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Background This study evaluates the long-term respiratory syncytial virus (RSV) burden among preterm and full-term infants
in the United States.

Methods Infants with birth hospitalization claims and 224 months of continuous enrollment were retrospectively identified in
the Truven MarketScan Commercial Claims and Encounters database for the period 1 January 2004-30 September 2015. Infants
with RSV infection in the first year of life (n = 38 473) were matched to controls (n = 76 825), and remaining imbalances in the
number of individuals in each group were adjusted using propensity score methods. All-cause, respiratory-related, and asthma/
wheezing-related 5-year average cumulative costs were measured.

Results  Early premature (n = 213), premature (n = 397), late premature (n = 4446), and full-term (n = 33 417) RSV-infected infants
were matched to 424, 791, 8875, and 66 735 controls, respectively. After 2 years since RSV diagnosis, all-cause cumulative costs for
RSV-infected infants as compared to those for controls increased by $22 081 (95% confidence interval [CI], —$5800-$42 543) for early
premature infants, by $14 034 (95% CI, $5095- $22 973) for premature infants, by $10 164 (95% CI, $8835-$11 493) for late premature
infants, and by $5404 (95% CI, $5110-$5698) for full-term infants. The 5-year RSV burden increased to $39 490 (95% CI, $18 217-$60
764), $23 160 (95% CI, $13 002-$33 317),$13 755 (95% CI, $12 097-$15 414), and $6631 (95% CI, $6060-$7202), respectively. The
RSV burden was higher when stratified by inpatient and outpatient setting and respiratory-related and asthma/wheezing-related costs.

Conclusions The RSV burden extends across cost domains and prematurity, with the greatest burden incurred by the second
year of follow-up. Findings are useful in determining the cost-effectiveness of RSV therapies in development.
Keywords. Cost burden; long-term follow-up; lower respiratory tract infection.

Respiratory syncytial virus (RSV) is the primary cause of in-
fant lower respiratory tract infections. RSV infection is the most
common cause of inpatient admission among US children aged
<2 years and results in a significant burden associated with out-
patient and emergency department visits [1, 2]. In Medicaid
recipients, the incremental healthcare cost among infants with RSV
diagnosed in an inpatient setting has been estimated to be $34 132
(in 2006 dollars) in the first year following the infection; similarly,
among infants with RSV infection diagnosed in an outpatient set-
ting, the incremental economic burden has been estimated to be
$3869 (in 2006 dollars) [3]. In commercially insured infants with a
gestational age of <36 weeks [4], an average incremental burden of
$9115 (in 2006 dollars) 1 year after the infection has been reported.

Infants of lower gestational and chronological ages are likely
to have more-severe RSV disease and, subsequently, higher rates
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of healthcare resource utilization [5-9]. These risk factors also
contribute to higher inpatient and outpatient healthcare costs
among infants infected with RSV [3-5, 10]. More recently,
McLaurin et al [5] showed in large samples of infants <1 year of
age with an index RSV event but without matching controls that
the average first-year RSV-specific hospitalization costs varied
from $8324 (for the full-term group) to $39 354 (for the preterm
group with a gestational age of <29 weeks) among Medicaid-
insured infants and from $10 570 to $40 813 (all in 2014 dollars),
respectively, among commercially insured infants.

These estimates might have underestimated the economic
burden of RSV because, generally, the infants were not followed
up for longer than the first year following the index event, and
therefore the investigators did not capture further downstream
costs associated with the RSV infection. Early life exposure to
RSV has been associated with the development of respiratory
morbidities, including asthma, wheezing, reduced pulmonary
function, and allergic sensitization, for up to 13 years [8, 11, 12].

The literature is lacking any comprehensive evaluation of
the longitudinal economic burden of RSV infection. Our ret-
rospective study compared the all-cause, respiratory-related,
and asthma/wheezing-related cost burden trajectories among

1244 « JID 2020:221 (15 April) « Chirikov et al

Lzoz Arenuer || uo 1senb Aq 0%€651S/P172L/8/L 2z /e1Pme/pll/wod dnoolwepede//:.sdpy woly papeojumoq


mailto:Eric.Simoes@ucdenver.edu?subject=

infants in whom RSV infection was diagnosed to those for
controls over 5 years of follow-up since the index event. We
used a large nationally representative administrative claims da-
tabase, focusing on US commercially insured infants with an
RSV diagnosis in the first year of life and reporting estimates
stratified by prematurity and chronological age.

METHODS

Data Source

The study used retrospective data on infants born from 1
January 2004 through 30 September 2015 and identified in the
Truven Health MarketScan Commercial Claims and Encounters
database. The MarketScan database contains claims from >300
contributing employers and 25 contributing health plans across
all regions of the United States. It includes medical (eg, inpa-
tient, physician office, and emergency department) and outpa-
tient pharmacy utilization, as well as information on coverage
enrollment and patient-level demographic characteristics
among policy holders, their spouses, and their dependents.
All patient-level data within the database contain synthetic
identifiers to preserve patient confidentiality [13]. Owing to
the encrypted retrospective nature of the data, the study was
not considered by the Colorado Multiple Institutional Review
Board of the University of Colorado, Denver, to involve human
subjects research.

Study Sample and Design

Infants were included in the study if they had an identifiable
birth hospitalization claim and at least 24 months of contin-
uous enrollment in medical and pharmacy coverage after the
hospitalization. International Classification of Diseases, Ninth
Revision (ICD-9), diagnosis codes for RSV (079.6x, 466.11,
and 480.1x) in the primary or secondary position on a medical
claim were used to identify infants with an RSV diagnosis in
their first year of life [4, 14]. To identify infants with unspecified
bronchiolitis or pneumonia (UBP), medical claims with ICD-9
codes 466.0x, 480.9x, 485.xx, and/or 486.xx and no concurrent
(within 3 days) medical claims for influenza or bacterial pneu-
monia (defined by ICD-9 codes 481, 482.xx, and 487.x) were
used. Finally, the remaining infants did not have evidence of
RSV or UBP in their claims. In cases in which a UBP diagnosis
was observed up to 14 days before the first RSV diagnosis, we
considered the RSV episode to have started at the time of the
prior UBP diagnosis.

Because RSV seasons vary both temporally and geographi-
cally in the United States, this study defined an RSV season on
the basis of each of the 10 regional determinations made by the
Department of Health and Human Services [15] and the empir-
ical distribution of RSV diagnoses in those regions as observed
in the data each year. Because we noted only a slight variation in
RSV seasonality across years within a region, the final empirical
RSV seasonality determination was based on pooled data across

all available years within a region (Supplementary Figures
11-21). To form the control group for this study, infants with
UBP cases that occurred outside of the RSV season for the re-
spective region were merged with infants without UBP or RSV
diagnoses. Infants with UBP cases that occurred during the
RSV season for a region were excluded from further analyses,
to minimize misclassification bias. No RSV infections were
omitted from the analyses, regardless of whether they occurred
in or out of the RSV season.

Infants were grouped into 4 prematurity subcohorts based
on gestational age [16]: (1) early premature, defined as a ges-
tational age of 24-28 weeks; (2) premature, defined as a
gestational age of 29-34 weeks; (3) late premature, defined
as a gestational age of 35-36 weeks; and (4) full term, defined as
a gestational age of 237 weeks.

Control infants were matched to RSV-infected patients on
the basis of prematurity status, year of birth, and calendar
quarter of birth. The date of the index event for the RSV co-
hort was the first RSV diagnosis date, and control patients were
assigned the index date of their matched RSV-infected patient.
Infants’ demographic and clinical characteristics were defined
over a variable period between the dates of their birth hospi-
talization and index RSV case. For the definitions of hemody-
namically significant congenital heart disease and chronic lung
disease of prematurity, we required a diagnosis code on med-
ical claims and the prescription drug used to treat the respec-
tive condition [17].

Costs attributable to inpatient and outpatient settings, emer-
gency department visits, and prescription drugs were measured
according to 3 definitions: all-cause events, asthma/wheezing-
related events, and respiratory-related events (which included
asthma/wheezing events). Respiratory- and asthma/wheezing-
related events were identified using ICD-9 codes for relevant
conditions when they appeared on any medical claim field
(Supplementary Table 1).

Statistical Methods

We used the covariate-balancing propensity score (CBPS)
method to weight matched controls and RSV-infected patients
and address measurable imbalances between the 2 groups
[18-20]. Compared with other approaches, such as logistic re-
gression or boosted classification and regression trees, CBPS
has shown to optimize both group assignment prediction and
covariate balance [21]. Covariates input in the propensity score
model included clinical and healthcare utilization variables and
the monthly cost trajectory before the index date.

Infant characteristics measured up to the index date were
compared using weighted summary statistics. Follow-up data
were segmented into monthly increments, and the weighted
surveymeans procedure in SAS, version 9.4, was used to calcu-
late the average cumulative cost, similar to previously conducted
longitudinal follow-up studies [22, 23]. Confidence intervals

Long-Term RSV Cost Burden « JID 2020:221 (15 April) « 1245

Lzoz Arenuer || uo 1senb Aq 0%€651S/P172L/8/L 2z /e1Pme/pll/wod dnoolwepede//:.sdpy woly papeojumoq


http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiz160#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiz160#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiz160#supplementary-data

(CIs) and P values for the statistical significance of differences
were obtained using the variance estimates provided by the
surveymeans procedure, which calculates a correction factor
accounting for the unequal probability of selection due to the
propensity score weights [24, 25].

Total average cumulative costs and differences in costs were
stratified by the 4 categories of prematurity and plotted longi-
tudinally. Subgroup analyses by prematurity were conducted in
subcohorts with an RSV diagnosis in the first 0-6 months and
7-12 months of life and in their matched controls and included
separate iterations of CBPS weighting. Analyses were conducted
with SAS 9.4 (Cary, NC). Costs are presented in 2015 USD.

RESULTS

We identified 213 early premature, 397 premature, 4446 late
premature, and 33 417 full-term RSV-infected infants, who
were matched to approximately twice as many control infants
(Supplementary Figure 1). The median continuous follow-up
duration across premature cohort subgroups varied from 4 to
5 years since the index date. Cohorts were well matched with re-
spect to chronological age at index diagnosis, calendar quarter,
and year of birth in propensity score-weighted (Table 1) as well
as unweighted analyses (Supplementary Table 2). However, in
unweighted analyses, the RSV-infected subcohorts had a higher
total cost before the index date and a higher proportion of
infants with hemodynamically significant congenital heart dis-
ease, chronic lung disease of prematurity, or other conditions at
birth. As expected, at baseline, cohorts of increased prematurity
(ie, decreased gestational age) had greater proportions of infants
who were part of twin or multiple births, a greater proportion
who were admitted to the neonatal intensive care unit (NICU),
a longer length of stay, a greater proportion who used mechan-
ical ventilation, a greater proportion who received palivizumab
prophylaxis, a higher cost, and greater proportions with chronic
conditions. After propensity scoring, RSV-infected and control
subgroups were well balanced within each of the 4 prematurity
cohorts (Table 1). Additionally, the trajectory of total costs be-
fore the index date was also similar between RSV-infected and
control groups after propensity score weighting (Supplementary
Figures 2-5).

Trajectories of Average Cumulative Cost Since Birth

Since the birth hospitalization, the rate of average cost accumu-
lation was the steepest in the first 1 year of life across propen-
sity score-weighted prematurity cohorts; most of the average
total costs were generated in that period, especially for pre-
term infants (Figure 1). By 6 years of age, the average total cost
among RSV-infected infants was $574 385 (95% CI, $519 950-
$628 820) for the early premature subcohort, $167 286 (95% CI,
$154850-$179 723) for the premature subcohort, $114 479 (95%
CI, $111 581-$117 917) for the late-premature subcohort, and
$28 950 (95% CI, $28 558-$29 342) for the full-term subcohort.

The trajectories of average cumulative total costs since birth
were higher for RSV-infected infants as compared to controls
and were significantly different in later years, as evidenced by
nonoverlapping Cls, except for the early premature group.

Trajectories of Average Cumulative Cost Since date of RSV Diagnosis
Examination of average cumulative costs among RSV-infected
infants and matched controls since the index date revealed
that subgroups with increased prematurity consistently had
higher costs, with RSV-infected subcohorts’ trajectories being
higher than that of their control counterparts (Figure 2).
Similarly, higher asthma/wheezing-related and respiratory-
related average cumulative costs since index were observed
among RSV-infected infants as compared to matched controls
(Supplementary Figures 6 and 7).

Difference in Average Cumulative Costs Between RSV and Controls Since
Date of RSV Diagnosis: the RSV-Attributable Cost Burden

By 60 months of follow-up since index, the all-cause total cost
burden was significantly higher for RSV-infected infants than
for controls, with an attributable difference of $39 490 (95% CI,
$18 217-$60 764) for the early premature subgroup, $23 160
(95% CI, $13 002-$33 317) for the premature subgroup, $13 755
(95% CI, $12 097-$15 414) for the late-premature subgroup,
and $6631 (95% CI, $6060-$7202) for the full-term subgroup
(Table 2). Accounting for more than half of the attributable
all-cause economic burden of RSV by 60 months of follow-up,
the respiratory-related burden was also significantly higher,
with an attributable difference of $26 642 (95% CI, $12 016-
$41 269) for the early premature subgroup, $12 854 (95% CI,
$9050-$16 659) for the premature subgroup, $8811 (95% CI,
$7992-$9630) for the late premature subgroup, and $4284 (95%
CI, $4015-$4553) for the full-term subgroup. The asthma/
wheezing-related burden of RSV was also significantly higher
as compared to that for controls but generally represented <20%
of the total all-cause economic burden. The RSV-attributable
economic burden was higher at 12 and 24 months of follow-up,
as well, with the exception for the all-cause cost comparison
among early premature infants.

Generally, the interpretation of results in the 4 main prema-
turity subgroups held true for infants with an index diagnosis
during ages 0-6 months or 7-12 months, as well (Supplementary
Tables 3 and 4). The trajectories of the difference in average cu-
mulative costs by prematurity status and diagnosis in the first
and second 6 months of life were plotted and are available in
Supplementary Figures 8-10.

RSV-Attributable Cost Burden, by Treatment Setting

Of note, the RSV-attributable all-cause economic burden among
early premature and premature infants was largely generated in an
inpatient setting, especially in the first year of follow-up. In con-
trast, the RSV-attributable all-cause economic burden in the out-
patient setting was much more prominent among late-premature
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Figure 1. Average cumulative all-cause cost since birth after propensity score weighting among respiratory syncytial virus (RSV)—infected infants (top curve) and matched
controls (bottom curve), by prematurity status. A, Early premature subcohorts. B, Premature subcohorts. C, Late premature subcohorts. O, Full-term cohorts. Dashed lines

represent 95% confidence intervals. USD, US dollars.

infants ($5504 by month 60) and full-term infants ($2415 by
month 60) and, in later years, was comparable to the burden in
the inpatient setting ($5034 for late-premature infants and $2739
for full-term infants by month 60). The RSV-attributable outpa-
tient cost burden also increased substantially for early premature
and premature infants in later years of follow-up and, by month
60, represented about half of the inpatient burden in those groups.

Emergency department visit costs contributed 2%-7% of
the overall cost differentials, whereas prescription drug costs
contributed 15%-19%. Similar trends were also observed for
the respiratory-related definition of economic burden, although
inpatient setting accounted for a much higher proportion of the
respiratory burden (Table 2).

DISCUSSION

Critical knowledge gaps still remain in our understanding of
RSV epidemiology and the long-term impact of the infection in
the United States [26] and globally [27]. Aligned with research
priorities to comprehensively examine outcomes that extend

beyond just the immediate effect of the acute disease and to fol-
low-up infants until 6 years of age [28], we studied the long-term
cost burden of RSV in commercially insured infants in the United
States. Results from this economic analysis are in line with those
from another recent study by the same research team, which
found significant, long-term burden of RSV-associated healthcare
utilization for all gestational ages [29]. Given that most of the costs
are incurred in the first 2 years of life, we propose that most of the
impact of RSV prevention efforts will be captured by prospectively
studying children for the first 2 years after the intervention.
Burden estimates from both studies clearly demonstrate that
the spectrum of end points collected in randomized clinical
trials of RSV treatment and prevention efforts should be ex-
panded [30]. Overall, by 60 months of follow-up, respiratory-
related costs accounted for 67% of the attributable all-cause
burden in the early premature cohort, 55% in the premature
subcohort, and approximately 64% in the late-premature and
full-term subcohorts (Table 2). The difference between the
all-cause and nonrespiratory-associated healthcare utilization
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Figure 2. Average cumulative all-cause costs since the respiratory syncytial virus (RSV) infection index date after propensity score weighting, by prematurity status.

burdens was mostly due to routine child health examinations
and vaccinations and conditions relating to the upper res-
piratory tract, which we conservatively excluded from the
respiratory-related definition.

The asthma/wheezing burden in our study accounted for only
9%-19% of the total burden. Most studies examining the long-
term impact of RSV examine its impact on recurrent wheezing
or asthma [12]. Two current studies of palivizumab prophylaxis
have followed children up to 6 years of age [31, 32] but showed
no impact on asthma.

Our findings extend the evidence on the impact of RSV
disease among infants of lower gestational and chronological
ages [5]. We showed that, during the 5 years after the RSV
index date, the respiratory burden attributable to RSV ranged
from 2.1 times greater in the late-premature subcohort (cost,
$8811) to 6.2 times greater in the early premature subcohort
(cost, $26 642), compared with that in the full-term subcohort
(cost, $4284). Relative comparisons across prematurity
cohorts were similar with respect to the overall all-cause cost
burden definition. Although the absolute cost impact of RSV
was greatest among infants infected in the first 6 months of
life (Supplementary Table 3), consistent with conclusions by
other studies [9], results of relative comparisons of the RSV-
attributable burden across higher-risk prematurity cohorts

were similar to those for the main gestational cohorts, with a
1.7 times greater burden in the late-premature subcohort (cost,
$15 085) and a 6.0 times greater burden in the early premature
subcohort (cost, $57 274), compared with that in the full-term
subcohort (cost, $8973).

Infants infected with RSV during the second 6 months of life
incurred >50% of their attributable cost burden between 24 and
60 months of follow-up (Supplementary Table 4), compared
with infants infected during the first 6 months of life, in whom
most of the attributable cost burden occurred during the first
24 months (Supplementary Table 3). This stems from the fact
that RSV-infected and control groups with disease diagnosed
during 0-6 months of chronological age also coincidentally
and naturally accumulate very high costs in early life, dwarfing
any further cost generation in later months of follow-up. For
comparison, the accumulation of costs after diagnosis for
those with disease diagnosed during 7-12 months of life is
much more gradual, coinciding with a lower need for med-
ical attention and healthcare utilization in later life, and hence
cost differences between RSV-infected infants and controls are
much more gradual (Supplementary Figure 22).

Interestingly, RSV infection in the second 6 months of life
resulted in higher point estimates of incremental asthma/
wheezing-related costs in all 4 prematurity subgroups at all
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Table 2. Difference in Average Cumulative Costs Between Infants With Respiratory Syncytial Virus (RSV) Infection and Matched Controls, by Time Since
RSV Event

Cost Difference, $ (95% CI)

Prematurity Status, Follow-up, Setting All-Cause Costs Respiratory-Related Costs Asthma/Wheezing-Related Costs

Early premature

12 mo
Inpatient setting 12 192 (-7636-32 019) 18 913 (4458-33 368) 858 (-117-1834)
Outpatient setting 459 (-1860-2779) 1066 (425-1706) 394 (229-559)
ED 301 (164-438) 152 (71-232) 52 (14-90)
Pharmacy 2207 (1295-3119) 596 (472-720) 415 (326-503)
Total 15 159 (-4924-35 242) 20 726 (6255-35 197) 1719 (708-2730)
24 mo
Inpatient setting 14 286 (-6799-34 372) 20 042 (56524-34 560) 1447 (278-2616)
Outpatient setting 4446 (1583-7309) 1291 (5623-2058) 475 (219-731)
ED 528 (334-722) 224 (122-325) 94 (39-150)
Pharmacy 2822 (1816-3827) 980 (818-1143) 661 (547-774)
Total 22 081 (-6800-42 543) 22 537 (7994-37 080) 2677 (1458-3897)
60 mo
Inpatient setting 20 913 (369-41 456) 22 027 (7438-36 617) 2156 (778-3535)
Outpatient setting 11 696 (7572-15 819) 2045 (1149-2942) 850 (549-1152)
ED 839 (5626-1151) 361 (207-516) 175 (67-283)
Pharmacy 6043 (4721-7365) 2240 (1885-2594) 1216 (1058-1374)
Total 39490 (18 217-60 764) 26 642 (12 016-41 269) 4378 (2933-5824)
Premature
12 mo
Inpatient setting 8361 (1-16 722) 7581 (4011-11 151) 414 (-30-868)
Outpatient setting 184 (-1195-1562) 777 (642-912) 77 (33-121)
ED 203 (99-308) 144 (84-204) 1M (-6-27)
Pharmacy 1006 (572-1441) 272 (217-327) 189 (148-229)
Total 9755 (1205-18 304) 8774 (5189-12 359) 691 (224-1157)
24 mo
Inpatient setting 12 306 (3710-20 902) 9445 (5715-13 174) 503 (42-965)
Outpatient setting 32 (-1959-2022) 1113 (909-1317) 206 (71-340)
ED 313 (182-443) 180 (113-247) 27 (1-54)
Pharmacy 1383 (919-1847) 425 (349-501) 310 (256-364)
Total 14 034 (6095-22 973) 11 163 (7412-14 914) 1046 (552-1541)
60 mo
Inpatient setting 12 834 (3923-21 746) 9762 (5987-13 536) 737 (184-1291)
Outpatient setting 6358 (2328-10 387) 1553 (1298-1808) 426 (233-620)
ED 551 (341-761) 287 (187-388) 72 (11-132)
Pharmacy 3418 (2850-3986) 1259 (1080-1437) 945 (799-1090)
Total 23160 (13 002-33 317) 12 854 (9050-16 659) 2166 (1545-2786)
Late premature
12 mo
Inpatient setting 3709 (2537-4882) 4705 (4069-5340) 278 (203-353)
Outpatient setting 2686 (2389-2982) 1056 (978-1134) 196 (173-220)
ED 290 (260-320) 182 (165-199) 37 (29-45)
Pharmacy 1033 (869-1197) 367 (348-385) 233 (219-247)
Total 7718 (6469-8967) 6309 (5663-6956) 744 (661-828)
24 mo
Inpatient setting 4494 (3270-5719) 5052 (4387-5717) 411 (317-506)
Outpatient setting 3948 (3575-4322) 1321 (1233-1408) 343 (309-378)
ED 422 (381-467) 245 (222-264) 75 (62-89)
Pharmacy 1299 (1120-1477) 679 (6563-705) 444 (424-463)
Total 10 164 (8835-11 493) 7297 (6619-7974) 1274 (1166-1381)
60 mo
Inpatient setting 5034 (3555-6513) 5454 (4648-6260) 662 (526-799)
Outpatient setting 5504 (4937-6071) 1687 (15676-1797) 598 (5636-660)
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Table 2. Continued

Cost Difference, $ (95% Cl)

Prematurity Status, Follow-up, Setting All-Cause Costs

Respiratory-Related Costs Asthma/Wheezing-Related Costs

ED 666 (603-730)
Pharmacy 2554 (2339-2769)
Total 13 755 (12 097-15 414)
Full term
12 mo

341 (311-371)
1338 (1292-1384)
8811 (7992-9630)

135 (115-155)
913 (879-947)
2298 (2138-2457)

Inpatient setting
Outpatient setting
ED
Pharmacy
Total

24 mo
Inpatient setting
Outpatient setting

2399 (2162-2636)
1341 (1272-1411)
227 (216-238)
327 (279-375)
4295 (4033-4557)

2665 (2408-2922)
1868 (1767-1969)

(
(
302 (288-315)
(
(

ED
Pharmacy 570 (520-620)
Total 5404 (5110-5698)

60 mo
Inpatient setting 2739 (2248-3230)

Outpatient setting 2415 (2206-2624)

ED 443 (422-464)
Pharmacy 1036 (975-1096)
Total 6631 (6060-7202)

2119 (1954-2284) 165 (126-184)
583 (560-606) 126 (121-132)
156 (150-162) 23 (21-25)
241 (236-246) 144 (140-147)

3099 (2930-3268) 448 (418-479)

2313 (2135-2490) 222 (190-254)
700 (670-730) 199 (191-207)
191 (184-198) 40 (37-43)
428 (421-434) 266 (261-271)

3631 (3448-3815) 727 (693-761)

2417 (2165-2669) 322 (279-366)
825 (762-889) 344 (331-357)
247 (237-256) 73 (67-78)
798 (786-810) 512 (503-521)

4284 (4015-4553) 1245 (1198-1293)

Abbreviations: Cl, confidence interval; ED, emergency department.

time points (12, 24, and 60 months; Supplementary Table 4),
compared with the incremental costs for infants developing an
RSV infection in the first 6 months of life (Supplementary Table
3). Given the known association between the development of
RSV infection in the first 6 months of life and subsequent recur-
rent wheezing, this finding might suggest that preventing RSV
infection in the first year of life could have important cost sav-
ings not only for the most-premature infants but also for full-
term infants.

Such cost comparisons are very important in the context of
the value of any current or future RSV-associated treatment
and preventive regimens. Presently, no vaccine is available
to prevent RSV infection, and immunoprophylaxis with the
neutralizing monoclonal antibody palivizumab is limited to
infants born very prematurely and/or with specific congenital
conditions. However, the cost of weight-dependent dosing over
multiple months makes use of palivizumab impractical in low-
and middle-income countries [33].

From a US payer perspective, the estimated average 2016-
2017 cost of palivizumab treatment for otherwise healthy
preterm infants born at a gestational age of 29-35 weeks has
been estimated to range from $3221 to $12 568, depending
on dosing regimen, gestational age in weeks, and birth
month [34]. Other studies estimate immunoprophylaxis with
palivizumab costs as much as $6000-$20 000 per child for
4-5 doses during 1 RSV season [35, 36]. While variation in

the cost of palivizumab seems substantial, findings from our
study provide evidence that immunoprophylaxis for preterm
infants at risk of RSV infection in the first 6 months of life may
be cost saving for the healthcare system because lower-weight
infants would require smaller doses, which would lower the
cost of prophylaxis [36]. Restricting RSV immunoprophylaxis
to preterm infants with gestational age of <28 weeks or those
29-34 weeks with qualifying conditions of hemodynam-
ically significant congential heart disease or chronic lung
disease of prematurity, as recommended by the American
Academy of Pediatrics in 2014, was a correlate of a multifold
observed increase in RSV hospitalizations during the year
after implementing the restriction and might have especially
affected infants with a gestational age of 29-34 weeks and a
chronological age of <3 months during the RSV season [37].
The current cost of immunoprophylaxis, however, makes it
prohibitive to passively immunize all infants of any gestational
or chronological age. An economic appraisal from Europe de-
termined that targeted RSV prophylaxis is not cost-effective at
reducing the RSV burden in moderately preterm infants unless
lower-priced biosimilar palivizumab or vaccine is available [38].
Another study [39] concluded that the maximum price per fully
protected person that should be paid for infant, newborn, and
maternal immunization strategies without seasonal restrictions
should be £192 ($249), £81 ($105), and £54 ($70), respectively.
Future US analyses of the cost-effectiveness of vaccines can use
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data reported in our study to examine the maximum price per
fully protected person for the United States.

The general limitations of using administrative claims data for
research purposes apply to our study, and residual misclassification
bias is possible. Additionally, some of the included infants had re-
ceived palivizumab prophylaxis during their first year of life, which
might have influenced outcomes observed for preterm infants
even after incorporating matching procedures. Last but not least,
our study may not be entirely generalizable for the United States
because it did not include Medicaid recipients. Prior evidence
suggests that the average costs for Medicaid-insured infants may
be somewhat lower than those for commercially insured infants,
possibly explained by lower reimbursement rates [5].

With vaccine and prophylactic agents for RSV likely be-
coming available in the next 5 years, this study bridges the
critical knowledge gap regarding the long-term impact of RSV
in commercially insured preterm and full-term infants in the
United States. We found that the long-term burden of RSV
may not be restricted to only asthma/wheezing and respira-
tory disease but also extends across all cost domains, including
inpatient setting, outpatient setting, emergency department,
and prescription drug utilization. Clinical guideline societies,
payers, and vaccine trialists should use findings from this study
to best inform decisions regarding the cost-effectiveness of pre-
vention and management of RSV infection.

Supplementary Data

Supplementary materials are available at The Journal of Infectious
Diseases online. Consisting of data provided by the authors
to benefit the reader, the posted materials are not copyedited
and are the sole responsibility of the authors, so questions or
comments should be addressed to the corresponding author.
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