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Identification of risk factors for severe respiratory syncytial virus (RSV) disease in adults could facilitate their appropriate vaccine
recommendations. We conducted a systematic literature review (last 10 years in PubMed/Embase) to identify quantitative estimates
of risk factors for severe RSV infection outcomes in high-income countries. Severe outcomes from RSV infection included
hospitalization, excess mortality, lower respiratory tract infection, or a composite measure: severe RSV, which included
these outcomes and others, such as mechanical ventilation and extended hospital stay. Among 1494 articles screened, 26
met eligibility criteria. We found strong evidence that the following increased the risk of severe outcomes: age, preexisting
comorbid conditions (eg, cardiac, pulmonary, and immunocompromising diseases, as well as diabetes and kidney disease), and
living conditions (socioeconomic status and nursing home residence). The frequency of severe outcomes among younger adults
with comorbidities was generally similar to that experienced by older adults, suggesting that immunosenescence and chronic

conditions are both contributing factors for elevated risk.
Trial registration. PROSPERO (CRD42022315239).
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The respiratory syncytial virus (RSV) was first identified in
chimpanzees in 1956, and RSV infection has been reported in
adults with pneumonia for >50 years [1]. However, it was
only in the 1990s that epidemiologic studies suggested that
the clinical impact of RSV in certain adult populations—
including those aged >65 years with chronic heart or lung
diseases or immunocompromised status—may be similar to
that of nonpandemic influenza [1]. Recent estimates from
US-based meta-analyses indicate that annually there may be
159 000 hospitalizations and 9500 to 12700 inpatient deaths
from RSV infection in adults aged >65 years [2]. Globally there
may be 787 000 RSV -related hospitalizations and 47 000 related
deaths annually in high-income countries alone [3].
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Until recently, there were limited management options for
adult RSV infections [4, 5]. Only 1 antiviral drug, ribavirin, is
currently used to treat RSV infection in adults who are immu-
nocompromised; however, high-quality evidence of efficacy [6]
in this population is lacking, and no large studies supporting its
use exist in older adults [7]. RSV vaccines (Arexvy,
GlaxoSmithKline; Abrysvo, Pfizer) have recently been ap-
proved for the prevention of RSV-associated lower respiratory
tract disease in older adults (>60 years) in the United States
[4, 5] and European Union [8]. On 21 June 2023, the Centers
for Disease Control and Prevention’s Advisory Committee on
Immunization Practices recommended that persons aged >60
years may receive a single dose of RSV vaccine via shared clin-
ical decision making (ie, based on discussion between the pa-
tient and health care provider to determine whether the RSV
vaccination is right for the patient) [7, 9].

With the recent approvals of the first RSV vaccines, it is critical
to understand risk factors for severe RSV infection outcomes,
which can inform risk-benefit assessments regarding population-
level vaccine programs as well as discussions between physicians
and patients regarding RSV vaccination. We performed a system-
atic literature review (SLR) to identify quantitative estimates of the
relative risk of severe RSV infection outcomes in adults with co-
morbid conditions and other patient characteristics, including
age, type of residential area, and nursing home residence. Our
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Identification of studies via databases and registers
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Figure 1.

Identification of studies via other methods
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Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) diagram for studies. Of the 90 included studies, 89 were extracted, and 26

reported risk factors for hospitalization, mortality, lower respiratory tract infection or pneumonia, and severe outcomes.

results may be used for vaccine program policy purposes, provid-
ing information for policy makers on adult populations that
would potentially benefit the most from effective RSV vaccines
as they become available for different age groups.

METHODS

The protocol was registered in the International Prospective
Register of Systematic Reviews (PROSPERO; registration
CRD42022315239).

Search Strategy

Articles published in Embase and PubMed from 7 March 2012
to 7 March 2022 were searched. The systematic electronic data-
base searches were supplemented by hand searches in the bib-
liographies of articles identified in the systematic database
searches. The PubMed search strategy is presented in
Supplementary Table 1.

Eligibility Criteria

For this review, severe RSV infection outcomes of interest in-
cluded RSV-associated hospitalization, mortality, lower respi-
ratory tract infection (LRTI) or pneumonia, or a composite
measure that included 1 or all of the following outcomes: hos-
pitalization, intensive care unit admission, emergency depart-
ment visit, reconsultation with new or worsened symptoms,
receipt of mechanical/noninvasive ventilation or vasopressor
support, mortality, pneumonia, myocarditis, or encephalitis.
We sought results for all individuals aged >18 years and by
age group (eg, 18-64 and >65 years) and the presence or ab-
sence of comorbid conditions or other potential risk factors
for severe RSV disease outcomes.

Inclusion was limited to English-language articles from
high-income countries as classified by the World Bank [10].
We focused the review on high-income countries in hopes
of collating a more homogeneous group of studies from which
we could draw conclusions, because risk factors for severe
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Point Estimate
(95% ClI)
2.23-2.98)
1.20-1.58)
.98-1.28)
1.33-1.73)
.98-1.33)

2.58

poverty level

10%-19.9% vs 0%-4.9% < poverty level

5%-9.9% vs 0%-4.9% < poverty level

Comparators
High vs low crowding

Medium low vs low crowding

Medium high vs low crowding
SES quintile 2 vs 1

>20% vs 0%-4.9% <

SES quintile 5 vs 1

SES quintile 3 vs 1
SES quintile 4 vs 1

Relative Risk Estimate Description
IRR, adjusted for SES and ethnicity

IRR adjusted for age

Event Being
Compared

Incidence rate/
100000

Incidence rate/
100000

Population
Age, y*

>80, 29%
65-79, 31%
50-64, 25%
18-49, 15%
18-49, n=64
50-64, n =93
65-79,n=118
>80, n=73

No. of RSV Cases

1713 RSV in hospital
Adults >18y

348 RSV in hospital
Adults >18 y

Region,
Country
New Zealand

Continued
us

Abbreviations: CAD, coronary artery disease; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; ED, emergency department; ESRD, end-stage renal disease; IHHR, in-hospital high risk; IHLR, in-hospital

low risk; IRR, incidence rate ratio; OHR, outpatient high risk; OLR, outpatient low risk; OR, odds ratio; RSV, respiratory syncytial virus; SES, socioeconomic status; TIA, transient ischemic attack.

Risk factors: living situation
®Mean (SD) or median (IQR).

Table 1.
Reference
Holmen [19]
Prasad [12]

disease would likely differ in developed vs developing coun-
tries. The selection criteria are included in the
Supplementary Table 2. The current search for risk factors
for severe RSV infection outcomes was part of a larger system-
atic literature search, which identified studies that presented
data on the prevalence or incidence of RSV outcomes of interest,
as well as descriptive analyses of patient characteristics for those
with poor outcomes from adult RSV infection (Supplementary
Table 2). Literature review results for these other outcomes are
not reported in this article.

Screening and Data Extraction

The study selection process was performed in 2 phases (level 1,
titles and abstracts; level 2, full-text articles) independently by
2 researchers (M. L., W. N, J. M., A. N.) to determine eligibility
according to inclusion and exclusion criteria, as documented in a
PRISMA 2020 chart (Supplementary Material). Where there was
disagreement about study inclusion, the final determination was
made by a third researcher (J. M., A. N,, A. M.). Data were ex-
tracted from full-text articles by 1 researcher and checked against
the published work for correctness by a second researcher.

Quality Assessment of Individual Studies

For each study, 1 researcher conducted a quality assessment ac-
cording to the standards recommended by CASP (Critical
Appraisal Skills Programme) for case-control, cohort, and
cross-sectional studies. Completed quality assessments were
checked by a second researcher.

RESULTS

The database and hand searches resulted in 1542 titles and ab-
stracts (1494 unique entries after removal of duplicates) for the
level 1 screen. Of these, 187 were retained for the level 2 screen:
90 articles were then passed through for data extraction and 1
was excluded because of data duplication (Figure 1). The qual-
ity assessments based on the CASP checklists showed that the
studies generally met the criteria in terms of clarity of the re-
search aims, appropriateness of the recruitment method, mea-
surement of exposure and outcome, and selection of controls
for case-control studies. However, reporting of how confound-
ing variables were handled in each study was limited. The CASP
checklists do not provide a scoring system. The quality assess-
ments are summarized in Supplementary Tables 3 to 5.

This article focuses on quantitative estimates of the relative
risks of severe RSV infection for various patient characteristics.
Of the 89 articles identified for extraction, 26 are presented in
this review that include estimates of the relative risk of RSV
hospitalization, mortality, LRTI or pneumonia, or severe RSV
in adults for various age groups, comorbid conditions, or living
conditions. Data originated in the United States (13 studies),
Europe (6 studies), East Asia (5 studies), and New Zealand (2
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Point Estimate
(95% ClI)

Comparators

Relative Risk Estimate Description

Event Being Compared
(Time Since Admission)

Population
Age, y*

No. of RSV Cases

56 RSV

Country

Table 2. Continued

Reference

5.21 (.74-36.71)

Respiratory condition vs

OR adjusted for age, allogeneic or autologous

Multivariable analysis of

57.56 (18-78)

Germany

Lehners

not
Allogenic transplant vs not

Autologous transplant

transplantation, preexisting respiratory disease,
duration of aplasia, hypogammaglobulinemia,

ribavirin treatment

mortality (in hospital)

Hematologic inpatients

[26]

1.14 (.17-7.62)
0.81 (.09-7.39)

within 6 mo before RSV

disease vs not

CHF vs not

1.66 (1.28-2.00)

OR, adjusted for age, sex, race, insurance status,

Multivariable regression

62 125 patients with Mean: CHF, 74;

us

Bolton [29]

median income by zip code, hospital type and location,

and 16 comorbidities

analysis of mortality (in

hospital)

without CHF, 64

RSV, 14 895 patients
with RSV with heart

failure

Abbreviations: CHF, congestive heart failure; ESRD, end-stage renal disease; HCT, hematopoietic cell transplant; HM, hematologic malignancy; HR, hazard ratio; LRTI, lower respiratory tract infection; OR, odds ratio; RSV, respiratory syncytial virus; SCT, stem

cell transplant; SOT, solid organ transplant; URTI, upper respiratory tract infection.

®Mean (SD) or median (range).

®Median (Q1-Q3).

studies). Diagnosis of RSV infection was based on polymerase
chain reaction (PCR) testing in 14 studies; viral culture or an-
tigen/antibody testing in 4; PCR or antigen/antibody testing in
2; PCR or culture in 3; PCR, culture, or antigen/antibody test-
ing in 1; and diagnosis codes in 2 (Supplementary Table 6).

Relative risks were estimated in the studies as odds ratios
(ORs), incidence rate ratios (IRRs), or hazard ratios, adjusted
by potential confounders in most studies. Tables 1 to 3 present
relative risks for 3 severe RSV infection outcomes: RSV-related
hospitalization, mortality during or following an RSV hospital-
ization, and LRTT or pneumonia. Table 4 presents relative risks
for the composite outcome: severe RSV, as defined in each
source article.

RSV-Related Hospitalization

The risk of RSV-related hospitalization in adults increased with
age [11-14] (Table 1), with increased risks in those aged >65
years. For example, in New Zealand, Prasad et al [12] estimated
an IRR of 31.3 (95% CI, 22.3-44.0) for adults aged >80 years
vs 18 to 49 years, adjusting for socioeconomic group and ethnic-
ity. In the United States, Wyffels et al [14] estimated increased
risks for individuals aged >75 years, adjusting for demographics,
comorbidities, previous pneumonia, number of health condi-
tions, and number of inpatient and emergency department visits
during the baseline period, and reported an OR of 2.53 (95% CI,
1.67-3.84) for those aged >85 years vs 18 to 64 years [14].

Branche et al [17] and Prasad et al [16] showed that the IRR
for hospitalization was increased in those with comorbid con-
ditions in the United States and New Zealand. IRRs (95% CI)
associated with chronic obstructive pulmonary disease
(COPD) and asthma ranged from 2.04 (1.02-4.07) to 13.41
(4.29-41.98); IRRs (95% CI) for coronary artery disease, con-
gestive heart failure (CHF), stroke or transient ischemic attack,
diabetes, or end-stage renal disease ranged from 0.87 (.12-6.33)
to 36.45 (14.11-94.16; Table 1) [16, 17]. In the United States,
Walsh et al [15] documented an increased risk of hospitaliza-
tion for any person with a clinically significant comorbid con-
dition (OR, 18.4; 95% CI, 5.1-65.9).

Two studies revealed that immunodeficiency in patients with
RSV was associated with an increased risk of hospitalization.
Wrftels et al [14] reported that the odds of hospitalization
was 5 times higher (OR, 5.17; 95% CI, 2.02-13.2) in patients
with hematologic malignancies as compared with those with-
out hematologic malignancies. Similarly, Schubert et al [11] re-
vealed increased odds of hospitalization in patients with
oncologic illness vs no oncologic illness, which was not statisti-
cally significant (OR, 2.17; 95% CI, .86-5.49).

Patient living conditions and sex were shown to affect the
risk of RSV hospitalization (Table 1). A recent US study found
that poverty and crowded living conditions increased the
age-adjusted risk of an RSV hospitalization [19]. In New
Zealand, Prasad et al [12] noted that Maori or Pacific ethnicity
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Table 4. Continued

Point Estimate

Population

No. of RSV

(95% CI)
2.18 (1.27-3.76)

Comparators

Relative Risk Estimate Description

Event Being Compared

Age, y*

Cases
243 RSV

Country

Reference

COPD vs not

Relative risk adjusted for high-risk

Poisson regression prediction of

72.2(8.7)

us

Belongia [34]

.78-2.47)

.82-2.52)

Asthma vs not 1.39

comorbid conditions and

severe outcomes (acute care

Y

Adults >60

Moderate-severe LRTI vs not
Immunodeficiency vs not

CHF vs not

previous use of health care

services

hospitalization, ED visit for acute
iliness, or pneumonia occurring

within 28 d after enroliment)

1.44

Diabetes vs not

Risk factor: living situation

6.64 (2.92-15.08)

OR, adjusted for age, sex, and Living in a facility at

Logistic regression prediction of severe

69 (57.2-82.1)

403 RSVin

us

Goldman [31]

admission vs living in the
community with or
without assistance

comorbidities

outcomes (ICU admission,

hospital
Adults >18y

mechanical ventilation, and/or

in-hospital death)

Abbreviations: CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; CPAP, continuous positive airway pressure; ECMO, extracorporeal membrane oxygenation; ED, emergency department; ICU, intensive care unit; LRT, lower

respiratory tract; LRTI, lower respiratory tract infection; OR, odds ratio; RSV, respiratory syncytial virus.

®Mean (SD) or median (IQR).

PThis number is reported as a B coefficient obtained from logistic regression in Table 2 of the article, but it appears to be an OR based on the counts reported in Table 1 of the article.

and low neighborhood socioeconomic status were also inde-
pendently associated with an increased risk of RSV-associated
hospitalization. Walsh et al [15] estimated an increased risk
of hospitalization for women vs men (OR, 5.4; 95% CI, 1.2—
23.8), controlling for comorbid conditions, age, and presenting
symptoms, but Wyffels et al [14] estimated an OR of 1.06 (.8—
1.41), controlling for age, comorbidities, and other variables.

RSV-Related Mortality

Overall, the same factors that increased the risk of hospitalization
with RSV infection (age, comorbid conditions) increased the risk
of dying in the hospital or within 30, 60, or 365 days after hospital
admission (Table 2). Tseng et al [20] reported that, after adjust-
ing for comorbid and presenting conditions, the highest mid- to
long-term mortality risk (61-365 days after admission) was in
patients with RSV aged 75 to 84 years as compared with 60 to
64 years (adjusted hazard ratio [aHR], 5.37; 95% CI, 1.32-
22.9). Short-term mortality (within 60 days after admission)
was highest in hospitalized patients with RSV aged >85 years
vs 60 to 64 years (aHR, 2.79; 95% CI, .83-9.35) [20].

Although the presence of malignancies or immunosuppres-
sion posttransplant was not always significantly associated with
hospitalization [11, 14], several studies reported an association
between RSV infection with the presence of solid tumors or he-
matologic malignancies and in-hospital death or death within
365 days after an RSV hospitalization [20, 24, 25, 28]. Tseng
et al [20] estimated an increased risk of mortality within 365
days after an RSV hospitalization in persons with dementia
in the 12 months before admission as compared with persons
without dementia (aHR, 1.86; 95% CI, 1.08-3.19).

When age, clinically significant comorbid conditions, and
presenting symptoms were controlled for, a study conducted
in Portugal, Italy, and Cyprus found that the risk of in-hospital
mortality for people aged >65 years was higher for men than
for women (OR, 3.3;95% CI, 1.07-10.1) [24]. However, this dif-
ference was not identified in 1 US study that controlled for age,
sex, lymphocyte count, transplant status, lung conditions, fever,
and computed tomography findings [23].

RSV-Related LRTI Including Pneumonia

Risk factors for LRTI including pneumonia are presented in
Table 3. Two studies [24, 30] that estimated risks for LRTI by
age in adults hospitalized with RSV infection did not show sig-
nificant effects of older age. Of the 3 studies [18, 25, 26] that pre-
LRTI
immunocompromised or adults with hematologic malignancies,

sented risks for by age in adults who were
only Chatzis et al [18] showed a significant increase when includ-
ing age in their analyses in 10-year ranges. Five studies estimated
risks for LRTI according to preexisting chronic conditions [18,
24-26, 30]. Two studies [24, 30] estimated risks for LRTI by pre-
existing chronic condition in adults hospitalized with RSV infec-

tion. Boattini et al [24] noted an increased risk for LRTI in
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individuals with chronic kidney disease, while Yoon et al [30] did
not find such effect but revealed an increased risk for LRTT for
individuals with solid cancers vs those without. Of the 3 studies
[18, 25, 26] that presented risks for LRTI by age in adults who
were immunocompromised or adults with hematologic malig-
nancies, only Azzi et al [25] demonstrated a significant increase
for those with neutropenia or lymphocytopenia.

Severe RSV

Severe RSV was a composite endpoint that was variably defined
across the studies as combinations of >1 of the following
events: hospitalization, intensive care unit admission, emergen-
cy department visit, reconsultation with new or worsened
symptoms, receipt of mechanical/noninvasive ventilation or
vasopressor support, mortality, pneumonia, myocarditis, and
encephalitis (Table 4).

Age as a risk factor was assessed in 5 studies controlling for
comorbid conditions and presenting symptoms [21, 31-34]
(Table 4); increased risks by age were statistically significant
only for persons aged >75 years in 2 of these studies [33, 34]
(Table 4). Thus, in a group of European countries,
Bruyndonckx et al [33] reported an increased risk of severe
RSV for individuals aged >75 years vs 18 to 59 years (OR for
illness deterioration, 1.98; 95% CI, 1.04-4.64) but not when
compared with those aged 60 to 74 years. In the United
States, Belongia et al [34] noted an increase in severe RSV
risk in patients aged >75 years vs 60 to 64 years (relative risk,
3.64; 95% CI, 1.33-9.95), with a smaller difference in persons
aged 65 to 74 years vs 60 to 64 years (2.72; 0.98-7.57).

Five studies presented estimates of the increased risk of se-
vere RSV in patients with various comorbid conditions [21,
31, 34-36]. Preexisting chronic respiratory conditions were as-
sociated with increased risks of severe RSV in 4 studies [21, 31,
35, 36]. Belongia et al [34] reported an increased risk for per-
sons with COPD (statistically significant) but separately for
persons with asthma (not statistically significant). Two studies
[31, 34] examined the association between immunosuppressive
conditions (eg, HIV infection, transplantation, chemotherapy for
cancer) and severe RSV: neither study revealed statistical signifi-
cance (Table 4), although one suggested that immunosuppressive
conditions might be a risk factor for severe RSV [34]. Two studies
showed that CHF was a significant predictor of severe RSV [34,
35]. Smithgall et al [35] noted a significant increased risk of severe
RSV in patients with a neurologic condition, while Goldman et al
[31] indicated a nonsignificant protective effect.

Goldman et al [31] demonstrated an increased risk of severe
RSV in individuals living in a group facility at hospital admis-
sion as compared with community dwellers. Finally, 3 studies
that explored sex as a risk factor demonstrated no statistically
significant difference in risk of severe RSV between men and
women but suggested a possibly increased risk in males [31,
32, 34].

RSV-Related Hospitalization, Mortality, and Severe Infection by Chronic
Condition

To illustrate the impact of different chronic conditions on
RSV-related hospitalization, mortality, LRTT/pneumonia, and
severe RSV (the composite outcome) by age group, Figures 2
to 5 present selected data from Tables 1 to 4 organized into 4
groups: cardiac conditions, respiratory conditions, other con-
ditions (nonimmunocompromised), and immunocompromis-
ing conditions. For IRR estimates, only 2 subsets per study are
presented—specifically, estimates for the youngest group and
one other age group in each study. Figure 2 illustrates that car-
diac conditions generally resulted in IRRs >1 for hospitaliza-
tion in young and older adults [16, 17]; cardiac conditions
also generally resulted in ORs >1 in all adults for hospitaliza-
tion, mortality, LRTI, and severe RSV [11, 14, 29, 35].
Figure 3 presents similar IRRs >1 for hospitalization in young
and older adults with respiratory conditions [16, 17] and more
consistently ORs >1 in all adults for hospitalization, mortality,
LRTI, and severe RSV [11, 13, 14, 23, 25, 26, 31, 35]. Diabetes
resulted in IRRs >1 for hospitalizations in young and older
adults (Figure 4) [16, 17], and end-stage renal disease in adults
(50-64 years) resulted in an IRR >1 for hospitalizations
(Figure 5) [16]. The ORs were more mixed for all adults for
all the severe RSV infection outcomes of the other nonimmu-
nocompromised conditions. In Figure 5, immunocompromise
was reported as an important risk factor for all severe RSV in-
fection outcomes in all adults.

DISCUSSION

Opverall, the SLR findings provide strong evidence that identifi-
able risk factors in adults, such as age, preexisting comorbid
conditions (eg, cardiac, pulmonary, and immunocompromis-
ing diseases, as well as diabetes and kidney disease), and living
conditions, increase the risk of experiencing severe manifesta-
tions of RSV infection. While there was less available literature,
risk factors were largely similar to those identified for influenza
[37]. The magnitude of measured relative risks was not consis-
tent across studies, likely because of substantial differences in
methodology and population. The importance of age as a risk
factor for severe RSV infection outcomes is likely due to immu-
nosenescence, because of which milder RSV disease may pro-
gress to complications such as LRTI or pneumonia, and to
the increasing presence of underlying comorbid conditions
with age. However, the impact of comorbid conditions inde-
pendent of age was also illustrated by the increased rate of hos-
pitalization in individuals aged <65 years with comorbid
conditions. Where comparable, the frequency of severe out-
comes among younger adults with comorbidities was generally
similar to that experienced by older adults, suggesting that im-
munosenescence and chronic conditions are both contributing

factors for elevated risk. These findings are consistent with
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Hospitalizations IRR (95% CI)  Citation

: —e— 10.79 (4.41-26.41) Prasad et al. [16]
— 1
CAD vs not (18-49 y) ! o; i 0.87 (0.12-6.33)  Branche et al. [17] (NYC)
— 1
: —e— 7.04 (2.19-22.57)  Branche et al. [17] (Rochester)
— 1
CAD vs not (65-80 y) L e 2.52 (1.74-3.67) Prasad et al. [16]
— 1
: o 3.75(2.82-4.98)  Branche etal. [17] (NYC)
CAD vs not (=65y) - !
: P 6.46 (2.06-20.09)  Branche et al. [17] (Rochester)
— 1
CHF vs not (18-49 y) \ ——e— 36.45(14.11-94.16)  Prasad etal. [16]
— I
Y = »  14.45(1.95-107.0)  Branche etal. [17] (NYC)
CHF vs not (20-39 y) h !
: ———e—» 33.23(10.14-108.9)  Branche et al. [17] (Rochester)
- 1
: e—i 5.86 (4.07-8.46)  Branche etal. [17] (NYC)
CHF vs not (60-79 y) N !
: —e—i 7.63 (2.43-23.93) Branche et al. [17] (Rochester)
- 1
CHF vs not (65-80 y) : —eo—i 459(291-7.24)  Prasad etal. [16]
t T 1
0.1 1.0 IRR 10.0 100.0 o
OR (95% Cl)  Citation
CAD vs not o 1.16 (0.82-1.65)  Wyffels et al. [14]
— 1
CHF vs not | e 2.06(1.4-3.02)  Wyffels et al. [14]
I
Cardiac illness vs not : —e—— 4.03 (1.75-9.28) Schubert et al. [11]
T T 1
0.1 1.0 10.0 100.0
OR
Mortality OR(95% CI)  Citation
Cardiac illness vs not I —e | 1.85(0.16-21.02)  Schubert et al. [11]
- 1
CHF vs not | Fed 1.66 (1.28-2.00) Bolton et al. [29]
1
CHF with exacerbation !
vs no CHF (61-365 days '—e— 1.86 (1.11-3.13)  Tseng et al. [20]
after hospitalization) | X
v vgtngu(%?xgggrgation |—Q—|I 0.99(0.59-1.68) T t al. [20]
Vs no - ays .99 (0.59-1. seng et al.
after hospitalization) Y N X
RSV-Related :
LRTI/Pneumonia |
CHF vs not I—o—:i 0.52 (0.24-1.12)  Boattini et al. [24]
I
CVD vs not I—E—o—i 1.38(0.69-2.77)  Yoon et al. [30]
7 1
Severe Outcomes X
7 1
Cardiac condition vs not —e— 0.73 (0.42-1.27) Goldman et al. [31]
= 1
CHF vs not ' —e— 3(1.3-7)  Smithgall et al. [35]
T T 1
0.1 1.0 OR 10.0 100.0 o
B RR (95% CI)  Citation
CHF vs not | —e—i 2.38(1.33-4.25)  Belongia et al. [34]
T T 1
0.1 1.0 10.0 100.0
RR

Figure 2. Risk of severe RSV outcomes by cardiac conditions. IRRs were included only for a subset of the adult age groups presented in the study; all other outcomes
included adults aged >18 years, and all age groups in the study are included in the tables. Error bars indicate 95% Cls. CAD, coronary artery disease; CHF, congestive heart
failure; IRR, incidence rate ratio; LRTI, lower respiratory tract infection; NYC, New York City; OR, odds ratio; RR, relative risk; RSV, respiratory syncytial virus.
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Hospitalizations
COPD vs not

COPD vs not (18-49 y) B

COPD vs not (50-64 y)
COPD vs not (65-80 y)

COPD vs not (= 65y) -

Asthma vs not

Asthma vs not (18-49 y)

Asthma vs not (65-80 y)

Asthma vs not (= 65 y) ]

Bronchiectasis vs not

COPD vs not
Asthma vs not

Prior pneumonia vs not
Respiratory illness vs not

Mortality

Respiratory illness vs not

Respiratory condition vs not

Chronic lung disease vs not

RSV-Related
LRTI/Pneumonia

COPD or asthma vs not

Chronic respiratory
condition vs not

Severe Outcomes

Respiratory condition vs not

Chronic respiratory
condition vs not

LRTI vs not

COPD vs not
Asthma vs not

Moderate-severe LRTI vs not

0.1

IRR (95% Cl)
Fe—  324[(27.3-38.4)—42.1]
—— 5.58 (1.72-18.12)
— 3.18 (0.99-10.17)
—o—i 9.58 (6.18-14.84)
—e—i 9.72 (6.33-14.94)
[ 351 (2.63-4.69)
— e 13.41 (4.29-41.98)
—— 14.4 (5.9-33.3)
—e—i 6.69 (4.06-11.04)
—— 2.04 (1.02-4.07)
I I N— 2.41 (0.74-7.86)
—o—i 8.18 (5.48-12.23)
e 2.27 (167-3.09)
(S — 2.52 (0.81-7.86)
—o—i 14.8 (10.0-21.5)
; .
rr 100 100.0
OR (95% Cl)
ot 212 (149-3.02)
0.79 (0.5-1.24)
—o—i 2.79 (1.88-4.15)
—e— 3.35 (1.41-7.96)
100 1000
OR (95% Cl)
o | 4.45 (0.39-50.95)
o i 5.21(0.74-36.71)
| 115 (0.21-6.35)
1.05 (0.51-2.17)
o | 2.72 (0.48-15.49)
136 (0.8-2.33)
—e— 6.1 (2.6-14.4)
— 11.73 (4.23-32.49)
— e 3.37 (143-7.97)
(S — 4.45 (1.18-11.03)
: |
or 100 100.0 RR (957 C)
M 2.18 (1.27-3.76)
H——1 139 (0.78-2.47)
R —— 2.99 (1.83-4.88)
' RR 100 100.0

Citation

Nolen et al. [13]

Branche et al. [17] (NYC)
Branche et al. [17] (Rochester)
Prasad et al. [16]

Prasad et al. [16]

Branche et al. [17] (NYC)
Branche et al. [17] (Rochester)
Nolen et al. [13]

Prasad et al. [16]

Branche et al. [17] (NYC)
Branche et al. [17] (Rochester)
Prasad et al. [16]

Branche et al. [17] (NYC)
Branche et al. [17] (Rochester)
Nolen et al. [13]

Citation
Wyffels et al. [14]
Wyffels et al. [14]

Wyffels et al. [14]
Schubert et al. [11]

Citation
Schubert et al. [11]

Lehners et al. [26]
Pilie et al. [23]

Boattini et al. [24]
Lehners et al. [26]

Goldman et al. [31]

Smithgall et al. [35]
Lee etal. [21]
Park et al. [36]

Park et al. [36]

Citation
Belongia et al. [34]

Belongia et al. [34]
Belongia et al. [34]

Figure 3. Risk of severe RSV outcomes by respiratory conditions. IRRs were included only for a subset of the adult age groups presented in the study; all other outcomes
included adults aged >18 years, and all age groups in the study are included in the tables. Error bars indicate 95% Cls. This number is reported as a B coefficient obtained
from logistic regression in Table 2 of the article, but it appears to be an OR based on the counts reported in Table 1 of the article. COPD, chronic obstructive pulmonary
disease; IRR, incidence rate ratio; LRTI, lower respiratory tract infection; NYC, New York City; OR, odds ratio; RR, relative risk; RSV, respiratory syncytial virus.
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Hospitalizations ~ IRR (95% Cl)  Citation
| —e— 5.63 (2.97-10.69) Prasad et al. [16]
Diabetes vs not (18-49 y) | —e— 11.43 (5.27-24.81) Branche et al. [17] (NYC)
| ——e— 11.16 (3.45-36.13) Branche et al. [17] (Rochester)
- I
Diabetes vs not (65-80 y) |~ 1.69 (1.13-2.54) Prasad et al. [16]
— I
I =
B e . ke 2.35(1.82-3.04) Branche et al. [17] (NYC)
: ——e— 6.44 (2.06-20.17) Branche et al. [17] (Rochester)
. I
Obesity vs not (18-49 ) ——— 1.41(0.72-2.74) Branche et al. [17] (NYC)
——— 1.71 (0.52-5.62) Branche et al. [17] (Rochester)
7 1
Obesity vs not (2 65 y) |—0—|: 0.68 (0.50-0.92) Branche et al. [17] (NYC)
p——A 3.05(0.97-9.55) Branche et al. [17] (Rochester)
— I
Stroke/TIA vs not (50-64 y) ' : ® 1.74 (0.42-7.17) Prasad et al. [16]
I
I I
Stroke/TIA vs not (65-80 y) ——— 1.43 (0.63-3.26) Prasad et al. [16]
f T 1
0.1 1.0 10.0 100.0
IRR
OR(95% Cl)  Citation
Diabetes vs not :}—0—| 2.96 (1.07-8.21) Schubert et al. [11]
I
CKD vs not \ —e— 4.37 (2.74-6.98) Wyffels et al. [14]
I
Stroke vs not —o— 2 (1.02-3.96) Wyffels et al. [14]
1 t T 1
0.1 1.0 10.0 100.0
OR
Mortality B OR(95% Cl)  Citation
Diabetes vs not . L » 9.11(0.78-106.01) Schubert et al. [11]
— I
I
RSV-Related :
LRTI/Pneumonia |
I
I
' 2.57 (1.12-5.91) Boattini et al. [24]
CKD vs not !
—e— 0.89 (0.4-1.99) Yoon et al. [30]
1 I
Stroke vs not —e— 0.61(0.29-1.28) Yoon et al. [30]
= I
Diabetes vs not —— 1.00 (0.51-1.95) Yoon et al. [30]
= I
Severe Outcomes :
I
Neurologic —e—ri 0.6 (0.3-1.18) Goldman et al. [31]
conditions vs not ! ——— 9.4 (2.831.4)  Smithgall et al. [35]
t T 1
0.1 1.0 OR 10.0 100.0
i RR (95% ClI) Citation
Diabetes vs not H— — 1.44(0.82-2.52)  Belongia et al. [34]
t T 1
0.1 1.0 RR 10.0 100.0

Figure 4. Risk of severe RSV outcomes by nonimmunocompromised conditions. IRRs were included only for a subset of the adult age groups presented in the study; all
other outcomes included adults aged >18 years, and all age groups in the study are included in the tables. Error bars indicate 95% Cls. CKD, chronic kidney disease; IRR,
incidence rate ratio; LRTI, lower respiratory tract infection; NYC, New York City; OR, odds ratio; RR, relative risk; RSV, respiratory syncytial virus; TIA, transient ischemic
attack.
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Hospitalizations B IRR (95% Cl) Citation
ESRD vs not (50-64 y) 1 —c— 6.57 (2.55-16.94) Prasad et al. [16]
ESRD vs not (65-80 y) ] —— 1.06 (0.26-4.29) Prasad et al. [16]
T T 1
0.1 1.0 IRR 10.0 100.0
_ OR (95% ClI) Citation
Dialysis vs not | ‘|—0—| 3.38 (0.97-11.79) Schubert et al. [11]
Stem cell transplant vs not L —e 2.53(0.21-29.7) Wyffels et al. [14]
Hematological malignancy vs not , F—e— 5.17 (2.02-13.2) Wyffels et al. [14]
Leukemia/lymphoma vs not | —Ll— 1.5(0.4-5.2) Chatzis et al. [18]
Cancer vs not H—e— 2.17 (0.86-5.49) Schubert et al. [11]
Solid tumor vs not ] | —e—— 5.2 (1.4-20.9) Chatzis et al. [18]
Solid organ transplant vs not ) h—e— 2.52 (0.88-7.22) Wyffels et al. [14]
Solid organ transplant vs not ——e——i 1.82 (0.66-5.02) Schubert et al. [11]
Underlying medical conditions vs not 1 ——e— 18.4 (5.1-65.9) Walsh et al. [15]
RSV-Related LRTI/Pneumonia i
Allogeneic transplant vs not ) ——— 1.55 (0.31-7.65) Lehners et al. [26]
Autologous transplant vs not ) e 4.61 (0.55-38.47) Lehners et al. [26]
Solid cancer vs not ] : —e— 3.85(1.65-9.02) Yoon et al. [30]
Neutropenia vs not : I—%—0—| 1.92 (0.47-7.82) Azzi et al. [25]
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Leukemia vs lymphoma | ——— 1.74 (0.59-5.16) Azzi et al. [25]
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SOT vs not ] —e——i 0.7 (0.3-1.5) Chatzis et al. [18]
Leukemia/lymphoma vs not ] —— 1.2(0.4-3.9) Chatzis et al. [18]
Solid tumor vs not : ——er— 0.8 (0.2-2.8) Chatzis et al. [18]
Severe Outcomes ?
Immunodeficiency vs not |—0—| 0.89 (0.48-1.68) Goldman et al. [31]
0.1 1?0 OR 16.0 106.0
RR (95% ClI) Citation
Immunodeficiency vs not W —e—i 1.81(0.84-3.89) Belongia et al. [34]
T T T 1
0.1 1.0 RR 10.0 100.0
Mortality B OR (95% CI) Citation
Dialysis vs not i li 0.87 (0.81-0.94) Schubert et al. [11]
Solid neoplasm vs not i : ——e—— 9.06 (2.44-33.54) Boattini et al. [24]
Neutropenia vs not i Y 2.09 (0.39-11.13) Azzi et al. [25]
Neutropenia at RSV diagnosis vs not } —e— 8.3(2.8-24.2) Vakil et al. [28]
NRoPeria and mphiocyopenia | —— 432(124-150)  Azzietal. [25)
Lymphocytopenia vs not H———e— 4.09 (0.85-19.67) Azzi et al. [25]
Lymphopenia at RSV diagnosis vs not ] | e 3.7(1.7-8.2) Vakil et al. [28]
Leukemia vs lymphoma ) ——— 2.16 (0.55-8.58) Azzi et al. [25]
Myeloma vs lymphoma ) e 0.94 (0.19-4.68) Azzi et al. [25]
Oncological illness vs not ) — ® { 7.09(0.61-81.9) Schubert et al. [11]
SCT vs no transplant A4—01—| 0.60 (0.09-4.12) Pilie et al. [23]
SOT vs no transplant A4—01—| 0.41 (0.05-3.50) Pilie et al. [23]
Allogenic transplant vs not T 1.14 (0.17-7.62) Lehners et al. [26]
Allogenic HCT vs not ) —e—— 3.7(1.2-11.9) Vakil et al. [28]
Autologous HCT vs not : |—%—.—| 1.6 (0.4-6.4) Vakil et al. [28]
é%ﬂg&(}sug;frg%sggc}é\instggnse vs not 4—.-:—| . . 081(0.09-7.39) Lehners et al. [26]
0.1 1.0 OR 10.0 100.0
‘ HR (95% ClI) Citation
\';grr'}g{‘?e"aadg‘y;ifrt"eﬁ ﬁggg,‘{;“azdaf{}gsrf)"’“ | : —— 3.87(1.32-11.3) Tseng et al. [20]
Limprareln 12 ot o sisen | u— WST(2108)  Toorgeta
ESRD ('g11_§6”5‘°[§‘;’y‘§)9”0f o admission — 243 (1.08-4.17) Tseng et al. [20]
T T 1
0.1 1.0 HR 10.0 100.0

Figure 5. Risk of severe RSV outcomes by immunocompromised conditions. IRRs were included only for a subset of the adult age groups presented in the study; all other
outcomes included adults aged >18 years, and all age groups in the study are included in the tables. Error bars indicate 95% Cls. ESRD, end-stage renal disease; HCT,
hematopoietic cell transplant; HR, hazard ratio; IRR, incidence rate ratio; LRTI, lower respiratory tract infection; OR, odds ratio; RR, relative risk; RSV, respiratory syncytial
virus; SCT, stem cell transplant; SOT, solid organ transplant.
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observations in individuals with other respiratory infections,
such as community-acquired pneumonia. A recent SLR, for ex-
ample, reported that the risk of pneumococcal disease “is com-
parable in healthy older adults and younger adults with
immunocompromising conditions” [38].

The studies in our SLR generally showed cardiovascular dis-
ease as a risk factor for severe RSV infection outcomes, but
again the sizes of the risks were heterogeneous [11, 14, 16,
22]. The heterogeneity in the findings may be explained by dif-
ferences among studies, such as the populations (eg, age, race/
ethnicity), risk factor definitions, evaluated outcomes for which
a given risk factor may confer a different risk, and degrees of
adjustment for study confounders. Heterogeneity for other
risk factors, such as chronic respiratory conditions, may be
similarly explained.

Immunocompromised status was significantly associated
with a higher risk of mortality from RSV infection, but results
for hospitalization and severe in-hospital outcomes were
mixed. This could be related to more frequent screening among
persons who are immunocompromised and to a lower thresh-
old for hospitalization resulting in identification and hospital-
ization of more infections associated with mild illness. Among
patients with hematopoietic stem cell transplantation and lung
transplantation, RSV is a well-established risk factor for severe
sequelae, such as graft vs host disease, decline in lung function,
and bronchiolitis obliterans syndrome; thus, physicians of such
patients would likely have a heightened interest in identifying
such infections [39]. Unlike other adult populations, persons
who are immunocompromised are treated with ribavirin for
RSV infection [6], which would be another rationale for
more frequent testing in this group than other adult popula-
tions where only supportive care is available.

For some conditions, such as cardiac disease and diabetes,
the relative effect of risk factors varied by age so that risk factors
appeared to have a stronger effect among younger patients [16];
this phenomenon is known in epidemiology as effect measure
modification. Here, these findings would likely be due to a high-
er risk in the reference population among older groups, owing
to immunosenescence translating into a lower relative risk for
the older group with a specific comorbid condition as com-
pared with younger groups. A recent SLR and meta-analysis il-
lustrated that risk of hospitalization from RSV infection
associated with older age was comparable to that associated
with comorbidities among younger groups (Supplementary
Figure 1) [2], suggesting that age and comorbidity should be in-
dications for vaccination, consistent with vaccines for other re-
spiratory infections [40].

Two studies in this review showed an increased risk for RSV
hospitalization in adults linked to socioeconomic status or eth-
nicity in New Zealand [16] and the United States [19]. Similar
disparities in the risks of adverse health outcomes in the United
States have been shown for other infectious respiratory

diseases. A study in Louisville, Kentucky, revealed that a higher
concentration of adults hospitalized for community-acquired
pneumonia came from impoverished areas of the city [41]. A
study of US population-based surveillance data found that in-
fluenza hospitalization and in-hospital deaths in adults were
higher among Black Americans than White Americans [42].

To our knowledge, this is the first SLR focused on collating
published quantitative estimates of risk factors for severe
RSV disease among adults in high-income countries. A 2017
SLR of RSV epidemiology and outcomes examined disease
risk factors, but it was limited to US studies [43]. Our SLR in-
cluded studies published through 7 March 2022. Unlike the ear-
lier SLR from Colosia et al [43], we were able to identify several
recent studies that quantified the impacts of different risk fac-
tors for severe outcomes from RSV infection in adults.

The strengths of this SLR are the use of systematic processes
that identified and summarized recent studies presenting esti-
mates of the impacts of various risk factors for different man-
ifestations of severe RSV infection, by using standard
processes for such reviews and following a protocol submitted
to the PROSPERO repository in advance. A limitation is that
the studies identified were heterogeneous in design, in defini-
tions used for risk factors and outcomes (especially the risk
of severe outcomes), and in the use of laboratory testing for
RSV infection. Because of this heterogeneity, we did not con-
duct a meta-analysis. The risk factors poverty, crowding, and
socioeconomic status were ascertained from census-based in-
formation from the United States [19] and New Zealand [12]
rather than at the individual level: while these results are, in the-
ory, susceptible to the ecological fallacy, they are consistent de-
spite arising from different times and locations; this provides
robustness to the findings. In addition, many studies did not re-
port confounding factors, or they did not adjust for all potential
confounders. However, almost all studies conducted multivar-
iate analysis or compared age-matched populations, and be-
cause the estimates from such heterogeneous studies
generally reported the same statistically significant risk factors
for the different serious RSV outcomes, this supports the ro-
bustness of our findings.

A final limitation of our study is that our search strategy
identified studies presenting risk factors published only
through 7 March 2022. To determine whether more recent
studies were available, the searches were repeated on 13 July
2023. One study author (J. M.) screened the recent publica-
tions, and 3 studies were identified that included estimates of
quantitative risk factors for outcomes similar to those in our
study [44-46]. The results in these studies were generally con-
sistent with those identified in our SLR. Using 2015-2017 sur-
veillance data from the Centers for Disease Control and
Prevention’s Respiratory Syncytial Virus Hospitalization
Surveillance Network, Kujawski et al [45] estimated signifi-
cantly increased risks of hospitalization with CHF in
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individuals aged <65 and >65 years, with those in the former
group having a higher risk ratio for CHF. Using US Medicare
data between 2007 and 2019 from individuals with a medically
attended diagnosis of RSV, DeMartino et al [44] estimated IRRs
for RSV-related complications, defined as pneumonia, acute re-
spiratory failure, CHF, hypoxia/dyspnea, non-RSV lower/up-
per respiratory tract infection, or chronic respiratory disease
up to 6 months after RSV diagnosis. The study showed higher
IRRs for those in older age ranges vs 60 to 64 years as well as for
those with a previous diagnosis of acute respiratory failure,
CHF, hypoxia or dyspnea, pneumonia, non-RSV lower/upper
respiratory tract infection, and COPD. Celante et al [46] used
Parisian hospital data for 2015 through 2019 to estimate risk
factors for in-hospital mortality and invasive mechanical venti-
lation using multivariable mixed-effect regression models.
In-hospital mortality was significantly greater in individuals
aged >85 years. The use of invasive mechanical ventilation
was greater in those with chronic respiratory failure, chronic
heart failure, and coinfection.

CONCLUSIONS

Older age, chronic cardiac and pulmonary disease, chronic kid-
ney disease, diabetes, immunocompromising conditions, soci-
oeconomic status, and nursing home residence were risk
factors associated with more severe RSV infection outcomes
in adults. Identification of risk factors for severe RSV infection
outcomes in adults may facilitate appropriate vaccine recom-
mendations for those at risk due to age or comorbidity and en-
courage vaccine uptake in these adults as RSV vaccines become
available.

Supplementary Data

Supplementary materials are available at Open Forum 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 correspond-
ing author.
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