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Abstract

While the impact of respiratory virus infections has been well researched in some respiratory diseases, no clinical studies hb
discussed the subject of who would be more likely to develop respiratory virus infections among patients with various respiratory
illnesses who come from different backgrounds. This study aimed to identify respiratory diseases that are frequently associated
with respiratory virus infections along with the characteristics of patients who develop such infections in clinical settings. Tested
specimens were obtained from the lower respiratory tract by bronchoscopy to provide more accurate data. Data of bronchoscopies
at Ryukyu University Hospital between August 2012 and September 2016 were reviewed, and patients who underwent multiplex
polymerase chain reaction (PCR) tests for detecting respiratory viruses in bronchoscopy specimens were retrospectively recruited
for descriptive statistics. Differences among patients’ primary pulmonary diseases and backgrounds were compared between
the PCR-positive and -negative patients, and multivariate statistical analysis was performed to analyze factors associated with
a positive PCR test result. Overall, 756 bronchoscopies were performed during the study period and PCR tests were performed
for 177 patients. Of them, 27 tested positive for respiratory viruses, mainly parainfluenza virus and rhinovirus, and out of those, 7
were hospitalized for >1 month. Overall, all patients did not experience typical upper respiratory infection symptoms. In positive
patients, 13 and 7 had diagnoses of interstitial lung disease and bacterial pneumonia, respectively. The diagnoses of 3 bacterial
pneumonia cases were changed to viral pneumonia after receiving their PCR-positive tests. Respiratory virus infections were
confirmed in 14 patients on immunosuppressant therapy and 4 on maintenance dialysis. Multivariate analysis revealed that
immunosuppressant therapy and maintenance dialysis were independently associated with respiratory virus infections. Viruses
were commonly detected in patients with interstitial lung diseases and bacterial pneumonia, while few patients were diagnosed
with pure viral pneumonia. These illnesses were considered to be induced by respiratory infections. Immunosuppressant therapy
and maintenance dialysis were associated with respiratory virus infections. Multiplex PCR testing is an essential diagnostic tool for

respiratory virus infections in immunocompromised patients.

ratory virus, viral pneumonia

Abbreviations: |LD = interstitial lung disease, PCR = polymerase chain reaction.
Keywords: bacterial pneumonia, corticosteroid, immunosuppressant therapy, interstitial lung disease, maintenance dialysis, respi-

1. Introduction

Recently, innovative tools for the simultaneous detection of
multiple viral pathogens have shown that respiratory virus
infections are involved in respiratory diseases more often than
expected. Respiratory virus infections often cause asthma
and chronic obstructive pulmonary disease exacerbations.!!!
Furthermore, respiratory viruses are common pathogens in
community-acquired pneumonia,? with viral lower respi-
ratory tract infections frequently occurring in patients who
have undergone hematopoietic stem-cell transplantations.?!
Although some studies have researched the association
between viral infections and the exacerbations of interstitial

The authors have no funding and confiicts of interest to disclose.

All data generated or analyzed during this study are included in this published
article [and its supplementary information files]

@ Department of Infectious Diseases, Respiratory, and
Digestive Medicine, Graduate School of Medicine, University of the
Ryukyus, Okinawa, Japan.

*Correspondence: Takeshi Kinjo, 207 Uehara, Nishihara, Okinawa 903-0215,
Japan (e-mail: t_kinjo@med.u-ryukyu.ac.jp).

Copyright © 2022 the Author(s). Published by Wolters Kluwer Health, Inc.

lung diseases (ILDs), a concrete association has not been
identified.!

While the impact of respiratory virus infections has been well
researched in terms of some respiratory diseases, there have
been no clinical studies of who is more likely to have respiratory
virus infections among patients with unspecified respiratory dis-
eases and different backgrounds. Therefore, it is unclear when
respiratory virus infections should be considered in clinical set-
tings. At our facility, in routine medical practice, we use multi-
plex polymerase chain reaction (PCR) as a diagnostic tool to
determine the presence of viral pathogens. This study reviewed
the data of patients with respiratory diseases who underwent
bronchoscopies and multiplex PCR for respiratory viruses.
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Then, we identified respiratory diseases that are frequently asso-
ciated with respiratory virus infections along with the charac-
teristics of patients who often develop such infections in clinical
settings. Specimens were obtained from the lower respiratory
tract of patients and were used for PCR testing. Therefore, the
results of the present study provided a more accurate reflection
of lower respiratory tract virus infections compared to those of
other studies that relied on expectorated sputum or swab spec-
imens instead.

2. Methods

2.1. Data collection

Data of bronchoscopies at Ryukyu University Hospital between
August 2012 and September 2016 were reviewed, and all
patients who underwent multiplex PCR tests for respira-
tory viruses in bronchoscopy specimens were retrospectively
recruited. PCR tests were performed using commercially avail-
able multiplex PCR kits (Seeplex RV15 OneStep ACE Detection,
Seegene, Korea). These can detect 15 respiratory viruses (ade-
novirus, coronaviruses 229E/NL63 and OC43, parainfluenza
viruses 1-4, rhinovirus A/B/C, respiratory syncytial viruses A
and B, metapneumovirus, enterovirus, influenza A and B viruses,
and bocavirus 1/2/3/4). The PCR results, diagnoses of lung
lesions before considering PCR results, and medical histories
were extracted for descriptive statistics. Diagnosis of pure viral
pneumonia was based on the description in the medical records
(no criteria for pure viral pneumonia in this study).

2.2. Statistical analysis

Differences among patients’ primary pulmonary diseases and
backgrounds were compared between the PCR-positive and
-negative patients using the chi-square and Mann—Whitney U
tests. A forward stepwise logistic regression was performed to
analyze factors associated with a positive PCR test result. The
independent variables were selected according to the results of
the univariate analysis and the clinical importance of suscep-
tibility to infection.= All statistical analyses were performed
using IBM SPSS Statistics for Windows, Version 22.0 (IBM
Corp., Armonk, NY).

2.3. Ethics

The study was conducted in accordance with the Declaration
of Helsinki, as revised in 2013. The requirement for informed
consent was waived because this was a retrospective study. This
study was reviewed and approved by the Clinical Research
Ethics Committee of the University of the Ryukyus (Approval
Number 1597).

3. Results

3.1. Overview of collected patient data

Overall, 756 bronchoscopies were performed during the study
period, and PCR tests using bronchoscopic specimens were per-
formed for 177 patients. Thus, 177 patients were included in
the study (Fig 1). While PCR testing showed that 27 patients
had respiratory viruses, their medical records showed that they
had experienced no typical upper respiratory infection symp-
toms, such as rhinitis and sore throat. Parainfluenza viruses
and rhinovirus accounted for more than half of the positive
results (Fig 2). The clinical diagnoses of PCR-positive patients
before considering PCR positivity are shown in Table 1. Almost
all patients were diagnosed with acute diseases, such as ILD
and bacterial pneumonia. ILDs consisted of acute exacerbation
of interstitial pneumonia, organizing pneumonia, eosinophilic
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pneumonia, and pulmonary alveolar hemorrhage. Other respira-
tory infections included mycosis, lung abscess, nocardiosis, and
cytomegalovirus pneumonia. After PCR results were revealed,

756 bronchoscopies

579
PCR tests were
not performed

177
PCR tests were
performed

27 with
positive results

150 with
negative results

Figure 1. Flow diagram of the study. PCR = polymerase chain reaction.
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Figure 2. Viruses detected on polymerase chain reaction (PCR) testing of
bronchoscopic specimens. A total of 27 patients had positive PCR results:
12 patients tested positive for parainfluenza virus, 5 for rhinovirus, 2 for influ-
enza A virus, 2 for enterovirus, 2 for respiratory syncytial virus type B, 1 for
coronavirus 229E/NL63, 1 for metapneumovirus, and 2 for co-infections of
parainfluenza virus and rhinovirus.

Clinical diagnoses of PCR-positive patients before considering
PCR positivity

Interstitial lung diseases 11
Bacterial pneumonia 7°
Other respiratory infections 5
Drug-induced lung injury 1
Acute respiratory distress syndrome 1
Lung cancer 1
Chronic atelectasis 1

PCR = polymerase chain reaction.
alncluding 3 viral pneumonia cases diagnosed after the polymerase chain reaction test.
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diagnoses in 3 patients who had been diagnosed with bacterial
pneumonia were changed to pure viral pneumonia. The patient
data collected are shown in Table 2. Seven of the PCR-positive
patients were hospitalized for >1 month. Immunosuppressant
therapy was the most common item of medical history in the
PCR-positive group. Univariate analysis showed that PCR-
positive patients were more likely to use immunosuppressants
and be under maintenance dialysis treatment.

3.2. Risk factors for PCR-positive results

The results of the multivariate analysis are shown in Table 3.
A forward stepwise logistic regression was performed. The
independent variables were from the following backgrounds:
immunosuppressant therapy, maintenance dialysis, hemato-
logical malignancy, lymphocytopenia, hematopoietic stem-cell
transplant, solid organ transplant, anticancer cytotoxic chemo-
therapy, and human immunodeficiency virus infection. The final
multivariate analysis included immunosuppressant therapy and
maintenance dialysis. The results showed that immunosuppres-
sant use and maintenance dialysis treatment were associated
with positive PCR results.

4. Discussion

4.1. Detected viruses

Previous studies have shown that rhinovirus and influenza virus
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4.2. Respiratory virus infections and respiratory diseases

A systematic review has shown that respiratory viruses are
detected in 22% of patients with community-acquired pneumo-
nia,”?! while other studies have shown that respiratory viruses
are detected in approximately 20% of patients with hospital-ac-
quired pneumonia.”!'” Moreover, the clinical importance of bac-
terial-viral co-infection in pneumonia has been researched.™!!
Respiratory virus infections can induce bacterial infections in the
airways.!"?l These reports have indicated that respiratory virus
infections are more common in pneumonia cases than expected.
In the present study, the PCR positivity rates of pneumonia cases
were higher than those in previous reports, which may have been
due to the inclusion of many immunocompromised patients.

A prospective study and a meta-analysis have shown that
respiratory virus infections do not increase interstitial pneumo-
nia rates!*l; however, a limited number of case reports have
shown that respiratory virus infections induce acute exacerba-
tions of interstitial pneumonia.l'*'¢ Therefore, respiratory virus
infections are among several possible triggers of exacerbations
of interstitial pneumonia. Several case reports have shown an
association of organizing pneumonia with influenza virus and
non-influenza respiratory virus infections.l'”*l Regarding other

Factors associated with a positive PCR from the multivariate
analysis

are common causative pathogens of community-acquired pneu- Odds ratio  95% confidence interval P value
monia,? while parainfluenza virus infections are common in hos- ]
pital-acquired pneumonia.”!% The patients included in the present Use of |mvmlinosuppressant 2.67 1.11-599 028
study were a mixture of inpatients and outpatients, and parainflu- therapies® g
. . . R Chronic kidney disease requiring 410 1.04-16.19 044
enza virus and rhinovirus accounted for most cases, with influenza ) o
. . .. - 1 . maintenance dialysis
virus cases being a minority. Most patients with influenza virus
infection were diagnosed using rapid antigen tests without bron-  pcR = polymerase chain reaction.
choscopies; therefore, they were not included in the present study.  aCorticosteroids, cytotoxic drugs, or biological drugs.
Patient demographic characteristics.
PCR-positive group PCR-negative group Pvalue
n=177 27 150
Male/female sex 15/12 98/52 .330
Median age (range) 57 (24-78) 66 (14-91) .008
Underlying disease
Diabetes mellitus 8 32 .343
Solid cancer 4 41 169
Hematological disease 6 29 729
Autoimmune disease 7 31 540
Human immunodeficiency virus infection 1 5 635
Lung structural disease? 11 44 238
Chronic kidney disease requiring maintenance dialysis 4 6 .048
Medical history
Hospitalized patient® 7 21 104
Current smoking 3 26 314
Acute respiratory failure 14 53 103
Post-hematopoietic stem cell transplant 3 7 182
Post-solid organ transplant 0 3 .607
During anticancer chemotherapy 6 27 .604
Lymphocytopenia (<200/uL) 4 8 .090
Use of immunosuppressant therapies 14 44 .022
Corticosteroids 1 36 .070
Cytotoxic drugs 8 20 .038
Biological drugs 3 4 073
Prognosis
Died within 1 mo 5 14 140

PCR = polymerase chain reaction.
aPulmonary emphysema, fibrosis, bulla, or bronchiectasis.
bHospitalization >1 month after admission.
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diseases, few reports have associated respiratory virus infections
with eosinophilic pneumonia, pulmonary alveolar hemorrhage,
and acute respiratory distress syndrome.?*23 From a different
perspective, some of these patients with ILD may have viral
pneumonia. A previous study showed that many cases of viral
pneumonia were misdiagnosed as ILDs, and the multiplex PCR
test was an effective diagnostic tool.*!

Although 27 patients were PCR-positive in the present study,
only 3 were diagnosed with pure viral pneumonia. As mentioned
above, the relationship between respiratory virus infections and
some respiratory diseases has been reported; therefore, bacte-
rial pneumonia, ILDs, and acute respiratory distress syndrome
were considered to be induced by respiratory virus infections.
However, no relationship has been proved between respiratory
virus infections and other diseases. It is, therefore, concluded
that respiratory viruses cause incidental infections. It should
also be mentioned that most of the cases in this study were
immunocompromised. Despite asymptomatic individuals, respi-
ratory viruses were often detected.?” Thus, clinical findings are
essential for diagnosing significant respiratory virus infections,
even if the viruses were detected in the lower respiratory tract.

4.3. Risks of respiratory virus infections

Immunocompromised patients have a risk of severe infection with
respiratory viruses®; however, the risk of contracting respiratory
virus infections has not been clear. Corticosteroids, cytotoxic
agents, and biological agents are immunosuppressants that impair
cellular immunity and increase the risk of infectious diseases. %26’
Patients with end-stage renal disease on maintenance dialysis
treatment are also susceptible to certain infections owing to the
impaired immune system.!® In addition, maintenance hemodialysis
is performed for inpatients and outpatients in a hemodialysis unit,
and frequent contact with other patients in the unit may increase
opportunities for respiratory virus infections. Some reports have
indicated that respiratory infections spread through the hemodial-
ysis unit.3%3 In this study, immunosuppressant therapy and main-
tenance dialysis, both of which impair cellular immunity, were
associated with PCR-positive results. Thus, patients with impaired
cellular immunity are likely to develop respiratory virus infections.
Although the results were specific to the risk of respiratory virus
infections, they may offer guidance in preventing respiratory infec-
tions in immunocompromised patients.

4.4. Impact of multiplex PCR

PCR-positive cases in the present study showed no apparent com-
mon cold symptoms. A possible explanation for this is that most
were immunocompromised, with a suppressed inflammatory
response to viral pathogens. In the absence of multiplex PCR tests,
patients’ viral infections had not been noticed. Hematopoietic
stem-cell transplant patients often have asymptomatic respira-
tory virus infections.®! Our results also showed that hospitalized
patients had been infected with respiratory viruses. Based on
incubation periods of respiratory virus infections, they may have
been infected with the viruses during hospitalization.*?! Recent
studies have demonstrated that respiratory viruses are often
detected in hospital-acquired pneumonia and spread in hospital
wards without being identified.”!” Thus, healthcare providers
should consider that respiratory virus infections can be present
in immunocompromised patients with lung lesions, even while
hospitalized. The multiplex PCR test is an essential tool for diag-
nosing respiratory virus infections in these situations.

4.5. Limitations

First, this was a retrospective study. Many healthcare provid-
ers were involved in patient care, and patients’ clinical findings
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were not screened; therefore, the database would probably
be less accurate. Second, the number of PCR-positive cases
was small and inadequate for the performance of a multivar-
iate statistical analysis. Third, our results did not represent
every respiratory disease because of selection bias. This study
included only patients who required bronchoscopies and
excluded the cases diagnosed using routine testing. In addi-
tion, patients with severe respiratory failure were not included
because bronchoscopies could not be performed. Forth, the
results of this study are not extremely innovative. As noted
in the discussion, the association between respiratory viruses
and respiratory diseases, the risk of respiratory virus infec-
tion, and the usefulness of PCR testing are to be expected
and several studies exist. However, this study examines these
matters in a real clinical setting. We believe that the results of
this study will assist clinicians in the diagnosis of respiratory
infections.

5. Conclusion

Bronchoscopic specimens were used to detect respiratory
viruses, and parainfluenza virus and rhinovirus were the most
commonly detected viruses. Viruses were commonly detected
in patients with bacterial pneumonia or ILDs, and some were
infected during hospitalization. In most patients, respiratory
diseases were induced by respiratory virus infections, while
few patients had pure viral pneumonia. Immunosuppressant
therapy and maintenance dialysis were associated with respi-
ratory virus infections. Multiplex PCR testing is an essential
diagnostic tool for respiratory virus infections in immunocom-
promised patients, even those hospitalized without common
cold symptoms.

Acknowledgments

We would like to thank Editage (www.editage.com) for provid-
ing English language editing assistance.

Author contributions

Conceptualization: Daijiro Nabeya, Takeshi Kinjo.

Data curation: Daijiro Nabeya, Michika Setoguchi, Naoya
Nishiyama, Shiho Ueno, Wakaki Kami, Wakako Arakaki.

Formal analysis: Daijiro Nabeya.

Investigation: Daijiro Nabeya, Michika Setoguchi, Naoya
Nishiyama, Shiho Ueno, Takeshi Kinjo, Wakaki Kami,
Wakako Arakaki.

Methodology: Daijiro Nabeya, Takeshi Kinjo.

Project administration: Takeshi Kinjo.

Resources: Daijiro Nabeya.

Software: Daijiro Nabeya.

Supervision: Jiro Fujita, Shusaku Haranaga, Takeshi Kinjo.

Validation: Daijiro Nabeya, Takeshi Kinjo.

Visualization: Daijiro Nabeya, Takeshi Kinjo.

Writing — original draft: Daijiro Nabeya.

Writing - review & editing: Daijiro Nabeya, Jiro Fujita,
Michika Setoguchi, Naoya Nishiyama, Shiho Ueno, Shusaku
Haranaga, Takeshi Kinjo, Wakaki Kami, Wakako Arakaki.

References

[1] Hewitt R, Farne H, Ritchie A, Luke E, Johnston SL, Mallia P. The role
of viral infections in exacerbations of chronic obstructive pulmonary
disease and asthma. Ther Adv Respir Dis. 2016;10:158-74.

[2] Alimi Y, Lim WS, Lansbury L, Leonardi-Bee ], Nguyen-Van-Tam
JS. Systematic review of respiratory viral pathogens identified in
adults with community-acquired pneumonia in Europe. J Clin Virol.

2017;95:26-35.


www.editage.com

Nabeya et al. ® Medicine (2022) 101:38

[3] Hirsch HH, Martino R, Ward KN, Boeckh M, Einsele H, Ljungman

P. Fourth European Conference on Infections in leukaemia (ECIL-4):
guidelines for diagnosis and treatment of human respiratory syncytial
virus, parainfluenza virus, Metapneumovirus, rhinovirus, and corona-

www.md-journal.com

[18] Trisolini R, Dallari R, Cancellieri A, Poletti V. Bronchiolitis obliterans

organizing pneumonia associated with lower respiratory tract infec-
tion by respiratory syncytial virus in an immunocompetent adult.
Sarcoidosis Vasc Diffuse Lung Dis. 2002;19:234-5.

virus. Clin Infect Dis. 2013;56:258-66. [19
[4] Sheng G, Chen P, Wei Y, et al. Viral infection increases the risk of idio-

pathic pulmonary fibrosis: a meta-analysis. Chest. 2020;157:1175-87.
[5] Doran MFE, Crowson CS, Pond GR, O’Fallon WM, Gabriel SE. Predictors

of infection in rheumatoid arthritis. Arthritis Rheum. 2002;46:2294-300. [20] Jeon EJ, Kim KH, Min KH. Acute eosinophilic pneumonia associated
[6] Ishigami ], Matsushita K. Clinical epidemiology of infectious disease among with 2009 influenza A (H1N1). Thorax. 2010;65:268-70.

patients with chronic kidney disease. Clin Exp Nephrol. 2019;23:437-47. [21] Larrafiaga JM, Marcos PJ, Pombo E, Otero-Gonzalez 1. Acute eosino-
[7] Singh JA, Wells GA, Christensen R, et al. Adverse effects of biologics: philic pneumonia as a complication of influenza A (HIN1) pulmonary
a network meta-analysis and Cochrane overview. Cochrane Database infection. Sarcoidosis Vasc Diffuse Lung Dis. 2016;33:95-7.
Syst Rev. 2011:CD008794. [22] von Ranke FM, Zanetti G, Hochhegger B, Marchiori E. Infectious
Dixon WG, Abrahamowicz M, Beauchamp ME, et al. Immediate and diseases causing diffuse alveolar hemorrhage in immunocompetent
delayed impact of oral glucocorticoid therapy on risk of serious infec- patients: a state-of-the-art review. Lung. 2013;191:9-18.
tion in older patients with rheumatoid arthritis: a nested case-control [23] Shah RD, Wunderink RG. Viral pneumonia and acute respiratory dis-
analysis. Ann Rheum Dis. 2012;71:1128-33. tress syndrome. Clin Chest Med. 2017;38:113-25.
Hong HL, Hong SB, Ko GB, et al. Viral infection is not uncommon [24] Ishiguro T, Kobayashi Y, Uozumi R, et al. Viral pneumonia requiring

Gutman JA, Peck AJ, Kuypers J, Boeckh M. Rhinovirus as a cause
of fatal lower respiratory tract infection in adult stem cell trans-
plantation patients: a report of two cases. Bone Marrow Transplant.

2007;40:809-11.

=

[9

in adult patients with severe hospital-acquired pneumonia. PLoS One.
2014;9:€95865.

Shorr AF, Zilberberg MD, Micek ST, Kollef MH. Viruses are prevalent in
non-ventilated hospital-acquired pneumonia. Respir Med.2017;122:76-80.
Voiriot G, Visseaux B, Cohen J, et al. Viral-bacterial coinfection affects
the presentation and alters the prognosis of severe community-acquired
pneumonia. Crit Care. 2016;20:375.

Hendaus MA, Jomha FA, Alhammadi AH. Virus-induced second-
ary bacterial infection: a concise review. Ther Clin Risk Manag.
2015;11:1265-71.

Saraya T, Kimura H, Kurai D, et al. Clinical significance of respiratory
virus detection in patients with acute exacerbation of interstitial lung
diseases. Respir Med. 2018;136:88-92.

Tachiwada T, Oda K, Tahara M, et al. Fatal acute exacerbation of
familial interstitial pneumonia complicated with dyskeratosis congen-
ita after influenza virus B infection. Intern Med. 2019;58:2683-7.
Ushiki A, Yamazaki Y, Hama M, Yasuo M, Hanaoka M, Kubo K. Viral
infections in patients with an acute exacerbation of idiopathic intersti-
tial pneumonia. Respir Investig. 2014;52:65-70.

Wootton SC, Kim DS, Kondoh Y, et al. Viral infection in acute exacer-
bation of idiopathic pulmonary fibrosis. Am J Respir Crit Care Med.
2011;183:1698-702.

Asai N, Yokoi T, Nishiyama N, et al. Secondary organizing pneumonia
following viral pneumonia caused by severe influenza B: a case report
and literature reviews. BMC Infect Dis. 2017;17:572.

differentiation from acute and progressive diffuse interstitial lung dis-
eases. Intern Med. 2019;58:3509-19.

Birger R, Morita H, Comito D, et al. Asymptomatic shedding of respi-
ratory virus among an ambulatory population across seasons. mSphere.
2018;3:¢00249-18.

Ibrahim A, Ahmed M, Conway R, Carey JJ. Risk of infection with
methotrexate therapy in inflammatory diseases: a systematic review
and meta-analysis. | Clin Med. 2018;8:15.

Ritter ML, Pirofski L. Mycophenolate mofetil: effects on cellular
immune subsets, infectious complications, and antimicrobial activity.
Transpl Infect Dis. 2009;11:290-7.

[28] Nagy A, Matrai P, Hegyi P, et al. The effects of TNF-alpha inhibitor

therapy on the incidence of infection in JIA children: a meta-analysis.
Pediatr Rheumatol Online J. 2019;17:4.

Lahiri M, Dixon WG. Risk of infection with biologic antirheumatic
therapies in patients with rheumatoid arthritis. Best Pract Res Clin

Rheumatol. 2015;29:290-305.

[30] Nakamura K, Kobayashi M, Yamamoto N, et al. Pertussis outbreak

among patients and healthcare workers in a provincial dialysis facility
in Japan. ] Hosp Infect. 2016;94:341-35.

Assiri A, McGeer A, Perl TM, et al. Hospital outbreak of Middle East
respiratory syndrome coronavirus. N Engl ] Med. 2013;369:407-16.
Lessler J, Reich NG, Brookmeyer R, Perl TM, Nelson KE, Cummings
DA. Incubation periods of acute respiratory viral infections: a system-
atic review. Lancet Infect Dis. 2009;9:291-300.



