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Additional information on modelling inputs and methods

Definition of lower respiratory infection. We used clinician-diagnosed pneumonia or
bronchiolitis as our case definition for lower respiratory infections (LRI). We included ICD9
codes 073.0-073.6, 079.82, 466-469, 480-489, 513.0, and 770.0 and ICD10 codes A48.1, J09-]22,
J85.1, P23-P23.9, and U04. LRI etiologies are modeled separately from overall LRI incidence and
prevalence. The etiologies include influenza, respiratory syncytial virus (RSV), Streptococcus
pneumonia (pneumococcal pneumonia), and Haemophilus influenzae type b (Hib) and are
episodes of LRI where the aetiology is the causal pathogen in the infection.

LRI mortality model. Lower respiratory infection mortality was estimated in the Cause of Death
Ensemble model (CODEm) platform.2 CODEm is a Bayesian statistical model and uses spatial priors
from a hierarchical structure to inform the mortality models. CODEm is based on five general principles:
identifying all available data, maximising the comparability and quality of the dataset, developing a
diverse set of plausible models, assessing the predictive validity of each plausible individual model and of
ensemble models, and choosing the model or ensemble model with the best performance in out-of-sample
predictive analysis. CODEm produces a large suite of models based on either cause fraction or mortality
rate, uses linear and space-time Gaussian process regression (ST-GPR), and a covariate selection process.
Each sub-model is evaluated using out-of-sample predictive validity. Thirty percent of the data are
excluded from the initial model fits and 15% are used to evaluate component models and 15% used to
build the ensembles. The sub-models are ranked using 15% of the data based on their out-of-sample
predictive validity. The proportion weighting of the ensemble sub-models is evaluated using the
remaining 15% of the hold-out data. This weighting scheme evaluates ensemble models that are built with
ranked sub-models contributing proportionally more or fewer draws to the final ensemble. The final
ensemble model is evaluated against other ensemble models using the same fit statistics (in-sample, out-
of-sample root mean squared error and data coverage). Detailed information on this process can be found
in Foreman et al 20122 and in the GBD 2016 Mortality and Causes of Death manuscript.*

Covariates are selected independently for each sub-model and the selection is based on an algorithm that
captures biologically plausible relationships between the covariates and LRI mortality and provides a
diversity of possible models (Appendix Table 1). Each model includes all combinations of covariates if
the direction of effect is along the assumed direction and the coefficient is significant at the p < 0-05
level. Also, if adding a higher level covariate changes the significance of a level one to non-significant or
an implausible direction, it will be dropped from the set. The reason for this algorithm is to give priority
and emphasis on covariates that are more causally and proximately related to LRI such as air pollution
and malnutrition rather than more contextual and macro covariates such as education and income per
capita.



Appendix Table 1. Covariates used in LRI mortality modelling. Table 1A is for children under 5 and
Table 1B shows the covariates used for ages 5-95+. The Level is the associated strength of relationship

between the covariate and LRI mortality, ranked from 1 (proximally related) to 3 (distally related). The
direction is the forced direction of the association between the covariate and LRI mortality.

Table 1A. Covariates used in under 5 years model

Level Covariate Direction
Childhood stunting SEV +
Childhood underweight SEV
Childhood wasted SEV
Indoor air pollution

Short gestation SEV

1 Low weight gestation

LRI summary exposure variable

o S o S ) [

Second-hand smoking prevalence
Antibiotics for LRI -
Hib vaccine coverage -

Pneumococcal conjugate vaccine coverage -

Discontinued breastfeeding SEV

+
Vitamin A deficiency +
2 Zinc deficiency +

DTP3 vaccine coverage -

Healthcare access and quality index -
Outdoor air pollution (PM25) +
Population density > 1000/km? +
Sanitation SEV +
3 Handwashing -

LDI per capita

Maternal education -

Socio-demographic Index -
Table 1B. Covariates used in 5-95+ years model

Level Covariate Direction

Indoor air pollution +

LRI summary exposure variable

1 Outdoor air pollution

Secondhand smoking prevalence

+ |+ |+ [+

Smoking prevalence

DTP3 vaccine coverage

Healthcare access and quality index
2 Mean BMI -

Pneumococcal conjugate vaccine coverage -

Handwashing +

Education years per capita -

LDI per capita -

3 Socio-demographic Index -

Alcohol consumption +

Sanitation summary exposure variable +




LRI mortality is estimated for 23 age groups, 774 locations, both sexes, and every year from 1980-2016.
We estimated LRI mortality separately for males and females and for children under 5 years and older
than 5 years due to expected underlying differences in the risk of mortality between these age groups.
Data-rich and data-poor geographic locations were modelled separately and these models were then
hybridised for a global model. This was to maintain proper uncertainty in the models where trusted data
on causes of death exist. LRI mortality estimates are then squeezed into an overall mortality envelope by
age/sex/location/year in a process called CoDCorrect. This step is to ensure internal consistency among
causes of death and that the sum of cause-specific mortality is the same as the estimated all-cause
mortality.

Non-fatal LRI model. The non-fatal LRI burden, including incidence and prevalence, is modelled in
DisMod-MR 2-1 (DisMod). DisMod is a Bayesian, hierarchical, age-integrating meta-regression tool that
relates incidence, prevalence, recovery, and mortality. Input data are from a systematic literature review
of cross-sectional and cohort studies, hospital inpatient and outpatient data (ICD9 Codes included 073-0-
073-6, 079-82, 466-469, 480-489, 513-0, and 770-0. ICD10 codes included A48-1, J09-J22, J85-1, P23-
P23-9, and U04), MarketScan healthcare utilization data (USA only), and population-representative
surveys. To make the data more consistent for covariates and adjustments in the modelling process, we
converted all incidence data to prevalence data using an average duration of illness of 7.8 days.

Input data are adjusted to our standard case definition. Data are adjusted by study-level binary covariates
which describe if the source is a hospital or inpatient sample and if the data come from a self-reported
survey. Self-reported prevalence of LRI symptoms from population-representative surveys such as the
Demographic and Health Survey (DHS) and the Multiple Indicator Cluster Survey (MICS) is used. Our
case definition from symptom-based prevalence estimates is children in the last two weeks with fever and
cough with difficulty breathing and symptoms located in the chest and/or chest and nose. This is
consistent with the WHO Integrated Management of Childhood IlIness guidelines definition of
pneumonia and with the DHS and MICS definition of acute respiratory infection (ARI).5 We extracted the
prevalence of children under 5 years old that had fever and cough with difficulty breathing and included
an indicator for this less-specific definition.

Additional information on the modeling strategy and input data for LRI modeling in GBD 2017
can be found in the GBD 2017 Causes of Death manuscript and the Morbidity and Disability
manuscript.e-8

Influenza attribution. We updated our systematic review of scientific literature for the
proportion of LRI that tested positive for influenza to include all data from GBD 2016 and from
studies published between January 1, 1990 and May 26, 2017. Studies published in English were
extracted. The inclusion and exclusion criteria as well as the search strings were unchanged
between GBD 2016 and GBD 2017 and was:

(“lower respiratory”[title/abstract] OR pneumoniaf(title/abstract]) AND (2016/05/01[PDat] :
2017/12/31[PDat]) AND (incidence OR prevalence OR epidemiology OR etiolog*[title/abstract] OR
influenzalftitle/abstract] OR “respiratory syncytial virus’[title/abstract]) AND Humans[MeSH Terms]
NOT(autoimmunel(title/abstract] OR COPD [title/abstract] OR “cystic fibrosis”[title/abstract] OR

Review[ptyp])

A map of these input data sources can be found in Appendix Figure 2. Inclusion criteria were
studies that had a sample size of at least 100, studies that were at least one year in duration, and
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studies describing lower respiratory infections, pneumonia, or bronchiolitis as the case
definition. During our updated literature review we identified 595 studies, of which 75 met our
inclusion criteria and were extracted. Before our updated literature review completed for GBD
2017, there were 153 data sources used for influenza burden modeling in GBD 2016, the
previous round of estimation. We excluded studies that described pandemic HIN1 influenza
solely and studies that used influenza-like illness as the case definition. We assigned an age
range based on the prevalence-weighted mean age of LRI in the appropriate year/sex/location
if the ages of the study participants were not reported.

We modeled the proportion data using the meta-regression tool DisMod-MR to estimate the
proportion of LRI cases that are positive for influenza by location/year/age/sex. We accounted
for study-level covariates in our models such as PCR as the diagnostic technique, studies that
investigated influenza exclusively, and studies from inpatient populations. The adjustments for
PCR as the diagnostic technique and for inpatient sample populations were made before
modeling occurred (Appendix Figure 3). The values of these adjustments can be found in

Appendix Table 2. The list of sources used in influenza proportion modeling can be found in
Appendix Table 3.

There is evidence of a causal association between influenza and LRIs among children under 5 when it is
detected by RT-PCR from respiratory samples.® Based on these data® we estimated a population
attributable fraction (PAF) of LRI episodes, hospitalisations, and deaths that were caused by influenza.
This approach is a counterfactual analysis to determine the contribution of influenza to LRI. In this
analysis, the counterfactual that is being estimated is the burden of LRI that would exist in the absence of
influenza, in other words, the burden of LRI causally attributable to influenza. The attribution was based
on the exposure and the risk of the outcome.

We estimated three related PAFs for non-mutually exclusive influenza LRI categories: a non-fatal PAF, a
hospitalisation PAF, and a fatal PAF. The non-fatal attribution is the simplest and was defined as
(Appendix Figure 6A)

PAF = Frequency (proportion) * (1 — O_IR)
Where Frequency is the modeled proportion of LRI episodes that test positive for influenza by PCR and
varies by age, sex, year, and geography and OR is the odds ratio of an LRI episode given the presence of
influenza in a respiratory tract sample (5.10, 95% Confidence Interval 3.19 to 8.14). ® To account for the
previously described frequency of influenza detection in hospitalised compared to non-hospitalised LRI
episodes, we applied a constant scalar to determine the PAF for LRI hospitalisations which was
determined by comparing the mean frequency of influenza detection in hospitalised compared to non-
hospitalised sample populations in the proportion data from our literature review (Hospital scalar,
Appendix Table 2, Appendix Figure 6B).

PAF Hospitalisations = Frequency (proportion) * (1 — OLR) * Hospital scalar

Finally, to account for the relative difference in the risk of mortality between bacterial and viral causes of
LRIs, we modelled the ratio in case fatality of viral-to-bacterial ICD-coded hospital admissions
(Appendix page 22). Hospital data from high and low-income countries were used in this analysis and



we estimated an age-specific curve for this relationship (Appendix Table 4). This scalar was applied to
determine the attribution of influenza for fatal LRI outcomes (Fatality scalar, Appendix Figure 6C).

PAF Fatal = Frequency (proportion) * (1 - %) * Hospital Scalar » Fatality Scalar

The final number of LRI episodes, hospitalisations, and deaths attributable to influenza was the product of
the relevant PAF and the overall number of episodes, hospitalisations, and deaths for each country, year,
age, and sex.

Appendix Table 2. Adjustment factors for data that report the percentage of LRI episodes
that tested positive for influenza.

These results suggest that PCR detects influenza about 25% more frequently than non-PCR
diagnostic methods and that influenza is detected about 22% more frequently in non-
hospitalised LRI episodes compared to hospitalized LRI episodes. The boxplots in Appendix
Figure 1 show the values for the frequency of influenza in LRI episodes by diagnostic used and
by hospital inpatient sample population.

Covariate Adjustment

Non-PCR 0.75
diagnostic (0.62-0.89)
Inpatient 0.78
population (0.69-0.89)

Appendix Figure 1. Boxplots of the frequency of influenza detected in LRI episodes by
diagnostic type used and by the sample population in the study.
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Appendix Table 3. Source list for influenza proportion modeling in GBD 2017 (201 sources).

Source Location

Adegbola RA, Falade AG, Sam BE, Aidoo M, Baldeh I, Hazlett D, Whittle H, Greenwood BM,

Mulholland EK. The etiology of pneumonia in malnourished and well-nourished Gambian children. The
Pediatr Infect Dis J. 1994; 13(11): 975-82. Gambia
Ali A, Khowaja AR, Bashir MZ, Aziz F, Mustafa S, Zaidi A. Role of human metapneumovirus,

influenza A virus and respiratory syncytial virus in causing WHO-defined severe pneumonia in

children in a developing country. PLoS One. 2013; 8(9): e74756. Pakistan
Almirall ], Boixeda R, Bolibar I, Bassa J, Sauca G, Vidal ], Serra-Prat M, Balanz6 X, GEMPAC Study

Group. Differences in the etiology of community-acquired pneumonia according to site of care: a
population-based study. Respir Med. 2007, 101(10): 2168-75. Spain
Arancibia F, Cortes CP, Valdés M, Cerda ], Herndndez A, Soto L, Torres A. Importance of Legionella
pneumophila in the etiology of severe community-acquired pneumonia in Santiago, Chile. Chest. 2014;

145(2): 290-6. Chile
Aydemir Y, Aydemir O, Pekcan S, Ozdemir M. Value of multiplex PCR to determine the bacterial and
viral aetiology of pneumonia in school-age children. Paediatr Int Child Health. 2017; 37(1): 29-34. Turkey

Azziz-Baumgartner E, Cabrera AM, Cheng P-Y, Garcia E, Kusznierz G, Calli R, Baez C, Buyayisqui

MP, Poyard E, Pérez E, Basurto-Davila R, Palekar R, Oliva O, Alencar AP, de Souza R, Santos T dos,

Shay DK, Widdowson M-A, Breese J, Echenique H. Incidence of influenza-associated mortality and Argenti
hospitalizations in Argentina during 2002-2009. Influenza Other Respir Viruses. 2013; 7(5): 710-7. na
Baggett HC, Chittaganpitch M, Thamthitiwat S, Prapasiri P, Naorat S, Sawatwong P, Ditsungnoen D,

Olsen SJ, Simmerman JM, Srisaengchai P, Chantra S, Peruski LF, Sawanpanyalert P, Maloney SA,

Akarasewi P. Incidence and epidemiology of hospitalized influenza cases in rural Thailand during the  Thailan
influenza A (HIN1)pdm09 pandemic, 2009-2010. PLoS One. 2012; 7(11): e48609. d
Barrett C, Ben-Shimol S, Greenberg D. Differences Between Radiologically Confirmed Pneumonia

With and Without Pleural Fluid in Hospitalized Children Younger Than 5 Years in Southern Israel.

Clin Pediatr (Phila). 2016; 55(10): 897-903. Israel
Basnet S, Sharma A, Mathisen M, Shrestha PS, Ghimire RK, Shrestha DM, Valentiner-Branth P,

Sommerfelt H, Strand TA. Predictors of duration and treatment failure of severe pneumonia in

hospitalized young Nepalese children. PLoS One. 2015; 10(3): e0122052. Nepal
Berg AS, Inchley CS, Aase A, Fjaerli HO, Bull R, Aaberge I, Leegaard TM, Nakstad B. Etiology of

Pneumonia in a Pediatric Population with High Pneumococcal Vaccine Coverage: A Prospective

Study. Pediatr Infect Dis J. 2016; 35(3): €69-75. Norway
Berkley JA, Munywoki P, Ngama M, Kazungu S, Abwao J, Bett A, Lassauniére R, Kresfelder T, Cane

PA, Venter M, Scott JAG, Nokes DJ. Viral etiology of severe pneumonia among Kenyan infants and

children. JAMA. 2010; 303(20): 2051-7. Kenya
Bhat N, Tokarz R, Jain K, Haq S, Weatherholtz R, Chandran A, Karron R, Reid R, Santosham M,

O'Brien KL, Lipkin WI. A prospective study of agents associated with acute respiratory infection United
among young American Indian children. Pediatr Infect Dis J. 2013; 32(8): e324-33. States
Bicer S, Giray T, Col D, Erdag GC, Vitrinel A, Gurol Y, Celik G, Kaspar C, Kucuk O. Virological and

clinical characterizations of respiratory infections in hospitalized children. Ital ] Pediatr. 2013; 22. Turkey

Breiman RF, Cosmas L, Njenga M, Williamson J, Mott JA, Katz MA, Erdman DD, Schneider E, Oberste

M, Neatherlin JC, Njuguna H, Ondari DM, Odero K, Okoth GO, Olack B, Wamola N, Montgomery JM,

Fields BS, Feikin DR. Severe acute respiratory infection in children in a densely populated urban slum

in Kenya, 2007-2011. BMC Infect Dis. 2015; 15: 95. Kenya
Briones ML, Blanquer J, Ferrando D, Blasco ML, Gimeno C, Marin J. Assessment of analysis of urinary
pneumococcal antigen by immunochromatography for etiologic diagnosis of community-acquired

pneumonia in adults. Clin Vaccine Immunol. 2006; 13(10): 1092-7. Spain
Budge PJ, Griffin MR, Edwards KM, Williams JV, Verastegui H, Hartinger SM, Mdusezahl D, Johnson

M, Klemenc JM, Zhu Y, Gil Al, Lanata CF, Grigalva CG. Impact of home environment interventions on

the risk of influenza-associated ARI in Andean children: observations from a prospective household-

based cohort study. PLoS One. 2014; 9(3): €91247. Peru
Calvo C, Garcia-Garcia ML, Sanchez-Dehesa R, Roman C, Tabares A, Pozo F, Casas I. Eight Year

Prospective Study of Adenoviruses Infections in Hospitalized Children. Comparison with Other

Respiratory Viruses. PLoS One. 2015; 10(7): e0132162. Spain




Cao B, Song S-F, Bai L, Yin YD, Zhang Y-Y, Liu Y-M, Guo P, Wang C, Ren L-L, Wang J-W, Zhao F,
Zhang J-Z, Gonzalez R. Viral and Mycoplasma pneumoniae community-acquired pneumonia and
novel clinical outcome evaluation in ambulatory adult patients in China. Eur ] Clin Microbiol Infect

Dis. 2010; 29(11): 1443-8. China
Cevey-Macherel M, Galetto-Lacour A, Gervaix A, Siegrist C-A, Bille J, Bescher-Ninet B, Kaiser L,

Krahenbubhl J-D, Gehri M. Etiology of community-acquired pneumonia in hospitalized children based  Switzerl
on WHO clinical guidelines. Eur J Pediatr. 2009; 168(12): 1429-36. and
Charles PGP, Grayson ML, Pierce RJP, Mayall BC, Fuller AJ, Stirling R, Hooy M, Korman TM, Holmes

PW, Wright AA, Catton MG, Whitby M, Johnson B, Armstrong JG, Nimmo GR, Christiansen K]J,

Waterer GW, Grayson L, Johnson P, Munckhof W, Looke D, Garske L, Playford G, Spelman D,

Kotsimbos T, Holmes P, Korman T, Bardin P, Heath C, Birch C, Druce J, Ryan N, Irving L, Hart D. The

etiology of community-acquired pneumonia in Australia: Why penicillin plus doxycycline or a Australi
macrolide is the most appropriate therapy. Clin Infect Dis. 2008; 46(10): 1513-21. a
Chen CJ, Lin PY, Tsai MH, Huang CG, Tsao KC, Wong KS, Chang LY, Chiu CH, Lin TY, Huang YC.

Etiology of community-acquired pneumonia in hospitalized children in northern Taiwan. Pediatr

Infect Dis J. 2012; 31(11): e196-201. Taiwan
Chen K, Jia R, Li L, Yang C, Shi Y. The aetiology of community associated pneumonia in children in

Nanjing, China and aetiological patterns associated with age and season. BMC Public Health. 2015;

113. China
Chiu SC, Lin JH, Wang HC, Wu HS, Chang HW, Lin YC, Liu HF. Molecular epidemiologic and clinical
characteristics of influenza B-associated complications among hospitalized patients during an

outbreak in Taiwan. Int J Infect Dis. 2014; 94-100. Taiwan
Choi S-H, Hong S-B, Ko G-B, Lee Y, Park HJ, Park S-Y, Moon SM, Cho O-H, Park K-H, Chong YP, Kim

S-H, Huh JW, Sung H, Do K-H, Lee S-O, Kim M-N, Jeong J-Y, Lim C-M, Kim YS, Woo JH, Koh Y. Viral

infection in patients with severe pneumonia requiring intensive care unit admission. Am J Respir Crit ~ South
Care Med. 2012; 186(4): 325-32. Korea
Choi SH, Huh JW, Hong SB, Lee JY, Kim SH, Sung H, Do KH, Lee SO, Kim MN, Jeong JY, Lim CM,

Kim YS, Woo JH, Koh Y. Clinical characteristics and outcomes of severe rhinovirus-associated

pneumonia identified by bronchoscopic bronchoalveolar lavage in adults: comparison with severe South
influenza virus-associated pneumonia. ] Clin Virol. 2015; 62: 41-7. Korea
Chorazy ML, Lebeck MG, McCarthy TA, Richter SS, Torner JC, Gray GC. Polymicrobial acute United
respiratory infections in a hospital-based pediatric population. Pediatr Infect Dis J. 2013; 32(5): 460-6. States
Cicek C, Arslan A, Karakus HS, Yalaz M, Saz EU, Pullukcu H, Cok G. [Prevalence and seasonal

distribution of respiratory viruses in patients with acute respiratory tract infections, 2002-2014].

Mikrobiyol Bul. 2015; 49(2): 188-200. Turkey
Cilla G, Onate E, Perez-Yarza EG, Montes M, Vicente D, Perez-Trallero E. Viruses in community-

acquired pneumonia in children aged less than 3 years old: High rate of viral coinfection. ] Med Virol.

2008; 80(10): 1843-9. Spain
Cilléniz C, Ewig S, Menéndez R, Ferrer M, Polverino E, Reyes S, Gabarrts A, Marcos MA, Cordoba J,

Mensa J, Torres A. Bacterial co-infection with HIN1 infection in patients admitted with community

acquired pneumonia. J Infect. 2012; 65(3): 223-30. Spain
Cohen AL, Hellferscee O, Pretorius M, Treurnicht F, Walaza S, Madhi S, Groome M, Dawood H,

Variava E, Kahn K, Wolter N, von Gottberg A, Tempia S, Venter M, Cohen C. Epidemiology of South
influenza virus types and subtypes in South Africa, 2009-2012. Emerg Infect Dis. 2014; 20(7): 1162-9. Africa
Cohen C, Moyes J, Tempia S, Groom M, Walaza S, Pretorius M, Dawood H, Chhagan M, Haffejee S,

Variava E, Kahn K, Tshangela A, von Gottberg A, Wolter N, Cohen AL, Kgokong B, Venter M, Madhi

SA. Severe influenza-associated respiratory infection in high HIV prevalence setting, South Africa, South
2009-2011. Emerg Infect Dis. 2013; 19(11): 1766-74. Africa
Cohen C, Walaza S, Moyes ], Groome M, Tempia S, Pretorius M, Hellferscee O, Dawood H, Chhagan

M, Naby F, Haffejee S, Variava E, Kahn K, Nzenze S, Tshangela A, von Gottberg A, Wolter N, Cohen

AL, Kgokong B, Venter M, Madhi SA. Epidemiology of viral-associated acute lower respiratory tract

infection among children <5 years of age in a high HIV prevalence setting, South Africa, 2009-2012. South
Pediatr Infect Dis J. 2015; 34(1): 66-72. Africa
Costa LF, Queiroz DA, Lopes da Silveira H, Bernardino Neto M, de Paula NT, Oliveira TF, Tolardo AL,
Yokosawa J. Human rhinovirus and disease severity in children. Pediatrics. 2014; 133(2): e312-21. Brazil
da Silva ER, Pitrez MC, Arruda E, Mattiello R, Sarria EE, de Paula FE, Proenca-Modena JL, Delcaro LS,

Cintra O, Jones MH, Ribeiro JD, Stein RT. Severe lower respiratory tract infection in infants and Brazil

7




toddlers from a non-affluent population: viral etiology and co-detection as risk factors. BMC Infect Dis.
2013; 41.

Dananché C, Sanchez Picot V, Bénet T, et al. Burden of Influenza in Less Than 5-Year-Old Children
Admitted to Hospital with Pneumonia in Developing and Emerging Countries: A Descriptive,
Multicenter Study. Am | Trop Med Hyg 2018; 98: 1805-10.

Cambod
ia

Dananché C, Sanchez Picot V, Bénet T, et al. Burden of Influenza in Less Than 5-Year-Old Children
Admitted to Hospital with Pneumonia in Developing and Emerging Countries: A Descriptive,
Multicenter Study. Am | Trop Med Hyg 2018; 98: 1805-10.

China

Dananché C, Sanchez Picot V, Bénet T, ef al. Burden of Influenza in Less Than 5-Year-Old Children
Admitted to Hospital with Pneumonia in Developing and Emerging Countries: A Descriptive,
Multicenter Study. Am | Trop Med Hyg 2018; 98: 1805-10.

Haiti

Dananché C, Sanchez Picot V, Bénet T, et al. Burden of Influenza in Less Than 5-Year-Old Children
Admitted to Hospital with Pneumonia in Developing and Emerging Countries: A Descriptive,
Multicenter Study. Am | Trop Med Hyg 2018; 98: 1805-10.

India

Dananché C, Sanchez Picot V, Bénet T, et al. Burden of Influenza in Less Than 5-Year-Old Children
Admitted to Hospital with Pneumonia in Developing and Emerging Countries: A Descriptive,
Multicenter Study. Am ] Trop Med Hyg 2018; 98: 1805-10.

Madaga
scar

Dananché C, Sanchez Picot V, Bénet T, ef al. Burden of Influenza in Less Than 5-Year-Old Children
Admitted to Hospital with Pneumonia in Developing and Emerging Countries: A Descriptive,
Multicenter Study. Am ] Trop Med Hyg 2018; 98: 1805-10.

Mali

Dananché C, Sanchez Picot V, Bénet T, et al. Burden of Influenza in Less Than 5-Year-Old Children
Admitted to Hospital with Pneumonia in Developing and Emerging Countries: A Descriptive,
Multicenter Study. Am ] Trop Med Hyg 2018; 98: 1805-10.

Mongoli
a

Dananché C, Sanchez Picot V, Bénet T, et al. Burden of Influenza in Less Than 5-Year-Old Children
Admitted to Hospital with Pneumonia in Developing and Emerging Countries: A Descriptive,
Multicenter Study. Am ] Trop Med Hyg 2018; 98: 1805-10.

Paragua
Yy

Das D, Le Floch H, Houhou N, Epelboin L, Hausfater P, Khalil A, Ray P, Duval X, Claessens Y-E,
Leport C, ESCAPED Study Group. Viruses detected by systematic multiplex polymerase chain reaction
in adults with suspected community-acquired pneumonia attending emergency departments in
France. Clin Microbiol Infect. 2015; 21(6): 608e1-8.

France

De Schutter I, De Wachter E, Malfroot A, Soetens O, Pierard D, Crokaert F, Verhaegen J. Microbiology
of bronchoalveolar lavage fluid in children with acute nonresponding or recurrent community-
acquired pneumonia: Identification of nontypeable haemophilus influenzae as a major pathogen. Clin
Infect Dis. 2011; 52(12): 1437-44.

Belgium

del Valle Mendoza J, Cornejo-Tapia A, Weilg P, Verne E, Nazario-Fuertes R, Ugarte C, del Valle L],
Pumarola T. Incidence of respiratory viruses in Peruvian children with acute respiratory infections. ]
Med Virol. 2015; 87(6): 917-24.

Peru

Diaz A, Barria P, Niederman M, Restrepo MI, Dreyse J, Fuentes G, Couble B, Saldias F. Etiology of
community-acquired pneumonia in hospitalized patients in Chile: the increasing prevalence of
respiratory viruses among classic pathogens. Chest. 2007; 131(3): 779-87.

Chile

Esposito S, Daleno C, Prunotto G, Scala A, Tagliabue C, Borzani I, Fossali E, Pelucchi C, Principi N.
Impact of viral infections in children with community-acquired pneumonia: results of a study of 17
respiratory viruses. Influenza Other Respir Viruses. 2013; 7(1): 18-26.

Italy

Ewig S, Klapdor B, Pletz MW, Rohde G, Schiitte H, Schaberg T, Bauer TT, Welte T, CAPNETZ study
group. Nursing-home-acquired pneumonia in Germany: an 8-year prospective multicentre study.
Thorax. 2012; 67(2): 132-8.

German

Feikin DR, Njenga MK, Bigogo G, Aura B, Aol G, Audi A, Jagero G, Muluare PO, Gikunju S, Nderitu
L, Balish A, Winchell ], Schneider E, Erdman D, Oberste MS, Katz MA, Breiman RF. Etiology and
Incidence of viral and bacterial acute respiratory illness among older children and adults in rural
western Kenya, 2007-2010. PLoS One. 2012; 7(8): e43656.

Kenya

Feikin DR, Njenga MK, Bigogo G, Aura B, Aol G, Audi A, Jagero G, Muluare PO, Gikunju S, Nderitu
L, Winchell JM, Schneider E, Erdman DD, Oberste MS, Katz MA, Breiman RF. Viral and bacterial
causes of severe acute respiratory illness among children aged less than 5 years in a high malaria
prevalence area of western Kenya, 2007-2010. Pediatr Infect Dis J. 2013; 32(1): e14-9.
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We used a counterfactual modeling strategy to estimate population attributable fractions
(PAFs). The PAF represents the relative reduction in LRI mortality if there were no exposure to
influenza. As LRIs can be caused by multiple pathogens and the pathogens may co-infect,
aetiologies in GBD are not mutually exclusive and the sum of all aetiologies does not necessarily
equal 100%. We did not attribute etiologies to neonatal pneumonia deaths due to a dearth of
reliable data in this age group. We calculated uncertainty of our PAF estimates from 1,000
draws of each parameter using normal distributions in log space.

As the case-fatality of viral causes of pneumonia is lower than for bacterial causes, we adjusted
for differential case-fatality by determining the etiological fractions for mortality attributable to
influenza (Appendix Figure 4). We measured the etiologic fractions by applying a relative case-
fatality adjustment based on in-hospital case-fatality, which we coded to specific pneumonia
etiologies. Hospital admissions data of this type were limited to data from the following 12
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countries: Austria, Brazil, Chile, China, Ecuador, Italy, Kenya, Mexico, New Zealand,
Philippines, Portugal, and the United States. ICD 10 codes J10 (J10.0-J10.08), J11 (J11.0-J11.08)
and J12 were categorized as viral pneumonia diagnoses and ICD 10 codes J13, J14, and J15 were
categorized as bacterial pneumonia. We generated the pooled estimate of the case-fatality
differential between bacterial and viral etiologies using DisMod-MR to determine an age
pattern for this ratio (Appendix Figure 4).

More detail on the LRI modeling approach can be found elsewhere, including the GBD 2017
Causes of Death manuscript, GBD 2017 morbidity and mortality manuscript, and the GBD 2016
LRI capstone manuscript. LRI hospitalizations were modeled as a proportion of inpatient
admissions to LRI incidence by age/sex/year/geography. Hospital admissions data came from
47 sources which are listed in Appendix Table 4.
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Appendix Figure 2. The number of data sources used in the influenza proportion model.
Gray shading indicates that a country does not have any data sources used in modeling.
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Appendix Figure 3. The mean, adjusted percentage of LRI episodes that test positive for
influenza before modeling. A) Geographic distribution, B) Age distribution, C) Time
distribution. Gray in the map indicates that a country does not have any data used in modeling.
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Appendix Table 4. Source list for LRI inpatient admissions data. These data sources are used
in the LRI hospitalization model, the model that produces the total number of LRI
hospitalisations. The product of the LRI hospitalisations estimates and the influenza
hospitalisation PAF estimates is the hospitalised influenza LRI estimates.

Country Name of database (series or system, or citation)

Austria Austria Hospital Inpatient Discharges

Belgium European Hospital Morbidity DataBase

Brazil Brazil Hospital Information System (SIH)

Chile Chile Hospital Discharge Information System

China China Hospital Inpatient Discharges

Croatia European Hospital Morbidity DataBase

Cyprus European Hospital Morbidity DataBase

Czech Republic European Hospital Morbidity DataBase

Denmark European Hospital Morbidity DataBase

Ecuador Ecuador Hospital Inpatient Discharges

Finland European Hospital Morbidity DataBase

Georgia Georgia Hospital Data

Germany Germany Hospital Statistics Reporting System

Iceland European Hospital Morbidity DataBase

India India - Mysore JSS Hospital

India India - Shillong Nazareth Hospital Inpatient Discharges
Indonesia Indonesia Integrated Hospital Data

Iran Iran Hospital Data

Italy Italy - Hospital Inpatient Discharges

Japan Japan Diagnosis Procedure Combination Database 2015
Jordan Jordan Al-Bashir Hospital Discharges 2016

Kenya Kenya National Inpatient Morbidity and Mortality Statistics
Kyrgyzstan Kyrgyzstan - Bishkek Clinical-Related Groups Hospital Claims
Latvia European Hospital Morbidity DataBase

Lithuania European Hospital Morbidity DataBase

Luxembourg European Hospital Morbidity DataBase

Malta European Hospital Morbidity DataBase

Mexico Mexico Automated Hospital Discharge System (SAEH)
Nepal Nepal Hospital Inpatient Discharges

New Zealand New Zealand National Minimum Dataset

Norway Norway Patient Register

Philippines Philippine Health Insurance Corporation Claims
Poland European Hospital Morbidity DataBase

Portugal Portugal Hospital Inpatient Discharges
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Qatar Qatar - Annual Inpatients Discharge Abstract: Hamad General Hospital
Romania European Hospital Morbidity DataBase

Serbia European Hospital Morbidity DataBase

Slovakia European Hospital Morbidity DataBase

Slovenia European Hospital Morbidity DataBase

Sweden Sweden National Patient Register

Switzerland European Hospital Morbidity DataBase

Taiwan Taiwan National Health Insurance Claims

Turkey Turkey Diagnosis-Related Group Hospital Inpatient Database
United Kingdom  United Kingdom - England Hospital Episode Statistics
United States United States State Inpatient Databases

United States United States National Hospital Discharge Survey

Vietnam Vietnam Hospital Data
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Supplementary results
Appendix Figure 5. Influenza LRI case fatality ratio (%), all ages in 2017.
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Appendix Figure 6. The influenza attributable fraction for LRI among all ages in 2017 for A)
Episodes, B) Hospitalisations, and C) Deaths.
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Appendix Figure 7. Proportion of influenza LRI episodes that were hospitalised in 2017.
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Appendix Figure 8. The influenza LRI case fatality ratio and proportion of influenza LRI
episodes that were hospitalised in 2017.
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Comparison with GBD 2016

The attribution of influenza to fatal LRI episodes is much greater in GBD 2017 compared to
GBD 2016.8 The primary reason is due to a reanalysis of the ratio of mortality in viral compared
to bacterial causes of LRI. We performed an age-integrating meta-regression of these values
using hospital admissions records that were specific to the viral or bacterial cause of LRI among
individuals for whom survival or mortality were known. We then created a ratio of the case
fatality for viral causes of LRI and for bacterial causes of LRI and took the ratio of those
estimates. For GBD 2017, we added substantially more data to this model including data from
Austria, Brazil, Chile, China, Ecuador, Italy, Kenya, Mexico, New Zealand, Philippines,
Portugal, and the United States. GBD 2016 data were limited to the USA, Brazil, Austria, and
Mexico. The results of this re-analysis are shown in Appendix Table 5 and in scatter plots of the
number of deaths and the attributable fraction comparing GBD 2016 and 2017 (Appendix
Figure 9).
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Appendix Table 5. Ratio of mortality in viral to bacterial causes of LRI comparing GBD 2016
and GBD 2017.

These values represent a scalar, so larger values indicate a more similar probability of death in

40

45

viral and bacterial LRI and also indicate that the attributable fraction of LRI deaths due to

influenza will be greater.

Age Group Ratio GBD 2016 Ratio GBD 2017
Early Neonatal 0.34 (0.19-0.58) 0.59 (0.36-0.84)
Late Neonatal 0.34 (0.19-0.58) 0.58 (0.37-0.84)
Post Neonatal 0.34 (0.19-0.58) 0.58 (0.41-0.77)
lto4 0.28 (0.16-0.44) 0.69 (0.64-0.74)
5t09 0.31 (0.15-0.56) 0.85 (0.77-0.93)
10 to 14 0.33 (0.19-0.53) 0.84 (0.79-0.89)
15 to 19 0.37 (0.2-0.64) 0.83 (0.78-0.87)
20 to 24 0.46 (0.12-1.16) 0.82 (0.77-0.87)
25 to 29 0.44 (0.17-0.93) 0.82 (0.78-0.86)
30 to 34 0.46 (0.22-0.83) 0.82 (0.79-0.85)
35 to 39 0.5 (0.22-1) 0.82 (0.8-0.85)
40 to 44 0.61 (0.13-1.75) 0.82 (0.8-0.85)
45 to 49 0.5 (0.21-0.99) 0.82 (0.8-0.85)
50 to 54 0.44 (0.23-0.74) 0.82 (0.79-0.85)
55 to 59 0.42 (0.21-0.75) 0.82 (0.79-0.86)
60 to 64 0.42 (0.15-0.95) 0.82 (0.79-0.86)
65 to 69 0.39 (0.19-0.7) 0.82 (0.8-0.85)
70 to 74 0.38 (0.21-0.61) 0.82 (0.79-0.85)
75to0 79 0.37 (0.2-0.62) 0.82 (0.78-0.85)
80 to 84 0.37 (0.17-0.71) 0.83 (0.8-0.87)
85 to 89 0.37 (0.17-0.71) 0.86 (0.83-0.89)
90 to 94 0.37 (0.17-0.71) 0.89 (0.85-0.93)
95 to 99 0.37 (0.17-0.71) 0.92 (0.86-0.97)
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Appendix Figure 9. A comparison of the number of deaths (A) and the attributable fraction
50 (B) of influenza LRI between GBD 2016 and GBD 2017.
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