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Abstract: Respiratory Syncytial Virus (RSV) is commonly regarded as an infection typical of chil-
dren, but increasing literature is showing its importance in older people. Since the data regarding
the impact of RSV are still limited for older people, the aim of this systematic review and meta-
analysis is to compare the rate of hospitalization and mortality between RSV and influenza in this
population. A systematic literature search until 15% June 2022 was done across several databases
and including studies reporting incidence rate and cumulative incidence of hospitalization and mor-
tality in RSV and influenza affecting older people. Among 2,295 records initially screened, 16 studies
including 762,084 older participants were included. Compared to older patients having influenza,
patients with RSV did not show any significant different risk in hospitalization (either cumulative
or incidence rate). Similar results were evident for mortality. The quality of the studies was in gen-
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claimsin published maps and institu- Respiratory Syncytial Virus (RSV) is commonly regarded as an infection typical of

children.[1,2] Unlike influenza, for which the epidemiological importance has been
widely recognized for years, the epidemiological impact of RSV infection in middle-age
- and older adults has only recently gained importance [3,4]. In children, primary RSV in-
fections may result in severe disease, subsequent infections that are often comparatively
mild. [1] Sometimes, a state of incomplete immunity has been reported, that can predis-
pose to a continued susceptibility to reinfection during the life [5].
Such as for influenza, older adults may have a greater incidence of negative outcomes
when affected by RSV, since they are affected more frequently from respiratory and car-
diovascular conditions [6], such as chronic obstructive pulmonary disease [7] or heart
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failure [8], than can further increase hospitalization and mortality rates and other negative
outcomes.[9] In this regard, it was reported in the USA that each year, between 60,000—
120,000 older adults are hospitalized and 6,000-10,000 of them die due to RSV infec-
tion.[10,11] In particular, RSV is an important risk factor for hospitalization in frailer sub-
jects, such as those living in nursing home.[12] In particular, some systematic reviews with
meta-analyses have reported that RSV could be associated to a high case fatality rate in
nursing home.[13,14]

Because of these findings, and the known role of influenza in causing hospitalization
and mortality, studies of RSV in older adults have often used influenza as comparison
group, also considering that it is often hard to distinguish between symptoms of severe
RSV or severe influenza. In older people, it was reported that RSV infections present less
frequently with fever but more frequently with wheezing [15] for example, but otherwise
it can be difficult to distinguish it clinically from influenza without appropriate diagnostic
tests.

Since the data regarding the impact of RSV are still limited for older people, the aim
of this systematic review and meta-analysis is to compare the rate of hospitalization and
mortality between RSV and influenza in older people including observational studies
available.

2. Materials and Methods

This systematic review adhered to the PRISMA statement (checklist available in the
Supplementary Material). [16] The protocol was registered on 02°¢ December 2022 on
PROSPERO (CRD42018381040).

2.1. Data sources and searches

Four investigators (MEC, GC, SC, MB) by couples, independently, conducted a liter-
ature search using several databases including Embase, Web of Science from database in-
ception until 15t June 2022, including observational studies investigating the rate of hos-
pitalization and/or mortality in older people affected by RSV infection.

The search strategy run in Pubmed was: “(Respiratory Syncytial Virus OR RSV OR
Respiratory Syncytial Viruses [mh]) AND ("Mortality"[Mesh] OR "mortality" [Subheading]
OR “Mortality” OR “Mortalities” OR “Case Fatality Rate” OR “Case Fatality Rates” OR
“Death Rate” OR “Death Rates” OR “survival” OR “Hospital” OR “Acute care” OR “Hos-
pitalized older adults” OR “Hospital medicine” OR “Older inpatients” OR “Inpatient” OR
“Acute geriatric ward” OR “Clinical ward” OR “Medical units” OR “Geriatric units” OR
“Hospitalization” OR “Length of Stay”) AND ((("elderly population"[Title/Abstract] OR
elderly[Title/Abstract] OR elders|[Title/Abstract] OR "elderly patient"[Title/Abstract] OR
"elderly patients"[Title/Abstract] OR "elderly people"[Title/Abstract] OR "aged 70"[Ti-
tle/Abstract] OR "aged 80"[Title/Abstract] OR "aged >65"[Title/Abstract] OR ">65 years
old"[Title/Abstract]) OR ("70 years old"[Title/Abstract] OR ">70 years old"[Title/Abstract]
OR ‘"older person*'[Title/Abstract] OR "older persons"[Title/Abstract] OR "Older
Adult*"[Title/Abstract] OR "Older Adults"[Title/Abstract] OR "Oldest Old"[Title/Abstract]
OR Nonagenarians|[Title/Abstract] OR Octogenarians|Title/Abstract] OR Centenari-
ans|Title/Abstract])) OR ("aged over 80"[Title] OR "aged over 90"[Title]))” Any inconsist-
encies were resolved by consensus with a senior author (NV).

The search strategy was adapted using OVID for the other databases searched.

2.2. Study selection

Following the PICOS question, we considered eligible studies that included older
participants (defined as age > 60 years) (P), affected by RSV (I) versus influenza (C) in-
cluding the incidence of hospitalization and/or mortality as outcomes (O). Therefore, pro-
spective and retrospective studies were considered (S). We also included conference ab-
stracts, if sufficient data were available for the meta-analysis. We excluded studies made
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in people younger than 60 years, considering outcomes (such as disability or intensive 96
care unit admission) other than those mentioned above, and cross-sectional studies. More- 97
over, studies were excluded if data could not be meta-analyzable. 98

2.3. Data extraction 99

Four independent investigators (MEC, GC, SC, MB) extracted key data from the in- 100
cluded articles in a standardized Excel spread sheet and a third independent investigator 101
(NV) checked the data. For each article, we extracted data on author names, year of pub- 102
lication, country/continent, study design (retrospective or prospective), demographic in- 103
formation, follow-up duration (in months). 104

2.4. Outcomes 105

The primary outcomes were the incidence rates of hospitalization and mortality. The 106
incidence could be reported as overall cumulative incidence or as standardized incidence 107
rates with their 95% confidence intervals (CIs). In this latter case, we used the formulas 108
reported in the Cochrane handbook of systematic reviews of interventions [17]. All the 109
data were reported as per 100,000 persons-year for hospitalization and per 1,000 persons- 110
year for mortality. 111

2.5. Quality assessment 112

The Newcastle-Ottawa Scale (NOS) was used to assess the study quality/risk of bias 113
[18]. The NOS assigns a maximum of 9 points based on three quality parameters: selection, 114
comparability, and outcome. The evaluation was made by four independent investigators 115
(MEC, GC, SC, MB) and checked by another (NV), independently. The risk of bias was 116

then categorized as high (<5/9 points), moderate (6-7), or low (8-9) [19]. 117
2.6. Data synthesis and analysis 118
All analyses were performed using STATA version 14.0 (StataCorp). 119

The primary analysis investigated the incidence rates of hospitalization/mortality be- 120
tween patients affected by RSV and influenza. We calculated the risk ratios (RRs) with 121
their 95% confidence intervals (CIs), applying a random-effect model [20]. Similarly, we 122
considered the mean difference (MD) with 95%CI in the incidence rate RSV and influenza 123
standardized as indicated before. The results were reported by the method used for the 124
diagnosis of RSV/influenza. 125

Heterogeneity across studies was assessed by the I2 metric and X2 statistics and sig- 126
nificant heterogeneity was placed in case of an I> 50% or the correspondent p-value <0.05. 127

Publication bias was assessed by visually inspecting funnel plots and using the Eg- 128
ger’s bias test.[21] The trim-and-fill analysis was planned for addressing this issue, but 129

not used.[22] 130
For all analyses, a P-value less than 0.05 was considered statistically significant. 131

132

3. Results 133
3.1. Search results 134

As shown in Figure 1, among 2295 records initially screened, 74 were retrieved as full 135
texts. After excluding some works, mainly because data were not meta-analyzable (Table 136
S1 reports the references and the reason of the exclusion), 16 papers were finally included 137
[23-38]. 138

139
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Figure 1. PRISMA flow-chart.

3.2. Study and patient characteristics

Full details regarding the descriptive findings are reported in Table 1. The 16 studies
included 762,084 older participants (range: 29 to 551,633 participants), with a median for

Reports sought for retrieval o | Reports not retrieved Reports sought for retrieval .| Reports not retrieved
9 (n=74) (n=0) (n=0) 71 (n=0)
‘S
[
[
: ] '
(0]
- Reports excluded: -
Reports assessed for eligihility N No meta-analyzable data Reports assessed for eligibility R
(n=82) " (n=0) i’
No or wrong control group Reports excluded:
(n=15)
Less than 60 years (n=8)
Doubled full-texts (n=6)
No RSV (n=2)
— Review (n=2)
—
T .. . N
g Studies included in review
3| | (n=16) N
Qo
£

each study of 1,246 older people. The mean age was 73.4 years. The majority of studies
were conducted in North America (n=9), five in Europe, one in Africa and another one in
twelve different countries. No study was made in Asia. Overall, nine studies had a pro-
spective design and the remaining seven retrospective. The diagnosis of RSV/influenza
was mainly made using polymerase chain reaction (PCR) (n=9), sometimes in combination
with other methods. The median follow-up time was 48 months, with a range between 3

and 84 months.

Table 1. Descriptive characteristics.

Follow-
Type of 1 Di is of R in-
Author, year s};zz o Sasxir;lz e l\:ein 1agn051:h(ienzsaV and in up NOS
y 5 (months)
A R i
ckerson, Retrospecti ;)3 ;g PCR and culture 12 8
2019
Auvinen, Prospectiv
ool i 974 76 PCR 48 8
Ellis, 2003 “TOSPEt 10581 65+ Antigent tests and cultures 48 7
Falsey, 2005 Prospectiv 146 7 RT-PCR, Serologic test, viral 48 8
culture
Falsey, 2021 L TOSPEY o4 656 PCR 3 8
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Follow-
Type of Sample Mean Diagnosis of RSV and in- orlow
Author, year stud size age fluenza 1P NOS
y 5 (months)
Gilca, 2014 Prospectiv 210 Luminex RVP FAST assay 48 7
Gongalo Retrospecti .
Matias, 2017 ve 64456 65+  Weekly influenza update 144 7
Korsten, 2020 %PV 1040 75 PCR 48 8
Loubet, 2016 PN 145 74 PCR 12 8
Malosh, 2017 "SP4 PCR 24 8
Muller- Prospectiv
Pebody, P 551633 65+ ICD-10 36 7
2006
Rabarison, Retrospecti
2019 ve 375 PCR 60 8
Schanzer., Retrospecit Hospitalization Morbidity
103262 7
2008 ve 0326 Database (HMDB)14 60
Retrospecti Antigene detection, culture,
Sharp, 2021 p 21787 65-74 and genomic/pcr/lcr detec- 84 8
tion
P :
Tseng 2017 = OSPEMY 2586 60+ PCR 48 8
Widemer Prospectiv
2012 o 29 65+ PCR 36 8
9 studies:
prospectiv 48
Total e 7 762,084 73.4 9 studies: PCR; 7 studies: (range:
studies: others
. 3-84)
retrospecti
ve
3.3. Rate of hospitalizations and mortality in RSV vs. influenza: meta-analysis 153

Asreported in Table 1, compared to patients having influenza, patients with RSV did 154
not show any significant different risk in hospitalization. When considering cumulative 155
incidence, the RR was 0.93 (95%CI: 0.53-1.62; p=0.80; 1>=0%; k=5) (Figure 1A). The Egger’s 156
test suggests the absence of any publication bias as confirmed in Figure A5. Similarly, 157
when including ten studies reporting data as incidence rate per 100,000 persons-year, we 158
did not observe any difference in hospitalization rate (MD=-262; 95%Cl: -755; 229), evenif 159
this outcome was characterized by a high heterogeneity (1>=99%), mainly driven by the 160
study of Goncalo [30] that shows a reduced risk of hospitalization in RSV compared to 161
influenza (Figure 2A). No publication bias was evident. 162

When considering mortality as outcome, the results remained similar. Compared to 163
influenza, RSV did not carry any significant increased risk in mortality (RR=1.19; 95%CI: 164
0.98-1.45; p=0.08; >=0%; k=4) (Figure 3A). No publication bias was present (Figure A6). 165
Finally, when using incidence rate, instead of cumulative incidence, RSV did not differin 166
terms of mortality compared to influenza (MD=15 per 1,000 persons-year; 95%CI: -133 to 167
162; p=0.85; 1>=0%) (Figure 4A). Again, no evidence of publication bias was present. 168
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Table 2. Meta-analysis of hospitalization and mortality rate between RSV and influenza.

Cumulative incidence Incidence rate (per 100,000 persons-year)
N of stud- , ,
es Egger’s N of Egger’s
Outcome .. RR 95%CI p-value I2 test . MD 95%CI p-value I? test
(partici- (p-value) studies (p-value)
pants) P P
T 0.53- -0.73 10 -6.57
Hospitalization 0.93 162 0.80 0 (p=0.08) -262 -755;229 030 99 (p=0.20)
.57 2 i-
Mortality 119 098145 008 0 07 15 -133162 085 0 NOLPOssi
(p=0.10) ble

3.4 Sensitivity analyses

We have categorized the incidence of mortality and hospitalization according to the
diagnostic method of RSV. Regarding the cumulative incidence of death, all the studies
included used the PCR; when using the incidence rate, no significant differences between
studies using the Weekly influenza update and antigenic methods were found (p for
interaction=0.613). Regarding the cumulative incidence of hospitalization, no significant
differences between PCR, administrative data and luminex RVP FAST assay (p for
interaction= 0.706), while the mean difference between RSV and influenza reported that
the incidence rate collected using administrative data (weekly influenza update, ICD-10,
HMDB-14 ) was statistically lower than PCR and antigen tests (p for interaction < 0.0001).

3.5. Risk of bias

The Newcastle-Ottawa Scale overall indicated a good quality of the studies included,
without any study at high risk of bias. The most common sources of bias were the ascer-
tainment of exposure (that was not accurate in five studies and the comparability of co-
horts on the basis of the design or analysis that was not of high quality since the propensity
score was missing in all the studies included (Table 1; Table S2).

4. Discussion

In this systematic review with meta-analysis including 16 observational studies and
a total of 762,084 older participants, we found that the incidence of hospitalizations and
mortality was similar between RSV and influenza, overall reinforcing the importance of
identifying RSV in older people.

In previous works, an important effort was dedicated to compare the clinical severity
and presentation of RSV with influenza [8,25,27,38,39]. In agreement with the previous
studies, also included in this systematic review, we found that the hospitalization and the
mortality rate attributable to RSV in older people was like that of influenza. Regarding the
possible differences between RSV and influenza infections, one study reported that older
individuals with RSV were admitted later in their illness, on average, than individuals
with influenza [39]. These findings may indicate a slower overall progression to acute ill-
ness for RSV versus influenza, as confirmed in other studies [40]. Similarly, another im-
portant study reported that the diagnosis of RSV infection in hospitalized older adults is
often delayed and this may further affect clinical management and outcomes [41]. All
these findings, in our opinion, indicate the urgent need for a stricter surveillance, also
using molecular approaches for individuating RSV [42].

In this regard, it is important to remember that influenza represents a major cause of
morbidity and mortality in older people [43]. Moreover, influenza is an important cause
of other medical conditions in older subjects such as stroke and cardiovascular diseases
[44], disability [45], pneumonia [46], and finally mortality. Vaccination against influenza
in older people is highly effective in preventing all these conditions and therefore highly
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recommended [47]. Therefore to report that the incidence rate of hospitalization and mor- 208
tality is similar between RSV and influenza is of epidemiological importance, also consid- 209
ering the likely increased susceptibility observed during COVID-19 pandemic.[48] 210

Based on the epidemiological findings confirmed by our systematic review with 211
meta-analysis, current vaccine development efforts have identified prevention of severe 212
RSV-associated illness. To the best of our knowledge, 33 respiratory syncytial virus pre- 213
vention candidates are in clinical development using different approaches, including re- 214
combinant vector, subunit, particle-based, live attenuated, chimeric, and nucleic acid vac- 215
cines, and monoclonal antibodies [49,50]. Nine candidates are in phase 3 clinical trials [49]. 216
Of interest, a phase 3 trial reported that a single dose of an adjuvant vaccine was highly 217
efficacious against RSV-confirmed lower respiratory tract diseases and RSV-confirmed 218
acute respiratory infections in older adults, regardless of RSV disease severity, RSV sub- 219
type, baseline comorbidity and presence of frailty [51]. 220

The findings of this systematic review must be interpreted within its limitations. First, 221
some outcomes were characterized by a high heterogeneity. Second, about half of the 222
studies had a retrospective design, possibly introducing a bias in these findings. Third, no 223
study was made in Asia, limiting the generalization of our findings in these countries. 224
Finally, the admission rate in ICU was not available for almost all studies included in our 225
systematic review, but the admission in ICU represents an important risk factor for mor- 226
tality, as shown in pediatric population. [52] However, it has been reported that ICU ad- 227
mission rate is similar for RSV and influenza older patients [25]. 228

5. Conclusions 229

Our systematic review and meta-analysis showed that the rate of hospitalizationand 230
mortality was similar between RSV and influenza in older adults, suggesting the im- 231
portance of vaccination for RSV in older people for preventing the negative outcomes, 232
such as hospitalization and mortality. Since RSV is highly prevalent in older people and 233
associated with negative outcomes, our systematic review supports the need of increasing 234
awareness before vaccines availability. Future studies confirming our findings in the light 235
of public health interventions are needed. 236

Supplementary Materials: The following supporting information can be downloaded at: 237
www.mdpi.com/xxx/s1, Figure S1: title; Table S1: title; Video S1. title. 238

Author Contributions: Conceptualization, N.V. and S.M.; methodology, M.B., N.V_; formal analysis, 239
N.V,; data curation, M.B., G.C., M.E.C,, S.C,; writing—original draft preparation, N.V,, FED.G,,L.S., 240
M.T.; writing —review and editing, L.].D., G.G., S.D.G., C.C, E.V,; supervision, M.B., SM.; funding 241
acquisition, S.M. All authors have read and agreed to the published version of the manuscript. 242

Funding: This research was funded by University of Palermo, FFR2021 fund, assigned to Prof. Si- 243
mona De Grazia, Mario Barbagallo and Nicola Veronese. 244

Institutional Review Board Statement: Ethical review and approval were waived for this study 245
since no patients were directly involved. 246

Informed Consent Statement: Patient consent was waived since no patients were directly involved. 247

Data Availability Statement: The data are available upon reasonable request to the corresponding 248

author. 249
Conflicts of Interest: The authors declare no conflict of interest. 250
Appendix B 251
252
253

Table S1. List of excluded references with reason. 254



Vaccines 2022, 10, x FOR PEER REVIEW

8 of 19

Author, year Reason of exclusion
Abu Seir, 2021 Younger than 60 years
Ackerson, 2020 No meta-analyzable data

Ali, 2019 No meta-analyzable data
Amand, 2018 Younger than 60 years
Barnes, 2018 No meta-analyzable data

Beran, 2021 No meta-analyzable data
Berginc, 2015 No meta-analyzable data
Blackburn, 2017 No meta-analyzable data
Boattini, 2020 No meta-analyzable data
Boattini, 2021 No meta-analyzable data
Bosco, 2021 No meta-analyzable data

Branche, 2018 No meta-analyzable data
Branche, 2021 No or wrong control group
D.Sieling, 2021 Younger than 60 years

Falsey, 1995 Younger than 60 years

Falsey, 2013 No or wrong control group
Fleming, 2015 No meta-analyzable data
Fu Tseng, 2020 No or wrong control group

Goldestein, 2015 No meta-analyzable data

Gomez, 2021 Review

Green, 2013 No RSV diagnosis

Hansen, 2022 No meta-analyzable data
Hartnett, 2022 No meta-analyzable data
Karstaedt, 2009 No meta-analyzable data
Katsurada, 2017 No meta-analyzable data
Kieke, 2020 No meta-analyzable data
Kim, 2018 No meta-analyzable data
Kujawski, 2022 No meta-analyzable data
Kumar, 2021 No meta-analyzable data
Kurai, 2021 No meta-analyzable data
Kyeyagalire, 2014 No meta-analyzable data

Leaver, 2021 Younger than 60 years

Lee, 2013 No meta-analyzable data

Lee, 2019 No or wrong control group

Lucero-Obusan, 2019 No meta-analyzable data
Matias, 2016 No meta-analyzable data
Mila M, Prill, 2021 No or wrong control group
Mizumoto, 2019 Younger than 60 years
Mullooly, 2006 No meta-analyzable data

Newall, 2008

No RSV diagnosis

Nicholson, 1997

No meta-analyzable data

Pangesti,2019

No meta-analyzable data

Saravanos, 2019

No or wrong control group

Schmidt, 2019

Younger than 60 years

Staadegaard, 2021

No or wrong control group

Stephens, 2021

Review

Sundaram, 2014

No or wrong control group

Tempia, 2021

Younger than 60 years
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Author, year Reason of exclusion
Thompson, 2003 No or wrong control group
Ting Shi, 2019 No meta-analyzable data

Tong, 2020 No or wrong control group
van Asten, 2012 No meta-analyzable data
Walsh, 2004 No or wrong control group
Widmer, 2013 No meta-analyzable data
Wyffles, 2017 No or wrong control group
Wyffles, 2017 No or wrong control group
Yoon, 2020 No or wrong control group
Zheng, 2022 No or wrong control group
Zhou, 2012 No meta-analyzable data

Table S2. Quality of the studies included.

Selection of the Demonstration that| Comparability of Was follow-up long | Adequacy
Representativeness of | non exposed |Ascertainment| outcome of interest |cohorts on the basis of| Assessment | enough for outcomes | of follow
Study, year | the exposed cohort cohort of exposure | was not present at | the design or analysis | of outcome to occur up of

Ackerson, 2019 * * * * * * * *
Auvinen, 2021 * * * * t * * *
Ellis, 2003 * * - * * * * *
Falsey, 2005 * * * * * * * *
Falsey, 2021 * * * * t * * *
Gilea, 2014 * * - * * * * *
Gongalo Matias, * * * * * * *
Korsten, 2020 * * * * t * * *
Loubet, 2016 * * ¥ * * * * *
Malosh, 2017 * * * * * * * *
Muller-Pebody, * * - * t * * *
Rabarison, 2019 * * * * * * * *
Schanzer., 2008 * * - * * * * *
Sharp, 2021 * * * * +. + + *
Tseng/ 2017 * * * * *_ * * *
Widmer, 2012 * * * * * * * *

Risk Ratio %
author, year (95% Cl) Weight
Gilca, 2014 ¢ : 029(0.02,4.93) 388
Loubet, 2016 —'p— 098 (036, 267) 31
Malosh R, 2017 —:b— 100 (045,2.22) 4937
Muller-Pebody, B, 2006 | 096 (020,4.70) 1236
Korsten,2020 + : 056 (002,1336) 308
Overall, DL (f = 0.0%, p = 0.939) \<> 0.93(053,162) 10000

015625

64

Figure A1. Hospitalization cumulative incidence between RSV and influenza.
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257

258



Vaccines 2022, 10, x FOR PEER REVIEW

10 of 19

author, year

Auvinen, 2021(age 65+ elderly™NRSV vs. influenza A)

Auvinen, 2021(age 65+ elderly, RSV V3N

Ellis, 2003 ( no risk group, per 1000 person-ye'
Ellis, 2003 (high risk group, per 1000 person-year)
Gongalo Matias, 2017 (65-74 years)

Gongalo Matias, 2017 (>=75 years)

Rabarison, J. H., 2019

Schanzer, D. L., 2008

Sharp, A., 2021

Widemer 2012

Overall, DL (f = 99.5%, p = 0.000)

Effect

(95% Cl)

-1522.27 (-1603.33, -1441.20)
-427.56 (-482.25, -372.87)
411.12 (230.17, 592.08)
3527.78 (2046.46, 5009.11)
-1.66+04 (-2.36+04, -8849.66)
-5.16+04 (-6.0e+04, -4.1e+04)
-158.29 (-252.55, -64.03)
-289.67 (-1620.92, 1041.58)
678.93 (-3304.72, 4662.59)
14,70 (5.44, 23.96)

-262.82 (-755.01, 229.38)

%

Weight

16.77
16.81
16.47
6.67
0.50
0.24
16.74
7.55
1.40
16.85

100.00

-50000 0

50000

Figure A2. A. Hospitalization incidence rate (per 100,000 persons-year) between RSV and influenza.

author, year

Risk Ratio %
author, year (95% Cl) Weight
1
Ackerson, 2019 L s 1.28(0.87,1.87) 26.57
I
Falsey, 2005(healthy elderly patients + High risk Patients) + * 2.14(0.10, 43.74) 0.43
|
Falsey, 2021 e S —— 1.52 (050, 4.67) 3.10
|
Hung Fu Tseng ,2017 o— 1.14(0.90, 1.45) 69.90
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