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Summary

Background—Estimates of influenza-associated mortality are important for national and 

international decision making on public health priorities. Previous estimates of 250 000–500 000 

annual influenza deaths are outdated. We updated the estimated number of global annual 

influenza-associated respiratory deaths using country-specific influenza-associated excess 

respiratory mortality estimates from 1999–2015.

Methods—We estimated country-specific influenza-associated respiratory excess mortality rates 

(EMR) for 33 countries using time series log-linear regression models with vital death records and 

influenza surveillance data. To extrapolate estimates to countries without data, we divided 

countries into three analytic divisions for three age groups (<65 years, 65–74 years, and ≥75 years) 

using WHO Global Health Estimate (GHE) respiratory infection mortality rates. We calculated 

mortality rate ratios (MRR) to account for differences in risk of influenza death across countries 

by comparing GHE respiratory infection mortality rates from countries without EMR estimates 

with those with estimates. To calculate death estimates for individual countries within each age-

specific analytic division, we multiplied randomly selected mean annual EMRs by the country’s 

MRR and population. Global 95% credible interval (CrI) estimates were obtained from the 

posterior distribution of the sum of country-specific estimates to represent the range of possible 

influenza-associated deaths in a season or year. We calculated influenza-associated deaths for 

children younger than 5 years for 92 countries with high rates of mortality due to respiratory 

infection using the same methods.

Findings—EMR-contributing countries represented 57% of the global population. The estimated 

mean annual influenza-associated respiratory EMR ranged from 0·1 to 6·4 per 100 000 individuals 

for people younger than 65 years, 2·9 to 44·0 per 100 000 individuals for people aged between 65 

and 74 years, and 17·9 to 223·5 per 100 000 for people older than 75 years. We estimated that 291 

243–645 832 seasonal influenza-associated respiratory deaths (4·0–8·8 per 100 000 individuals) 

occur annually. The highest mortality rates were estimated in sub-Saharan Africa (2·8–16·5 per 
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100 000 individuals), southeast Asia (3·5–9·2 per 100 000 individuals), and among people aged 75 

years or older (51·3–99·4 per 100 000 individuals). For 92 countries, we estimated that among 

children younger than 5 years, 9243–105 690 influenza-associated respiratory deaths occur 

annually.

Interpretation—These global influenza-associated respiratory mortality estimates are higher 

than previously reported, suggesting that previous estimates might have underestimated disease 

burden. The contribution of non-respiratory causes of death to global influenza-associated 

mortality should be investigated.

Introduction

Annual influenza epidemics result in substantial mortality, especially among adults aged 65 

years and older. Previous estimates attributed to WHO1 indicated that 250 000–500 000 

influenza-associated deaths occur annually, corresponding to estimates of 3·8–7·7 deaths per 

100 000 individuals calculated using 2005 UN Department of Economic and Social Affairs 

World Population Prospects.2 The methods used to calculate this WHO estimate have not 

been published and might not have accounted for annual variability in the incidence of 

influenza virus infection, the age and health status of populations, or risk of influenza death 

across countries. A 2013 study,3 which used data from 2005 to 2009, suggested that 148 

000–249 000 annual influenza respiratory deaths might occur each year.3 Current, reliable 

global and country-specific influenza-associated mortality estimates are needed to inform 

decisions about the value of influenza prevention and control and to inform global public 

health priorities.

Estimating the burden of annual influenza epidemics is challenging for many countries 

because of the requirement for high-quality systematic vital records and local viral 

surveillance data. As a result, most influenza-associated mortality estimates have been 

obtained from high-income countries with a temperate climate.4–26 Many developing or 

recently industrialised countries have leveraged improvements in influenza surveillance 

data27 to develop country-specific influenza-associated mortality estimates, which are 

generally higher (4·3–31·6 per 100 000 individuals) than WHO-attributed estimates,28–31 

implying that the current global influenza death estimates might underestimate the global 

mortality burden of influenza. The wide variation in influenza-associated excess mortality 

estimates between countries and between seasons and years highlights the effect of specific 

circulating influenza viruses on mortality and the need to include more country-specific 

estimates in global mortality estimation to better quantify global disease burden. 

Furthermore, global and country-specific estimates should be updated periodically to 

account for changes in population demographics, improvements in health care, and viral 

evolution.

Improved methods to estimate baseline and influenza-associated mortality have been 

developed.32–37 However, influenza virus infections are rarely confirmed systematically by 

laboratory diagnosis, and thus influenza deaths might be attributed to other comorbid 

conditions or secondary infections. Ecological models are commonly used to estimate 

influenza-associated mortality. Vital records death data, which have varying levels of quality, 

Iuliano et al. Page 3

Lancet. Author manuscript; available in PMC 2019 March 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



completeness, and population coverage, are systematically coded for cause of death using 

the International Classification of Diseases (ICD),38,39 and categories of death commonly 

associated with influenza, including respiratory or circulatory causes,40 are modelled with 

virological data to identify periods of influenza virus circulation and to estimate influenza-

associated excess deaths. The inclusion of virological data is important for the quantification 

of influenza-associated deaths because the circulating strains of the virus subtypes vary from 

year to year, which can affect annual mortality.40,41 The application of these methods is 

challenging in many low-income and middle-income countries because they often have year-

round or multiple peaks in influenza virus circulation, vital records data that are not of 

sufficient quality, or they have too few years of reliable surveillance data for robust estimates 

despite recent efforts to improve and expand surveillance.27,35,42,43

We aimed to estimate the number of country-specific influenza-associated respiratory deaths 

and to update global and regional influenza-associated respiratory death estimates among 

individuals younger than 65 years, 65–74 years, and 75 years and older, using excess death 

estimates from contributing countries extrapolated to countries without such data.

Methods

Study design and data sources

We developed a statistical modelling approach to generate country-specific estimates of 

influenza-associated death for countries with no available estimates accounting for 

uncertainty in estimated risk of influenza death and variability between countries (figure 1). 

This analysis complied with the WHO Guidelines for Accurate and Transparent Health 

Estimates Reporting (GATHER),44,45 and a GATHER checklist for this study is included in 

the appendix.

In this study, the terms country or countries referred to WHO member states, Hong Kong, 

Taiwan, or regions within a country. We contacted potential collaborators in 62 countries 

who were identified from literature published in the past 20 years or through the solicitation 

of data from surveillance or research contacts. Of the 62 countries, 47 contributed data: 33 

countries provided model estimates of age-specific influenza-associated respiratory excess 

mortality rates (EMRs), 13 countries contributed age-specific annual respiratory deaths, and 

one country contributed annual estimates of influenza-associated respiratory death using a 

multiplicative model (table 1). Of the 15 remaining countries contacted, eight did not 

respond to collaboration requests, five were unable to share data by September, 2017, and 

two had vital records data of insufficient quality.

The 33 countries with annual influenza-associated excess mortality estimates are referred to 

as EMR-contributing countries. For these countries, we requested at least 4 years of weekly 

or monthly vital records mortality data collected between 1999 and 2015 for three age 

groups (<65 years, 65–74 years, and ≥75 years) for all respiratory causes of death (ICD 

ninth revision48 codes 460–519; ICD tenth revision49 codes, J00–J99). We also requested 

viral surveillance data, including the total number of specimens tested for influenza and the 

number of positive specimens for each influenza type and subtype, for the same time period. 

For EMR-contributing countries with these data that were not able to share with external 

Iuliano et al. Page 4

Lancet. Author manuscript; available in PMC 2019 March 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



partners, we requested influenza-associated excess respiratory mortality estimates for the 

three age groups for at least four separate seasons or years (appendix).

13 countries provided the annual number of all ICD-coded respiratory deaths for the three 

age groups, which were used to validate the extrapolated estimates. One country provided 

estimates of influenza-associated acute respiratory infection deaths obtained using a 

multiplicative model with verbal autopsy and viral surveillance data, which were used as a 

comparison for our extrapolated estimates. The type and quality of data obtained from these 

14 validation countries is described in the appendix.

WHO Global Health Estimates

We used 2015 WHO Global Health Estimates (GHE) respiratory infection mortality rates,
47,50 including both lower respiratory infection (ICD tenth revision49 codes J09–J22, P23, 

and U04) and upper respiratory infection (ICD codes49 J00–J06) mortality estimates to 

assign countries to age-specific analytic divisions. We also used the 2015 GHE mortality 

rates to calculate respiratory infection mortality rate ratios (MRRs) to account for 

differences in risk of influenza-associated or respiratory death between EMR-contributing 

countries and countries without excess mortality estimates. GHE respiratory infection 

mortality rate estimates were obtained for three age groups (<65 years, 65–74 years, and ≥75 

years). Hong Kong and Taiwan were not included in 2015 GHE mortality estimates and thus 

respiratory infection mortality rates were obtained from their 2015 ICD-coded vital records. 

Estimation methods for GHE differed by country depending on quality and availability of 

cause-specific death information (appendix).50

Population estimates

2015 population estimates were obtained from the UN Department of Economic and Social 

Affairs World Population Prospects2 for 184 countries and the US Census Bureau46 mid-

year population estimates for one country.

Calculation of mortality estimates

We used a step-wise approach to extrapolate influenza-associated excess mortality rates 

from countries with estimates to countries without estimates (figure 1). First, we used the 

2015 GHE respiratory infection mortality rates47 to group countries into analytic divisions, 

based on the assumption that variability in these rates reflected variability in circulation of 

influenza viral strains or case fatality ratio between countries. To establish analytic divisions 

for each age group, we categorised countries into quartiles according to GHE respiratory 

infection mortality rate (figure 1A). Because respiratory infection mortality rates varied 

widely by age, countries were sometimes categorised into different quartiles according to 

age group. Few EMR-contributing countries were grouped into the fourth quartile, therefore 

the third and fourth quartiles were combined resulting in three analytic divisions for each 

age group (nine analytic divisions in total; appendix). For each age-specific analytic 

division, the number of EMR-contributing countries ranged between six and 18 (table 2). We 

estimated global influenza-associated respiratory deaths for 185 countries. For this global 

analysis, the world was defined as WHO member states, Hong Kong, and Taiwan. 11 

member states (Andorra, Cook Islands, Dominica, Saint Kitts and Nevis, Monaco, Marshall 
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Islands, Niue, Nauru, Palau, San Marino, and Tuvalu) were excluded, which comprised 

0·006% of the global population. Influenza-associated death estimates were not calculated 

for these 11 member states because 2015 GHE estimates for respiratory infection mortality 

rates for these countries were not available.

We estimated country-specific influenza-associated respiratory EMRs per 100 000 

population for the 33 EMR-contributing countries using time series log-linear regression 

models. Different models were selected for each country on the basis of data availability and 

quality of information (appendix). 26 countries included data on influenza-like illness 

consultations or the percentage of people who tested positive for each influenza virus type or 

subtype, and five countries accounted for respiratory syncytial virus circulation by including 

the percentage of people who tested positive for respiratory syncytial virus. Seven countries 

did not have sufficient viral surveillance data for modelling. For these countries, linear 

regression with a Serfling33 approach was used in addition to either pneumonia and 

influenza mortality data, influenza-like illness activity, or viral surveillance information to 

define the influenza virus circulation season for each of the countries.29 To account for 

temporal correlation in the residuals, we used bootstrapping to calculate individual year or 

season standard errors around these estimates.32

To account for variability between countries and annual variability in excess mortality 

estimates within each analytic division, we used a Bayesian hierarchical model incorporating 

individual season or year estimates and standard errors to calculate age-specific and country-

specific mean annual EMRs per 100 000 population to represent the collection of annual 

estimates available from each EMR-contributing country (figure 1B).

Posterior inference was done using the Markov chain Monte Carlo method (appendix). We 

applied a constraint to ensure that the estimated mean annual EMRs were not less than 0 

(table 2). We excluded estimates from the 2009 influenza A(H1N1)pdm09 period, 

specifically estimates for the 2009–10 season for temperate countries in the northern 

hemisphere and 2009 annual estimates for countries with a tropical climate and temperate 

countries in the southern hemisphere, because the effect of the influenza A(H1N1)pdm09 

virus on mortality was different from that of typical seasonal epidemics.3,51

To account for differences in the risk of influenza death between countries, we calculated 

MRRs using two formulas (figure 1C) on the basis of the quality of GHE source information 

and cause-of-death estimates (appendix).50 The MRRs for countries with higher quality 

GHE cause-of-death estimates50 were calculated by dividing that country’s GHE respiratory 

infection mortality rate by the GHE respiratory infection mortality rate for a randomly 

selected reference EMR-country for each extrapolation simulation. The MRRs for countries 

with lower quality GHE cause-of-death estimates50 were calculated by replacing the 

individual country’s GHE respiratory infection mortality rate with a randomly selected GHE 

respiratory infection mortality rate from the distribution of GHE respiratory infection 

mortality rates from all countries within that age-specific analytic division and dividing by 

the GHE respiratory infection mortality rate for the randomly selected reference EMR-

country. We used this approach to account for unknown error in GHE respiratory infection 

mortality rates for countries with poor quality or no vital records data. To verify our MRR 
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approach, we plotted GHE respiratory infection mortality rates by mean annual EMR rates 

from the 33 countries stratified by age group.

We estimated the number of influenza-associated respiratory deaths within each age-specific 

analytic division for each country by extrapolating randomly selected mean annual 

influenza-associated EMRs from the 33 EMR-contributing countries (figure 1D). For each 

posterior sample within an analytic division, we multiplied a randomly selected mean annual 

EMR from a contributing country, or reference EMR, by the age-specific and country-

specific MRR and population to generate a distribution of possible influenza-associated 

respiratory death estimates for each country. This process was repeated for each posterior 

sample (n=5000) by randomly selecting a different reference EMR and associated MRR to 

account for variability caused by the choice of reference countries. To obtain individual 

country estimates, we used interval estimates corresponding to the 95% credible interval 

(95% CrI) of the Bayesian posterior distributions to represent the range of possible 

influenza-associated respiratory deaths in a specific year or season (appendix).

Individual country posterior distributions were summed within each age-specific analytic 

division to calculate regional and global estimates (figure 1E). We used the 95% CrI of the 

posterior distribution to represent the range of possible global annual influenza-associated 

deaths in a specific season or year because of expected annual variability in circulating virus 

strains. We also summed estimates by WHO region and World Bank classification.52 After 

evaluating and validating our extrapolation approach, we replaced extrapolated estimates for 

each EMR-contributing country with the mean annual influenza-associated respiratory EMR 

and death estimate from the Bayesian hierarchical model, with the exception of Brazil and 

Kenya because their provided estimates were not nationally representative. The proportion 

of the median influenza-associated respiratory death estimates that were derived from either 

EMR-contributing country estimates or from our extrapolation model was calculated to 

compare the proportion of the total estimate that was derived from countries with EMR data 

with the proportion that were extrapolated.

For countries with high respiratory infection mortality in children, we also obtained 

estimates of influenza-associated excess mortality for children younger than 5 years for a 

subanalysis. Of the 185 countries that we had estimated global influenza-associated 

respiratory deaths for, two (1%; Hong Kong and Taiwan) did not have GHE respiratory 

infection mortality estimates for children younger than 5 years and therefore could not be 

categorised into an analytic division. Once grouped into analytic divisions, only countries in 

analytic division 3 (n=92) were selected for subanalysis. We used the same analytic and 

extrapolation approach as previously described to estimate respiratory influenza-associated 

deaths for the 92 countries with the highest child respiratory infection mortality, which were 

primarily located in sub-Saharan Africa, southeast Asia, and the Eastern Mediterranean 

region. The number of deaths in children younger than 5 years for these 92 countries 

represents 95% of all respiratory infection deaths globally in this age group (appendix).47,50 

Influenza-associated respiratory EMRs from 1999 to 2015 for Kenya, India, Romania, and 

South Africa were used as reference EMRs. These EMR-contributing countries had 

sufficient vital records death data for children younger than 5 years for modelling. EMR 

estimates were not available for this age group in countries with lower overall respiratory 
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infection mortality rates or countries in analytic divisions 1 or 2 because too few deaths were 

recorded each week in these countries to estimate excess mortality using time series log-

linear models.

Evaluation of extrapolation approach

To evaluate each country’s effect on the global estimate, we did the extrapolation by 

removing one EMR-contributing country from the model at a time. We also compared each 

EMR-contributing country’s mean annual influenza-associated respiratory death 95% CrIs 

to the extrapolated respiratory death estimate calculated when that specific country was 

removed from the analysis and with the extrapolated annual death interval estimate for that 

country using all EMRs within the analytic division. To assess differences between our 

extrapolation and the country-specific EMR, we considered non-noticeable differences to be 

if the 95% CrIs overlapped or if the difference in medians was 10% or more when all 

countries were included in the extrapolation.

For another validation comparison, we calculated the proportion of all respiratory deaths that 

were influenza-associated for 32 of the 33 EMR-contributing countries that provided the 

total age-specific number of respiratory deaths by year or season. Within each age-specific 

analytic division, we calculated the range of the proportion of influenza-associated deaths of 

all respiratory deaths across all annual estimates for each EMR-contributing country. We 

applied the range within each analytic division to the annual age-specific ICD-coded 

respiratory deaths provided by 13 validation countries. We evaluated our extrapolation 

estimates by comparing the range of influenza-associated respiratory deaths estimated using 

the proportion of influenza-associated respiratory deaths out of all respiratory deaths with 

the 95% CrI estimates from the posterior distribution for the 13 validation countries. We 

considered our extrapolation model to have reasonably estimated influenza-associated deaths 

for these countries if the intervals overlapped. For the other validation country—Bangladesh

—which provided annual estimates of influenza-associated mortality calculated using a 

multiplier approach, we compared our extrapolated estimate with the mean annual estimate 

for that country. We considered non-noticeable differences to be if the 95% CrIs overlapped. 

We considered that an overlap in these ranges implied that our extrapolation model 

reasonably estimated influenza-associated deaths for these countries compared with 

alternative methods of estimating influenza-associated deaths using a proportion.

Role of the funding source

There was no funding source for this study. The corresponding author had full access to all 

the data and had final responsibility for the decision to submit for publication.

Results

The 33 EMR-contributing countries accounted for 57% of the global population (4 153 487 

759 of 7 335 457 097 individuals; appendix). Of these 33 countries, two (6%) were in sub-

Saharan Africa, 13 (39%) were in Europe, eight (24%) were in the Americas (three [9%] in 

North America and five [15%] in central or South America), two (6%) in southeast Asia, and 

eight (24%) in the western Pacific. EMR-contributing countries provided between four and 
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16 annual influenza-associated respiratory EMR estimates calculated between 1999 and 

2015 for the three age groups (>65 years, 65–74 years, and ≥75 years).

The estimated mean annual influenza-associated respiratory EMR ranged from 0·1 to 6·4 per 

100 000 individuals for people younger than 65 years, 2·9 to 44·0 per 100 000 individuals 

for people aged between 65 and 74 years, and 17·9 to 223·5 per 100 000 for people older 

than 75 years (table 2; appendix).

We found a positive correlation (r2=0·29 in the ≥75 years age group to r2=0·74 in the <65 

years age group; appendix) between GHE respiratory infection mortality rates and the mean 

annual influenza-associated excess mortality rates for the EMR-contributing countries 

(appendix). MRRs were calculated using 2015 GHE respiratory infection mortality 

estimates. For example, the country-specific and age-specific MRR for analytic division 2 

among people aged 65–74 years was calculated as follows: for countries with higher quality 

GHE cause-of-death estimates, the numerator was their country-specific respiratory 

infection mortality rate estimate (44·2–93·5 per 100 000 individuals) and the denominator 

was the GHE respiratory infection rate for the randomly selected reference EMR-

contributing country within that analytic division (45·9–87·6 per 100 000 individuals; table 

3). For countries with lower quality GHE cause-of-death estimates, the MRR numerator 

represented the distribution of estimates for all countries within the analytic divisions. The 

range of country-specific and age-specific MRRs are shown in the appendix.

Using data from 1999–2015, we estimated that between 291 243 and 645 832 influenza-

associated respiratory deaths (4·0–8·8 per 100 000 individuals) occur annually (table 4). The 

median estimated number of global influenza-associated respiratory deaths (409 111) 

represent 13% of all GHE respiratory infection deaths (3 200 874 [appendix]). Country-

specific influenza-associated respiratory death estimates are shown in the appendix. The 

annual number of influenza-associated respiratory deaths was highest among people 

younger than 65 years (175 303 deaths, 95% CrI 67 255–342 576)—accounting for 42% of 

all global influenza-associated respiratory deaths—and people older than 75 years (172 420, 

122 876–237 933)—accounting for 41% of all global influenza-associated respiratory deaths 

(appendix). The highest rates of influenza-associated respiratory deaths were among people 

older than 75 years (51·3–99·4 per 100 000 individuals; table 4, figure 2). Across all age 

groups, the widest range of deaths was in sub-Saharan Africa (27 813–163 074; 17%) and 

the highest proportion of deaths occurred in southeast Asia (68 258–178 049; 25% of total 

deaths) and the western Pacific (67 728–141 436; 25%; table 4; appendix). The widest range 

of influenza-associated respiratory death rates occurred in countries in sub-Saharan Africa, 

the Eastern Mediterranean, and southeast Asia (appendix). Lower-middle-income and low-

income countries had a wider range of influenza-associated deaths (112881–420841 annual 

deaths) compared with high-income and upper middle-income countries (table 4). The 

highest number of annual influenza-associated respiratory deaths and mortality rates were in 

countries with the highest respiratory infection mortality (ie, analytic division 3) for all age 

groups (appendix). For our global estimates of median influenza-associated respiratory 

deaths, 73% (128 749) of estimates were derived from the extrapolation model for people 

younger than 65 years, 39% (27 456) for individuals aged 65–74 years, and 32% (53 911) 

for people aged 75 years and older (appendix).
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We estimated 9243–105 690 annual influenza-associated respiratory deaths occur among 

children younger than 5 years for 92 countries (appendix). The overall rate of influenza-

associated respiratory deaths among children younger than 5 years ranged from 2·1 to 23·8 

per 100 000 population (appendix). Of the 47 countries in sub-Saharan Africa, we 

categorised 45 (96%) into analytic division 3 and estimated that between 721 and 46 336 

(0·5–29·0 per 100 000) influenza-associated deaths occur annually among children younger 

than 5 years in this region (appendix). For southeast Asia, we extrapolated deaths for eight 

(73%) of 11 countries and estimated that 5565–42 536 (3·2–24·5 per 100 000) influenza-

associated deaths occur annually among children younger than 5 years in the region. For 

children younger than 5 years, 71% (31 622) of median influenza-associated respiratory 

death estimates were derived from the extrapolation model (appendix).

When we compared global seasonal influenza-associated death estimates using all EMR-

contributing countries with estimates when one EMR-contributing country was removed, we 

observed few differences by age group, analytic division, or WHO region (appendix). In the 

youngest age group (<65 years), when Argentina was removed, the upper 95% CrI of the 

death estimates decreased from 552 727 to 410 635 deaths and when Romania was removed 

the width of the interval estimates increased by 22 468 deaths (appendix). Additionally, 

when Thailand was removed from the extrapolation, the median influenza-associated 

respiratory deaths in the youngest age group (<65 years) increased by 24 528 deaths. In the 

65–74 year age group, removing any EMR-contributing country had little effect on the 

overall estimates. In the oldest age group (≥75 years), when Australia was removed, the 

width of the interval estimates increased by 120 801 deaths; however, when Argentina was 

removed the width of the interval estimate decreased by 67 832 deaths (appendix). When we 

compared our extrapolated estimates across analytic divisions and WHO region, we found 

that removing Argentina from estimates for the youngest age group (<65 years) decreased 

the death interval by 140 164 deaths, but had a smaller effect on analytic divisions and 

regional comparisons for the older age groups compared with the youngest age group 

(appendix). We did not observe any other noticeable differences in the analytic division 

death intervals for the older age groups (65–74 and ≥75 years) when other EMR-

contributing countries were removed. We observed no noticeable differences in WHO 

regional interval estimates in the older age groups (65–74 and ≥75 years) when we removed 

an EMR-contributing country (appendix). We also compared interval estimates for each 

EMR-contributing country using only their mean annual influenza-associated respiratory 

death estimates with those estimated from the full extrapolation model and an extrapolation 

model in which the EMR-contributing country was removed (appendix). All EMR-

contributing countries had intervals that overlapped considerably with those derived from 

extrapolations, including the comparison between the mortality estimate derived using the 

multiplier approach (for Bangladesh) and the extrapolated estimates. All interval influenza-

associated respiratory death estimates from our extrapolation model were more likely to 

have wider interval widths than those countries where the interval of influenza-associated 

respiratory death estimates were replaced with their own mean annual estimates of 

influenza-associated excess mortality. Additionally, we applied the proportion of influenza-

associated respiratory deaths out of the total number of respiratory deaths (appendix) to the 

annual number of respiratory deaths from the 13 validation countries and found that the 
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extrapolated 95% CrIs and the range of proportions overlapped for all validation countries 

(appendix).

Discussion

We estimated that more influenza-associated respiratory deaths occur annually worldwide 

than reported in the WHO-attributed estimate, which included both respiratory and 

circulatory deaths. Among the six WHO regions, the highest burden of annual influenza-

associated deaths was in sub-Saharan Africa, the western Pacific, and southeast Asia. The 

widest range of influenza-associated mortality rates was observed among people aged 75 

years and older or in countries in the Eastern Mediterranean, sub-Saharan Africa, and 

southeast Asia. These results suggest considerable temporal variability in influenza-

associated deaths that are likely to be due to differences in circulation of virus strains and 

their severity from year to year. Furthermore, our results underscore the effect influenza viral 

infections have on population health and provide burden estimates to inform local decision 

making and global policies for influenza prevention and control measures.

Our estimates of influenza-associated respiratory mortality (291 243–645 832 deaths 

annually; 4·0–8·8 per 100 000 individuals) are higher than previously published estimates,3 

which estimated 148 000–249 000 annual influenza-associated respiratory deaths, and the 

WHO-attributed estimate1 of 250 000–500 000 respiratory and circulatory deaths (3·8–7·7 

per 100 000 individuals). One explanation for the difference is that our extrapolation uses an 

adjustment factor that accounts for differences in influenza death risk between countries and 

possible differences in underlying health status and access to care, whereas Simonsen and 

colleagues3 imputed estimates for countries without influenza EMRs using selected non-

influenza health indicators to predict influenza mortality. Previous estimates might not have 

accounted for global variability in influenza mortality risk. Furthermore, our estimates 

included rates from a higher quantity of resource-limited countries with higher observed 

influenza-associated EMRs. However, it was not possible to fully evaluate the discrepancies 

between the attributed estimate1 and our estimate because the methods used for the WHO-

attributed estimate were not available.

Another model53 from the Institute of Health Metrics and Evaluation (IHME) estimated that 

2 500 300–2 860 800 global lower respiratory infection deaths and 55 700–122 100 global 

influenza-attributed lower respiratory infection deaths occurred in 2015. IHME attributed 

approximately 3% of lower respiratory infection deaths to influenza as the primary cause of 

death, compared with 13% in our model. IHME estimates attribute deaths to influenza by 

calculating an aetiological fraction of influenza virus detections, and their estimates assume 

that these influenza-attributed deaths were the primary cause of death. Our estimates might 

be higher because we did not require influenza virus detection recognising that many people 

with an influenza virus infection who subsequently die are more likely to have another cause 

of death listed on their death certificate. Estimating the number of deaths directly 

attributable to influenza is difficult because influenza virus infections are rarely confirmed 

virologically or specified as the cause of death on death certificates.40,54,55 Additionally, 

many influenza-associated deaths occur as a result of secondary complications when 

influenza viruses are no longer detectable.40,54,55 We recognised the scarcity of high-quality 
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mortality data in lower-income countries and accounted for this by including uncertainty in 

the extrapolation, which might also explain differences between IHME and our estimates. 

Additional comparisons between these three methods are described in the appendix.

Our estimated range of 9243–105 690 annual influenza-associated deaths among children 

younger than 5 years in countries with high child respiratory infection mortality estimated 

using EMRs from four countries was similar to the influenza-associated acute lower 

respiratory infection death estimate by Nair and colleagues56 (28 000–111 500 annual 

deaths), which used severe acute lower respiratory infection case fatality proportions from 

17 countries. We chose to only estimate deaths for countries with a higher burden of GHE 

respiratory infection mortality because EMRs for countries with a lower burden of 

respiratory infection mortality were not available since few deaths occur each week among 

children younger than 5 years.57 Furthermore, we were concerned about overestimating 

burden by extrapolating estimates from countries with higher burden of influenza-associated 

respiratory deaths to countries with a lower burden. However, we do not believe that 

excluding these countries from our estimation substantially affected our estimates since the 

countries included in our extrapolation represent 95% of all GHE respiratory infection 

deaths in this age group. Future studies could explore the availability of influenza-associated 

EMRs or alternative methods to estimate influenza-associated deaths in children younger 

than 5 years from countries with lower respiratory infection mortality burden for children 

younger than 5 years to inform a model that could estimate deaths for this age group for all 

countries.

Our approach to estimate global seasonal influenza-associated mortality used a multistep 

approach to generate estimates. The use of analytic divisions allowed us to group countries 

with similar respiratory infection mortality rates and extrapolate estimates of influenza-

associated mortality from countries with similar mortality risk. We evaluated different 

approaches for categorising countries into analytic divisions52,58–60 to account for variability 

in the influenza attack rate or case fatality ratio between countries. Nevertheless, quantifying 

differences in seasonal influenza attack rate between countries was challenging because such 

information is scarce. Thus, we assumed a constant attack rate between countries and 

explored various sources to account for differences in the case fatality ratio such as poverty 

levels, health indicators, health-seeking behaviours, or respiratory infection rates. We 

assumed that the GHE respiratory infection estimates address differences in case fatality 

ratio, and categorised countries into analytic divisions using GHE respiratory infection 

mortality rates.

GHE respiratory infection mortality rates show that risk of respiratory infection mortality 

varies by country and these differences might be influenced by multiple factors such as 

quality and access to health care and differences in the underlying health status of the 

population. Because some of these influencing factors are known and others are not, we 

developed MRRs from the GHE respiratory infection estimates as a proxy for overall 

differences in mortality risk between countries and used these ratios to extrapolate influenza-

associated EMRs from countries with available estimates to those without. Furthermore, to 

address the annual variability in influenza-associated deaths related to changes in circulating 

virus strains from year to year, we included all annual EMRs from contributing countries 
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and presented a possible range of estimated annual influenza-associated deaths for country, 

region, and global estimates.

Our methods and estimates did have limitations. Our estimates are limited by the availability 

of vital records and viral surveillance data, especially in sub-Saharan Africa, the Eastern 

Mediterranean, southeast Asia, other low-income countries, and countries with a tropical 

climate. Specifically, estimates derived for countries in analytic division 3 might have less 

precision because this division contained only a small number of EMR-contributing 

countries to inform the extrapolation and lower-quality GHE respiratory infection mortality 

rates to adjust for differences in risk. This limitation was observed for the youngest age 

group in analytic division 3, which contained only a small number of EMR-contributing 

countries, whereby the inclusion of a mean annual EMR in conjunction with a lower GHE 

respiratory infection rate for Argentina led to higher MMRs when Argentina served as the 

reference country, resulting in wider death intervals. Additionally, the highest rates of 

influenza-associated mortality were observed in sub-Saharan Africa, the Eastern 

Mediterranean, and southeast Asia where vital records data are scarce. This highlights the 

need for more low-income countries and countries with high respiratory mortality to 

establish or maintain vital records systems and contribute to global estimates. Nevertheless, 

our model used EMR estimates from 33 countries (21 high-income countries), which 

represented 57% of the global population.

Additionally, available vital records data might be limited by poor reliability of cause-of-

death coding despite an internationally standardised coding system, and differences might 

exist in death coding practices both within and between countries, which might bias national 

level coding efforts. Furthermore, the regression models used to estimate excess mortality 

have inherent uncertainty and error, which could affect the accuracy of death estimates, and 

model-fit information might not provide reliable guidance for interpretation or certainty of 

EMR estimates. Although we used Bayesian inference to generate probabilistic distributions 

for mortality estimates and accounted for various sources of uncertainty, the modelling 

framework relies on assumptions that might affect the accuracy and precision of the 

estimates. For example, the Bayesian approach for combining estimates from different 

countries incorporates uncertainties including standard errors, but does not account for 

systematic bias without additional information (eg, the degree of overestimation using a 

Serfling model because of the scarcity of available viral data). Additionally, we assumed that 

any of the EMR-contributing country estimates were equally likely to serve as a reference 

and a more informative choice of reference country might result in smaller interval widths. 

Extrapolation simulations were done using mean annual EMRs and represent the collection 

of estimates provided by countries and thus do not represent any specific year. Because of 

the paucity of data, our hierarchical model also assumed the EMRs to be independent 

between countries and seasons; however, if spatial and temporal dependence were present, 

that might have resulted in narrower interval estimates. Also, the GHE respiratory infection 

mortality estimates used to develop the MRR for our analysis were limited by variability in 

source information quality and availability between countries. Furthermore, 2015 GHE 

respiratory infection mortality rates for 11 countries (representing 0·006% of the world 

population) were not available. Since respiratory infection rates are used throughout the 

extrapolation, we could not estimate influenza-associated deaths for these countries. The 
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exclusion of these countries is unlikely to have affected overall influenza-associated death 

estimates. Finally, in the MRR calculation, we assumed a constant influenza attack rate 

between countries, which might not be true and could result in overestimation or 

underestimation of the number of deaths. We were not able to account for differences in 

influenza-virus circulation between countries in our extrapolation, indicating a need for 

additional studies to evaluate how seasonal influenza attack rates might vary by geographical 

region.

Our estimates reflect only influenza-associated respiratory mortality, which is likely to 

underestimate the true burden of influenza on deaths. Influenza virus infection is also 

associated with hospital admission for circulatory problems and deaths, especially among 

older adults.40,61–66 Some national studies14,22 that estimated both respiratory and non-

respiratory (eg, circulatory) deaths found that non-respiratory deaths accounted for more 

than half of all influenza-associated deaths. Other studies7,18,30 found that non-respiratory 

deaths contributed equally or accounted for fewer than half of all influenza-associated 

deaths. These studies suggest that the effect of influenza on non-respiratory causes of death 

might be more variable between countries and our estimates therefore only represent a 

portion of all annual influenza-associated deaths globally. Additional efforts to quantify the 

burden of both respiratory and non-respiratory causes of death are needed to provide a more 

comprehensive estimate of the global influenza-associated mortality burden.

Our 95% CrI estimates are intended to represent influenza-associated respiratory deaths 

between 1999 and 2015 and might reflect the variability in circulating influenza virus strains 

between seasons. Although our methods to estimate influenza-associated excess mortality 

included influenza virus type and subtype when possible, future studies should consider 

quantifying the effect of influenza virus type and subtypes on global deaths. Although 

regression models to estimate influenza-associated EMRs adjusted for respiratory syncytial 

virus when possible, few data were available to account for respiratory syncytial virus or 

other respiratory pathogens in the extrapolation. Additional studies to estimate global burden 

should also attempt to quantify the burden of respiratory syncytial virus and other 

respiratory pathogens and develop methods to account for other infectious respiratory 

pathogens. Estimates should be revisited periodically as new country data become available, 

to improve methods of estimation for both excess mortality and extrapolation, and to 

improve methods to account for differences in risk of influenza-associated death between 

countries.

This study shows that influenza contributes to a substantial annual burden of deaths globally, 

with the greatest effect among low-income countries in sub-Saharan Africa and southeast 

Asia. These estimates imply a greater burden of influenza deaths than previously recognised. 

Country and global policy makers should consider these data to inform influenza prevention 

and control programmes, especially the possible introduction or expansion of vaccination 

programmes. Although countries with influenza vaccination programmes have estimated 

reductions in severe disease and deaths,67 relatively few countries have robust seasonal 

influenza vaccination programmes despite WHO recommendations68 for use in key target 

groups. The considerable annual burden of influenza presented here could inform the efforts 

of global partners, such as Gavi, the Vaccine Alliance, and the Partnership for Influenza 
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Vaccine Introduction, to increase accessibility to influenza vaccines in low-income and 

middle-income countries. Further work to refine the estimates by including non-respiratory 

causes of death are ongoing as part of a multilateral consortium of scientists and public 

health officials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

Evidence before this study

Previous estimates commonly attributed to WHO indicate that 250 000–500 000 deaths 

occur annually worldwide due to seasonal influenza viruses. However, no information 

has been published about the methods or data sources used to calculate these global 

estimates. These estimates began to be cited in publications and on WHO’s website 

around 2004, suggesting that the estimates might have been generated using data from 

the 1990s. Since the 1990s, improvements in influenza virus surveillance and vital 

records systems in many countries have led to more estimates of influenza-associated 

mortality for countries across the world, including some estimates from middle-income 

and low-income countries. Global estimates of pandemic influenza deaths are available; 

however, these estimates might not meet the requirements for global seasonal influenza 

estimates because deaths during pandemic periods are likely to differ from seasonal 

epidemics. We searched PubMed for articles that estimated influenza-associated excess 

deaths or excess mortality published between Jan 1, 1960 and Dec 31, 2012, using the 

search terms “influenza”, “death”, “mortality”, “excess death”, “excess mortality”, 

“Serfling”, “negative binomial”, “time series”, “respiratory”, “circulatory”, “pneumonia”, 

and “influenza” with no language restrictions. Previously published data were not 

suitable for our extrapolation model to estimate global influenza deaths because of 

heterogeneity between the age groups studied and death outcomes (eg, pneumonia and 

influenza, respiratory, all-cause, or circulatory) investigated. Thus, we initiated an effort 

to directly collect data from partners around the world using common age groups and 

death outcomes to update and improve global seasonal influenza-associated mortality 

estimates.

Added value of this study

Previous global influenza mortality estimates were calculated more than 10 years ago and 

detailed information about the methods used are not available. Since these estimates were 

made available by WHO the number of countries with capacity to calculate national 

estimates for seasonal influenza-associated excess mortality has increased. We initiated a 

project to use this additional information to update and improve global estimates of 

influenza-associated respiratory mortality. We worked with collaborators from 47 

countries to develop an innovative statistical model to calculate global estimates of 

influenza-associated mortality using vital records and viral surveillance data, including 

estimates for 1999–2015 from countries with data, which were extrapolated to countries 

without such data. Our study presents a comprehensive analysis of influenza-associated 

mortality, in which we provide extensive details about methods used and account for 

differences between countries. In this study, we calculated country-specific estimates for 

influenza-associated respiratory deaths in three age groups (<65 years, 65–74 years, and 

≥75 years) and did a subanalysis for children younger than 5 years, which might help 

country-level policy makers to understand the impact of influenza virus infection on their 

populations. Additionally, our analysis complies with the Guidelines for Accurate and 

Transparent Health Estimates Reporting (GATHER) recommendations.
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Implications of all the available evidence

Our estimates of influenza-associated respiratory mortality are higher than previous 

estimates. The results of this study help to improve understanding about the burden of 

influenza viral infections and emphasise the need for continued support to detect, 

prevent, and control influenza viruses. Furthermore, this study provides age-specific and 

country-specific influenza-associated respiratory death estimates that could be used by 

countries to inform prevention and control measures for influenza virus infection in their 

population. This study improves on earlier estimates by including primary data from 47 

countries to estimate global influenza-associated deaths and by validating our 

extrapolation models.
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Figure 1. Extrapolation model approach for individual country and global estimates of 
influenza-associated respiratory deaths
Country refers to WHO member states, Hong Kong, Taiwan, or regions within a country. 

WHO GHE were used to categorise countries into ADs and in the extrapolation model. 

Usability was defined using the following equation: usability (%)=completeness of death 

registration data (%) × (1–proportion of ill-defined death registration data). AD=analytic 

division. EMR=excess mortality rate. MMR=mortality rate ratio. GHE=Global Health 

Estimates. *Countries with at least 5 years of death registration data available (starting from 

2005) with a mean usability of all available years (from 2000 onwards) of 60% or more if 

International Classification of Diseases-coded registration data for specific causes of death 

were reported, or with a mean usability of 80% or more if only summarised causes of death 

data were reported. †Countries with no annual death registration data available or countries 

with less than 5 years of death registration available (starting from 2005) with a mean 

usability of all available years (from 2000 forward) of less than 60% if International 

Classification of Diseases-coded registration data for specific causes of death were reported, 

or a mean usability of 80% or less if only summarised causes of death data were reported.
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Figure 2. Estimated country-specific and age-specific influenza-associated respiratory mortality 
rates
Median influenza-associated respiratory mortality rates (per 100 000 individuals) in people 

aged (A) 65 years or younger, (B) 65–74 years, and (C) 75 years and older.
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Table 3

WHO Global Health Estimates of respiratory infection mortality rate (per 100 000 individuals) by age group 

and analytic division

Analytic division 1(n=46) Analytic division 2(n=46) Analytic division 3(n=93)

Number of EMR-contributing countries

Age group

 <65 years 18 9 6

 65–74 years 13 12 7

 ≥75 years 11 11 10

WHO Global Health Estimates of respiratory infection mortality rate (per 100 000)

All countries

 <65 years 0·8–5·3 5·3–12·8 13·0–181·6

 65–74 years 5·4–43·0 44·2–93·5 96·2–897·1

 ≥75 years 9·3–277·7 279·1–553·8 571·6–2996·2

EMR-contributing countries

 <65 years 0·9–5·2 5·3–12·8 13·1–42·8

 65–74 years 8·5–41·7 45·9–87·6 108·5–301·5

 ≥75 years 94·6–275·8 302·7–545·7 677·2–1650·3

Data are n, or range. Analytic divisions were calculated using WHO Global Health Estimates of respiratory infection mortality. EMR=excess 
mortality rate.
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