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Abstract

Background: Studies seeking to estimate the burden of influenza among

hospitalized adults often use case definitions that require presence of pneumonia.

The goal of this study was to assess the extent to which restricting influenza testing

to adults hospitalized with pneumonia could underestimate the total burden of

hospitalized influenza disease.

Methods: We conducted a modelling study using the complete State Inpatient

Databases from Arizona, California, and Washington and regional influenza

surveillance data acquired from CDC from January 2003 through March 2009. The

exposures of interest were positive laboratory tests for influenza A (H1N1),

influenza A (H3N2), and influenza B from two contiguous US Federal Regions

encompassing the study area. We identified the two outcomes of interest by ICD-9-

CM code: respiratory and circulatory hospitalizations, as well as critical illness

hospitalizations (acute respiratory failure, severe sepsis, and in-hospital death). We

linked the hospitalization datasets with the virus surveillance datasets by

geographic region and month of hospitalization. We used negative binomial

regression models to estimate the number of influenza-associated events for the

outcomes of interest. We sub-categorized these events to include all outcomes with

or without pneumonia diagnosis codes.

Results:We estimated that there were 80,834 (95% CI 29,214–174,033) influenza-

associated respiratory and circulatory hospitalizations and 26,760 (95% CI 14,541–

47,464) influenza-associated critical illness hospitalizations. When a pneumonia

diagnosis was excluded, the estimated number of influenza-associated respiratory
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and circulatory hospitalizations was 24,816 (95% CI 6,342–92,624). The estimated

number of influenza-associated critical illness hospitalizations was 8,213 (95% CI

3,764–20,799). Around 30% of both influenza-associated respiratory and

circulatory hospitalizations, as well as influenza-associated critical illness

hospitalizations did not have pneumonia diagnosis codes.

Conclusions: Surveillance studies which only consider hospitalizations that

include a diagnosis of pneumonia may underestimate the total burden of influenza

hospitalizations.

Introduction

Policy makers who implement influenza vaccine programs or interventions to

increase influenza vaccine coverage must first understand the epidemiology of

influenza in the targeted population. For example, results of studies of severe

influenza morbidity and mortality influenced the World Health Organization

(WHO) to develop a policy to broaden influenza vaccination programs to cover

pregnant women [1]. Similarly, epidemiologic data on the burden of pediatric

influenza disease were instrumental in recent decisions by the United States and

the United Kingdom to expand influenza vaccine recommendations to cover all

children [1–3]. Most high-income, temperate countries have identified adults,

particularly elderly adults, as being a high-risk group for influenza complications

and death, and therefore a priority group for vaccine receipt [1, 2]. In the United

States, over 23,000 adults, mostly elderly, are estimated to die from influenza and

its complications yearly, though annual mortality estimates vary considerably

from year to year [4]. Because little influenza surveillance is conducted in low-

resource countries, it is unknown whether there is a similar disproportionate

burden of adult influenza in these settings.

In an effort to standardize influenza surveillance and to increase influenza

morbidity data collection from low resource settings, the WHO established

guidelines to standardize influenza surveillance worldwide and developed tools to

use such data to estimate the burden of severe influenza disease [5, 6]. The WHO

initiative to standardize hospitalized influenza surveillance has focused on

identification of patients with severe acute respiratory infections (SARI) in

sentinel hospitals, with collection of epidemiologic data and clinical specimens for

influenza-specific laboratory testing limited to these patients [6]. To date,

published SARI surveillance studies use evidence of hospitalization for acute

febrile, lower respiratory tract illness as the case definition for study entry and

influenza testing [7–16]. However, influenza virus infection can precipitate a wide

range of processes necessitating hospital care, and case definitions that require

evidence of acute lower respiratory tract infection will overlook non-pneumonia

complications of influenza, including exacerbations of asthma, chronic obstruc-

tive lung disease, and congestive heart failure [17].
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The goal of this study was to assess the extent to which restricting influenza

testing to adults hospitalized with pneumonia may underestimate the total burden

of hospitalized influenza disease. We hypothesized that the burden of influenza

disease was considerably greater than that captured by influenza pneumonia

surveillance.

Methods

Study design

We conducted a modelling study to estimate the number of adult influenza-

associated hospitalizations overall and among those without pneumonia

diagnoses in Arizona, California, and Washington from January 2003 through

March 2009. We used state hospitalization databases from the Healthcare Cost

and Utilization Project (HCUP) and regional influenza surveillance data from the

US Centers for Disease Control and Prevention (CDC) [18, 19]. Our outcomes of

interest were respiratory and circulatory hospitalizations and critical illness

hospitalizations defined using ICD-9-CM codes. Our exposures of interest were

positive tests for influenza from regional surveillance. We linked the datasets by

calendar month and geographic region. We then used negative-binomial

regression models to estimate the number of influenza-associated outcomes with

or without pneumonia diagnosis.

Influenza surveillance dataset

Regional surveillance data for influenza A (H3N2), influenza A (H1N1), influenza

B for US Federal Regions 9 (AZ, CA, HI, NV) and 10 (AK, ID, OR, WA) were

obtained from the CDC [18]. We collapsed the week-level data by month to

permit linkage to the hospitalization dataset. We defined the influenza

surveillance year as July through June of the next calendar year in order to capture

an entire influenza season annually. For unsubtyped influenza A viruses, we

assumed that the subtypes were proportional to the total influenza A (H3N2) and

influenza A (H1N1) viruses detected over the entire surveillance year [20, 21]. We

next divided the total number of positive tests per influenza type and subtype by

the total number of tests performed in the surveillance year to reduce possible bias

associated with differences in surveillance testing over time [20, 21].

Hospitalization dataset

We used the State Inpatient Database (SID) for Arizona, California, and

Washington from the Healthcare Cost and Utilization Project (HCUP) [19]. The

outcomes of interest were defined by ICD-9-CM diagnosis and procedure codes

(Table S1). Respiratory and circulatory outcomes were defined as any

hospitalizations with ICD-9-CM codes 390-519 [21, 22]. Critical illness hospita-

lizations were defined as any hospitalizations with ICD-9-CM diagnosis or

procedure codes for acute respiratory failure (96.7 and any of 518.5, 518.81, or
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518.82) [23], severe sepsis (995.92, 785.52, or any codes for infection and organ

dysfunction) [24–26], or in-hospital death (HCUP variable died 51) [27]. We

categorized the outcomes by five adult age groups: 18–49 years, 50–64 years, 65–

74 years, 75–84 years, and 85 years and older, as well as by presence or absence of

ICD-9-CM diagnoses for pneumonia (480–486) excluding concurrent influenza

diagnosis codes (487).

Statistical analysis

We used negative binomial regression models similar to those developed by CDC

to estimate US influenza-associated hospitalizations [4, 21, 22]. We recently

adapted this model to estimate the incidence of influenza-associated acute

respiratory failure [20]. A detailed description of our statistical methods has been

published [20].

Briefly, age group-specific negative binomial regression models were fit to

monthly events in the three states of interest. Covariates for the standardized

proportion of specimens testing positive each month for influenza A (H1N1),

influenza A (H3N2), and influenza B in the two US Federal Regions were included

in the models. Additional covariates accounted for seasonal trend, secular trend,

and state. Using the fitted (baseline) model, we then calculated the number of the

influenza-associated outcomes for each influenza type/subtype as the difference

between the outcomes estimated from the original data and the outcomes with the

given influenza type term set to zero (the difference was set to zero when

negative). This method defines the difference between predicted and baseline

events as influenza-associated events. The baseline accounted for the seasonality of

non-influenza associated events, some of which may be associated with other

respiratory pathogens and some of which are likely due to non-infectious causes.

Only a small fraction of events occurring during the winter are thus attributed to

influenza infections. The modeled monthly outcomes were summed for each viral

covariate across the study period and states for each outcome and age category.

We calculated 95% confidence intervals for influenza-associated events using the

non-parametric bootstrap [28].

This study received exempt review status from the Human Subjects Division at

the University of Washington (#HSD No. 36982). No consent was obtained for

the use of patient-level data. The records analyzed were anonymized and de-

identified prior to analysis. Analyses were performed with SAS (version 9.3; Cary,

NC) and R (version 3.0.1; Austria, Vienna) statistical software.

Results

During the study period, there were 28,176,969 hospitalizations in the three states;

16,044,193 (57% of total) hospitalizations were for respiratory or circulatory

outcomes, while 2,066,072 (7% of total) were for critical illness outcomes

(Table 1). Almost all of the critical illness hospitalizations (94.1%) had ICD-9
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codes for respiratory and circulatory diagnoses, while few respiratory and

circulatory diagnoses had ICD-9 codes for critical illness (12.1%). Using

multivariate binomial regression models, we estimated that there were 80,834

(95% CI 29,214–174,033) influenza-associated respiratory or circulatory hospi-

talizations and 26,760 (95% CI 14,541–47,464) influenza-associated critical illness

hospitalizations (Table 1). We estimated annual incidence estimates of influenza-

associated respiratory and circulatory hospitalizations for 18–49 years (14.8 per

100,000 person years), 50–64 years (24.2 per 100,000 person years, 65–74 years

(40.3 per 100,000 person years), 75–84 years (144.9 per 100,000 person years), and

>85 years (531.3 per 100,000 person years) (Table S2).

We repeated these analyses excluding outcomes that listed a diagnostic code for

pneumonia. When a pneumonia diagnosis was excluded, the estimated number of

influenza-associated respiratory or circulatory hospitalizations was 24,816 (95%

CI 6,342–92,624). The estimated number of influenza-associated critical illness

hospitalizations excluding pneumonia diagnoses was 8,213 (95% CI 3,764–

20,799). These data suggest that 31% of both the total influenza-associated

respiratory and circulatory hospitalizations and the total influenza-associated

critical illness hospitalizations do not have pneumonia diagnoses and may not be

captured by hospital-based influenza pneumonia surveillance.

Within adult age groups, we estimate that requiring pneumonia diagnoses to

define influenza-associated events would exclude from 17.0% (65 to 74 years) to

39.9% (18 to 49 years) of total influenza-associated respiratory and circulatory

hospitalizations. For influenza-associated critical illness hospitalizations, requiring

a pneumonia diagnoses would exclude from 23.3% (75 to 84 years) to 38.7% (50

to 64 years) of total events.

Table 1. Estimated Influenza Associated Hospitalizations1 with and without Pneumonia by Clinical Outcome, AZ, CA, & WA, January 2003 through March
2009.

Age (years)

Total Influenza-Associated
respiratory & circulatory
Hospitalizations2 n, (95% CI)

Influenza-Associated
respiratory & circulatory
Hospitalizations2 without
Pneumonia3 n, (95% CI)

Total Influenza-Associated
critical illness
Hospitalizations2 n, (95% CI)

Influenza-Associated critical
illness Hospitalizations2

without Pneumonia3 n, (95%
CI)

18–49 20,837 (6,986–42,870) 8,320 (402–25,377) 3,161 (1,108–6,491) 1,143 (122–3,536)

50–64 11,842 (0–32,712) 3,990 (0–20,081) 4,986 (2,147–10,257) 1,927 (378–5,367)

65–74 7,012 (0–31,160) 1,193 (0–16,963) 5,022 (2,213–9,253) 1,644 (356–4,232)

75–84 17,197 (2,021–46,251) 2,507 (0–22,850) 6,553 (3,039–12,759) 1,524 (81–5,489)

85+ 23,945 (9,770–42,708) 8,806 (1,121–22,373) 7,038 (3,533–12,050) 1,975 (812–4,562)

Overall 80,834 (29,214–174,033) 24,816 (6,342–92,624) 26,760 (14,541–47,464) 8,213 (3,764–20,799)

1. Outcome definitions are detailed in the Table S1. Respiratory and Circulatory Hospitalizations were defined by ICD-9-CM codes for hospitalizations with
any respiratory or circulatory diagnoses. Critical illness Hospitalizations were defined by ICD-9-CM diagnosis and procedure codes for hospitalizations with
acute respiratory failure, severe sepsis, or in-hospital death.
2. Total influenza-associated events and total influenza-associated events without pneumonia were estimated from negative binomial regression models.
3. Pneumonia defined by ICD-9-CM codes for pneumonia diagnosis codes excluding concurrent influenza diagnosis codes.

doi:10.1371/journal.pone.0113903.t001
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Conclusions

Our study found that disease modelling approaches will estimate 50% fewer cases

of influenza-associated hospitalizations if pneumonia ICD-9-CM codes are

required as compared to more sensitive respiratory or circulatory ICD-9-CM

codes. This study has implications for influenza disease surveillance in hospitals

and for estimates of influenza disease burden. If adult influenza surveillance is

limited to patients with pneumonia, our data suggest that a substantial proportion

of influenza-associated hospitalizations may be missed. Such underestimates

might affect the perceived value or cost-effectiveness of influenza vaccination,

particularly in countries with only limited influenza surveillance data.

Non-pneumonia complications of influenza virus infection are more likely to

occur in older adults with chronic comorbid conditions [29]. The United States

has an older population with a higher prevalence of chronic underlying medical

conditions than typical low- or middle-income countries [30]. These demo-

graphic differences suggest that influenza-pneumonia case definitions may be

more sensitive for all-cause influenza disease in different socio-demographic

settings. A recent study from South Africa estimates that influenza associated

deaths in the elderly due to cerebrovascular disease, diabetes, or ischemic heart

disease were higher than in the United States [31], and younger adults with AIDS

in South Africa had elevated incidence of non-pneumonia influenza-attributable

mortality [32]. With increasing survival and rising prevalence of non-commu-

nicable diseases throughout the world [30], influenza-associated exacerbations of

underlying diseases will likely increase in importance.

Our study should be interpreted in the context of its limitations. The ideal

study design to address our primary objective would be prospective hospital

surveillance with sensitive specimen collection criteria for influenza testing and

standardized radiographic assessment for pneumonia. Few such studies have been

conducted, however, likely owing to the high costs of such research and the large

sample sizes needed for high precision estimates, particularly among the critically

ill. Owing to the nature of our modelling approach, caution should be taken with

direct extrapolation of our results to the individual level. Because SID databases

do not have results for microbiological investigations or particular therapies, we

are unable to calculate the number of hospitalized influenza cases, necessitating

our disease modeling approach. Similar methods have been used to estimate the

burden of influenza disease in many countries [22, 33–37], and they are

recommended by WHO to estimate influenza burden of disease when

administrative hospitalization datasets and robust influenza surveillance data are

available [5]. A recent study has validated our approach to estimating influenza-

associated hospitalizations against prospective surveillance for laboratory-

confirmed influenza in children [38], but there are no such validation studies in

adults. The event estimates assumed that influenza types/subtype effects are non-

negative and that virus activity is independent by type/subtype. If either of these

two assumptions were violated, we may have over-estimated the total number of

influenza-associated events. We used administrative codes to identify persons with
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acute respiratory failure, pneumonia, orsevere sepsis. While we used definitions of

these outcomes from previous clinical epidemiology research, only pneumonia

and severe sepsis have been validated against medical record review

[25, 26, 39, 40].

Influenza vaccines are safe and effective at preventing influenza disease [2].

Vaccination would likely have the highest impact in settings where influenza

morbidity is highest. Many countries will want local or regional burden of disease

data to inform estimates of vaccine program impact in order to decide among

competing public health priorities. Our study suggests that there may be a large

proportion of unmeasured severe influenza disease in the influenza literature

which must be considered in vaccine program impact calculations.

Supporting Information

Table S1. Critical Illness Outcome Definitions.
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Table S2. Estimated Incidence of Influenza-Associated Respiratory and

Circulatory Hospitalizations per 100,000 person-years from Arizona,

California, and Washington, January 2003 through March 2009.
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Acknowledgments

The authors would like to thank William Kreuter for his assistance with this

project. The authors would also like to acknowledge the organizations that

contributed to the State Inpatient Databases (SID) of the Healthcare Cost and

Utilization Project (HCUP) used in this study: Arizona Department of Health

Services, California Office of Statewide Health Planning and Development, and

Washington State Department of Health.

Disclaimer: The opinions expressed by authors contributing to this journal do not

necessarily reflect the opinions of the Centers for Disease Control and Prevention

or the institutions with which the authors are affiliated.

Author Contributions
Conceived and designed the experiments: JRO DKS. Performed the experiments:

JRO MBN DKS. Analyzed the data: JRO KMN CRC MBN CHG DKS.

Contributed reagents/materials/analysis tools: JRO KMN MBN DKS. Wrote the

paper: JRO KMN CRC MBN CHG DKS.

References

1. World Health Organization (2012) Vaccines against influenza WHO position paper – November 2012.
Wkly Epidemiol Rec. 2012 Nov 23;87(47): 461–76.

Pneumonia Surveillance Underestimates Influenza Burden

PLOS ONE | DOI:10.1371/journal.pone.0113903 November 25, 2014 7 / 9

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0113903.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0113903.s002


2. Fiore AE, Shay DK, Broder K, Iskander JK, Uyeki TM, et al. (2008) Prevention and control of
influenza: recommendations of the Advisory Committee on Immunization Practices (ACIP), 2008.
MMWR Recommendations and reports: MMWR Recomm Rep. 57: 1–60.

3. Joint Committee on Vaccination and Immunisation (2012) JCVI statement on the annual influenza
vaccination programme – extension of the programme to children. United Kingdom Department of
Health. Available: https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/
224775/JCVI-statement-on-the-annual-influenza-vaccination-programme-25-July-2012.pdf

4. Centers for Disease Control and Prevention (2010) Estimates of deaths associated with seasonal
influenza — United States, 1976-2007. MMWR Recomm Rep 59: 1057–1062.

5. World Health Organization (2008) A practical guide for designing and conducting influenza disease
burden studies. World Health Organization Western Pacific Region. Available: http://www.wpro.who.int/
emerging_diseases/documents/docs/GuideforDesigningandConductingInfluenzaStudies.pdf?ua51

6. World Health Organization (2012) WHO Global Epidemiological Surveillance Standards for Influenza.
World Health Organization. Available: http://www.who.int/influenza/resources/documents/WHO_
Epidemiological_Influenza_Surveillance_Standards_2014.pdf?ua51

7. Ahmed JA, Katz MA, Auko E, Njenga MK, Weinberg M, et al. (2012) Epidemiology of respiratory viral
infections in two long-term refugee camps in Kenya, 2007-2010. BMC Infect Dis. 2012 Jan 17;12: 7.

8. Azziz-Baumgartner E, Alamgir AS, Rahman M, Homaira N, Sohel BM, et al. (2012) Incidence of
influenza-like illness and severe acute respiratory infection during three influenza seasons in
Bangladesh, 2008-2010. Bull World Health Organ. 2012 Jan 1;90(1): 12–9.

9. Barakat A, Ihazmad H, Benkaroum S, Cherkaoui I, Benmamoun A, et al. (2011) Influenza
surveillance among outpatients and inpatients in Morocco, 1996–2009. PLoS One. 2011;6(9): e24579.

10. Barakat A, Ihazmad H, El Falaki F, Tempia S, Cherkaoui I, et al. (2012) 2009 Pandemic influenza A
virus subtype H1N1 in Morocco, 2009–2010: epidemiology, transmissibility, and factors associated with
fatal cases. J Infect Dis. 2012 Dec 15;206 Suppl 1: S94–100.

11. Cardoso Y, Oliveira E, Vasconcelos J, Cohen AL, Francisco M (2012) Characteristics of patients with
influenza-like illness, severe acture respiratory illness, and laboratory-confirmed influenza at a major
children’s hospital in Angola, 2009–2011. J Infect Dis. 2012 Dec 15;206 Suppl 1: S136–9.

12. Dalhatu IT, Medina-Marino A, Olsen SJ, Hwang I, Gubio AB, et al. (2012) Influenza viruses in Nigeria,
2009–2010: results from the first 17 months of a national influenza sentinel surveillance system. J Infect
Dis. 2012 Dec 15;206 Suppl 1: S121–8.

13. Fuller JA, Summers A, Katz MA, Lindblade KA, Njuguna H, et al. (2013) Estimation of the national
disease burden of influenza-associated severe acute respiratory illness in Kenya and Guatemala: a
novel methodology. PLoS One. 2013;8(2): e56882.

14. Lutwama JJ, Bakamutumaho B, Kayiwa JT, Chiiza R, Namagambo B, et al. (2012) Clinic- and
hospital-based sentinel influenza surveillance, Uganda 2007–2010. J Infect Dis. 2012 Dec 15;206
Suppl 1: S87–93.

15. Mmbaga VM, Mwasekaga MJ, Mmbuji P, Matonya M, Mwafulango A, et al. (2012) Results from the
first 30 months of national sentinel surveillance for influenza in Tanzania, 2008–2010. J Infect Dis. 2012
Dec 15;206 Suppl 1: S80–6.

16. Radin JM, Katz MA, Tempia S, Talla Nzussouo N, Davis R, et al. (2012) Influenza surveillance in 15
countries in Africa, 2006–2010. J Infect Dis. 2012 Dec 15;206 Suppl 1: S14–21.

17. Fiore AE, Fry A, Shay D, Gubareva L, Bresee JS, et al. (2011) Antiviral agents for the treatment and
chemoprophylaxis of influenza --- recommendations of the Advisory Committee on Immunization
Practices (ACIP) MMWR Recomm Rep. 2011 Jan 21; 60(1): 1–24.

18. Centers for Disease Control and Prevention. Past weekly surveillance reports. Centers for Disease
Control and Prevention. Available from: http://www.cdc.gov/flu/weekly/pastreports.htm

19. Healthcare Cost and Utilization Project (HCUP) HCUP state inpatient databases (SID). Rockville, MD:
Agency for Healthcare Research and Quality; 2003–22009.

20. Ortiz JR, Neuzil KM, Rue TC, Zhou H, Shay DK, et al. (2013) Population-based incidence estimates of
influenza-associated respiratory failure hospitalizations, 2003 to 2009. Am J Respir Crit Care Med. 2013
Sep 15;188(6): 710–5.

Pneumonia Surveillance Underestimates Influenza Burden

PLOS ONE | DOI:10.1371/journal.pone.0113903 November 25, 2014 8 / 9

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/224775/JCVI-statement-on-the-annual-influenza-vaccination-programme-25-July-2012.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/224775/JCVI-statement-on-the-annual-influenza-vaccination-programme-25-July-2012.pdf
http://www.wpro.who.int/emerging_diseases/documents/docs/GuideforDesigningandConductingInfluenzaStudies.pdf?ua=1
http://www.wpro.who.int/emerging_diseases/documents/docs/GuideforDesigningandConductingInfluenzaStudies.pdf?ua=1
http://www.who.int/influenza/resources/documents/WHO_Epidemiological_Influenza_Surveillance_Standards_2014.pdf?ua=1
http://www.who.int/influenza/resources/documents/WHO_Epidemiological_Influenza_Surveillance_Standards_2014.pdf?ua=1
http://www.cdc.gov/flu/weekly/pastreports.htm


21. Zhou H, Thompson WW, Viboud CG, Ringholz CM, Cheng PY, et al. (2012) Hospitalizations
associated with influenza and respiratory syncytial virus in the United States, 1993–2008. Clin Infect Dis.
2012 May;54(10): 1427–36.

22. Thompson WW, Shay DK, Weintraub E, Brammer L, Bridges CB, et al. (2004) Influenza-associated
hospitalizations in the United States. JAMA. 2004 Sep 15;292(11): 1333–40.

23. Seymour CW, Kahn JM, Cooke CR, Watkins TR, Heckbert SR, et al. (2010) Prediction of critical
illness during out-of-hospital emergency care. JAMA. 304: 747–754.

24. Gaieski DF, Edwards JM, Kallan MJ, Carr BG (2013) Benchmarking the incidence and mortality of
severe sepsis in the United States. Crit Care Med. 2013May; 41(5):1167-74, 41: 1167–1174.

25. Iwashyna TJ, Odden A, Rohde J, Bonham C, Kuhn L, et al. (2012) Identifying patients with severe
sepsis using administrative claims: patient-level validation of the angus implementation of the
international consensus conference definition of severe sepsis. Med Care. 2014 Jun;52(6): e39–43.

26. Seymour CW, Rea TD, Kahn JM, Walkey AJ, Yealy DM, et al. (2012) Severe sepsis in pre-hospital
emergency care: analysis of incidence, care, and outcome. Am J Respir Crit Care Med. 2012 Dec
15;186(12): 1264–71.

27. Healthcare Cost and Utilization Project (HCUP) Died - died during hospitalization. Healthcare Cost and
Utilization Project. Available: http://www.hcup-us.ahrq.gov/db/vars/siddistnote.jsp?var5died

28. Davison AC, Hinkley DV (1997) Bootstrap methods and their application. Cambridge University Press.
Cambridge University Press.

29. Neuzil KM, Maynard C, Griffin MR, Heagerty P (2003) Winter respiratory viruses and health care use:
a population-based study in the northwest United States. Clin Infect Dis. 2003 Jul 15;37(2): 201–7.

30. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, et al. (2012) Global and regional mortality from
235 causes of death for 20 age groups in 1990 and 2010: A systematic analysis for the Global Burden of
Disease Study 2010. Lancet 380: 2095–2128.

31. Cohen C, Simonsen L, Kang JW, Miller M, McAnerney J, et al. (2010) Elevated influenza-related
excess mortality in South African elderly individuals, 1998-2005. Clin Infect Dis. 2010 Dec 15;51(12):
1362–9.

32. Cohen C, Simonsen L, Sample J, Kang JW, Miller M, et al. (2012) Influenza-related mortality among
adults aged 25–54 years with AIDS in South Africa and the United States of America. Clin Infect Dis.
2012 Oct;55(7): 996–1003.

33. Feng L, Shay DK, Jiang Y, Zhou H, Chen X, et al. (2012) Influenza-associated mortality in temperate
and subtropical Chinese cities, 2003-2008. Bull World Health Organ. 2012 Apr 1;90(4): 279–288B.

34. Hardelid P, Pebody R, Andrews N (2013) Mortality caused by influenza and respiratory syncytial virus
by age group in England and Wales 1999–2010. Influenza Other Respir Viruses. 2013 Jan;7(1): 35–45.

35. Jacks A, Ollgren J, Ziegler T, Lyytikainen O (2012) Influenza-associated hospitalisations in Finland
from 1996 to 2010: unexpected age-specific burden during the influenza A(H1N1)pdm09 pandemic from
2009 to 2010. Euro Surveill. 2012 Sep 20; 17(38).

36. Schanzer DL, Langley JM, Tam TW (2008) Role of influenza and other respiratory viruses in
admissions of adults to Canadian hospitals. Influenza Other Respir Viruses. 2008 Jan;2(1): 1–8.

37. Yang L, Wang XL, Chan KP, Cao PH, Lau HY, et al. (2012) Yang L, Wang XL, Chan KP, Cao PH, Lau
HY, Peiris JS, Wong CM, . Hospitalisation associated with the 2009 H1N1 pandemic and seasonal
influenza in Hong Kong, 2005 to 2010. Euro Surveill. 2012 Nov 8; 17(45).

38. Yang L, Chiu SS, Chan KP, Chan KH, Wong WH, et al. (2011) Yang L, Chiu SS, Chan KP, Chan KH,
Wong WH, Peiris JS, Wong CM, . Validation of statistical models for estimating hospitalization
associated with influenza and other respiratory viruses. PLoS One. 2011 Mar 11;6(3): e17882.

39. Aronsky D, Haug PJ, Lagor C, Dean NC (2005) Accuracy of administrative data for identifying patients
with pneumonia. Am J Med Qual. 2005 Nov-Dec;20(6): 319–28.

40. Yu O, Nelson JC, Bounds L, Jackson LA (2011) Classification algorithms to improve the accuracy of
identifying patients hospitalized with community-acquired pneumonia using administrative
data.Epidemiol Infect. 2011 Sep; 139(9): 1296–306.

Pneumonia Surveillance Underestimates Influenza Burden

PLOS ONE | DOI:10.1371/journal.pone.0113903 November 25, 2014 9 / 9

http://www.hcup-us.ahrq.gov/db/vars/siddistnote.jsp?var=died

	TABLE_1
	Reference 1
	Reference 2
	Reference 3
	Reference 4
	Reference 5
	Reference 6
	Reference 7
	Reference 8
	Reference 9
	Reference 10
	Reference 11
	Reference 12
	Reference 13
	Reference 14
	Reference 15
	Reference 16
	Reference 17
	Reference 18
	Reference 19
	Reference 20
	Reference 21
	Reference 22
	Reference 23
	Reference 24
	Reference 25
	Reference 26
	Reference 27
	Reference 28
	Reference 29
	Reference 30
	Reference 31
	Reference 32
	Reference 33
	Reference 34
	Reference 35
	Reference 36
	Reference 37
	Reference 38
	Reference 39
	Reference 40

