascular agents 40% J2440, S0090, J1325, S0155, Q4074, J3285, J7686, J2325, J0270,
J0275

Vasopressor 38% J1250, J1265, J0171, 70, C9447
RSV test 87807, 87280, 87420, 87631, 87632, 87633
Cannula procedure 33951, 33953, 33955, 33957, 33959, 33963, 33965, 33969, 33985,

A4615, A4623
Continuous positive airway pressure (CPAP) 94660
Long‐term supplemental oxygen therapy 4030F, E0424, E0444, E1390, E1392, K0738, S8120, S8121

Mechanical ventilation 94002, 94003
UB-92 Rev codes

Neonatal Intensive Care Unit (NICU) 017%
ICU (including CCU) 020%, 021



eTable 2. Incidence Rate Per 1,000 Patient-Years (in original cohorts)

RSV Non-
RSV

RSV vs. Non-RSV
(reference)

Adj. IRR (95% CI) p-value

Truven Commercial
Total # of patients at-risk 38,494 38,494

2.4 (2.3, 2.5) <.0001

# of incident cases 8,005 3,612

Total patient-years at-risk 114,83
3

126,00
5

Incident rate per 1,000 patient-years 69.7 28.7

Truven Medicaid
Total # of patients at-risk 62,846 62,846

2.6 (2.5, 2.7) <.0001

# of incident cases 16,161 6,851

Total patient-years at-risk 161,35
2

178,10
9

Incident rate per 1,000 patient-years 100.2 38.5

Optum SES
Total # of patients at-risk 23,099 23,099

2.3 (2.2, 2.4) <.0001

# of incident cases 4,561 2,210
Total patient-years at-risk 66,134 73,056
Incident rate per 1,000 patient-years 69.0 30.3

Abbreviations: Adj. IRR, adjusted incidence rate ratio; CI, confidence interval; RSV, respiratory syncytial virus; SES,
Socio-Economic Status
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eTable 3 Cumulative Incidence (Excluding Infants with Any Comorbid Condition Reported in Table 2)

RSV Cohort Non-RSV Cohort
RSV vs. Non-RSV

(reference)
Total #

of
Patients
At-Risk

# of
Cases

Cumulative
Incidence

Total #
of

Patients
At-Risk

# of
Cases

Cumulative
Incidence Adj. OR (95% CI) p-value

Truven Commercial
1–2 years follow-up 32,280 5,615 17.4% 32,280 1,569 4.9% 4.2 (3.9, 4.4) <.0001
1–3 years follow-up 21,446 4,559 21.3% 21,446 1,678 7.8% 3.2 (3.0, 3.4) <.0001
1–4 years follow-up 14,652 3,453 23.6% 14,652 1,386 9.5% 3.0 (2.8, 3.2) <.0001
1–5 years follow-up 10,003 2,517 25.2% 10,003 1,143 11.4% 2.6 (2.4, 2.9) <.0001

Truven Medicaid
1–2 years follow-up 48,173 6,490 13.5% 48,173 2,115 4.4% 3.4 (3.2, 3.6) <.0001
1–3 years follow-up 31,866 6,961 21.8% 31,866 2,676 8.4% 3.1 (2.9, 3.2) <.0001
1–4 years follow-up 21,654 6,032 27.9% 21,654 2,556 11.8% 3.0 (2.8, 3.1) <.0001
1–5 years follow-up 13,346 4,622 34.6% 13,346 2,197 16.5% 2.7 (2.6, 2.9) <.0001

Optum SES
1–2 years follow-up 19,411 1,975 10.2% 19,411 677 3.5% 3.2 (2.9, 3.5) <.0001
1–3 years follow-up 13,082 2,073 15.8% 13,082 821 6.3% 2.8 (2.6, 3.0) <.0001
1–4 years follow-up 8,988 1,783 19.8% 8,988 880 9.8% 2.3 (2.1, 2.5) <.0001
1–5 years follow-up 6,190 1,477 23.9% 6,190 774 12.5% 2.2 (2.0, 2.4) <.0001

Abbreviations: Adj, adjusted; CI, confidence interval; OR, odds ratio; RSV, respiratory syncytial virus
Adjusted odds ratios were calculated via multivariable conditional logistic regression controlling for covariates including comorbid with infections specific to the perinatal period or other respiratory
conditions of fetus and newborn (yes/no), influenza vaccination (yes/no), and pneumococcal vaccination (yes/no).
Population Restrictions: Excluded Cases and Controls with the following comorbidities: Bronchopulmonary dysplasia, Congestive heart failure, Cystic fibrosis, Down's syndrome, Infant respiratory
distress syndrome, Infections specific to the perinatal period, Immunodeficiency, Neuromuscular disease, Other respiratory conditions of fetus and newborn, Primary pulmonary hypertension
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eTable 4. Incidence Rate Per 1,000 Patient-Years (Excluding infants with any comorbid
condition reported in Table 2)

RSV Non-RSV
RSV vs. Non-RSV (reference)

Adj. IRR (95% CI) p-value

Truven Commercial
Total # of patients at-risk 32,280 32,280

2.42 (2.31, 2.53) <.0001

# of incident cases 6,643 2,998
Total patient-years at-risk 96,404 105,840
Incident rate per 1,000 patient-years 68.9 28.3

Truven Medicaid
Total # of patients at-risk 48,173 48,173

2.54 (2.46, 2.63) <.0001

# of incident cases 12,111 5,214
Total patient-years at-risk 124,552 136,590
Incident rate per 1,000 patient-years 97.2 38.2

Optum SES
Total # of patients at-risk 19,411 19,411

2.22 (2.09, 2.34) <.0001

# of incident cases 3,750 1,851
Total patient-years at-risk 55,725 61,213
Incident rate per 1,000 patient-years 67.3 30.2

Abbreviations: Adj. IRR, adjusted incidence rate ratio; CI, confidence interval; RSV, respiratory syncytial virus
Population Restrictions: Excluded Cases and Controls with the following: Bronchopulmonary dysplasia, Congestive heart failure, Cystic
fibrosis, Down's syndrome, Infant respiratory distress syndrome, Infections specific to the perinatal period, Immunodeficiency, Neuromuscular
disease, Other respiratory conditions of fetus and newborn, Primary pulmonary hypertension
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