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Abstract

Background

Respiratory syncytial virus (RSV) is increasingly recognized as an important cause of illness
in adults; however, data on RSV disease and economic burden in this age group remain lim-
ited. We aimed to provide comprehensive estimates of RSV disease burden among adults
aged >18 years.

Methods

During 2012—-2015, population-based, active surveillance of acute respiratory infection
(ARI) hospitalizations enabled estimation of the seasonal incidence of RSV hospitalizations
and direct health costs in adults aged >18 years in Auckland, New Zealand.

Results

Of 4,600 ARI hospitalizations tested for RSV, 348 (7.6%) were RSV positive. The median
(interquartile range) length of hospital stay for RSV positive patients was 4 (2-6) days. The
seasonal incidence rate (IR) of RSV hospitalizations, corrected for non-testing, was 23.6
(95% confidence intervals [CI] 21.0-26.1) per 100,000 adults aged >18 years. Hospitaliza-
tion risk increased with age with the highest incidence among adults aged >80 years (IR
190.8 per 100,000, 95% CIl 137.6-244.0). Being of Maori or Pacific ethnicity or living in a
neighborhood with low socioeconomic status (SES) were independently associated with
increased RSV hospitalization rates. We estimate RSV-associated hospitalizations among
adults aged >18 years to cost on average NZD $4,758 per event.
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Conclusions

RSV infection is associated with considerable disease and economic cost in adults. RSV
disproportionally affects adult sub-groups defined by age, ethnicity, and neighborhood SES.
An effective RSV vaccine or RSV treatment may offer benefits for older adults.

Introduction

Respiratory syncytial virus (RSV) is well established as a major cause of acute respiratory infec-
tions (ARI) in children, but the burden of disease in adults has been less completely studied.
Recent studies have reported RSV as a considerable cause of morbidity and mortality in adults
[1] sometimes equalling or exceeding rates caused by seasonal influenza [2-4].

While previous studies have been informative, uncertainties about RSV disease burden
among adults remain. Most estimates of RSV-associated hospitalization rates are from studies
conducted in the USA and appear to vary by location and calendar year. The methods used to
estimate RSV disease burden have also varied, with a few studies using active surveillance [2-
6], while others have been based on statistical models correlating clinical data with viral activity
captured through passive surveillance [7-9]. Moreover, laboratory methods used to confirm
RSV have changed over time, with molecular methods having higher sensitivity than previ-
ously used serologic and virus isolation techniques [10]. Finally, few studies among adults
report RSV hospitalization rates by fine age strata or other demographic characteristics [1].

No licensed RSV vaccine is currently available; however, several adult RSV vaccines candi-
dates are in development [11, 12]. More comprehensive estimates of RSV disease burden in
adults will help inform the introduction of such interventions.

In this study, we utilised ARI surveillance data to estimate the incidence of RSV-associated
hospitalizations and direct healthcare associated costs among adults aged >18 years in Auck-
land, New Zealand (NZ). We present RSV-associated hospitalization rates estimated by two
complementary methods. Our findings provide evidence to inform RSV treatment and pre-
ventative strategies in adult populations.

Methods

In this study, we retrospectively established a cohort of adult residents aged >18 years and
identified RSV positive ARI hospitalizations within this cohort using data from the Southern
Hemisphere Influenza and Vaccine Effectiveness Research and Surveillance (SHIVERS) proj-
ect (Fig 1). SHIVERS was an active ARI surveillance project conducted in two public hospitals
which provide all inpatient services for the population residing in the central, southern, and
eastern regions of Auckland [13, 14]. The study area is predominantly urban with an estimated
734,530 adults aged >18 years in 2015, of whom 9% are Maori (NZ’s indigenous population),
16% Pacific (including ethnic groups from Samoa, Cook Islands, Tonga, Niue, Fiji, Tokelau,
Tuvalu, and Kiribati), 23% Asian, and 52% of European or other ethnicities [15]. Ethical
approval for the SHIVERS project was obtained from the NZ Ministry of Health, Health and
Disability Ethics Committee (NTX/11/11/102).

Hospital surveillance

From 30 April 2012 to 31 December 2015, research nurses evaluated adults admitted to
inpatient wards for suspected ARI. Suspected ARI cases were identified through a
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Fig 1. Weekly counts of acute respiratory infection (ARI) hospitalizations and respiratory syncytial virus (RSV) laboratory-confirmed hospitalizations among
adults aged 50 years or older in Auckland, New Zealand, 2012-2015.

https://doi.org/10.1371/journal.pone.0234235.9001

combination of reviewing admission diagnoses and interviewing patients about their pre-
senting signs and symptoms. Among ARI patients, those meeting the WHO severe ARI
(SARI) case definition of cough and measured or reported fever, within the last 7 days in
2012, and then within 10 days from 2013 onwards were enrolled. Study nurses obtained
consent from eligible patients; completed detailed case report forms on a range of factors
including comorbidities, influenza vaccination, antibiotic treatment and clinical outcomes;
and collected nasopharyngeal swabs.

To provide an understanding of the respiratory virus hospitalization burden among ARI
patients not meeting the SARI definition, in 2013-2015 study nurses enrolled a sample of non-
SARI respiratory patients. Sampling in 2013 was during the peak winter period (12 August to
6 October) and included a weekly random selection of four adult inpatients who fitted the
non-SARI respiratory definition. In 2014 and 2015, this surveillance was extended to enrol
approximately twelve adult non-SARI respiratory patients weekly for a broader winter season
(end of April to end of September, week 18-39).

In addition to respiratory virus test results generated by SHIVERS surveillance, hospital lab-
oratories also provided results from clinically ordered tests performed on SARI and non-SARI
respiratory patients during the study period. These results were included after validation of the
hospital respiratory virus PCR assay. This clinician identified sample was especially valuable in
expanding the number of laboratory tested non-SARI patients including in the analysis, since
fewer non-SARI patients were systematically enrolled in the SHIVERS study.

Full-year surveillance data showed that RSV follows a well-defined seasonal pattern with
89.5% of RSV positive hospitalizations detected during the broad winter surveillance period
(Fig 1). As SHIVERS non-SARI respiratory testing was only conducted during winter seasons,
we restricted our analyses to weeks 18-39 of 2012-2015.
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Laboratory methods

Collected specimens were tested for RSV, influenza, rhinovirus, adenovirus, and human
metapneumovirus using the United States Centers for Disease Control and Prevention real-
time reverse transcription (RT)-PCR protocol [16, 17] at the Institute of Environmental Sci-
ence and Research, or using the AusDiagnostic PCR protocol and real-time PCR assays at hos-
pital laboratories [18]. A sample of positive specimens were further sub-typed. Further
information on performance of hospital assays compared to CDC’s real-time RT-PCR as a
gold standard are provided in supplementary material (S1 Table).

Incidence rate denominator data sources

We used national administrative datasets including hospital discharges from the National
Minimum Dataset, primary health care enrolments from Primary Health Organizations, births
from the National Maternity Collection, deaths from the National Mortality Collection, and
specialist visits from the National Non-Admitted Patient Collection [19] to identify and obtain
individual level demographic data on adults aged >18 years residing in the SHIVERS study
area during surveillance periods. These datasets use a unique patient identifier (National
Health Index (NHI) numbers) enabling linkage. This population data was linked to SHIVERS
data using NHI numbers to identify those with ARI and RSV confirmed hospitalizations.

Cost estimation

Each inpatient event in the National Minimum Dataset is allocated a Diagnosis Related Group
(DRG) code [20]. The DRG coding system categorises hospitalizations into clinically similar
events with comparable resource use. These codes, together with information on hospital
length of stay and additional interventions such as mechanical ventilation, are used to calculate
a cost weight and therefore a cost for each inpatient hospital admission. DRGs are the principal
means of reimbursing hospitals for inpatient care in most high-income countries including
New Zealand [21]. We calculated hospitalization costs by multiplying each cost weight pro-
vided in the NMDS with the NZ fixed cost multiplier applicable for the 2017/18 financial year
[20].

Statistical analysis

Chi-square tests were used to test associations between categorical variables and Student’s t-
tests for continuous variables. Among hospitalized cases, logistic regression with adjustment
for age and ethnicity was used to test for association of comorbidities, influenza vaccination,
and antibiotic treatments with RSV positivity.

For incidence calculations, if a RSV positive patient was transferred to another hospital
and/or had multiple RSV positive hospitalizations within 14 days of discharge from their first
hospitalization, they were considered a singular illness episode. Incidence rates were calculated
by dividing the number of RSV-associated ARI hospitalizations (singular episodes) by the
number of adults residing in the study area. Confidence intervals for incidence rates and rate
ratios were based on the Poisson distribution. Rates were stratified by Auckland sub-region,
age, sex, ethnicity, and SES as they are considered key modifiers of ARI hospitalization risk.
SES was quantified using New Zealand’s small area measure of neighborhood deprivation
derived from the national census (NZ Deprivation Index 2013) [22]. This SES measure was
used to divide the study sample into SES quintiles (quintile 1 —least deprived to quintile 5 -
most deprived).
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In New Zealand, Maori and Pacific peoples have lower reported life expectancy than other
ethnic groups [23], and are also overrepresented in the lower SES groups [24]. To control for
confounding and evaluate the independent effects of these factors, RSV hospitalization rates
and rate ratios for age group, ethnicity, and SES were adjusted for each other.

The correction of incidence rate calculations for non-testing for RSV among ARI patients
was done using two methods. First, we multiplied the proportion of those tested who were pos-
itive for RSV by the number of non-tested ARI patients within strata formed by study year,
sub-region, age group, SES quintile, and ethnicity (multiplier method). Second, we corrected
test results using the multivariate imputation by chained equations (MICE) method [25],
which has been shown to yield unbiased estimates when accounting for missing outcome data
[26]. For imputation, we verified that non-tested patients were missing at random, using a
Missing Completely at Random Test [27], before creating 30 imputed datasets of RSV results
with age, ethnicity, SES, SARI case definition, sex, week of hospitalization, and specimen type
(clinician-ordered versus SHIVERS systematic sampling) included as predictors of missing-
ness. To ensure correction of non-testing was only done for singular RSV illness episodes,
patients with two or more untested ARI hospitalizations within 14 days of each other were
considered a singular episode. All analyses were performed using Stata 14 (College Station,
TX:StataCorp LP).

Results
Study population

Based on our linked data methodology, we identified an annual average of 731,204 adults aged
>18 years residing in the study area during 2012-2015. This was similar to the 2015 Statistics
NZ population estimates (734,530) [15].

Hospitalized patients

The temporal distribution of RSV hospitalizations among adults demonstrated a consistent
peak during the New Zealand winter (May-September) (Fig 2). Over the four winter seasons,
there were 8,776 ARI hospitalizations among adults aged >18 years, including 3,804 (43.4%)
SARI events and 4,972 (56.7%) non-SARI events. Of ARI hospitalizations, 4,600 (52.4%) were
tested for RSV (Fig 2). Of the 348 unique RSV-associated hospitalization episodes identified,
there were 226 (7.4%) from the 3,046 SARI tested hospitalizations and 122 (7.9%) from the
1,554 non-SARI tested hospitalizations.

Non-tested cases were older and a smaller proportion of them were of Asian ethnicity (52
Table). The patients tested through the SHIVERS study and those tested based on clinician’s
orders differed by age, SES, ethnicity, SARI case definition, and length of hospital stay (S3
Table).

Among RSV positive samples, 103 (29.6%) were subtyped of which 54 (52.4%) were RSV-A
and 49 (47.5%) RSV-B. There were 47 (18.0%) co-detections of RSV with other viruses. Of the
261 RSV positive samples tested for other respiratory viruses, 26 (10.0%) were influenza co-
detections, 13 (5.0%) rhinovirus, 6 (2.3%) were adenovirus, and 3 (1.1%) were human metap-
neumovirus co-detections.

The median (interquartile range [IQR]) hospital length of stay in days among all ARI hospi-
talizations was 3 (2-6). Of ARI hospitalizations, 179 (2.0%) were admitted to the intensive care
unit (ICU), 244 (2.8%) died during their hospital stay, and 312 (3.6%) died within 30 days of
discharge. The median (interquartile range [IQR]) hospital length of stay for RSV positive
adults was 3 (2-6) days. Among RSV positive cases, 4 (1.1%) died during hospitalization and
11 (3.2%) died within 30 days of hospital discharge.
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Fig 2. Flowchart detailing retrospective cohort of adults aged >50 years in Auckland, New Zealand in 2012-2015 and number of acute respiratory infection (ARI)
and respiratory syncytial virus (RSV)-tested hospitalizations. *For incidence rate calculations, correction of non-testing among ARI patients was done using two

methods; first by multiplying the proportion positive for RSV in each demographic strata to non-tested ARI patients in each group; and second by using the multivariate
imputation by chained equations (MICE) method of imputation in STATA [25].

https://doi.org/10.1371/journal.pone.0234235.9002
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Hospital length of stay did not differ by RSV positivity (p-value = 0.590). The proportion of
ARI hospitalizations requiring ICU admission also did not differ significantly by RSV positiv-
ity (RSV positive = 8/348 (2.3%) vs RSV negative = 132/4252 (3.1%); p-value = 0.400).

Of 8,776 ARI hospitalizations, 3,421 (39.0%) had additional information on comorbidities,
current influenza vaccination status, and antibiotic treatment following hospital admission
(Fig 3). Of these cases, 1,740 (50.9%) were regular smokers, 1,970 (57.6%) patients had a cur-
rent influenza vaccination, and 3,035 (88.7%) received antibiotics during the hospital admis-
sion. In terms of comorbidities, 1,523 (44.5%) cases had a chronic lung disease, and 1,284
(37.5%) had a cardiovascular condition. No factors were significantly associated with RSV pos-
itivity following adjustment for age and ethnicity.

Seasonal incidence of RSV confirmed hospitalizations

The seasonal incidence of RSV hospitalization without accounting for non-tested adults was
11.9 (95% confidence interval [CI] 10.7-13.2) per 100,000 adults (Table 1). Following correc-
tion for non-testing, the incidence of RSV-associated ARI hospitalizations was 22.7 (95% CI:
21.0-24.5) per 100,000 persons using the multiplier method and 23.6 (95% CI 21.0-26.1) per
100,000 adults using multiple imputation (Table 1). Rates were not significantly different
based on the method used for correction, however multiple imputation estimates had slightly
wider confidence intervals due to the incorporation of uncertainty inherent in imputation.
Subsequent presentation of incidence estimates used data derived from multiple imputation.

Following adjustment for age group, SES, and ethnicity; incidence increased by age, with
adults aged 80 years or older being approximately 30 times as likely to have a RSV-associated
hospitalization compared to those aged 18-49 years (Rate ratio [RR] 31.3, 95% CI 22.3-44.0;
Fig 4). Adults from SES quintiles 3-5 were at higher risk of a RSV-associated hospitalization
compared to adults in the least-disadvantaged SES group (quintile 1), following adjustment for
age group and ethnicity (Fig 4). Similarly, RSV hospitalization rates adjusted for age group and
SES were higher in Maori (RR 2.8, 95% CI 2.0-4.0) and Pacific adults (RR 3.5, 95% CI 2.6-4.7)
compared to those of European or other ethnicities (Fig 4).

Direct health-care costs

Based on the DRG costing methodology, the median (IQR) cost per RSV hospitalization
among adults was NZD $3,723.84 ($2500.44-$5,028.44) while among non-RSV hospitaliza-
tions the median (IQR) cost per hospitalization was $3,950.71 ($2423.67-$5028.44). Hospitali-
zation costs were not significantly different by RSV positivity in adults (p-value = 0.254). After
accounting for non-testing, the annual direct health-care cost of RSV-confirmed hospitaliza-
tions in Auckland was NZD $818,398.78 or an average NZD $4,758.13 per hospitalization.
This is equivalent to USD $525,137.85 or an average USD $3,053.13 per hospitalization, using
November 2019 currency exchange rates.

Discussion

We present estimates of RSV hospitalizations rates among adults aged 18 years or more from
population based ARI surveillance. We show RSV to be associated with approximately 8% of
ARTI hospitalizations during winter seasons in this age group and to cost an average NZD
$4,758 per episode. Increasing age, Maori or Pacific ethnicity and low neighborhood SES were
all independently associated with an increased risk of RSV-associated hospitalization in this
population.

Of year-round RSV-associated SARI hospitalizations, 90% of RSV occurred during the win-
ter season suggesting that seasonal incidence approximates annual incidence. We observed
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Fig 3. Risk factors among acute respiratory infection (ARI) hospitalizations in adults aged 18 years or more in
Auckland, New Zealand, 2012-2015 by respiratory syncytial virus (RSV) result. Among 3,421 patients with
complete information on comorbidities, influenza vaccination status, and antibiotic treatment. There was no
significant difference in risk factors by RSV positivity status after adjusting for age and ethnicity. * Includes asthma,
COPD, and bronchiectasis.

https://doi.org/10.1371/journal.pone.0234235.g003

disparities in RSV-associated hospitalization rates by age, ethnicity and SES. Such disparities
have been reported for RSV-associated hospitalization rates in children [28], but to our knowl-
edge this is the first study to demonstrate such inequalities among adults. Ethnic differences in
respiratory infectious diseases are thought primarily to be due to social and economic factors,
as ethnic groups with increased risk of infection and disease are also overrepresented in lower
socio-economic groups. However in our study we found both ethnicity and SES to have inde-
pendent effects on RSV-associated hospitalization risk. A potential explanation is that our
neighborhood-level measure of SES may not accurately capture individual SES. Consequently,
social and economic factors associated with RSV disease risk such as smoking, housing den-
sity, presence of comorbidities, health care seeking behaviour, and poor nutrition are poten-
tially being better captured by ethnicity. As our investigation is exploratory, further
investigation is warranted to guide policy development. Nevertheless our findings highlight
the value of assessing RSV related health disparities among different ethnic populations in
other countries.

Our estimates of RSV positivity among adult ARI hospitalizations is comparable to one US
study using active ARI surveillance and laboratory confirmation among hospitalized adults
aged >65 years [2]. When comparing our estimates to studies reporting RSV hospitalization
rates using hospital surveillance [3, 4], we found our rates (23.6 per 100,000 adults aged >18
years and 99.2 per 100,000 adults aged >65 years) to be lower than those reported in these
studies (55 per 100,000 adults aged >18 years and 189-254 per 100,000 adults aged >65
years). One possible reason for differences could be the approach used to extrapolate RSV pos-
itivity in untested patients. In our study, all ARI patients were actively identified by study
nurses during a broad winter season, and RSV positivity for those without study testing was
estimated while accounting for demographic and clinical differences using a traditional multi-
plier method and a multiple imputation method. In the US studies, RSV hospitalization rates
were estimated by multiplying the proportion of enrolled patients positive for RSV by the total
number of residents with an ICD-9 classified ARI hospitalization during influenza seasons [3,
4]. Additionally, one of the studies took place during a single year when there was a novel
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Table 1. Seasonal incidence rates (IR) of acute respiratory infection (ARI) and laboratory-confirmed respiratory syncytial virus (RSV)-associated ARI hospitaliza-
tions among adults 18 years and older by year, Auckland sub-region, demographic factors in Auckland, New Zealand, 2012-2015.

ARI hospitalizations

Incidence rates (IR) per 100,000 adults

Crude—Not corrected for

Corrected for non-testing*

non-testing Multiplier Multiple
method imputation
No. of | Total| No. tested for| No. confirmed with | (%) of IR (95% CI) IR (95% CI) IR (95% CI)
adults RSV RSV | tested
Total 2924815 | 8776 4600 348 | (7.6) 11.9 (10.7-13.2) | 22.7 (21.0-24.5) |  23.6 (21.0-26.1)
Season
2012 708332 | 2637 951 59 | (1.3) 8.2 (6.1-10.3) | 23.2(19.8-26.9) 25.5(18.2-32.9)
2013 726127 | 2036 932 83| (1.8) 11.3 (8.8-13.7) | 24.9 (21.4-28.8) 29.2 (23.2-35.2)
2014 736724 | 2023 1315 86| (1.9) 11.7 (9.2-14.1) | 17.9 (15.0-21.3) 19.1 (15.2-23.0)
2015 753632 | 2080 1402 120 | (2.6) 15.9 (13.1-18.8) | 23.6 (20.3-27.4) 25.1(20.4-29.7)
Region
Central Auckland 1435862 | 4061 2063 158 | (3.4) 11.0 (9.3-12.8) | 21.6 (19.3-24.2) 22.7 (19.3-26.0)
South East 1488953 | 4715 2537 190 | (4.1) 12.8 (10.9-14.7) | 23.7 (21.3-26.3) 24.4 (21.1-27.8)
Auckland
Age Group (years)
18-49 1838952 | 2117 1367 64 | (1.4) 3.5 (2.6-4.3) 5.4 (4.4-6.6) 5.9 (4.3-7.5)
50-64 658708 | 1974 1129 93 | (2.0) 14.2 (11.3-17.1) | 24.8 (21.2-28.9) 24.2 (18.2-30.2)
65-79 327234 | 2677 1308 118 | (2.6) 36.4 (29.6-43.2) | 74.0 (64.9-83.8) 72.9 (57.4-88.3)
>65 427155 | 4685 2104 191 | (4.2) 44.7 (38.6-51.5) | 99.5(90.3-10.9) | 99.2 (82.4-115.9)
>80 99921 | 2008 796 73 | (1.6) 74.5 (57.4-91.5) 184.1 (158.5- 190.8 (137.6-
212.8) 244.0)
Sex
F 1543948 | 4682 2528 198 | (4.3) 12.9 (11.1-14.7) | 23.8 (21.4-26.3) 23.9(20.7-27.1)
M 1380867 | 4094 2072 150 | (3.3) 10.9 (9.1-12.7) | 21.4 (19.1-24.0) 23.3 (19.8-26.7)
SES (unadjusted) t
1 525511 | 931 474 35 | (0.8) 6.7 (4.5-8.9) | 13.1(10.2-16.6) 13.9 (9.0-18.7)
2 566525 | 1216 624 49 | (1.1) 8.5(6.1-10.9) | 16.7 (13.6-20.5) 17.3 (12.7-22.0)
3 512159 | 1335 676 52 | (1.1) 10.6 (7.8-13.4) | 20.1 (16.4-24.4) | 22.1(16.5-27.7)
4 383620 | 1258 639 57 | (1.2) 13.6 (9.9-17.3) | 29.2 (24.0-35.1) |  28.1 (20.2-36.0)
5 937001 | 4036 2187 155 (3.4) 17.1 (14.3-19.8) | 30.5(27.1-34.3) 31.7 (26.9-36.6)
Ethnicity
(unadjusted)
Maori 249970 | 1585 826 43 | (0.9) 17.3 (12.2-22.5) | 33.3 (26.5-41.2) 34.3 (24.7-43.9)
Pacific 482596 | 2552 1452 121 | 2.6) 25.2(20.6-29.9) | 44.1 (38.4-50.5) | 45.3 (37.2-53.4)
Asian 684059 | 811 440 321 (0.7) 4.7 (3.1-6.3) 8.6 (6.6-11.1) 9.2 (6.0-12.4)
European/Other 1508190 | 3828 1882 152 (3.3) 10.1 (8.5-11.7) | 20.5(18.3-22.9) 21.4 (17.8-25.0)

* Correction for non-testing among ARI patients was done using two methods; first by multiplying the proportion positive for RSV in each demographic strata to non-

tested ARI patients identified in each group; and second by using the multivariate imputation by chained equations (MICE) method of imputation [25].

+ SES quantified using a small area level measure of neighborhood deprivation derived from the national census (NZDep2013) [22].

https://doi.org/10.1371/journal.pone.0234235.t001

influenza A HINI pandemic [3], thus rates estimated that year may not be representative of all

years

The relative burden of influenza compared to that due to RSV also differed in comparison
to these earlier studies. In the studies by Falsey and Widmer et al, the proportion of ARI hospi-
talizations in adults positive for influenza were found to be similar to those for RSV. In our
study, the proportion of hospitalized adults with influenza (approximately 24%) and the
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Fig 4. Adjusted incidence rate ratios for age group (referent 18-49 years old), socio-economic status (referent-quintile 1), and ethnicity (referent-European/
other) of respiratory syncytial virus (RSV) associated acute respiratory infection (ARI) hospitalizations among adults 50 years or older in Auckland, New
Zealand, 2012-2015. *Incidence rate ratios for age, socio-economic status and ethnicity have been adjusted for each other. + SES quantified using a small area level
measure of neighborhood deprivation derived from the national census (NZDep2013) with SES 1 as least deprived and SES 5 as most deprived [22].

https://doi.org/10.1371/journal.pone.0234235.9004

influenza-related hospitalization rate (approximately 72 per 100,000) [29-31] were higher than
those for RSV, despite influenza vaccination coverage in adult populations in NZ being similar
to those of the US study locations. It is possible that these differences are due to the effects of
different circulating influenza strains. In our study, influenza H3N2 was the predominant
strain every year except 2014, and has been shown to result in more severe illness than RSV
[32], whereas in the US studies, influenza HIN1 was generally the predominant strain.

The RSV-associated hospitalization rates among adults aged >65 years (99 per 100,000
adults) reported in this study were similar to estimates reported by studies using indirect statis-
tical modelling. Zhou et al modelled hospitalization and viral surveillance data in 13 US states
from 1993-1994 through 2007-2008 and estimated a RSV hospitalization rate of 86 per
100,000 adults aged >65 years [9]. Similarly, Fleming et al modelled viral surveillance and hos-
pitalization data from the UK from 1995-2009 and estimated a RSV hospitalization rate of 156
per 100,000 adults aged >65 years [7]. Finally, similar to our findings, Zhou et al estimated
hospitalization rates due to influenza in adults to be considerably higher than that for RSV,
particularly in years dominated by influenza H3N2 [9].

When carrying out analyses among hospitalized cases, we did not find any assessed comor-
bidity to be significantly associated with RSV positivity following adjustment for age and eth-
nicity. This lack of association is likely due to the higher risk of hospitalization for non-RSV
illnesses in adults with comorbidities i.e. selection bias that occurs when both exposure and
outcome are associated with hospitalization. Thus in order to accurately measure the effect of
comorbidity on RSV disease risk, population level comorbidity data should be used to estimate
RSV-associated hospitalization rates in specific co-morbidity strata. Such estimates will be
valuable in identifying adult groups who are at particularly high-risk from RSV-associated dis-
ease and priority groups for future RSV vaccines and treatments. Unfortunately, we did not
have population-level comorbidity data to carry out such analyses in the current study, how-
ever we intend to do so in future work.

A strength of this study is its use of ARI surveillance across multiple seasons linked with
individual-level population data, to estimate RSV hospitalization rates by demographic charac-
teristics important for New Zealand. Nonetheless our study had important limitations. First of
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which was the lack of RSV testing for all ARI patients and differences in testing by SARI case
definition. However, our estimates were similar using two different correction methods for
non-testing. Additionally, by using multiple imputation we were able to provide more realistic
measures of uncertainty for our rate estimates. Secondly, our estimations of cost are based on
direct health care associated cost and do not account for indirect costs associated with loss of
work hours and out-of-pocket expenses. Finally, the lack of systematic bacterial and viral co-
infection data prevented detailed assessments of the causal role of RSV infection in adult ARIs.
However a recent meta-analysis suggests strong evidence for this association, showing that
among individuals with RSV-ARI, ARI is causally attributable to RSV in about 88% of cases
[33].

Conclusion

In a setting outside of the United States, where most studies assessing the burden of RSV in
older have been conducted, we confirm that RSV has a considerable hospitalization burden
and associated economic cost in adults. In our study from 2012-2015, RSV burden was less
than that for influenza. RSV disproportionally affects adults by age. Being of Indigenous Maori
or Pacific ethnicity or from a low socio-economic area pose independent risks for RSV-associ-
ated hospitalization. An effective RSV vaccine or treatment may offer benefits for older adults.
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