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The Etiological Role of Common Respiratory Viruses in
Acute Respiratory Infections in Older Adults: A Systematic
Review and Meta-analysis
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Acute respiratory tract infections (ARI) constitute a substantial disease burden in adults and elderly individuals. We aimed to iden-
tify all case-control studies investigating the potential role of respiratory viruses in the etiology of ARI in older adults aged >65 years.
We conducted a systematic literature review (across 7 databases) of case-control studies published from 1996 to 2017 that investi-
gated the viral profile of older adults with and those without ARI. We then computed a pooled odds ratio (OR) with a 95% confidence
interval and virus-specific attributable fraction among the exposed (AFE) for 8 common viruses: respiratory syncytial virus (RSV),
influenza virus (Flu), parainfluenza virus (PIV), human metapneumovirus (HMPV), adenovirus (AdV), rhinovirus (RV), bocavi-
rus (BoV), and coronavirus (CoV). From the 16 studies included, there was strong evidence of possible causal attribution for RSV
(OR, 8.5 [95% CI, 3.9-18.5]; AFE, 88%), Flu (OR, 8.3 [95% CI, 4.4-15.9]; AFE, 88%), PIV (OR, not available; AFE, approximately
100%), HMPV (OR, 9.8 [95% CI, 2.3-41.0]; AFE, 90%), AdV (OR, not available; AFE, approximately 100%), RV (OR, 7.1 [95% ClI,
3.7-13.6]; AFE, 86%) and CoV (OR, 2.8 [95% CI, 2.0-4.1]; AFE, 65%) in older adults presenting with ARI, compared with those
without respiratory symptoms (ie, asymptomatic individuals) or healthy older adults. However, there was no significant difference in
the detection of BoV in cases and controls. This review supports RSV, Flu, PIV, HMPV, AdV, RV, and CoV as important causes of ARI
in older adults and provides quantitative estimates of the absolute proportion of virus-associated ARI cases to which a viral cause
can be attributed. Disease burden estimates should take into account the appropriate AFE estimates (for older adults) that we report.

Keywords. Etiological role; respiratory virus; acute respiratory infection; older adults.

Acute respiratory tract infections (ARI), including pneumonia,
constitute a substantial disease burden in adults and elderly
individuals. Respiratory viruses are detected more frequently
than bacteria in adults with pneumonia [1]. The substantial
contribution of viruses to ARI hospitalizations among adults is
being increasingly recognized [2, 3].

Although influenza virus (Flu) is the most widely recognized
viral infection associated with respiratory illness, >25 viruses
have been linked to pneumonia, causing a substantial disease
burden in adults and elderly individuals. These include com-
mon pathogens such as rhinovirus (RV), respiratory syncytial
virus (RSV), Flu, human metapneumovirus (hMPV), parainflu-
enza viruses (PIV), and human coronaviruses (CoVs) [2]. RSV
is associated with a substantial disease burden in adults, espe-
cially among older adults (aged 265 years) [4]. Moreover, adults
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hospitalized with RSV disease can develop severe respiratory
complications [5]. RV has been associated with severe respira-
tory disease outbreaks in adults in long-term care facilities in
several settings [6]. Despite advances in diagnostic technology,
defining the specific causes of viral pneumonia is challenging,
particularly among older adults who may have lower viral loads
and for whom viral diagnosis is frequently not considered and/
or testing is not performed [7]. Therefore, it is necessary to mea-
sure concurrently the background prevalence of nasopharyngeal
viral infection in a control (asymptomatic) group, to investigate
the etiological role of viruses in older adults with ARI to help
inform decisions on prevention and management strategies.
Previously, we have conducted a systematic review to under-
stand the etiological role of common respiratory viruses, focus-
ing on children aged <5 years [8]. To the best of our knowledge,
similar estimates for adults are lacking. Therefore, we aimed to
conduct a similar systematic review to identify all case-control
studies since 1996 investigating the potential role of respiratory
viruses in the etiology of ARIs in older adults aged >65 years.

METHODS

Search Strategy and Selection Criteria
We conducted a systematic review across 7 databases (includ-
ing 3 Chinese databases) following the approach detailed in the
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PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-analyses) guidelines [9]. Tailored search strategies
were developed and used to search the Medline, Embase, Global
Health, LILACS, China National Knowledge Infrastructure
(CNKI), Wanfang Data, and Chongqing VIP databases
(Appendix). We further searched the reference lists of relevant
articles for eligible articles. All searches were limited to between
January 1996 and August 2017. No publication status criteria or
language restrictions were used. We included studies that ful-
filled the following selection criteria (Supplementary Figure 1).

Three investigators (T. S., A. A.,and I. S.) conducted indepen-
dent searches of the English-language literature and extracted
data by using standardized data extraction templates. One
investigator (T. S.), whose first language is Chinese, searched
and extracted data from Chinese-language databases (ie, CNKI,
Wanfang, and CQVIP).

The protocol of this review was published in the PROSPERO
database (no. CRD42017083332).

Definitions

The case group was defined as older adults with ARI or pneumo-
nia aged 265 years, adapted from World Health Organization
Integrated Management of Adolescent and Adult Illness [10].
The details of the definitions are displayed in Supplementary
Table 1. The control group was defined as older adults aged
=65 years who were either healthy or did not have any respira-
tory symptoms. We categorized countries as either industrial-
ized or developing, on the basis of 2015 criteria from the United
Nations Children’s Fund [11].

Statistical Analysis
We calculated odds ratios (ORs) as the ratio of the odds of detect-
ing each virus in older adults with ARI or pneumonia to the odds
of detecting each virus in healthy or asymptomatic controls, with
accompanying 95% confidence intervals (Cls). We used a con-
tinuity correction of 0.0005 if a virus was detected in one group
but not the other [12]. This allowed calculation of an OR for these
instances and enabled inclusion in subsequent meta-analyses.
Using Stata (version 13.0), we performed a meta-analysis of
virus-specific ORs and reported pooled meta-estimates with
corresponding 95% Cls, using the random effects model (ie, the
DerSimonian-Laird method) because the included studies are
heterogeneous in various aspects and are thus assumed to have
different effect sizes [13]. The virus-specific attributable fraction
among the exposed (AFE) was used to quantify the etiological
role of each virus in patients with ARI. This is an estimate of the
percentage of ARIs that can be attributed to each virus, in abso-
lute terms [14], and was calculated as 100 * [OR — 1]/OR, with a
95% CI (from the corresponding 95% CI of the OR). Moreover,
for a specific virus, if all included studies did not report any
virus detection in one group consistently (usually the control
group), we assumed that a strong association indicating a possi-
ble causal role for this virus in ARI could be concluded. In these

circumstances, we considered that there was no need to run a
meta-analysis that would only result in an extremely high OR
point estimate and an AFE approaching 100%.

RESULTS

We identified 4327 (239 from Chinese databases) records
through the literature search and 5 records from the reference
lists of relevant articles. Among them, only 16 studies (includ-
ing 2 from Chinese databases) fulfilled our inclusion and exclu-
sion criteria (Figure 1) [1, 15-29]. Forty-three studies were
excluded for a variety of reasons: no data specific to older adults
265 years old were available (n = 1), the case or control defi-
nitions were not fulfilled (n = 4), no applicable data for cases
and controls were reported (n = 36), or serum was used as the
clinical specimen (n = 2). Seven studies were conducted within
developing countries, while 9 were from developed countries
(Supplementary Table 2). Although the search was performed
for articles published since 1996, all included studies were pub-
lished since 2003.

All included studies were case-control studies with adults
who had ARI or pneumonia in the case group and asympto-
matic or healthy adults in the control group. Methods varied
among studies. Among the case definitions used, 7 studies used
ARI or acute lower respiratory tract infection, while the others
used (severe) pneumonia (n = 9). All studies investigated a con-
trol group, which had no respiratory symptoms, and in 3 studies
healthy older adults (without acute illness) served as controls.
Of the case ascertainment methods used, 8 articles recruited
the cases from inpatients; 1, from outpatients; 3, from general
practices; 1, from the community; and 3, from mixed settings
(outpatient settings and the emergency department, and both
outpatient and inpatient settings). In 11 studies, controls were
ascertained in hospital-based outpatient or clinic sites, whereas
in 5 studies, controls were identified from the community. All
studies collected a mixture of nasopharyngeal swab specimens,
nasopharyngeal aspirates, nasopharyngeal washes, oropharyn-
geal swab specimens, and nasal/throat swab specimens as the
clinical specimen. All studies used polymerase chain reaction
analysis (PCR; in some, PCR was combined with serologic anal-
ysis or culture) as the diagnostic test.

Meta-analyses of virus-specific ORs are reported as well as
the corresponding attributable fractions among the exposed
(Supplementary Table 3). RSV, Flu (including Flu A), hMPV,
RV, and CoV (also CoV OC43 and 229E) were significantly
more common in older adults with a diagnosis of ARI or pneu-
monia than in asymptomatic or healthy controls (ORs, 8.5 [95%
CI, 3.9-18.5], 8.3 [95% CI, 4.4-15.9], 9.8 [95% CI, 2.3-41.0],
7.1 [95% CI, 3.7-13.6], and 2.8 [95% CI, 2.0-4.1], respectively).
These viruses had statistically significant positive AFEs, which
showed clear associations between these viruses and ARI or
pneumonia in older adults. Moreover, PIV (including PIV1
and PIV3; data for PIV2 and PIV4 were not available), Flu B,
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4327 records identified
through database search

5 records identified
through other sources

l

| 683 duplicates removed

I

| 3649 records screened

3590 records excluded

because of irrelevance to topic

59 full-text articles
assessed for eligibility

43 full-text articles excluded:
1 article had no data specific to
5| clderly adults =65 years old;

36 articles had no relevant data;

4 studies had an improper
definition ar design;

2 studies used serum as a specimen

16 studies included

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) flow diagram of the literature search.

and AdV were only identified in cases consistently across all
included studies (8, 5, and 8 studies, respectively) and absent
in control groups. Thus, these viruses were all assumed to have
strong associations with ARI. Only 2 studies had data availa-
ble for BoV, and although both reported virus detection in a
greater proportion of cases than controls [18, 28], the associa-
tion remains a question for further research.

A subgroup analysis was performed to explore the roles of
viruses in ARI with respect to region: developing countries and
industrialized countries. The meta-estimate OR was higher in
industrialized countries as compared to developing countries in
the case of Flu (with overlapping 95% ClIs), while it was similar
for PIV, AdV, and RV. There were insufficient studies to con-
duct a similar subgroup analysis for other viruses. A sensitivity
analysis was performed to investigate the roles of these com-
mon viruses in older adults admitted to hospitals with ARI or
pneumonia [1, 16, 20, 22, 23, 25, 27, 28]. Eight studies were
included, and results are presented in Supplementary Table 4.
The meta-estimate OR did not differ significantly from the pre-
vious estimate, in which cases from other settings (ie, outpatient
and general practice settings) were also included.

DISCUSSION

This is the first systematic review to evaluate and summarize the
literature that includes concurrent control data on the viral eti-
ology of ARI in older adults. Our review summarized data from
5560 cases of ARI in older adults reported across 16 studies. We
demonstrated strong evidence in support of a potential causal

attribution when a virus is identified in older adults presenting
with ARI or pneumonia for RSV (OR, 8.5 [95% CI, 3.9-18.5];
AFE, 88%), Flu (OR, 8.3 [95% CI, 4.4-15.9]; AFE, 88%), PIV
(OR, not available [NA]; AFE, approximately 100%), hMPV
(OR, 9.8 [95% CI, 2.3-41.0]; AFE, 90%), AdV (OR, NA; AFE,
approximately 100%), RV (OR, 7.1 [95% CI, 3.7-13.6]; AFE,
86%), and CoV (OR, 2.8 [95% ClI, 2.0-4.1]; AFE, 65%). This
supports an etiological role of RSV, Flu, PIV, h(MPV, AdV, RV,
and CoV in ARI and pneumonia in older adults, thereby indi-
cating a potential for substantive reductions in the number of
ARI cases if older adults were vaccinated against these viruses
or treated with antivirals. For the other respiratory viruses
studied, the role of BoV in ARI and pneumonia was uncertain
because of the limited evidence available from the published lit-
erature, requiring more research to clarify its role in older adults
with ARI. A sensitivity analysis focusing only on older adults
who were admitted to hospitals with ARI or pneumonia did not
differ significantly from our estimate, in which patients from
all settings were considered. This might result from the limited
number of studies available to provide a more robust sensitivity
analysis. No studies calculated adjusted ORs to account for con-
founding effects from age or season, which might compromise
the actual association and should be considered in the study
design in future research.

These findings should inform the results of studies that seek
to estimate the global, regional, and national burden of disease
due to these viruses in older adults [30]. They show that RSV,
Flu, PIV, hMPV, AdV, RV, and CoV are important causes of ARI
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in older adults, and disease burden estimates should take into
account the appropriate AFE estimates (for older adults) that we
report, rather than the AFE estimates in children aged <5 years.
There is considerable international attention on RSV-associated
ARI in older adults at this time, during which novel vaccine
and antiviral strategies are being evaluated and prioritized [31,
32], and more-accurate disease burden estimates (using these
results) would help to inform future policies and interventions.

The prevalence of virus detection from etiologic studies of
pneumonia in adults is substantially lower than the detection rate
in studies of children. The EPIC (Etiology of Pneumonia in the
Community) study team showed that the viruses were detected in
26% of adults who had been hospitalized with community-acquired
pneumonia, compared with 73% of children who were admitted to
the hospital [1, 33]. There are several reasons for such low levels
of detection, such as the inability to obtain lower respiratory tract
specimens, the use of diagnostic tests with insufficient sensitivity,
the absence of appropriate diagnostic testing methods, the unde-
tectability of the virus at the time of the study, and the presence
of unknown pathogens that were not identified. The low rate of
virus detection among adults who were hospitalized for pneumo-
nia highlights the need for more-sensitive diagnostic approaches,
innovative discovery of pathogens, and assessing viruses in the
past history (weeks before the presence of disease) [34]. Moreover,
chronic obstructive pulmonary disease (COPD) exacerbation is a
very important cause of ARIs and hospital admissions [35]. Only 7
of 16 studies included COPD in the etiologic data, and this infor-
mation was unclear in the remaining studies, which might have
underestimated the role of viral infection in these patients.

A previous etiological review focusing on young children
aged <5 years [8] showed that RSV, Flu (including Flu A),
PIV, hMPV, and RV were significantly more common in chil-
dren hospitalized with acute lower respiratory tract infection
than asymptomatic controls. The associations of these viruses
(except RSV) with ARI and pneumonia were stronger among
adults. This is in part because, in comparison to young children,
the detection of viruses in the control group (ie, among individ-
uals without respiratory symptoms or healthy controls) was less
common in older adults, with the exception of RSV.

Several methodological issues could affect our results: sample
size, age group, case ascertainment, clinical specimen, and diag-
nostic testing. Although a thorough search has been performed
across 7 databases, including 3 Chinese-language databases, only
16 studies from the published literature were identified, which
met our selection criteria. Not every virus of interest was tested
in each study. The number of studies available was even smaller
when subgroup analyses and sensitivity analyses were performed.
Moreover, the sample size varied from 50 to 2320 adults in the
case group and from 27 to 541 adults in the control group. The
small sample size undoubtedly contributed to the imprecise 95%
ClIs around the ORs. Thus, we may have failed to detect clinically
significant ARI-virus associations, owing to small sample sizes.

We aimed to stratify the association between common
respiratory viruses in adults with ARI or pneumonia by age.
However, most articles did not stratify and report data by
age group. Instead, they summarized the result for the entire age
group, usually in adults aged >18 years. Therefore, some of our
meta-estimate ORs may not be representative of older adults
who are aged >65 years. Since age might be a risk factor for ARI
in adults (the rate of severe ARI increases as age advances), this
could potentially affect the viral profile detected, introducing
further heterogeneity [1].

Fifteen of 16 studies used passive clinic or hospital based
case ascertainment. Among them, cases were recruited from
inpatients, outpatients, emergency departments, or general
practices, which might reflect different healthcare behavior and
disease severity. Also, since the episodes of ARI and pneumo-
nia were only diagnosed through routine care, this introduced
bias, considering that testing was only done when the clinicians
deemed it necessary to test. Similarly, 5 studies used communi-
ty-based controls, while another 11 studies recruited older adult
controls from hospitals or general practices. Hospital or clini-
cal ascertained controls may not reflect the general population
and may have other health conditions potentially affecting their
viral carriage. Moreover, recruiting controls who were selected
as healthy or without respiratory symptoms could favor those
who were not exposed to the respiratory virus (yielding a falsely
high OR). Therefore, we consider that the ideal control group
for these studies would be a random sample of an age- and sex-
matched population of older adults who are from the same area
of residence and studied at the same time as cases.

All included studies obtained upper respiratory tract specimens
(described as nasopharyngeal secretions). Assays might have spec-
imen-specific sensitivities and specificities for detecting viruses,
which could lead to heterogeneity in the estimation of virus-spe-
cific rates. The sensitivity of using nasopharyngeal washes for
detecting any virus in adults was found to be higher than that for
using nasopharyngeal swab specimens, which in turn was higher
than that for using oropharyngeal swab specimens (84.9%, 73.3%,
and 54.2%, respectively) [36]. The limited use (due to ethical con-
cerns and feasibility) of invasive procedures to obtain lower respi-
ratory tract specimens directly from the lung also influenced the
diagnosis of viral infection in adults with ARI [37].

PCR and serology-based diagnostic testing are more sensitive
for detecting respiratory viruses than other methods, such as
antigen detection and culture. High sensitivity is important for
accurate assessment of etiological contribution, particularly in
older adults who may have a lower nasopharyngeal viral load
and an atypical clinical presentation [7]. Moreover, despite
being uncommon, detection of viral coinfection (range across
studies, 1%-10%) may tend to overstate the contribution of
individual respiratory viruses (although dual or multiple infec-
tions, in which both or several viruses have etiological impor-
tance, are possible). Bacterial coinfections (range across studies,
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15%-26%) were also reported. With improving diagnostic
methods, multiple etiological agents are increasingly identified
simultaneously in older adults with ARI, making the individual
contribution of each agent difficult to define.

Viruses can be detected in individuals with no respiratory symp-
toms. This is often seen in volunteer challenge studies and in some
community surveys [38, 39]. The detection of viruses in control
groups without respiratory symptoms might be due to a nascent
infection or a persisting colonization from a previous infection
[40]. These factors will tend to result in true associations being
attenuated. The fact that molecular detection of viruses in older
adults with ARI is higher than the detection rate in controls with-
out respiratory symptoms may not necessarily indicate causation.
Alternative explanations should be considered first before causal-
ity can be concluded. These include the respiratory viral infection
acting as a so-called innocent bystander, without a causal role, and
serving only as a predisposing risk factor for ARL Similarly, the
absence of a positive association (and AFE) does not mean that
a virus is not a cause of ARI. Moreover, without establishing the
temporal sequence of exposure and outcome, determinations of
causality are less secure. Therefore, the association between viruses
and ARI and pneumonia should be interpreted carefully.

In conclusion, this review provides clear evidence that is sug-
gestive of the potentially causal role of RSV, Flu, PIV, hMPYV,
AdV, RV, and CoV in older adults with ARI and presents the first
estimate of the proportion of ARI cases that can be attributed to
virus exposure. Etiological studies, which simply report rates
of viral identification as causal, should make attempts to inter-
pret findings in terms of the proportion of ARI cases among
older adults in whom a respiratory virus is identified that can be
attributed to this viral exposure.

STUDY GROUP MEMBERS

The RESCEU investigators are as follows: Harish Nair, Harry
Campbell, Ting Shi, Shanshan Zhang, and You Li (University of
Edinburgh); Peter Openshaw and Jadwicha Wedzicha (Imperial
College London); Ann Falsey (University of Rochester); Mark
Miller (National Institutes of Health-Fogarty); Philippe Beutels
(Universiteit Antwerpen); Louis Bont (University Medical
Center Utrecht); Andrew Pollard (University of Oxford); Eva
Molero (Synapse); Federico Martinon-Torres (Servicio Galego
de Saude); Terho Heikkinen (Turku University Central Hospital);
Adam Meijer (National Institute for Public Health and the
Environment); Thea Kolsen Fischer (Statens Serum Institut);
Maarten van den Berge (Academisch Ziekenhuis Groningen);
Carlo Giaquinto (PENTA Foundation); Rafael Mikolajczyk
(Martin-Luther University Halle-Wittenberg); Judy Hackett
and Eskinder Tafesse (AstraZeneca); Bing Cai and Charles
Knirsch (Pfizer); Antonio Gonzalez Lopez, Ilse Dieussaert,
Nadia Dermateau, and Sonia Stoszek (GlaxoSmithKline); Scott
Gallichan, Alexia Kieffer, and Clarisse Demont (Sanofi Pasteur);
Arnaud Cheret, Sandra Gavart, Jeroen Aerssens, Veronique

Wyftels, and Matthias Cleenewerck (Janssen); and Robert
Fuentes and Brian Rosen (Novavax).

Supplementary Data

Supplementary materials are available at The Journal of 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.

Notes

Acknowledgments. ~ We thank Joris Menten from Janssen for reviewing
the manuscript.

Financial support. This work was supported by the Innovative
Medicines Initiative 2 Joint Undertaking (grant 116019), which in turn
receives support from the European Union’s Horizon 2020 Research and
Innovation Programme and EFPIA.

Potential conflicts of interest. A. R. E reports grants from Janssen,
Merck, Pfizer, and Gilead and personal fees from Sanofi Pasteur, outside the
submitted work. H. C. reports grants from the European Union Innovative
Medicines Initiative during the conduct of the study and grants and personal
fees from the World Health Organization (WHO), Sanofi, and the Bill and
Melinda Gates Foundation, all paid through the University of Edinburgh
and outside the submitted work. H. N. reports grants from the Innovative
Medicines Initiative during the conduct of the study; grants and personal fees
from the WHO, Bill and Melinda Gates Foundation, and Sanofi; and grants
from National Institute of Health Research, outside the submitted work.
J. A. W. reports grants from GSK, Johnson and Johnson, GSK, Astra Zeneca,
Boehringer Ingelheim, and Novartis and other support from Novartis,
Boehringer Ingelheim, Astra Zeneca, and GSK, outside the submitted work.
P. O. reports personal fees from a consultancy and the European Respiratory
Society; grants from the Medical Research Council (MRC), the European
Union, the National Institute for Health Research (NIHR) Biomedical
Research Centre, the MRC and GSK, the Wellcome Trust, the NIHR (Health
Protection Research Units), the NIHR (senior investigator support), and
the MRC Global Challenge Research Fund; and nonfinancial support from
AbbVie. P. O. is the elected President of the British Society for Immunology,
which is an unpaid appointment but provides support for travel and accom-
modation at some meetings. All other authors report no potential conflicts.

References

1. Jain S, Self WH, Wunderink RG, et al.; CDC EPIC Study Team. Community-
acquired pneumonia requiring hospitalization among U.S. adults. N Engl ] Med
2015; 373:415-27.

2. Ruuskanen O, Lahti E, Jennings LC, Murdoch DR. Viral pneumonia. Lancet 2011;
377:1264-75.

3. Falsey AR, Hennessey PA, Formica MA, Cox C, Walsh EE. Respiratory syncytial
virus infection in elderly and high-risk adults. N Engl ] Med 2005; 352:1749-59.

4. Fleming DM, Taylor RJ, Lustig RL, et al. Modelling estimates of the burden of
Respiratory Syncytial virus infection in adults and the elderly in the United
Kingdom. BMC Infect Dis 2015; 15:443.

5. Lee N, Lui GC, Wong KT, et al. High morbidity and mortality in adults hospital-
ized for respiratory syncytial virus infections. Clin Infect Dis 2013; 57:1069-77.

6. Longtin ], Marchand-Austin A, Winter AL, et al. Rhinovirus outbreaks in long-
term care facilities, Ontario, Canada. Emerg Infect Dis 2010; 16:1463-5.

7. Talbot HK, Falsey AR. The diagnosis of viral respiratory disease in older adults.
Clin Infect Dis 2010; 50:747-51.

8. Shi T, McLean K, Campbell H, Nair H. Aetiological role of common respiratory
viruses in acute lower respiratory infections in children under five years: A sys-
tematic review and meta-analysis. ] Glob Health 2015; 5:010408.

9. Moher D, Liberati A, Tetzlaff ], Altman DG; PRISMA Group. Preferred report-
ing items for systematic reviews and meta-analyses: the PRISMA statement. BM]J
2009; 339:b2535.

10. World Health Organization. Integrated management of adolescent and adult ill-
ness (IMAI). Geneva: WHO, 2004.

11. UNICEE The state of the world’s children 2015: reimagine the future: innovation
for every child. New York: UNICEEF, 2014.

The Role of Common Respiratory Viruses in ARI in Older Adults « JID 2019:XX (XX XXXX) « S5

6102 YoJe\ 1 uo sesn Ausieniun ybinquip3 Aq 68122£G6/299A1l/SIpIuU/E60 L0 L/I0p/AoRIISE-B[01lB-80UBAPE/PIf/W 00" dnodlWapedE.//:sdly Woly papeojumoq



19.

20.

21.

22.

23.

24.

25.

26.

. Sweeting MJ, Sutton AJ, Lambert PC. What to add to nothing? Use and avoid-

ance of continuity corrections in meta-analysis of sparse data. Stat Med 2004;
23:1351-75.

. Borenstein M, Hedges LV, Higgins JPT, Rothstein HR. Introduction to meta-anal-

ysis. Chichester, UK: John Wiley & Sons, 2009.

. Cole P, MacMahon B. Attributable risk percent in case-control studies. Br ] Prev

Soc Med 1971; 25:242-4.

. van Gageldonk-Lafeber AB, Heijnen ML, Bartelds Al Peters MF, van der Plas SM,

Wilbrink B. A case-control study of acute respiratory tract infection in general
practice patients in The Netherlands. Clin Infect Dis 2005; 41:490-7.

. Lieberman D, Shimoni A, Shemer-Avni Y, Keren-Naos A, Shtainberg R,

Lieberman D. Respiratory viruses in adults with community-acquired pneumo-
nia. Chest 2010; 138:811-6.

. Brittain-Long R, Westin ], Olofsson S, Lindh M, Andersson LM. Prospective eval-

uation of a novel multiplex real-time PCR assay for detection of fifteen respiratory
pathogens-duration of symptoms significantly affects detection rate. J Clin Virol
2010; 47:263-7.

. Tokman HB, Aslan M, Ortakoylii G, et al. Microorganisms in respiratory tract of

patients diagnosed with atypical pneumonia: results of a research based on the use
of reverse transcription polymerase chain reaction (RT-PCR) DNA microarray
method and enzyme-linked immunosorbent assay. Clin Lab 2014; 60:1027-34.
Shih HI, Wang HC, SuTJ, et al. Viral respiratory tract infections in adult patients attend-
ing outpatient and emergency departments, Taiwan, 2012-2013: A PCR/Electrospray
Tonization Mass Spectrometry Study. Medicine (Baltimore) 2015; 94:e1545.

Self WH, Williams DJ, Zhu Y, et al. Respiratory viral detection in children and
adults: comparing asymptomatic controls and patients with community-acquired
pneumonia. J Infect Dis 2016; 213:584-91.

Creer DD, Dilworth JP, Gillespie SH, et al. Aetiological role of viral and bacterial
infections in acute adult lower respiratory tract infection (LRTI) in primary care.
Thorax 2006; 61:75-9.

Zhan Y, Yang Z, Chen R, Wang Y, Guan W, Zhao S. Respiratory virus is a real
pathogen in immunocompetent community-acquired pneumonia: Comparing to
influenza like illness and volunteer controls. BMC Pulm Med 2014; 14.

Jennings LC, Anderson TP, Beynon KA, et al. Incidence and characteristics of viral
community-acquired pneumonia in adults. Thorax 2008; 63:42-8.

Graat JM, Schouten EG, Heijnen ML, et al. A prospective, community-based
study on virologic assessment among elderly people with and without symptoms
of acute respiratory infection. J Clin Epidemiol 2003; 56:1218-23.

Zhou YP, Lu XD, Yang LZ, Liu H, Yu HQ. Viral etiology of acute lower respiratory
infection in adult inpatients. Chin ] Respir Crit Care Med 2010; 9:378-82.

Fan CY, Hou JS, Xue CY, Li BX, Lu DM. Detection on non-bacterium pathogen in
1232 cases of acute respiratory infection. Chin ] Health Lab Tech 2009; 19:621-22.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Dare RK, Fry AM, Chittaganpitch M, Sawanpanyalert P, Olsen SJ, Erdman DD.
Human coronavirus infections in rural Thailand: a comprehensive study using
real-time reverse-transcription polymerase chain reaction assays. J Infect Dis
2007; 196:1321-8.

Fry AM, Lu X, Chittaganpitch M, et al. Human bocavirus: a novel parvovirus epi-
demiologically associated with pneumonia requiring hospitalization in Thailand. J
Infect Dis 2007; 195:1038-45.

Falsey AR, Criddle MC, Walsh EE. Detection of respiratory syncytial virus and
human metapneumovirus by reverse transcription polymerase chain reaction in
adults with and without respiratory illness. J Clin Virol 2006; 35:46-50.

GBD 2015 LRI Collaborators. Estimates of the global, regional, and national mor-
bidity, mortality, and aetiologies of lower respiratory tract infections in 195 coun-
tries: a systematic analysis for the Global Burden of Disease Study 2015. Lancet
Infect Dis 2017. https://www.ncbi.nlm.nih.gov/pubmed/28843578.

PATH. RSV vaccine and mAb snapshot. Accessed 29 September 2017. 2017.
https://vaccineresources.org/details.php?i=1562

Heylen E, Neyts J, Jochmans D. Drug candidates and model systems in respiratory
syncytial virus antiviral drug discovery. Biochem Pharmacol 2017; 127:1-12.

Jain S, Williams DJ, Arnold SR, et al; CDC EPIC Study Team. Community-
acquired pneumonia requiring hospitalization among U.S. children. N Engl ] Med
2015; 372:835-45.

Caliendo AM, Gilbert DN, Ginocchio CC, et al; Infectious Diseases Society of
America (IDSA). Better tests, better care: improved diagnostics for infectious dis-
eases. Clin Infect Dis 2013; 57(Suppl 3):S139-70.

Rohde G, Wiethege A, Borg 1, et al. Respiratory viruses in exacerbations of chronic
obstructive pulmonary disease requiring hospitalisation: a case-control study.
Thorax 2003; 58:37-42.

Lieberman D, Lieberman D, Shimoni A, Keren-Naus A, Steinberg R, Shemer-Avni
Y. Identification of respiratory viruses in adults: nasopharyngeal versus oropha-
ryngeal sampling. J Clin Microbiol 2009; 47:3439-43.

Karhu J, Ala-Kokko TI, Vuorinen T, Ohtonen P, Syrjila H. Lower respiratory tract
virus findings in mechanically ventilated patients with severe community-ac-
quired pneumonia. Clin Infect Dis 2014; 59:62-70.

Carrat E Vergu E, Ferguson NM, et al. Time lines of infection and disease in
human influenza: a review of volunteer challenge studies. Am ] Epidemiol 2008;
167:775-85.

Hayward AC, Fragaszy EB, Bermingham A, et al.; Flu Watch Group. Comparative
community burden and severity of seasonal and pandemic influenza: results of the
Flu Watch cohort study. Lancet Respir Med 2014; 2:445-54.

Jartti T, Jartti L, Peltola V, Waris M, Ruuskanen O. Identification of respiratory
viruses in asymptomatic subjects: asymptomatic respiratory viral infections.
Pediatr Infect Dis ] 2008; 27:1103-7.

S6 o JID 2019:XX (XX XXXX) » Shietal

6102 YoJe\ 1 uo sesn Ausieniun ybinquip3 Aq 68122£G6/299A1l/SIpIuU/E60 L0 L/I0p/AoRIISE-B[01lB-80UBAPE/PIf/W 00" dnodlWapedE.//:sdly Woly papeojumoq


https://www.ncbi.nlm.nih.gov/pubmed/28843578﻿
https://vaccineresources.org/details.php?i=1562﻿

