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Summary: This study provides one of the first assessments of the burden of multiple 

respiratory viruses during influenza season among persons aged ≥1 year . Influenza, hCoV, 

and hRV cause a substantial burden of outpatient visits in persons of all ages. 
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ABSTRACT 

Background: While multiple respiratory viruses circulate in humans, few studies have 

compared the incidence of different viruses across the life course. We estimated the 

incidence of outpatient illness due to 12 different viruses during November 2018 through 

April 2019 in a fully enumerated population. 

Methods: We conducted active surveillance for ambulatory care visits for acute respiratory 

illness (ARI) among members of Kaiser Permanente Washington (KPWA). Enrolled patients 

provided respiratory swab specimens which were tested for 12 respiratory viruses using RT-

PCR. We estimated the cumulative incidence of infection due to each virus overall and by 

age group.  

Results: The KPWA population under surveillance included 202,562 individuals, of whom 

2,767 (1.4%) were enrolled in the study. Influenza A(H3N2) was the most commonly 

detected virus, with an overall incidence 21 medically attended illnesses per 1,000 

population; the next most common viruses were influenza A(H1N1) (18 per 1,000), 

coronaviruses (13 per 1,000), respiratory syncytial virus (RSV, 13 per 1,000), and rhinovirus 

(9 per 1,000). RSV was the most common cause of medically attended ARI among children 

aged 1-4 years; coronaviruses were the most common among adults aged ≥65 years. 
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Conclusions: Consistent with other studies focused on single viruses, we found that 

influenza and RSV were major causes of acute respiratory illness in persons of all ages. In 

comparison, coronaviruses and rhinovirus were also important pathogens. Prior to the 

emergence of SARS-CoV-2, coronaviruses were the second-most common cause of 

medically attended ARI during the 2018/19 influenza season.  

 

Keywords: Incidence; Viruses; Influenza, Human; Coronavirus; Rhinovirus 
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Introduction 

Many respiratory viruses circulate in humans, and viral respiratory tract infections occur 

globally across the life course.[1–9] Respiratory virus infections can be associated with a 

wide range of illness, including asymptomatic infection, mild respiratory disease (the 

“common cold”), severe illness, and even death.[10–12] Despite their similarities in 

infection and modes of transmission, there is considerable heterogeneity in the incidence of 

disease due to different respiratory viruses. This includes the overall burden of disease and 

the age groups that are most affected by different viruses.[6,13]    

One limitation to our understanding of respiratory virus epidemiology is that published 

studies have tended to focus on a single virus or on a handful of viruses together. Few 

studies (e.g. [14]) have directly compared the incidence of many viruses within the same 

population. Furthermore, many studies of respiratory viruses have focused on a subset of 

the population, such as young children or older adults (e.g. [15,16]) rather than evaluating 

incidence across the life course. 

We conducted the present study to address these knowledge gaps. Using active surveillance 

for acute respiratory illness (ARI) in outpatient clinics, we estimated the burden of illness in 

ambulatory care settings for twelve respiratory virus species during the 2018/19 influenza 

season. 

Methods 

Study population 

This study was conducted at the Washington State site of the United States Influenza 

Vaccine Effectiveness (US Flu VE) Network during the 2018/19 influenza season. Methods 

https://paperpile.com/c/FYRnE0/SXxH+TJfX+aNFQ+rQSc+urtC+qNOG+HUQ0+AFdi+qyNw
https://paperpile.com/c/FYRnE0/y3S2+SPUX+nB8h
https://paperpile.com/c/FYRnE0/J5Sr+qNOG
https://paperpile.com/c/FYRnE0/MMrJ
https://paperpile.com/c/FYRnE0/qSAJ+MQyl
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for the Network have been described previously.[17] In brief, active surveillance for ARI in 

ambulatory care settings was conducted at Kaiser Permanente Washington (KPWA). Eligible 

patients were aged at least 6 months of age and had a cough illness of <8 days’ duration. 

Eligible and consenting patients (or parent/guardian for minors) were interviewed for 

demographics, risk factors for ARI, and influenza vaccination history. Study staff collected 

combined nasal and oropharyngeal swabs (nasal only in children aged <2 years) for 

respiratory virus testing. Due to low enrollment in infants aged <1 year, the present analysis 

is restricted to subjects aged 1 year and older. 

 

Laboratory methods 

We extracted total nucleic acids using the Magna Pure nucleic acids extraction kit (Roche). 

We screened extracted nucleic acids for the presence of respiratory pathogens by TaqMan 

reverse transcriptase polymerase chain reaction (RT-PCR) on the OpenArray platform 

(Thermo). Screened viruses included adenovirus (AdV); enterovirus (EntV); human bocavirus 

(hBoV); human coronavirus (229E, NL63, OC43, HKU1) (hCoV); human metapneumovirus 

(hMPV), human parainfluenza virus (hPIV 1-4); human parechovirus (hPCV), influenza 

A(H1N1), A(H3N2), B, and C; respiratory syncytial virus (RSV) A and B; and rhinovirus (hRV). 

Source population 

To estimate the population-based incidence of respiratory viruses, we followed the process 

previously developed for influenza incidence in this population.[5,18] We identified the 

source cohort at risk for ARI and potentially eligible for US Flu VE Network enrollment based 

on membership in KPWA’s integrated group practice. The source cohort consisted of 

https://paperpile.com/c/FYRnE0/YFbG
https://paperpile.com/c/FYRnE0/urtC+1CxG
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members aged at least 1 year of age as of September 1st 2018 whose primary care provider 

was at a medical center where study recruitment occurred. We used KPWA administrative 

healthcare databases to characterize all members of the source cohort, including those 

enrolled in the US Flu VE Network, by age, receipt of 2018/19 influenza vaccine, and number 

of medical encounters for ARI (defined by International Classification of Diseases, Version 10 

[ICD-10] codes). 

 

Statistical analyses 

We estimated the cumulative incidence of medically-attended respiratory virus infections by 

extrapolating the number of virus-positive illnesses among US Flu VE Network enrollees to 

the source population, as previously described.[5,18] We estimated sampling weights for 

each US Flu VE Network enrollee relative to the source population, based on joint 

stratification by age group, receipt of 2018/19 influenza vaccine, and number of ARI 

medical encounters (0, 1, ≥2) during 2018/19. Network enrollees with zero ARI 

encounters (i.e. those who were not assigned an ARI ICD-10 code at their 

enrollment visit) were assigned a sampling weight of 1.0. Using the sampling 

weights, we estimated the total number of ambulatory care visits for each virus 

individually and for any detected virus in the source cohort. We calculated 

confidence limits by bootstrapping samples from the source population and the US 

https://paperpile.com/c/FYRnE0/urtC+1CxG
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Flu VE Network enrollees. To avoid double-counting events for persons co-infected 

with multiple viruses, we grouped all co-infections into a single category for incidence 

estimation, and estimated the virus-specific incidence of disease using only persons 

with a single detected virus. We did not calculate incidence for viruses with less than 

10 detections without co-infection. 

We assumed that seasonal respiratory virus circulation occurred between November 2018 

and April 2019. Our surveillance ran from November 18 2018 through April 20 2019. We 

upweighted our incidence estimates to account for weeks with missing surveillance. For 

this, we calculate the proportion of total respiratory virus infections detected by regional 

surveillance during periods of US Flu Network enrollment, and multiplied our burden 

estimates by the inverse of this proportion. 

Results 

The source cohort consisted of 202,562 individuals, of whom 46% received the 2018/19 

influenza vaccine and 14% had at least one ambulatory care visit for ARI (Table 1). We 

enrolled 2,767 patients (1.4% of the source cohort) in the US Flu VE Network. Compared to 

the source cohort, Network enrollees were more likely to be aged <10 years and to have 

received the 2018/19 influenza vaccine. 

 

We detected 2,059 respiratory viruses among 1,860 (67.2%) unique US Flu VE Network 

enrollees. Influenza A viruses were the most commonly detected, with 441 (15.9%) of 
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enrollees having influenza A(H3N2) and 348 (12.6%) influenza A(H1N1) (Supplemental Table 

1). The third most common virus detected overall was hCOV (297 enrollees, 10.7%). The 

least common viruses were hPCV (2 detected, 0.07%), influenza B (13 detected, 0.5%), and 

hBoV (21 detected, 0.8%). Detected viruses peaked on the week of March 4 2019, 

corresponding to the peak of influenza A (H3N2) activity (Supplemental Figure 1).  

 

Co-infections occurred in 179 (9.6%) of the 1,860 persons with detected viruses. Co-

infection was most common for hPCV (both detections had co-infection), hBoV (66.7%), AdV 

(50.9%), and influenza C (41.2%). Co-infection was least common for influenza A(H1N1) 

(8.6%) influenza A(H3N2) (10.2%), and RSV B (11.1%) (Supplemental Table 1). When 

considering infections with only a single virus isolated, hCoV was the third-most common 

virus in ambulatory care visits for ARI in 2018/19, behind only influenza A(H3N2) and 

A(H1N1). 

 

The cumulative incidence of medically attended illness for any of the targeted viruses 

between November and April was 100 visits per 1,000 population (95% CI, 97 to 103). In 

other words, 10% of the population aged 1 year and older sought medical care due to 

infection with one of these viruses. Incidence was highest among the youngest children (385 

per 1,000, 95% CI 314 to 465 in children aged 1-2 years) and declined to a low of 81 per 

1,000 (95% CI, 69 to 92) among adults aged 31-49 years before increasing among older 

adults and seniors (Table 2). For individual viruses, incidence ranged from 21 per 1,000 (95% 

CI, 19 to 23) for influenza A(H3N2) to 0.7 (95% CI, 0.3 to 1.1) for influenza B (Figure 1). We 
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did not estimate incidence for hBoV or hPCV, as they had less than 10 detected infections 

without co-infection.  

 

The age distribution of subjects with detected viruses varied between viruses (Supplemental 

Figure 2). Virus-specific incidence was heterogeneous across age groups (Figure 2). Among 

individual viruses, RSV A and RSV B were the most common causes of medically attended 

ARI among children aged 1-2 years (52 and 55 cases per 1,000, respectively), followed by 

hRV (33 per 1,000). Co-infections were most common in this age group, with an incidence of 

120 cases per 1,000.  

 

Outside of early childhood, influenza A(H3N2) and influenza A(H1N1) tended to have the 

highest incidence, followed by hCoV. Among seniors, multiple pathogens contributed an 

approximately similar burden of disease of between 11 and 18 cases per 1,000 population: 

hCoV, hMPV, influenza A(H1N1), influenza A(H3N2), RSV B, and hRV. hCoV caused the 

highest incidence (18 cases per 1,000 population) of medically attended ARI among seniors.  

 

Discussion 

The 2018/19 influenza season in Washington State was dominated by influenza A viruses, 

with an early wave of A(H1N1) infections followed by a later wave of A(H3N2) viruses, and 

unusually low circulation of influenza B viruses.[19] In this context, we found that 10% of 

the population had a medically attended respiratory virus infection between November 

https://paperpile.com/c/FYRnE0/WWuM
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2018 and April 2019. Care-seeking for respiratory viruses was as high as 38% among children 

aged 1-2 years.  

 

Consistent with prior studies,[6,20–22] we found that RSV was the most common pathogen 

among young children, with a combined incidence RSV A and B of over 100 per 1,000 in 

children aged 1-2 years and nearly 60 per 1,000 in children aged 2-4 years. Also consistent 

with prior studies,[23,24] influenza A viruses were the most common pathogen causing ARI 

when considering all age groups together. In this study the combined incidence of influenza 

A viruses was 39 cases per 1,000 persons. This is higher than previous studies in this 

population, which found incidence of influenza A viruses ranging from 8 to 26 cases per 

1,000.[5,18], and may be attributed to the unusual 2018/19 season, which saw intensive 

circulation of both influenza A subtypes. In contrast, the incidence of influenza B (0.7 per 

1,000) was substantially lower than seen in those prior studies (range, 2 to 17 per 1,000), 

consistent with regional surveillance data.[19]  

 

Influenza C is being increasingly recognized as a contributor to the burden of respiratory 

illness in humans.[25,26] During 2018/19, we found that 0.7% of ARI ambulatory care had 

influenza C as the only virus detected. The cumulative incidence of influenza C as the only 

detected virus was estimated as 1.2 cases per 1,000 population, which was higher than 

influenza B and comparable to the burden due to AdV (1.5 per 1,000) and EntV (1.3 per 

1,000) as solo pathogens.  

 

https://paperpile.com/c/FYRnE0/UABa+eq2C+qNOG+GDvf
https://paperpile.com/c/FYRnE0/96vw+K76n
https://paperpile.com/c/FYRnE0/urtC+1CxG
https://paperpile.com/c/FYRnE0/WWuM
https://paperpile.com/c/FYRnE0/Rjem+PLnA
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Prior studies frequently found hCoV among persons with ARI, particularly those with mild 

illness.[27–29] This study provides one of the first population-based estimates of the 

incidence of medically attended disease due to hCoV. We found that, prior to the 

emergence of SARS-CoV-2, human coronaviruses were important contributors to the burden 

of ARI in this population, second only to influenza A viruses, with an overall incidence of 13 

cases per 1,000 population during 2018/19. hRV was also a common cause of medically 

attended illness in persons of all ages. Among those aged 2 years or older, the incidence of 

hRV varied between 7 and 14 cases per 1,000.  

 

Several limitations of this study should be considered. First, our surveillance definition 

required all US Flu VE Network enrollees to have ARI with cough. Our study thus excluded 

ARI patients that presented for care without a cough, and should be considered a lower 

bound for the total burden of disease in ambulatory care settings due to these viruses. 

Second, this study only covers a single influenza season, which was somewhat atypical in 

terms of circulating viruses. Both the absolute and the relative contribution of 

respiratory viruses to the burden of ARI may be different in other years. Third, due to 

the primary goals of the US Flu VE Network, enrollment was restricted to children 

aged ≥6 months, and given low enrollment of patients aged 6-11 months this 

analysis excluded patients aged <1 year, among whom the burden of respiratory 

virus infection is high. Finally, this study was conducted among members of a pre-paid 

health care/insurance provider, who may have different illness thresholds for seeking care 

https://paperpile.com/c/FYRnE0/jdDE+TCDn+GURT
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than other populations. The absolute incidence of medically attended illness may be 

different in other populations. An additional caveat is that this study measured incidence 

among persons seeking ambulatory medical care; the relative prevalence of illness due to 

these viruses in the community or in inpatient settings may be different.  

 

This study provides one of the first assessments of the contribution of a wide range of 

respiratory viruses to disease among children, adults, and seniors during periods of 

influenza circulation. Many viruses have been known to cause respiratory illness among 

young children; this study shows that viruses such as influenza, hCoV, and hRV also cause a 

substantial burden of disease among persons of all ages.  

 

  



Acc
ep

ted
 M

an
us

cri
pt

 

14 

Acknowledgements 

The Seattle Flu Study Investigators are: 

Principal Investigators: 

Helen Y. Chu, MD, MPH1,7, Michael Boeckh, MD, PhD1,2,7, Janet A. Englund, MD1,3,7, Michael 

Famulare, PhD4 , Barry R. Lutz, PhD5,7, Deborah A. Nickerson, PhD6,7 , Mark J. Rieder, PhD7, Lea M. 

Starita, PhD6,7, Matthew Thompson, MD, MPH, DPhil9, Jay Shendure, MD, PhD6,7,8, and Trevor 

Bedford, PhD2,6,7 

 

Co-Investigators:  

Amanda Adler, MS3, Elisabeth Brandstetter, MPH1, Jeris Bosua, BA10, Shari Cho, MS7, Chris D. Frazar, 

MS1, Peter D. Han, MS7, Reena K. Gulati, MD, MPH11, James Hadfield, PhD1, Shichu Huang, PhD5, 

Michael L. Jackson, PhD, MPH12, Anahita Kiavand, MS1, Louise E. Kimball, PhD2, Kirsten Lacombe, RN, 

MSN3, Jennifer K. Logue, BS1, Victoria Lyon, MPH1, Kira L. Newman, MD, PhD1 , Thomas R. Sibley, BA2, 

Monica L. Zigman Suchsland, MPH1, Melissa Truong, BS7 , and Caitlin R. Wolf, BS1 

 

1 Department of Medicine, University of Washington  

2 Vaccine and Infectious Disease Division, Fred Hutchinson Cancer Research Center 

3 Seattle Children’s Research Institute 

4 Institute for Disease Modeling 

5 Department of Bioengineering, University of Washington 

6 Department of Genome Sciences, University of Washington 



Acc
ep

ted
 M

an
us

cri
pt

 

15 

7 Brotman Baty Institute 

8 Howard Hughes Medical Institute 

9 Department of Family Medicine, University of Washington 

10 Blaze Clinical 

11 Centers for Disease Control and Prevention 

12 Kaiser Permanente Washington Health Research Institute 

 

Funding 

This project was supported by Gates Ventures through a gift to the University of 

Washington; and by the Centers for Disease Control and Prevention (U01IP001037). 

 

Potential Conflicts of Interest 

HC reports consulting fees from Pfizer, Merck, and GlaxoSmithKline; grants from Ellume and 

Sanofi Pastuer; and non-financial support from Cephid, outside the submitted work. MLJ 

reports grants from Sanofi Pasteur, outside the submitted work. All other authors have no 

potential conflicts 

 



Acc
ep

ted
 M

an
us

cri
pt

 

16 

References 

1.  Chiu SS, Chan K-H, Chen H, et al. Virologically Confirmed Population-based Burden of 
Hospitalization Caused by Respiratory Syncytial Virus, Adenovirus, and Parainfluenza 
Viruses in Children in Hong Kong. The Pediatric Infectious Disease Journal. 2010; 
29:1088–1092. Available at: http://dx.doi.org/10.1097/inf.0b013e3181e9de24. 

2.  Montes M, Oñate E, Muguruza A, et al. Enterovirus D68 Causing Acute Respiratory 
Infection: Clinical Characteristics and Differences With Acute Respiratory Infections 
Associated With Enterovirus Non-D68. Pediatr Infect Dis J 2019; 38:687–691. 

3.  Ahn JG, Choi SY, Kim DS, Kim KH. Human bocavirus isolated from children with acute 
respiratory tract infections in Korea, 2010-2011. J Med Virol 2014; 86:2011–2018. 

4.  Gioula G, Chatzidimitriou D, Melidou A, Exindari M, Kyriazopoulou-Dalaina V. 
Contribution of human metapneumovirus to influenza-like infections in North Greece, 
2005-2008. Eurosurveillance. 2010; 15. Available at: 
http://dx.doi.org/10.2807/ese.15.09.19499-en. 

5.  Jackson ML, Phillips CH, Benoit J, et al. Burden of medically attended influenza infection 
and cases averted by vaccination - United States, 2013/14 through 2015/16 influenza 
seasons. Vaccine 2018; 36:467–472. 

6.  Jackson ML, Scott E, Kuypers J, Nalla AK, Roychoudury P, Chu HY. Epidemiology of 
respiratory syncytial virus across five influenza seasons among adults and children one 
year of age and older - Washington State, 2011/12 - 2015/16. J Infect Dis 2020; 
Available at: http://dx.doi.org/10.1093/infdis/jiaa331. 

7.  Principi N, Zampiero A, Gambino M, et al. Prospective evaluation of rhinovirus infection 
in healthy young children. J Clin Virol 2015; 66:83–89. 

8.  van der Hoek L, Ihorst G, Sure K, et al. Burden of disease due to human coronavirus 
NL63 infections and periodicity of infection. J Clin Virol 2010; 48:104–108. 

9.  Steffens A, Finelli L, Whitaker B, Fowlkes A. Population-based Surveillance for Medically 
Attended Human Parainfluenza Viruses From the Influenza Incidence Surveillance 
Project, 2010-2014. Pediatr Infect Dis J 2016; 35:717–722. 

10.  Walsh EE, Peterson DR, Falsey AR. Human Metapneumovirus Infections in Adults. 
Archives of Internal Medicine. 2008; 168:2489. Available at: 
http://dx.doi.org/10.1001/archinte.168.22.2489. 

11.  Malosh RE, Martin ET, Callear AP, et al. Respiratory syncytial virus hospitalization in 
middle-aged and older adults. Journal of Clinical Virology. 2017; 96:37–43. Available at: 
http://dx.doi.org/10.1016/j.jcv.2017.09.001. 

12.  Valtonen M, Waris M, Vuorinen T, et al. Common cold in Team Finland during 2018 
Winter Olympic Games (PyeongChang): epidemiology, diagnosis including molecular 

http://paperpile.com/b/FYRnE0/SXxH
http://paperpile.com/b/FYRnE0/SXxH
http://paperpile.com/b/FYRnE0/SXxH
http://paperpile.com/b/FYRnE0/SXxH
http://dx.doi.org/10.1097/inf.0b013e3181e9de24
http://dx.doi.org/10.1097/inf.0b013e3181e9de24
http://paperpile.com/b/FYRnE0/TJfX
http://paperpile.com/b/FYRnE0/TJfX
http://paperpile.com/b/FYRnE0/TJfX
http://paperpile.com/b/FYRnE0/TJfX
http://paperpile.com/b/FYRnE0/TJfX
http://paperpile.com/b/FYRnE0/aNFQ
http://paperpile.com/b/FYRnE0/aNFQ
http://paperpile.com/b/FYRnE0/aNFQ
http://paperpile.com/b/FYRnE0/aNFQ
http://paperpile.com/b/FYRnE0/rQSc
http://paperpile.com/b/FYRnE0/rQSc
http://paperpile.com/b/FYRnE0/rQSc
http://paperpile.com/b/FYRnE0/rQSc
http://dx.doi.org/10.2807/ese.15.09.19499-en
http://dx.doi.org/10.2807/ese.15.09.19499-en
http://paperpile.com/b/FYRnE0/urtC
http://paperpile.com/b/FYRnE0/urtC
http://paperpile.com/b/FYRnE0/urtC
http://paperpile.com/b/FYRnE0/urtC
http://paperpile.com/b/FYRnE0/urtC
http://paperpile.com/b/FYRnE0/qNOG
http://paperpile.com/b/FYRnE0/qNOG
http://paperpile.com/b/FYRnE0/qNOG
http://paperpile.com/b/FYRnE0/qNOG
http://paperpile.com/b/FYRnE0/qNOG
http://paperpile.com/b/FYRnE0/qNOG
http://dx.doi.org/10.1093/infdis/jiaa331
http://dx.doi.org/10.1093/infdis/jiaa331
http://paperpile.com/b/FYRnE0/HUQ0
http://paperpile.com/b/FYRnE0/HUQ0
http://paperpile.com/b/FYRnE0/HUQ0
http://paperpile.com/b/FYRnE0/HUQ0
http://paperpile.com/b/FYRnE0/AFdi
http://paperpile.com/b/FYRnE0/AFdi
http://paperpile.com/b/FYRnE0/AFdi
http://paperpile.com/b/FYRnE0/AFdi
http://paperpile.com/b/FYRnE0/qyNw
http://paperpile.com/b/FYRnE0/qyNw
http://paperpile.com/b/FYRnE0/qyNw
http://paperpile.com/b/FYRnE0/qyNw
http://paperpile.com/b/FYRnE0/qyNw
http://paperpile.com/b/FYRnE0/y3S2
http://paperpile.com/b/FYRnE0/y3S2
http://dx.doi.org/10.1001/archinte.168.22.2489
http://dx.doi.org/10.1001/archinte.168.22.2489
http://paperpile.com/b/FYRnE0/SPUX
http://paperpile.com/b/FYRnE0/SPUX
http://dx.doi.org/10.1016/j.jcv.2017.09.001
http://dx.doi.org/10.1016/j.jcv.2017.09.001
http://paperpile.com/b/FYRnE0/nB8h
http://paperpile.com/b/FYRnE0/nB8h


Acc
ep

ted
 M

an
us

cri
pt

 

17 

point-of-care testing (POCT) and treatment. Br J Sports Med 2019; 53:1093–1098. 

13.  Gaunt E, McWilliam-Leitch EC, Templeton K, Simmonds P. Incidence, molecular 
epidemiology and clinical presentations of human metapneumovirus; assessment of its 
importance as a diagnostic screening target. J Clin Virol 2009; 46:318–324. 

14.  Taylor S, Lopez P, Weckx L, et al. Respiratory viruses and influenza-like illness: 
Epidemiology and outcomes in children aged 6 months to 10 years in a multi-country 
population sample. Journal of Infection. 2017; 74:29–41. Available at: 
http://dx.doi.org/10.1016/j.jinf.2016.09.003. 

15.  McClure DL, Kieke BA, Sundaram ME, et al. Seasonal incidence of medically attended 
respiratory syncytial virus infection in a community cohort of adults ≥50 years old. PLoS 
One 2014; 9:e102586. 

16.  Sarasini A, Percivalle E, Rovida F, et al. Detection and pathogenicity of human 
metapneumovirus respiratory infection in pediatric Italian patients during a winter–
spring season. Journal of Clinical Virology. 2006; 35:59–68. Available at: 
http://dx.doi.org/10.1016/j.jcv.2005.05.010. 

17.  Jackson ML, Chung JR, Jackson LA, et al. Influenza Vaccine Effectiveness in the United 
States during the 2015-2016 Season. N Engl J Med 2017; 377:534–543. 

18.  Jackson ML, Jackson LA, Kieke B, et al. Incidence of medically attended influenza 
infection and cases averted by vaccination, 2011/2012 and 2012/2013 influenza 
seasons. Vaccine. 2015; 33:5181–5187. Available at: 
http://dx.doi.org/10.1016/j.vaccine.2015.07.098. 

19.  National, Regional, and State Level Outpatient Illness and Viral Surveillance. Available 
at: https://gis.cdc.gov/grasp/fluview/fluportaldashboard.html. Accessed 3 September 
2020. 

20.  Bourgeois FT, Valim C, McAdam AJ, Mandl KD. Relative impact of influenza and 
respiratory syncytial virus in young children. Pediatrics 2009; 124:e1072–80. 

21.  Schanzer DL, Saboui M, Lee L, Nwosu A, Bancej C. Burden of influenza, respiratory 
syncytial virus, and other respiratory viruses and the completeness of respiratory viral 
identification among respiratory inpatients, Canada, 2003-2014. Influenza Other Respi 
Viruses 2018; 12:113–121. 

22.  Liu W-K, Chen D-H, Tan W-P, et al. Paramyxoviruses respiratory syncytial virus, 
parainfluenza virus, and human metapneumovirus infection in pediatric hospitalized 
patients and climate correlation in a subtropical region of southern China: a 7-year 
survey. Eur J Clin Microbiol Infect Dis 2019; 38:2355–2364. 

23.  Landes MB, Neil RB, McCool SS, et al. The frequency and seasonality of influenza and 
other respiratory viruses in Tennessee: two influenza seasons of surveillance data, 
2010-2012. Influenza Other Respi Viruses 2013; 7:1122–1127. 

http://paperpile.com/b/FYRnE0/nB8h
http://paperpile.com/b/FYRnE0/nB8h
http://paperpile.com/b/FYRnE0/nB8h
http://paperpile.com/b/FYRnE0/J5Sr
http://paperpile.com/b/FYRnE0/J5Sr
http://paperpile.com/b/FYRnE0/J5Sr
http://paperpile.com/b/FYRnE0/J5Sr
http://paperpile.com/b/FYRnE0/J5Sr
http://paperpile.com/b/FYRnE0/MMrJ
http://paperpile.com/b/FYRnE0/MMrJ
http://paperpile.com/b/FYRnE0/MMrJ
http://paperpile.com/b/FYRnE0/MMrJ
http://dx.doi.org/10.1016/j.jinf.2016.09.003
http://dx.doi.org/10.1016/j.jinf.2016.09.003
http://paperpile.com/b/FYRnE0/qSAJ
http://paperpile.com/b/FYRnE0/qSAJ
http://paperpile.com/b/FYRnE0/qSAJ
http://paperpile.com/b/FYRnE0/qSAJ
http://paperpile.com/b/FYRnE0/qSAJ
http://paperpile.com/b/FYRnE0/MQyl
http://paperpile.com/b/FYRnE0/MQyl
http://paperpile.com/b/FYRnE0/MQyl
http://paperpile.com/b/FYRnE0/MQyl
http://dx.doi.org/10.1016/j.jcv.2005.05.010
http://dx.doi.org/10.1016/j.jcv.2005.05.010
http://paperpile.com/b/FYRnE0/YFbG
http://paperpile.com/b/FYRnE0/YFbG
http://paperpile.com/b/FYRnE0/YFbG
http://paperpile.com/b/FYRnE0/YFbG
http://paperpile.com/b/FYRnE0/1CxG
http://paperpile.com/b/FYRnE0/1CxG
http://paperpile.com/b/FYRnE0/1CxG
http://paperpile.com/b/FYRnE0/1CxG
http://dx.doi.org/10.1016/j.vaccine.2015.07.098
http://dx.doi.org/10.1016/j.vaccine.2015.07.098
http://paperpile.com/b/FYRnE0/WWuM
http://paperpile.com/b/FYRnE0/WWuM
https://gis.cdc.gov/grasp/fluview/fluportaldashboard.html
https://gis.cdc.gov/grasp/fluview/fluportaldashboard.html
http://paperpile.com/b/FYRnE0/WWuM
http://paperpile.com/b/FYRnE0/UABa
http://paperpile.com/b/FYRnE0/UABa
http://paperpile.com/b/FYRnE0/UABa
http://paperpile.com/b/FYRnE0/UABa
http://paperpile.com/b/FYRnE0/eq2C
http://paperpile.com/b/FYRnE0/eq2C
http://paperpile.com/b/FYRnE0/eq2C
http://paperpile.com/b/FYRnE0/eq2C
http://paperpile.com/b/FYRnE0/eq2C
http://paperpile.com/b/FYRnE0/eq2C
http://paperpile.com/b/FYRnE0/GDvf
http://paperpile.com/b/FYRnE0/GDvf
http://paperpile.com/b/FYRnE0/GDvf
http://paperpile.com/b/FYRnE0/GDvf
http://paperpile.com/b/FYRnE0/GDvf
http://paperpile.com/b/FYRnE0/GDvf
http://paperpile.com/b/FYRnE0/96vw
http://paperpile.com/b/FYRnE0/96vw
http://paperpile.com/b/FYRnE0/96vw
http://paperpile.com/b/FYRnE0/96vw
http://paperpile.com/b/FYRnE0/96vw


Acc
ep

ted
 M

an
us

cri
pt

 

18 

24.  Gilca R, Amini R, Douville-Fradet M, et al. Other respiratory viruses are important 
contributors to adult respiratory hospitalizations and mortality even during peak weeks 
of the influenza season. Open Forum Infect Dis 2014; 1:ofu086. 

25.  Thielen BK, Friedlander H, Bistodeau S, et al. Detection of Influenza C Viruses Among 
Outpatients and Patients Hospitalized for Severe Acute Respiratory Infection, 
Minnesota, 2013-2016. Clin Infect Dis 2018; 66:1092–1098. 

26.  Fritsch A, Schweiger B, Biere B. Influenza C virus in pre-school children with respiratory 
infections: retrospective analysis of data from the national influenza surveillance 
system in Germany, 2012 to 2014. Euro Surveill 2019; 24. Available at: 
http://dx.doi.org/10.2807/1560-7917.ES.2019.24.10.1800174. 

27.  Lepiller Q, Barth H, Lefebvre F, et al. High incidence but low burden of coronaviruses 
and preferential associations between respiratory viruses. J Clin Microbiol 2013; 
51:3039–3046. 

28.  van Beek J, Veenhoven RH, Bruin JP, et al. Influenza-like Illness Incidence Is Not 
Reduced by Influenza Vaccination in a Cohort of Older Adults, Despite Effectively 
Reducing Laboratory-Confirmed Influenza Virus Infections. The Journal of Infectious 
Diseases. 2017; 216:415–424. Available at: http://dx.doi.org/10.1093/infdis/jix268. 

29.  Szilagyi PG, Blumkin A, Treanor JJ, et al. Incidence and viral aetiologies of acute 
respiratory illnesses (ARIs) in the United States: a population-based study. Epidemiol 
Infect 2016; 144:2077–2086. 

 

 

http://paperpile.com/b/FYRnE0/K76n
http://paperpile.com/b/FYRnE0/K76n
http://paperpile.com/b/FYRnE0/K76n
http://paperpile.com/b/FYRnE0/K76n
http://paperpile.com/b/FYRnE0/K76n
http://paperpile.com/b/FYRnE0/Rjem
http://paperpile.com/b/FYRnE0/Rjem
http://paperpile.com/b/FYRnE0/Rjem
http://paperpile.com/b/FYRnE0/Rjem
http://paperpile.com/b/FYRnE0/Rjem
http://paperpile.com/b/FYRnE0/PLnA
http://paperpile.com/b/FYRnE0/PLnA
http://paperpile.com/b/FYRnE0/PLnA
http://paperpile.com/b/FYRnE0/PLnA
http://paperpile.com/b/FYRnE0/PLnA
http://paperpile.com/b/FYRnE0/PLnA
http://dx.doi.org/10.2807/1560-7917.ES.2019.24.10.1800174
http://dx.doi.org/10.2807/1560-7917.ES.2019.24.10.1800174
http://paperpile.com/b/FYRnE0/jdDE
http://paperpile.com/b/FYRnE0/jdDE
http://paperpile.com/b/FYRnE0/jdDE
http://paperpile.com/b/FYRnE0/jdDE
http://paperpile.com/b/FYRnE0/jdDE
http://paperpile.com/b/FYRnE0/TCDn
http://paperpile.com/b/FYRnE0/TCDn
http://paperpile.com/b/FYRnE0/TCDn
http://paperpile.com/b/FYRnE0/TCDn
http://dx.doi.org/10.1093/infdis/jix268
http://dx.doi.org/10.1093/infdis/jix268
http://paperpile.com/b/FYRnE0/GURT
http://paperpile.com/b/FYRnE0/GURT
http://paperpile.com/b/FYRnE0/GURT
http://paperpile.com/b/FYRnE0/GURT
http://paperpile.com/b/FYRnE0/GURT


Acc
ep

ted
 M

an
us

cri
pt

 

19 

Table 1:  Characteristics of the source population and of United States Influenza Vaccine 

Effectiveness Network enrollees, 2018/19 

 

Characteristic Source population US Flu VE* Network 

enrollees 

Percent of Source 

population enrolled 

Total population 202,562 2,767 1.4% 

Age group    

1-2 years 1,455 (0.7%) 92 (3.3%) 6.3% 

2-4 years 4,622 (2.3%) 160 (5.8%) 3.5% 

5-9 years 7,586 (3.7%) 229 (8.3%) 3.0% 

10-17 years 12,321 (6.1%) 213 (7.7%) 1.7% 

18-30 years 35,607 (17.6%) 345 (12.5%) 1.0% 

31-49 years 57,446 (28.4%) 641 (23.2%) 1.1% 

50-64 years 43,645 (21.5%) 566 (20.5%) 1.3% 
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65+ years 39,880 (19.7%) 521 (18.8%) 1.3% 

Vaccinated 92,535 (45.7%) 1,674 (60.5%) 1.8% 

ARI visits    

0 173,997 (85.9%) 456 (16.5%) 0.3% 

1 19,728 (9.7%) 1,413 (51.1%) 7.2% 

2 or more 8,837 (4.4%) 898 (32.5%) 10.2% 

 

*United States Influenza Vaccine Effectiveness 
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Table 2: Overall and age-specific incidence of medically attended acute respiratory illness with 

any detected virus, 2018/19 

Age group Estimated incidence Lower confidence 

limit 

Upper confidence 

limit 

1 year 385 312 457 

2-4 years 263 218 307 

5-9 years 164 130 198 

10-17 years 120 98 142 

18-30 years 84 69 98 

31-49 years 81 69 92 

50-64 years 89 76 101 

65 years and older 107 90 123 

All ages 100 97 103 
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FIGURE LEGENDS 

 

Figure 1: Overall incidence of medically attended illness per 1,000 population due to 12 

respiratory viruses, 2018/19. Coinfection includes all illnesses with more than one detected 

virus. 

 

Figure 2: Age-specific incidence of medically attended illness due to 12 respiratory viruses per 

1,000 population, 2018/19 
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Figure 1 
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Figure 2 

 


