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1 | INTRODUCTION

The recognition of the prevalence and burden of respiratory syncytial
virus (RSV) in adults is increasing, especially in older adults, those
with chronic respiratory or cardiopulmonary disease, and those who
are immunocompromised.’ ® The significant morbidity and mortality
associated with RSV infection places a substantial burden on
healthcare systems,®> while the clinical impact of RSV infection in
adults at increased risk for serious diseases can approach that of
influenza in some seasons.” ® Treatment for RSV and measures to
prevent infection, particularly in more vulnerable patients, could
therefore have a major impact on RSV disease burden in adults.

Progress in the development of RSV therapeutics and vaccines,
however, has been slow compared with that for influenza and other
viral infections.” Barriers to the development of RSV therapies
include difficulties in trial design, primarily a lack of established
clinically meaningful endpoints, and concerns that antiviral therapies
may be ineffective against a disease driven mainly by virus-induced
inflammatory cascades.*®

Management of RSV infection in adults includes supportive care
(e.g., supplemental oxygen, fluid replacement, and mechanical
ventilation), bronchodilators, corticosteroids, and non-RSV-specific
antiviral therapy.® In addition, antibiotics are often administered.®
Aerosolized ribavirin is the only drug approved for RSV treatment in
the United Kingdom9 and United States'®: however, it is only
indicated for hospitalized infants with severe lower respiratory tract
infection. Ribavirin has unclear efficacy and questionable safety.”
Palivizumab, which specifically targets RSV infection, is also licensed
for prophylactic use in selected pediatric populations.”® Several RSV
vaccines are in development, although none have yet been
approved.”

This review of patient charts was conducted to further quantify
disease burden, the use of diagnostics, and current treatment
practices for RSV infection in adults in the United States. Clinical
characteristics, presenting symptoms, and virological diagnosis from
this study have been previously reported.’* Herein, we report the
burden of RSV infection in adults during and posthospitalization, as
demonstrated by the rates of intensive care unit (ICU) admissions,
hospital length of stay (LOS), treatment of RSV infection, and the
follow-up care required.

2 | METHODS
Complete details of the methods, including physician and patient

inclusion criteria, used for this physician chart survey have been

previously reported.'* The following provides an overview.

2.1 | Survey design

This was a retrospective chart review of individual patient data
with RSV infections in hospitalized adults presenting to a US

hospital-based physician between October 1, 2014 and October
21, 2016 (i.e., including two winter seasons). Patient data were
recorded by the treating physician onto a standardized online case

form capturing standard medical records.

2.2 | Inclusion criteria of responding physicians

Physicians were contacted and invited to participate through
market research panels. Responding physicians were required to
fulfill nine key eligibility criteria to participate in the survey,
including being able to provide one to three confirmed cases of
RSV in adults for whom they were the primary treating hospital
physician. Physicians indicated if they were from an integrated

delivery network (IDN).

2.3 | Inclusion criteria of RSV cases

Case selection was based on searches of patient files according to an
allocated random letter of the alphabet matching the patient's last
name. Eligible cases included hospitalized patients 218 years of age
diagnosed with RSV, confirmed via laboratory or point-of-care
diagnostics within the past two RSV seasons, and not enrolled in a
clinical trial at the time.

Cases were categorized into one of four mutually exclusive risk
groups, including: (1) Patients who were immunocompromised
(regardless of other comorbidities) due to hematological malignancy
in remission; hematological malignancy not in remission, not on
chemotherapy; hematological malignancy on chemotherapy at the
time of RSV diagnosis; solid tumor on chemotherapy at the time of
RSV diagnosis; pulmonary fibrosis on immunosuppressive therapy at
the time of RSV diagnosis; autologous or allogeneic hematopoietic
stem cell transplant; solid organ transplant; connective tissue
disorder; inflammatory bowel disease on immunosuppressive therapy
at the time of RSV diagnosis; or vasculitis. (2) Patients who were not
immunocompromised but had an underlying chronic lung disease:
chronic obstructive pulmonary disease (COPD, including chronic
bronchitis or emphysema); treated tuberculosis; interstitial lung
disease; cystic fibrosis; asthma; bronchiectasis; or other lung
comorbid condition. (3) Older adults (265 years of age) who were
not categorized into either of the first two groups. (4) Remaining
adult patients not categorized into any of the first three groups.

lliness severity for each patient was characterized by the
reporting physician based on clinical judgment as mild, moderate, or
severe. These terms were not defined in the survey. Improvements in
clinical outcomes were categorized qualitatively (either: no improve-
ment, slight improvement, moderate improvement, extreme improve-
ment, don't know, or none of the above) at the treating physician's
discretion. For each hospitalization, the reason for hospitalization was
also categorized as not likely, somewhat likely, or very likely to be
RSV infection by the treating physician, according to their clinical

judgment.
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2.4 | Data analyses

A sample size of 135 respondents was required to detect reasonable,
statistically significant differences in the burden of RSV infection
between the adult risk groups (comorbid lung disease, immuno-
compromised patients, older adults, and other adults) with acceptable
power. This sample size enabled an a of 5% (p < 0.05) and 80% power
when comparing differences between-risk groups.

Statistical analyses were performed using IBM SPSS Statistics
Version 23 software. Descriptive results of therapy during hospital-
ization, occurrence of clinically or microbiologically suspected
bacterial coinfections and antibiotic use, ICU admission and duration,
length of hospitalization, and recovery of follow-up care posthospi-
talization are reported for all cases in the four risk groups. Due to the
retrospective nature of the analysis, patients were not actively
followed-up over time; patient outcomes were collected according to
data availability. Baseline case demographics, comorbidities, present-
ing symptoms, diagnostic test procedures, time intervals of diagnostic
testing and reporting, hospital LOS, and other aspects of antibiotic
use are reported.’> Mean time to clinical stability was calculated
based on time for normalization of clinical conditions: blood oxygen,
oral feeding, respiratory rate, and heart rate, and is displayed in
days + SD. Percentages and mean + SD are reported where appropri-
ate. Statistically significant means for key inputs into adult burden of
disease metrics were measured via two-tailed t-tests for comparisons
between two variables, and one-way analysis of variance (ANOVA)
across multiple burden of disease metrics. A p value of <0.05 was

considered statistically significant.

2.5 | Ethics approval statement

The analysis was conducted according to the guidelines of the US
Health Insurance Portability and Accountability Act (1996), and was
exempt from protocol review by the New England Independent
Review Board.

2.6 | Patient consent statement
Since data were collected retrospectively with no identifying patient
characteristics, informed consent by patients was not required.

3 | RESULTS

3.1 | Responding physician and patient case
demographics

Of the 13,000 physicians invited to participate in the study
(Figure S1), 132 physicians completed screening, met inclusion
criteria, and provided data on hospitalized adult patients with a
confirmed diagnosis of RSV infection. Half of the responding
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physicians were pulmonologists (n = 34; 25.8%) or infectious disease
specialists (n = 32; 23.9%). Of the 379 patient cases submitted, 126
(33.2%) had comorbid lung disease, 90 (23.7%) were immuno-
compromised, 110 (29.0%) were older adults, and 53 (14.0%) were
other adults. Physicians from IDN submitted 213 (56.2%) patient
cases, of which 76 (35.7%) had comorbid lung disease, 42 (19.7%)
were immunocompromised, 72 (33.8%) were older adults, and 23
(10.8%) were other adults. An overview of patient demographic data
is presented in Table 1. Detailed physician and patient demographic

data have been presented previously.'*

3.2 | Treatment before hospitalization

Patients generally did not receive any treatment for RSV infection
before hospital admission. The patient cases reported by the IDN
physicians (n=213) were comprised of 13/76 (17%) patients with
comorbid lung disease, 14/42 (33%) immunocompromised patients,
15/72 (21%) older adults, and 8/23 (35%) other adults who received
medical care before hospital admission. Of the patients who sought
outpatient care before hospitalization (n = 35), most were admitted to
hospital immediately, with almost all (25/35; 71%) admitted within 2
days of the initial physician visit.

3.3 | Hospitalization and hospital LOS

The majority (340/379; 92%) of patients were hospitalized within 5
days of the initial onset of RSV symptoms (Figure S2); of these
patients, 74/379 (20%) were hospitalized on the same day as
symptom onset. RSV was considered by the treating physician to be
at least somewhat likely to be the cause of hospitalization in almost
all patients (n =279/291; 96%); the cause was considered to be very
likely in 162/291 (55%) patients across the risk groups. Overall
median LOS in hospital was 6.0 (interquartile range [IQR] 3.0-9.0)
days (n=376). Median hospital LOS was 6.0 (4.0-9.0) days for
patients with comorbid lung disease, 6.0 (4.0-9.0) days for immuno-
compromised patients, 6.0 (3.0-8.5) days for older adults, and 5.0
(3.0-7.75) days for other adults. Physician assessment of illness
severity was reported as severe in 65/379 (17%) patients overall, and
severe in 19/126 (15%), 21/90 (23%), 19/109 (17%), and 5/52 (9%)
in the comorbid lung disease, immunocompromised, older adult, and
other adult groups, respectively.

Of the patients in any risk group, most (277/379; 73%) presented
to the emergency room (ER) before hospital admission, while the
remainder (102/379; 27%) were admitted directly to a hospital. ER
stays were typically 3-8 h. Numbers of patients remaining in the
ER < 8h were 40/45 (89%), 21/26 (81%), 45/51 (88%), and 15/17
(88%) in the comorbid lung disease, immunocompromised, older
adult, and other adult groups, respectively.

A total of 108/379 (28%) patients were admitted to the ICU, the
most common reasons being respiratory difficulty, abnormal respira-

tory rate, or low blood oxygen level (Figure 1A). There was no
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TABLE 1 Patient case demographics, clinical characteristics, and medical resource utilization (n = 379)
Comorbid lung Immunocompromised Older adults Other adults Overall
disease® (n = 126) (n=90) (n =110) (n=53) (n=379)
Mean = SD (range), age (years) 63+ 15 (18-95) 57 +15 (19-82) 70+5 (65-88) 41+12 (20-64) 60+ 16 (18-95)
Male, n (%) 68 (54) 51 (57) 60 (55) 32 (60) 211 (55.6)
Smoking status, n (%)
Current smoker 47 (37.3) 19 (21.1) 19 (17.3) 27 (50.9) 112 (29.6)
Previous smoker 60 (47.6) 38 (42.2) 59 (53.6) 14 (26.4) 171 (45.1)
Never smoked 16 (12.7) 30 (33.3) 28 (25.5) 10 (18.9) 84 (22.2)
Don't know 3(2.4) 3(3.3) 4 (3.6) 2(3.8) 12 (3.2)
Caregiver requirements before hospitalization, n (%)
Did not need caregiver 66 (52.3) 53 (58.8) 59 (53.6) 38 (71.6) 216 (57.0)
Relied on spouse/partner 42 (33.3) 24 (26.7) 33 (30.0) 11 (20.8) 110 (29.0)
Relied on child 9(7.1) 6 (6.7) 8(7.2) 4 (7.5) 27 (7.1)
Relied on professional caregiver/ 9 (7.1) 7 (7.8) 10 (9.1) 0 (0) 26 (6.7)
in-home nurse
Median LOS in hospital, days (IQR) 6.0 (4.0-9.0) 6.0 (4.0-9.0) 6.0 (3.0-8.5) 5.0 (3.0-7.75) 6.0 (3.0-9.0)
ICU admissions” (%) 29 36 26 20 -
Median ICU LOS, days (IQR) 4.0 (3.0-7.0) 3.0 (2.0-5.75) 2.5(1.25-4.0) 6.0 (1.5-9.5) 3.0 (2.0-6.0)

Note: Table adapted from Lee et al.**

Abbreviations: ICU, intensive care unit; IQR, interquartile range; LOS, length of stay.

*Types of lung disease included chronic obstructive pulmonary disease (chronic bronchitis or emphysema), treated tuberculosis, interstitial lung disease,

cystic fibrosis, asthma, bronchiectasis, or other.

bSamples sizes for this analysis were comorbid lung disease (n = 119), immunocompromised (n = 90), older adults (n = 109), and other adults (n = 59).

significant difference in rates of ICU admission between risk groups;
35/126 (28%), 32/90 (36%), 29/109 (26%), and 12/52 (23%) in the
comorbid lung disease, immunocompromised, older adult, and other
adult groups, respectively. Rates of ICU admission were 6% (6/104),
25% (52/210), and 81% (50/62) in patients with mild, moderate, and
severe infection, respectively. The overall median ICU LOS was 3.0
days (IQR 2.0-6.0). A significantly greater proportion of patients with
comorbid lung disease had an ICU stay over 3 days than older adults
(p =0.03) (Figure 1B).

4 | TREATMENT

Irrespective of the risk group, supportive respiratory therapies
(including, supplemental oxygen and fluids, bronchodilators, mechan-
ical ventilation) were the primary treatment for RSV infection.
Overall, the most common therapies during hospitalization (both in
hospital and in the ER) were supplemental oxygen and broncho-
dilators followed by corticosteroids, antibiotics, and ribavirin
(Figure 2A B). Patients with comorbid lung disease were frequently
treated with supplemental oxygen and bronchodilators; immuno-
compromised patients more frequently received ribavirin and
immunoglobulin than other patients; and older adults received

respiratory support and antibiotics during hospital stay more often

than younger other adults. The proportion of immunocompromised
patients receiving ribavirin (40%) was higher than in the comorbid
lung disease group (30%; p = 0.15) and significantly higher than in the
older adults group (26%; p = 0.05; Figure 2A). A greater proportion of
severely ill patients required treatment with bronchodilators and
mechanical ventilation compared with moderately or mildly ill
patients (Figure 3).

41 | Potential or suspected bacterial coinfection
and antibiotic usage

Bacterial coinfections, confirmed by routine diagnostic testing, were
reported in 87/379 (23%) patients, with a further 132/379 (32%)
patients with suspected but unconfirmed bacterial infection. The
proportion of patients with either suspected or confirmed bacterial
coinfections was highest in the comorbid lung disease group and the
older adult group (34% and 25%, respectively, for both groups)
(Figure 4A). Significantly more patients in the ICU had suspected
bacterial coinfections compared with non-ICU patients (47/108; 44%
vs. 75/268; 28%; p = 0.004).

Antibiotics were used in over half of all patients in each of the
risk groups 73/126 (58%), 55/90 (61%), 65/110 (59%), and 27/53
(51%) in the comorbid lung disease, immunocompromised, older
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adult, and other adult groups, respectively, often starting in the

emergency department (Figure 4B). Antibiotic usage was continued
by 79/114 (69%) patients for at least 1 day after RSV diagnosis.

Significant differences were observed between the percentage

of mild (45/104; 43%), moderate (123/212; 58%; p = 0.031 vs. mild),
and severe (52/63; 83% p <0.001 vs. mild, p =0.001 vs. moderate)
patients who received antibiotics. Patients admitted to the ICU were

more likely to receive antibiotics than those who were not admitted
(83/108; 76% vs. 135/268; 50%, respectively). Furthermore, urban
practice settings were significantly more likely to use antibiotics than
suburban practices (142/220; 65% vs. 77/154; 50%, respectively;
p =0.006). Of the patients treated with antibiotics in the hospital,
n=46/187 (25%) had a laboratory-confirmed bacterial infection and
n=88/187 (47%) had a suspected bacterial infection.
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4.2 | Clinical outcomes and posthospital
follow-up care

Improvements in clinical outcomes were categorized qualitatively at the
treating physician's discretion. Approximately three-quarters of all
patients showed at least moderate improvement following inpatient care,
with moderate-to-high improvement reported in 47/49 (96%) of patients
with comorbid lung disease, 21/23 (91%) of immunocompromised
patients, 37/45 (82%) of older adults, and 11/14 (79%) of other adults.
Mean £ SD time to clinical stability was 4.0+ 9.6, 5.0+4.6,40+2.1, and
5.0+ 8.1 days in the comorbid lung disease, immunocompromised, older
adult, and other adult groups, respectively. In-hospital mortality rates
were low: 1/74 (1.4%) of patients with comorbid lung disease, 2/41
(4.9%) of immunocompromised patients, 1/62 (1.6%) of older adults, and
1/23 (4.3%) of other adults. Of patients hospitalized with RSV, the
majority were alive after 60 days; 70/72 (97%) of patients with comorbid
lung disease, 39/41 (95%) of immunocompromised, 60/62 (97%) of older
adults, and 22/23 (96%) of other adults.

The majority of patients required follow-up care, with more than
90% (68/75) of the comorbid lung disease group requiring care related to
RSV infection postdischarge (Figure 5). Most patients required follow-up
visits with healthcare providers only, while 10%-16% required skilled
nursing (either at home or discharged to assisted care/nursing facility),

24% 25% [2r% ] 7% ] < e waker
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FIGURE 5 Comparison of types of follow-up care
posthospitalization required by RSV-infected patients by risk group.
RSV, respiratory syncytial virus

compared with 6.7% before admission. A social worker was required to

manage 24%-27% of patients in each group.

5 | DISCUSSION

This chart review analysis quantified burden of disease, treatment
approaches, and outcomes associated with RSV infections requiring
hospitalization in US adults. Our approach created a rich database of



8 of 10 _Health Science Reports
WILEY P

WALSH €T AL.

OpenAccess

case details, focusing on four risk groups. Three groups were
considered to be vulnerable to RSV infection—comorbid lung disease,
immunocompromised, and older adults—while one was at lower risk—
other adults. These findings contribute to the growing body of
evidence highlighting that RSV can be a serious cause of illness in
adults.'>13

RSV causes an estimated 177,000 annual hospitalizations and
14,000 annual deaths in US adults 265 years of age.’* RSV infection
is more likely to occur in older adults, those with chronic respiratory
disease or cardiopulmonary disease, or those who are immuno-
compromised.’® The burden may also be skewed towards older
adults, particularly those aged 265 years due to an age-related
reduction in cell-mediated immunity.**>*’

The majority of hospitalized adults with RSV infection were older
adults, had underlying comorbidities, or a combination of both. This is
similar to prior studies of adults hospitalized with RSV infection, with
the exception of the larger number of immunocompromised
patients.**'? Many patients in each group initially presented to
the ER before being admitted to hospital, with ER stays shorter than
8 h, and there was no difference in proportions of patients admitted
to the ICU. However, other patient characteristics may have had an
impact on the burden of RSV infection. For example, over half of the
other adult group were current smokers, suggesting that at least
some may have had early-stage airway disease.’* Additionally, 18%
of the other adult group reported having cardiovascular disease,
which has been associated with higher rates of healthcare utilization
for RSV-related illnesses and poorer disease outcomes, including LOS
and admission to the 1CU.°

Patients with RSV were generally hospitalized within a week of
symptom onset. Severity of illness and underlying comorbidities may
be important drivers of hospital LOS, although the length of time
from admission to confirmed diagnosis may have also played a role.**
Our findings are consistent with other RSV-associated hospitalization
studies, which demonstrate that median hospital LOS ranges from 3
to 9 days."1822

Between 23% and 36% of patients were admitted to the ICU,
although there was no significant difference in rates between patient
risk groups. The need for intensive care was reported more
frequently for patients in this more vulnerable study population than
in other studies of RSV-hospitalized patients.?”?®> The higher
incidence of ICU admission in this study compared with previous
data may potentially represent a selection bias by physicians for
those patients with more severe illnesses.

Treatment was not usually initiated before hospital admission,
which occurred soon after visiting a physician. RSV treatment
typically involves respiratory supportive care for common symptoms,
such as dyspnea, wheezing, bronchitis, and upper respiratory
infection, including bronchodilators and antibiotics.”® In our study,
the primary treatments were supplemental oxygen and broncho-
dilators, which were received by >70% and 260% of patients,
respectively. Antibiotics were used for the treatment of RSV
infection and for suspected or proven bacterial coinfection in many

patients in all risk groups, starting in the ER and continuing

throughout hospitalization. High antibiotic use in RSV infection is
well documented.'>?1?%2% |nappropriate antibiotic prescribing for
patients with RSV has been suggested,’>?%?° although use is
reasonable in RSV-infected individuals with confirmed or highly
suspected bacterial pathogens.® Ribavirin use was common in the
immunocompromised group, consistent with other published studies
of immunocompromised RSV patients, including hematopoietic stem
cell transplant recipients.?>?° Surprisingly, ribavirin was also used
frequently in the other risk groups, although information regarding
the route of ribavirin administration was not collected. In the United
States and Europe, ribavirin is not indicated for use in adults with RSV
infection.’®?® Routine use of ribavirin is not recommended due to
questionable evidence regarding its safety and efficacy.”?”

Most patients with RSV required follow-up visits after hospital
discharge and demonstrated at least moderate improvement with this
care. Sixty-day mortality was lower in this study (3.5%) than reported
in other RSV studies (5%-8%).>77?€ |t is possible that detection of
posthospitalization deaths was incomplete due to limitations of
physician visibility into patient outcomes postdischarge, even
at IDNs.

Our analysis provides useful insights into the burden of RSV
infections in adult patients across hospitals in the United States,
including IDNs. IDNs are organizations that own and operate a
network of healthcare facilities, and thereby provide a continuum of
care for patients as they transition through different disease states.
The patient journey may differ depending on whether they receive
care from an IDN. Importantly, IDNs and non-IDN settings were both
represented in this survey. This study has several limitations. This was
a retrospective analysis, which relied on the records of responding
physicians. Unavoidable case selection bias may have occurred
despite attempts to minimize physicians specifically selecting cases
for inclusion; reported data assumes that physicians faithfully entered
data from the patient record. In contrast to a prospective design, a
retrospective design may underestimate specific symptoms and/or
treatment modalities. The study design also does not allow an
estimate of the actual RSV incidence in the population studied, and
thus the total burden of RSV in adults. Severity was not assessed
using a clear objective rating scale. A further limitation was the
limited visibility of physicians for patient outcomes beyond inpa-
tient care.

Although not designed to provide incidence data, the study
demonstrates that the healthcare burden of RSV infection in adults is
substantial. RSV infection in older adults resulted in longer hospital
stays, antibiotic usage, ICU admissions, and respiratory support
treatments compared with other adults. While most patients with
RSV infection recovered well posthospitalization, the significant
burden associated with RSV infection during hospitalization is
apparent. Hospital resource utilization is notable, with long hospital
stays even in patients without underlying high-risk comorbidities.
Antibiotics are used in most hospitalized patients with RSV infection,
often without a confirmed bacterial infection. ICU admissions, usually
for respiratory support treatments, averaged 4.5 + 3.6 days. The data

identified the need for ongoing care following hospital discharge,
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with an increase in the number of patients requiring long-term care.
These findings suggest that there is a large unmet clinical need for
new effective and selective antiviral treatments for RSV, along with

vaccines to significantly reduce the burden of RSV in adults.
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