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Background: Respiratory syncytial virus (RSV) is a pathogenic respiratory virus that is considered to affect not only children but also
adults, especially elderly persons aged >65 years. However, in Japan, the annual epidemic situation and severity of RSV infections in
these adults have not yet been clarified, especially during the COVID-19 pandemic.

Methods: The epidemic of RSV, especially the number of adults with RSV infection during the COVID-19 period, was retro-
spectively analyzed. In addition, the clinical features of patients aged >65 years (older group) and those aged <64 years (younger
group) were compared.

Results: A total of 58 patients were found to have RSV infections from April to August 2021. Ten were adults, and five each were
detected in June and July, respectively. Of the 10 adult patients, three were in the older group and were more often infected by their
grandchildren, and seven were in the younger group. All older patients had underlying diseases, including diabetes mellitus. In
addition, the older group showed more severe inflammation, such as increased white blood cell counts and C-reactive protein levels,
and received antibiotic therapy, whereas no antibiotics were used for the younger group. Two of the three older patients were admitted
to our hospital, but survived.

Conclusion: These data suggest that RSV infection in adult patients was related to the increase in pediatric RSV patients and that the
infection season had shifted to summer, similar to other countries. Among the adult RSV patients, those aged >65 years were more
often infected by their grandchildren and received antibiotics because of their more severe inflammatory status than patients aged <64
years during the COVID-19 pandemic in Japan.
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Introduction
Respiratory syncytial virus (RSV) is considered an important viral pathogen of serious respiratory illness not only in
children but also older adults. RSV infection is detected in 3%—7% of healthy adults in the community, 4%—-10% of
adults with high-risk factors, and 16% of those aged >65 years hospitalized due to cardiopulmonary infections.'~
Furthermore, in the United States, it has been reported that RSV infection is related to approximately 177,000
hospitalizations, 10,000-14,000 deaths, and more than $1 billion dollars in health-care costs per year, mostly among
older adults.' Similar data have been reported from European countries.*> However, RSV is underestimated clinically
by many physicians and health-care staff as a pathogen of lethal respiratory infection for adult patients, although several
outbreaks among elderly persons residing in long-term care facilities have been reported.” In addition, pooled estimates
were 1.62% for RSV acute respiratory illness (RSV-ARI), 0.15% for hospitalizations, and 7.13% for in-hospital case
fatalities in patients aged >60 years in a worldwide (including Japan) meta-analysis, and approximately 5.2 million
infected cases, 470,000 hospitalizations, and 33,000 in-hospital deaths among >60-year-olds in high-income countries.®
In Japan, RSV-ARI was found in 24 of 1000 (2.4%) and RSV lower respiratory tract disease in eight of 1000 (0.8%)
persons aged >65 years in a multicenter, prospective, observational, cohort study covering 52 weeks during the 2019—
2020 season, which also found that all 24 RSV-ARI patients were from outpatient visits, but only one (4.2%) had been
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admitted to the hospital due to RSV-ARI.” These findings suggested that RSV was one of the major pathogens of severe
respiratory infections in elderly persons in Japan during this period, but very few data have been published and the real-
world situation in Japan has remained unclear, because endemic RSV might vary by region, season, and other viral
endemic infections, including influenza and COVID-19.® In this study, the prevalence of RSV during the COVID-
19 period was investigated and the clinical characteristics of adult RSV-infected patients compared between patients aged
>65 years and those aged <64 years.

Methods

Patients

The data of patients who had eight major respiratory symptoms — cough, chills, dyspnea, fatigue, fever, nasal discharge,
sore throat, and sputum — tested using the multiplex polymerase chain reaction (PCR) method (BioFire FilmArray
Respiratory 2.1, bioMérieux, Lyon, France) at Tohoku Medical and Pharmaceutical University Hospital from April 1,
2021 to March 31, 2022 were analyzed. Patients whose nasal swabs showed positive RSV genes were included. These
patients had visited the outpatient clinic. Those suspected of being infected in the hospital were excluded. Variables
assessed included demographics, such as age, male:female ratio, underlying diseases, onset in persons in the family,
symptoms, laboratory data, isolated bacteria, and treatment, such as antibiotic use and symptom management. We used
antifebrile pills, expectorant, and cough suppressant for symptom management.

Ethics

The Committee for Clinical Scientific Research of Tohoku Medical and Pharmaceutical University Hospital approved
this study on February 15, 2021 (ID2021-2-087) as a trial of surveillance for viral respiratory diseases. To have any
accompanying images and their case details published, all participants whose specimens were used and all other
patients in this study provided written, informed consent at admission. The patients were informed that they could
opt out if they preferred not to be involved in these clinical studies. This study was performed according to the
Declaration of Helsinki.

Statistical Analysis
Mann—Whitney and y? tests were used to compare continuous variables between two groups. Significant differences were
defined as p<0.05. StatView software (Abacus Concepts, Cary, NC, USA) was used for all analyses.

Results

RSV Epidemic and Patient Characteristics

During the COVID-19 pandemic, there was an epidemic of RSV from April to September, 2021 (Figure 1). Of the total
58 RSV gene—positive patients, most were children, and the number peaked in July 2021. Ten adult patients were found
in June and July, five in each month, in conjunction with the increase in pediatric patients. No pediatric or adult patients
who were RSV gene—positive showed coinfection with another respiratory virus by our multiplex PCR detection system.

Clinical Features of Adult Patients and Differences Between Those Aged 265 Years
and Those Aged <64 Years

The clinical features of the 10 adult RSV-infected patients in this period are shown in Table 1. Of the 10 adult patients,
three were aged >65 (median 80.3, range 78-83) years, and the other seven aged <64 (median 34.7, range 23—62) years
(Table 2). The ages of the two groups were significantly different (p=0.022). The male:female ratio and symptoms were
similar, but grandchildren were a significantly more common source of RSV infection in those >65 years of age
(p=0.015), though more than half of those <64 years of age were infected by their children (Table 2). Underlying
diseases were also similar: four of the seven patients <64 years of age had no underlying diseases, although all the three
>65 years of age had underlying diseases, including sinusitis, diabetes mellitus, and gastroesophageal reflux disease. In
addition, white blood cell counts and CRP levels were higher in those aged >65 years than those aged <64 years
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Figure | Numbers of adult and pediatric patients infected with RSV by month during the COVID-19 pandemic.

(Table 2). All patients >65 years of age received treatment with antibiotics, whereas no patients <64 years of age received
antibiotics. Although two of the three patients >65 years of age admitted to our hospital, the other eight adult patients
recovered on outpatient treatments, such as symptom management with/without antibiotics. All of the 10 adult patients,
including the two older patients that were admitted, survived.

Discussion

In this study, the RSV epidemic that occurred in the period of COVID-19 pandemic was investigated, and it was found
that RSV infections in adults occurred in association with the increase in pediatric RSV infections in Japan. The RSV
epidemic occurred from spring to autumn and peaked in the summer of 2021, during the COVID-19 pandemic.
Previously, RSV epidemics were thought to occur in winter or autumn before the influenza season,’ but this epidemic
of RSV occurred in the summer. In the SARS-CoV-2—dominant period, the other respiratory viruses, including RSV,
disappeared temporarily, and the majority of patients lost their immunity to RSV, thus leading to their easy infection with
RSV.”'% The role of nucleotide-binding oligomerization domain (NOD) 2 signaling in SARS-CoV-2 infection remains
altogether unknown up to now; however, NOD2 has been reported to sense single-strand RNA from RSV to stimulate
IFN responses through mitochondrial membrane—anchored proteins.'' Host miRNAs, a type of noncoding RNA, play
a crucial role in the viral life cycle, influencing viral replication and the host immunoresponse directly or indirectly. One
study focused specifically on miRNAs with documented expression in SARS-CoV-2 target cells, with an additional focus
on miRNAs that have been reported in other viral infections, including RSV.'? Although trained immunity and
immunological modifications have been suggested, these mechanisms might not work sufficiently to protect against
the RSV endemic.

Furthermore, because it has been suggested that RSV interferes with the influenza virus,® which also disappeared
during the COVID-19 pandemic, RSV could have easily prevailed regardless of the season. Similar trends emerged
worldwide, with delays in the expected RSV season ranging from 13 weeks in France to 88 weeks in South Korea, and
a particularly large spike in cases in the 2022-2023 season were also found in the US.'® These data also suggested
dynamic changes in RSV infection and transmission epidemiologically and immunologically.

Elderly patients started to be infected by RSV after the RSV epidemic in children started to appear from April 2021,
and these infected children were identified after the RSV infections in adult patients disappeared. These data suggested
that children were the source of the RSV infection and that adults might be infected by children in the community and/or
homes in the situations investigated.'* In addition, in the present study, patients aged >65 years were infected more often
by grandchildren than those aged <64 years, being a parent generation that was mostly infected by their children. These
data also suggest that patients who were aged >65 years were infected by their grandchildren, and thus most adult
patients might have been infected in their homes by children in general in Japan.
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Table | Clinical characteristics of 10 adult patients infected with RSV during the COVID-19 epidemic

Patient Date of Age Male/ Underlying Onset Source of Symptoms | WBCs | Neutrophils CRP Isolated Treatment Antibiotics
diagnosis female diseases infection (n/8)* (n/pL) (n/pL) (mg/dL) bacteria
| 6/8/2021 30 F None 14 days Children 2 None None None S. pneumoniae None None
prior
2 6/14/2021 33 M None 6 days Unknown 5 6100 None 0.27 Symptom None
prior management
6/17/2021 23 M Unknown Unknown Children | None None None None None
4 6/22/2021 27 F None 2 days Unknown 3 None None None None None
prior
5 6/25/2021 78 F HT, sinusitis 7 days Grandchildren 7 10,300 8137 32 Symptom Azithromycin
prior management
6 7/12/2021 62 F HT, asthma Unknown Unknown 3400 2298 0.18 None None
7 7/14/2021 83 M HT, DM, GERD 2 days Niece 8600 5848 17.86 H. influenzae Symptom Ceftriaxon
prior BLNAR management
8 7/14/2021 36 F None 14 days Children 6 6900 5099 2.02 Symptom None
prior management
9 7/21/2021 32 F Unknown Unknown Children Unknown None None None None None
10 7/27/2021 80 M Asthma, old TB | day Grandchildren 6 16,800 15,288 16.8 Symptom Ceftriaxon,
prior management lascufloxacin

Note: *Of eight investigated (cough, chills, dyspnea, fatigue, fever, nasal discharge, sore throat, and sputum).

Abbreviations: HT, hypertension; DM, diabetes mellitus; GERD, gastroesophageal reflux disease; TB, tuberculosis; WBCs, white blood cells; BLNAR, B-lactamase—negative ampicillin resistance.
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Table 2 Differences between RSV-infected adult patients aged 265 years and <64 years during
the COVID-19 pandemic

265 Years (n=3) <64 Years (n=7) p
Age 80.3 (78-83) 34.7 (23-62) 0.022*
Male/female 2/1 2/5 0.26
Underlying diseases
HT | (33.3%) | (14.3%) 0.49
Asthma I (33.3%) I (14.3%) 0.49
Sinusitis I (33.3%) 0 0.11
DM | (33.3%) 0 0.11
GERD I (33.3%) 0 0.11
Unknown 0 2 (28.6%) 0.31
None 0 4 (57.1%) 0.09
Onset
Source of infection
Children 0 4 (57.1%) 0.09
Grandchildren 2 (66.7%) 0 0.015%
Niece | (33.3%) 0 0.101
Unknown 0 3 (42.9%) 0.17
Symptoms
Cough 3 (100%) 4 (57.1%) 0.17
Sore throat 3 (100%) 3 (42.9%) 0.09
Fever 3 (100%) 2 (28.6% 0.038
Sputum 2 (66.7%) 3 (42.9%) 0.49
Fatigue 2 (66.7%) 2 (28.6% 0.26
Appetite loss 2 (66.7%) I (14.3%) 0.097
Nausea I (33.3%) 0 0.107
Nasal discharge 0 2 (28.6%) 0.32
WBCs 11,900 (8600—16,800) | 5467 (3400-6900) 0.04*
Neutrophils 11,712 (5848-15,288) | 3698 (2298-5099) 0.14
CRP 10 (3.2-17.86) 0.82 (0.18-2.02) 0.04*
Isolated bacteria | (33.3%) I (14.3%) 0.49
Symptom management 3 (100%) 2 (28.6%) 0.038
Antibiotic use 3 (100%) 0 0.00 1 5%*

Notes: *p<005; **p<0.01.
Abbreviations: HT, hypertension; DM, diabetes mellitus; GERD, gastroesophageal reflux disease; WBCs, white blood cells.

In the adult patients of the present study, those aged >65 years developed a more severe inflammatory status and received
antibiotic treatment more often than those aged <64 years. It has been reported that the clinical outcome of 243 RSV-infected
adults aged >60 years was 17% (n=41) mild, 64% (n=155) moderate, and 19% (n=41) serious.'> Moderate patients included
those given a new antibiotic prescription (n=144), and serious patients included those admitted to hospital (n=29) and emergency
department visits (n=13). These data also suggested that RSV infections were common in elderly persons, were of moderate—
severe status, and needed more intensive treatment than symptom management alone, although no patients aged >65 years died,
and RSV, unlike influenza, was not associated with underlying diseases, such as congestive heart failure or chronic pulmonary
disease, in contrast toa previous report.'® In our cohort, four of seven RSV patients <64 years of age had no underlying diseases,
although all three patients >65 years of age had underlying diseases, but these differences were not significant statistically, and
none of the patients died.

The mechanisms by which RSV infection leads to severe inflammation in elderly persons are unclear, but significant
increases in serum neutralization titers, IgG concentrations and local upregulation of IFNP, IFNA1, IFNy, IL1f3, TNFa,
IL6, IL10, CXCLS8, and CXCL10 based on assessment of antibody and local cytokine responses to RSV infection have
been reported in older adults (>60 years of age).'” IFNp, IFNAI, CXCL8, and CXCL10 are also upregulated in the
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epithelial model by RSV infection.'® This increased inflammatory status may lead to severe status in adults, especially
those >65 years of age with RSV infection.

In conclusion, similar to other countries an epidemic of RSV infection was identified in the summer of 2021 during
the COVID-19 pandemic in Japan, and the increase in adult patients matched the increase in pediatric patients.
Coinfections with other respiratory viruses were not found. In adult patients infected with RSV, those aged >65 years
were more often infected by their grandchildren and showed more severe inflammation status than those aged <64 years
infected with RSV. The older patients had underlying diseases, but all adult patients finally survived. More extensive care
and treatments, including antibiotic treatment, should be considered for elderly patients infected with RSV.
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