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ABSTRACT 30 

Respiratory syncytial virus associated acute respiratory infection (RSV-ARI) constitutes a substantial 31 

disease burden in older adults ≥65 years. We aimed to identify all studies worldwide investigating the 32 

disease burden of RSV-ARI in this population. 33 

We estimated the community incidence, hospitalisation rate and in-hospital case fatality ratio (hCFR) 34 

of RSV-ARI in older adults stratified by industrialized and developing regions, with data from a 35 

systematic review of studies published between January 1996 and April 2018, and from 8 unpublished 36 

population-based studies. We applied these rate estimates to population estimates for 2015, to calculate 37 

the global and regional burden in older adults with RSV-ARI in community and in hospital during that 38 

year. We estimated the number of in-hospital RSV-ARI deaths by combining hCFR with hospital 39 

admission estimates from hospital-based studies.  40 

In 2015, there were about 1.5 million (95% CI 0.3-6.9) episodes of RSV-ARI in older adults in 41 

industrialised countries (data missing in developing countries), and of these 214,000 (~14.5%; 95% CI 42 

100,000-459,000) were admitted to hospitals. The global number of hospital admissions for RSV-ARI 43 

in older adults was estimated at 336,000 (UR 186,000-614,000). We further estimated about 14,000 44 

(UR 5,000-50,000) in-hospital deaths related to RSV-ARI globally. The hospital admission rate and 45 

hCFR were higher for those ≥65 years than those aged 50-64 years.  46 

The disease burden of RSV-ARI among older adults is substantial with limited data from developing 47 

countries; appropriate prevention and management strategies are needed to reduce this burden. 48 

Key words: respiratory syncytial virus, acute respiratory infection, older adults, disease burden 49 
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INTRODUCTION 51 

Acute respiratory infection (ARI), including pneumonia, constitutes a substantial disease burden in 52 

older adults ≥65 years. The Global Burden of Disease, Injuries, and Risk Factors (GBD) Study 2015 53 

estimated that lower respiratory infections have caused 1.2 million deaths (uncertainty range [UR] 1.0-54 

1.3) and 13.5 million disability-adjusted life-years (UR 11.7-14.4) in older adults [1]. Respiratory 55 

syncytial virus (RSV) is one of the important viral pathogens identified in older adults with ARI [2] and 56 

is increasingly recognized as a cause of illness in high-risk adults, including those with chronic lung 57 

and heart disease. A 4-year prospective cohort study indicated that RSV infection developed in 3%-7% 58 

of healthy older adults and in 4%-10% of high-risk adults [2]. Moreover, in that study, the 59 

hospitalisation rate for RSV-ARI increased with age. An active surveillance study across multiple 60 

centres in US estimated that the hospital admission rate of RSV associated community-acquired 61 

pneumonia (CAP) in adults aged 50-64 years was 0.8 cases per 10,000 persons per year, with higher 62 

rates in adults aged 65- 79 years (2.5) and ≥80 years (5.0) [3]. Therefore, we formed an Adult RSV 63 

study group to supplement a systematic literature review with unpublished data. We aimed to estimate 64 

the incidence, hospital admission rate and in-hospital deaths associated with RSV-ARI in older adults 65 

in 2015, worldwide and stratified by industrialized and developing regions.  66 

METHODS 67 

Search strategy and selection criteria 68 

We conducted a systematic review across 9 databases (including 3 Chinese databases) following the 69 

approach detailed in the PRISMA guidelines [4]. Tailored search strategies were developed and applied 70 

to search Medline, Embase, Global Health, CINAHL, Web of Science, WHOLIS, China National 71 

Knowledge Infrastructure (CNKI), Wanfang Data and Chongqing VIP databases (Supplementary Table 72 

1). All searches were restricted to articles with publication dates between January 1996 and April 2018. 73 

No publication status criteria or language restrictions were applied.  74 

We included studies that fulfilled the following selection criteria (Supplementary Panel 1).  75 
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Five investigators (TS, AD, AT, IC and EM) conducted the search in English language databases. Any 76 

disagreements were resolved after discussion. Two investigators (TS and XL), whose first language is 77 

Chinese, did searches and data extraction from Chinese language databases (CNKI, Wanfang and 78 

Chongqing VIP). We reached out to investigators who led studies on RSV-ARI in older adults and were 79 

able to identify unpublished data from 8 studies. The investigator group agreed on a common approach 80 

for data analysis and interpretation and formulated common case definitions. They either reanalysed 81 

data from their already published work with these case definitions or shared hitherto unpublished data 82 

from ongoing studies.  83 

The protocol of this review was published in PROSPERO database (No. CRD42018095111). 84 

Definitions 85 

We adopted case definitions of pneumonia and (very) severe pneumonia, which were adapted from the 86 

WHO Integrated Management of Adolescent and Adult Illness (IMAI) guidelines [5]. The details of the 87 

definitions are displayed in Supplementary Table 2. RSV infection was laboratory confirmed. We 88 

categorised countries as either industrialised or developing on the basis of UNICEF’s classification 89 

2015 [6] and used this regional classification to report our results. The adult population estimates for 90 

2015 were taken from the UN Population Division’s database, World Population Prospects: the 2017 91 

revision [7]. 92 

Statistical analysis 93 

For all the included studies, we applied a continuity correction of 0.0005 if the number of cases or 94 

deaths was zero [8]. This allowed calculation of an incidence rate, hospitalisation rate, proportion or 95 

hCFR for these instances and enabled their inclusion in subsequent meta-analyses. When the study was 96 

longer than 12 months, but not in multiples of 1 year, we calculated annualised incidence by adjusting 97 

the population at risk. If clinical specimens were systematically collected in a proportion of eligible 98 

cases and data for all eligible cases were available, we scaled results for the proportion sampled.  99 

We performed meta-analyses by region for RSV-ARI incidence, hospitalisation rate for RSV-ARI, 100 

proportion of hospital admissions for ARI with RSV+, and hCFR of RSV-ARI and reported pooled 101 
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estimates (with 95% CIs) primarily for older adults but also reported for other age groups of interest 102 

(e.g. 50-64 years when data were available). Meta-analysis was carried out when there were at least 3 103 

studies. We applied a random effects model (DerSimonian-Laird method) because in-study and 104 

between-study data heterogeneity was anticipated and thus, are assumed to have different effect sizes 105 

[9]. The incidence and hospitalisation rate meta-estimates for RSV-ARI were applied to the ≥65-years 106 

regional populations to yield estimates for new episodes of RSV-ARI and cases admitted to hospitals 107 

in 2015. We validated hospitalisations for RSV-ARI estimates with an independent dataset by 108 

abstracting the proportion of ARI hospital admissions with RSV+ [10]. We then computed meta-109 

estimates of the regional proportion and applied these to regional estimates of hospital admissions for 110 

ARI in older adults in 2015 (Shi, unpublished). We estimated in-hospital RSV-ARI deaths by applying 111 

regional hCFR meta-estimate to the regional number of RSV-ARI hospital admissions. We estimated 112 

in-hospital death uncertainty ranges (UR) using Monte Carlo simulation (calculating estimates from 113 

10,000 samples from log-normal distributions with 2.5th and 97.5th centiles defining the UR). A similar 114 

simulation was carried out to generate the global estimate (from regional estimates).  115 

Data were analysed using Stata version 13.0 and R version 3.0.2.  116 

RESULTS 117 

We identified 6,593 records and 36 articles fulfilled our selection criteria (Supplementary Figure 1) [2, 118 

11-45]. Another 8 unpublished studies were contributed by the investigator group. Overall, 44 studies 119 

were included with relevant data (Supplementary Figure 2). We identified 19 studies from industrialised 120 

countries, 24 from developing countries and 1 from a mix of industrialised countries and developing 121 

countries. Nineteen studies were from urban areas, 8 from rural areas and 17 from a mixed population. 122 

Among them, 9 reported the community incidence rate in older adults, 16 reported hospital admission 123 

rate, 19 had the proportion data, and 14 reported hCFR. The full descriptions of study characteristics 124 

and reported outcome are available in Supplementary Table 3-6. Most studies only reported data in 125 

those ≥65 years and did not stratify these by narrower age bands. Therefore, we decided to report our 126 
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primary estimates for older adults (i.e., those ≥65 years); we also reported data for those ≥50 or 50-64 127 

years where sufficient data was available.  128 

Nine community-based studies with active case ascertainment reported RSV-ARI incidence (Table 1). 129 

The incidence rate of RSV-ARI in older adults from industrialised countries was estimated to be 6.7 130 

(95% CI 1.4-31.5) per 1,000 persons per year. We could not reliably estimate any rate for developing 131 

countries due to paucity of data for this region (only 1 study from India). The estimated number of 132 

RSV-ARI cases among older adults in industrialised countries was 1.5 (95% CI 0.3-6.9) million. Only 133 

one study from US Wisconsin provided the data by gender and sub-type [12], which showed that the 134 

incidence rate of RSV-ARI in adults ≥50 years was 12.7 (95% CI 9.9-16.3) per 1000 persons per year 135 

in males and 17.8 (95% CI 14.7-21.6) in females, while the rate was 8.0 (95% CI 6.4-10.0) for RSV-A 136 

and 7.4 (95% CI 5.0-9.3) for RSV-B.  137 

Sixteen hospital-based studies with passive case ascertainment reported hospitalisation rate for RSV-138 

ARI in older adults. We estimated RSV-ARI hospitalisation rate in older adults from industrialised 139 

countries to be 1.0 (95% CI 0.5-2.1) per 1,000 persons per year, while the rate was 0.3 (95% CI 0.1-140 

0.7) in developing countries. In studies with data for adults aged 50-64 years old, the hospitalization 141 

rate with RSV-ARI was 0.3 (95% CI 0.1-1.7) per 1,000 persons per year in industrialised countries (3 142 

studies), while the rate was 0.2 (95% CI 0.1-0.3) in the developing countries (6 studies). The 143 

hospitalisation rate was higher in industrialised countries compared to developing countries with 144 

overlapping 95% CIs in both age groups. The overall number of RSV-ARI cases admitted to hospitals 145 

among older adults was 336,000 (UR 186,000-614,000).  146 

Nineteen hospital-based studies (without clear population denominator) reported the proportion of 147 

RSV+ cases among all hospital admissions for ARI. Using this independent dataset we estimated that 148 

252,000 (UR 178,000-360,000) hospital admissions for RSV-ARI occurred in older adults in 2015. 149 

Data were insufficient to provide global and regional hospital admissions by gender or RSV subtype. 150 

Ten published and 4 unpublished studies reported hCFR for older adults with RSV-ARI (17,189 cases). 151 

In industrialised countries, the hCFR meta-estimate was 1.6% (95% CI 0.7-3.8), while it was 9.1% 152 
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(95% CI 2.6-31.8) in developing countries. Seven studies also reported the hCFR in those aged 50-64 153 

years: 1.4% (95% CI 0.5-3.6) from industrialised countries (3 studies) and 2.5% (95% CI 0.6-9.9) from 154 

developing countries (4 studies). The hCFR was higher in older adults than those aged 50-64 years in 155 

both industrialised countries and developing countries. The hCFR was higher in developing countries 156 

compared to industrialised countries with overlapping 95% CI, which was observed in both age groups. 157 

The overall number of in-hospital deaths in older adults was 14,100 (UR 4,800-50,500) in 2015. Data 158 

were insufficient to provide global and regional deaths estimates by gender or RSV subtype. One study 159 

from Guatemala reported deaths in 61.5% (8/13) of patients aged ≥50 years with very severe RSV-ARI 160 

(i.e. requiring ICU admission or mechanical ventilation) [17]. 161 
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DISCUSSION 162 

This is the first systematic review to evaluate and summarise the available literature and unpublished 163 

data that estimates the burden of RSV-ARI in older adults. Our review summarised data from about 164 

18,000 cases of RSV-ARI in older adults reported in 36 articles and 8 unpublished studies. Our study 165 

shows substantial disease burden of RSV-ARI in older adults. We estimated that in 2015, there were 166 

about 1.5 (95% CI 0.3-6.9) million episodes of RSV-ARI in older adults in industrialised countries and 167 

214,000 (95% CI 100,000-459,000) of them (~14.5%) were admitted to hospitals. The global number 168 

of hospital admissions for RSV-ARI in older adults was estimated at 336,000 (UR 186,000-614,000). 169 

A plausibility check using an independent approach with non-overlapping data from 19 different studies 170 

was in good agreement and supports the validity of hospital admission estimates. We further estimated 171 

that there were about 14,000 (UR 5,000-50,000) in-hospital deaths related to RSV-ARI. Because the 172 

estimates only include those admitted to hospital, it is most likely a gross underestimate due to limited 173 

access to care and poor care seeking in developing countries. There is some inconsistency when 174 

comparing to estimates from other studies. A modelling study showed that the annual estimate of RSV 175 

associated respiratory and circulatory deaths was around 11,000 for US, which is similar to the number 176 

reported by Falsey (about 14,000) [2, 46]. GBD 2015 estimated that the overall deaths due to RSV could 177 

be as high as 54,820 in older adults globally (76,477 for influenza and 588,961 for pneumococcal 178 

pneumonia) [1]. This might indicate that a high proportion of RSV associated mortality could happen 179 

outside hospitals [2]. Moreover, we only included laboratory confirmed RSV cases which could miss a 180 

number of cases with late presentation or lower viral loads [47]. 181 

Estimates vary considerably among regions and study sites. Comparisons among studies should be 182 

interpreted with caution because several factors may affect the estimates: methodological differences 183 

across studies (i.e. differences in enrolment criteria; case definitions for ARI; case ascertainment 184 

method; and sample sizes of included studies), annual variations in RSV activity, clinical specimen, 185 

sensitivity and specificity of RSV diagnostic tests, variation in RSV epidemiology between study 186 

populations, and healthcare seeking behaviour of the underlying population. Although we did not 187 
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include fever as part of the case definition, a few studies used severe acute respiratory infection (SARI) 188 

that required history of fever or measured fever of ≥38 C°, which could result in missing some RSV 189 

cases [48]. Therefore, the true uncertainties around these estimates are larger than those expressed in 190 

the standard 95% CI that we report. This heterogeneity might also result in differences when comparing 191 

our estimates to those from other studies [2, 46]. The hospitalisation rate was higher for those ≥65 years 192 

than those aged 50-64 years (with overlapping 95% CIs) in both industrialised and developing countries, 193 

indicating that age might be an important risk factor for RSV-ARI related hospital admissions among 194 

those ≥50 years. The hospitalisation rate was higher in industrialised countries than developing 195 

countries with the 95% CIs overlapped. This may be largely explained by the higher proportion of older 196 

adults and lower thresholds for hospital admission in industrialised countries and poor care seeking 197 

behaviour in developing countries. However, the hCFR in industrialised countries was lower than in 198 

developing countries (with overlapping 95% CIs). The poorer outcome might reflect delayed 199 

presentation and less optimal case management strategies in developing countries, including lack of 200 

supportive care (including mechanical ventilation), treatment of secondary bacterial infections, or 201 

suboptimal control of underlying conditions such as chronic obstructive pulmonary disease (COPD) or 202 

diabetes.  203 

Our estimates of RSV-ARI morbidity and mortality are limited by data availability in developing 204 

countries where outcomes may be poorer. Of the 24 studies from developing countries, most reported 205 

the proportion of admissions with RSV+ (without clear population denominator) and none provided 206 

community-based incidence rates or RSV-ARI mortality. Estimates from developing countries were 207 

missing for some WHO regions (Eastern Mediterranean region, South-East Asia region and much of 208 

Africa region). The hospital admission estimates of RSV-ARI from developing countries came largely 209 

from studies where the catchment population had relatively good access to care. We expect that many 210 

adults with severe or very severe RSV-ARI in developing countries do not receive prompt hospital care. 211 

Therefore, our global and regional estimates are likely to underestimate the true burden of RSV-ARI at 212 

both community and hospital settings. Further estimates of overall RSV-ARI mortality from population-213 

based studies with demographic surveillance could provide additional data to allow more robust 214 
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estimates. Better surveillance systems, including standard case definitions and reporting practices 215 

would substantially reduce the uncertainty in the RSV-ARI morbidity and mortality estimates. 216 

Currently an RSV surveillance pilot is being built on the WHO Global Influenza Surveillance and 217 

Response System (GISRS) platform, which included countries implementing community-based RSV 218 

surveillance and hospital-based RSV surveillance [49]. 219 

Few data are available stratified by narrower age groups or by gender. Therefore, the overall estimate 220 

for older adults was generated directly from the incidence or hospital admission rate for the age group 221 

of ≥65 years. Although our results showed that hospital admission rate and hCFR increased with age, 222 

which indicates that age might be a risk factor for RSV-ARI in those ≥50 years, the number of available 223 

studies was limited and restricted to two age groups (≥65 years and 50-64 years). More studies with age 224 

and gender specific data are required to provide more robust evidence. Data were insufficient to provide 225 

regional incidence or hospitalisation rate estimate by RSV sub-type. One community cohort study 226 

reported that both RSV antigenic groups circulated each year without significant differences in the 227 

proportion of each sub-type among both outpatients and inpatients [12]. Moreover, only one study 228 

provided hospital admission rate and hCFR for older adults with very severe RSV-ARI [17].  229 

A low RSV detection rate in older adults may be due to the low awareness of RSV infection, challenges 230 

in diagnosing RSV in clinical practice, difficulty in obtaining appropriate clinical specimens for testing, 231 

insensitivity of some of the current diagnostic tests, and the relatively high cost of PCR. Moreover, 232 

older adults usually have atypical or delayed clinical presentations with very low viral loads, which 233 

further decreases the sensitivity of diagnostic tests particularly antigen testing [47]. They may not have 234 

detectable virus when they visit the clinics or hospitals due to a shorter duration of shedding, delay in 235 

presentation for care, or inappropriate specimen collection [11].  236 

Although age might be a risk factor for RSV-ARI in adults over 50 years, the majority of older adults 237 

that have been studied had underlying medical conditions such as congestive heart failure and COPD, 238 

which are associated with an increased risk of RSV-ARI and poor outcome. Moyes et al. [37] reported 239 

that the hospital admission rate with RSV-ARI was around 1.0-4.8 per 1000 persons per year in HIV 240 
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infected older adults, while the rate was 0.2 in those without HIV infection (which translates to a relative 241 

risk between 5 to 24) . Thus, co-morbidities should be taken into consideration when evaluating the role 242 

of age in RSV-ARI hospitalisations. Most studies included participants both with and without co-243 

morbidities and did not report co-morbidity specific disease burden. One study presented the hCFR of 244 

RSV-ARI in patients with and without immunocompromised status in those ≥60 years (7.0% vs. 6.8%) 245 

[24]. Falsey et al. [2] reported that the hCFR of RSV-ARI in older adults hospitalised with acute 246 

cardiopulmonary conditions was 7.6%, which is higher than the hCFR from our meta-estimate in 247 

industrialised countries. Further research into the high-risk profiles of older adults admitted to hospitals 248 

with severe RSV-ARI could help guide management strategies, reducing RSV-ARI hospitalisation and 249 

improving outcomes.  250 

According to Falsey et al., in US residents ≥65 years, RSV infection accounted for 10.6% of 251 

hospitalisations for pneumonia, 11.4% for chronic obstructive pulmonary disease (COPD), 5.4% for 252 

congestive heart failure (CHF) and 7.2% for asthma [2]. Therefore, the estimate from this report on 253 

RSV-ARI could underestimate the overall disease burden attributable to RSV infection. Moreover, our 254 

study was limited to hospitalised patients and did not account for the substantial outpatient burden of 255 

RSV disease. 256 

Causal attribution of RSV in older adults is best assessed in case-control studies. However, 257 

asymptomatic RSV infection is uncommon, occurring in only about 10% of asymptomatic participants 258 

[50]. Our recent meta-analysis suggests that there was strong evidence for the association indicating 259 

possible causal attribution for RSV in older adults presenting with ARI compared to those without 260 

respiratory symptoms or healthy older adults [50]. About 88% of RSV cases in nasopharyngeal 261 

specimen of RSV associated ARI cases can be causally attributed to ARI.  262 

In conclusion, this study provides a review of the existing evidence regarding RSV-ARI burden in 263 

community and hospital settings in older adults ≥65 years. RSV-ARI is an important disease among 264 

older adults. More high-quality data (including detailed age-stratified data) on RSV-ARI morbidity and 265 
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mortality with larger sample sizes will improve the disease burden estimate and help guide targeted 266 

interventions such as vaccination.  267 
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Table1: Estimates of the incidence, hospital admission rate, hCFR and number of episodes and in-311 

hospital deaths of RSV-ARI in older adults in 2015 312 

 Developing countries 
Industrialised 

countries 
Global* 

Incidence rate of RSV-ARI   

Number of studies 1 5 6 

Incidence rate - 6.7 (1.4-31.5) - 

Number of cases (thousands) - 1479 (315-6939) - 

Hospitalisation admission rate of RSV-ARI   

Number of studies 6 6 12 

Hospitalisation rate 0.3 (0.1-0.7) 1.0 (0.5-2.1) - 

Number of cases (thousands) 109 (45-266) 214 (100-459) 336 (186-614) 

Proportion of hospitalised ARI which is RSV positive  

Number of studies 8 3 11 

Proportion (%) 3.0 (1.9-4.9) 4.4 (3.0-6.5) - 

Number of cases (thousands) 113 (69-186) 136 (83-221) 252 (178-360) 

hCFR and number of deaths of RSV-ARI   

Number of studies 5 3 8 

hCFR (%) 9.1 (2.6-31.8) 1.6 (0.7-3.8) - 

Number of deaths 

(thousands) 
10.1 (2.1-45.5) 3.3 (1.0-10.8) 14.1 (4.8-50.5) 

RSV=respiratory syncytial virus. ARI=acute respiratory infection. hCFR=in-hospital case fatality ratio. 313 

All data refer to the age group of ≥65 years. Incidence rate and hospitalisation rate are presented as 314 

per 1,000 persons per year. Incidence rate, hospitalisation rate, proportion and hCFR are presented 315 

with 95% CIs. Number of cases and number of deaths are presented with 95% CIs. Global number is 316 

the sum of the cases/deaths from developing and industrialised countries. *Although the overall 317 

number of cases/deaths was obtained by summing the region-specific numbers for each of the 10,000 318 

samples in the Monte Carlo simulation, the point estimates and uncertainty interval limits for the 319 

overall cases are not equal to the sum of the region-specific results.320 
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