Journal of
“m | Preventive Medicine
wz| & Public Health

Original Article

J Prev Med Public Health 2019;52:308-315 -« https://doi.org/10.3961/jpmph.19.156

pISSN 1975-8375 elSSN 2233-4521

Estimating Influenza-associated Mortality in Korea:
The 2009-2016 Seasons

Kwan Hong, Sangho Sohn, Byung Chul Chun
Department of Preventive Medicine, Korea University College of Medlicine, Seoul, Korea

Objectives: Estimating influenza-associated mortality is important since seasonal influenza affects persons of all ages, causing severe
illness or death. This study aimed to estimate influenza-associated mortality, considering both periodic changes and age-specific
mortality by influenza subtypes.

Methods: Using the Microdata Integrated Service from Statistics Korea, we collected weekly mortality data including cause of death.
Laboratory surveillance data of respiratory viruses from 2009 to 2016 were obtained from the Korea Centers for Disease Control and
Prevention. After adjusting for the annual age-specific population size, we used a negative binomial regression model by age group
and influenza subtype.

Results: Overall, 1 859 890 deaths were observed and the average rate of influenza virus positivity was 14.7% (standard deviation [SD],
5.8), with the following subtype distribution: A(HTN1), 5.0% (SD, 5.8); A(H3N2), 4.4% (SD, 3.4); and B, 5.3% (SD, 3.7). As a result, among
individuals under 65 years old, 6774 (0.51%) all-cause deaths, 2521 (3.05%) respiratory or circulatory deaths, and 1048 (18.23%) influ-
enza or pneumonia deaths were estimated. Among those 65 years of age or older, 30 414 (2.27%) all-cause deaths, 16 411 (3.42%) re-
spiratory or circulatory deaths, and 4906 (6.87%) influenza or pneumonia deaths were estimated. Influenza A(H3N2) virus was the
major contributor to influenza-associated all-cause and respiratory or circulatory deaths in both age groups. However, influenza A(H1N1)
virus—associated influenza or pneumonia deaths were more common in those under 65 years old.

Conclusions: Influenza-associated mortality was substantial during this period, especially in the elderly. By subtype, influenza A(H3N2)
virus made the largest contribution to influenza-associated mortality.
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INTRODUCTION

Influenza is a common acute respiratory disease caused by
influenza virus. Although influenza is frequently confused with

Recelved: June 17, 2019 Accepted: August 13, 2019
Corresponding author: Byung Chul Chun, MD, PhD

Department of Preventive Medicine, Korea University College of
Medicine, 73 Goryeodae-ro, Seongbuk-gu, Seoul 02841, Korea
E-mail: chun@korea.ac kr

This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-

nc/4.0/) which permits unrestricted non-commercial use, distribution, and repro-
duction in any medium, provided the original work is properly cited.

308 Copyright © 2019 The Korean Society for Preventive Medicine

the common cold, some individuals with influenza can be-
come severely ill, to the point of hospitalization or even death.
According to estimates of the World Health Organization,
5-10% of adults and 20-30% of children are infected by the in-
fluenza virus every year [1-3]. Therefore, measuring the dis-
ease burden of seasonal influenza is of major interest among
infection epidemiologists [4-6].

A simple way to measure the disease burden is to estimate
the mortality of influenza by comparing the mortality rate to
the rate of influenza virus positivity. However, because of the
seasonality of influenza virus and the annual variability of sub-
types that cause epidemics [7], it is necessary to include com-
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plicated calculations on time and the positivity rate of each vi-
rus subtype to obtain accurate estimates of influenza-associat-
ed mortality. Furthermore, when we count only people who
die directly from influenza, we cannot estimate the substantial
impact that influenza virus may exert by inducing severe com-
plications that lead to death [7,8]. Additionally, we need to ex-
plore various causes of death when estimating influenza-asso-
ciated deaths because records for mortality may not directly
include information about viral infection. Therefore, few stud-
ies have considered all these factors when measuring the dis-
ease burden of influenza. This study aimed to estimate influ-
enza-associated deaths considering influenza type, patients’
age, and various causes of death, and to explore differences in
influenza severity by age group through these results. We
used a negative binomial regression model for the compre-
hensive estimation, following previous studies [9-12].

METHODS

Data Sources and Measures

Mortality data were obtained from 2009 through 2016 for
all deaths in Korea. We extracted age-specific mortality from
the Microdata Integrated System (MDIS) [13], generated by
Statistics Korea. The causes of death were coded by the Inter-
national Statistical Classification of Diseases and Related
Health Problems 10th revision in this dataset and included de-
mographic features such as age, sex, and residence. We con-
structed three different models by cause of death: all-cause
deaths, respiratory (diseases of the respiratory system, JOO-
J99) or circulatory (diseases of the circulatory system, 100-199)
deaths, and influenza or pneumonia (influenza and pneumo-
nia, J09-J18) deaths. We also selected other chronic causes of
deaths such as cancer (neoplasms, C00-D48) to compare the
results. Age-specific weekly deaths were divided by age-spe-
cific mid-year population estimates, which were also obtained
from the MDIS. The weekly age-specific mortality rate was
used as a predictive variable.

The Korea Centers for Disease Control and Prevention (KCDC)
provided influenza virus surveillance data through the Korea
Influenza and Respiratory Viruses Surveillance System (KINRESS)
[14]. Thirty-six to 90 representative institutes reported tested
and positive samples for the following subtypes of influenza
virus: influenza A(H1N1), influenza A(H3N2), and influenza B
virus. Since the KCDC started separate monitoring of each in-
fluenza virus type in 2009, we used data from 2009 to 2016 in
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our models. Since the influenza surveillance system is organized
by season globally, we structured each season to extend from
the 36th week of one year to the 35th week of the next year.

Statistical Analysis

The model included a total of 7 seasons, from 2009 to 2016,
including the 2009 HIN1 pandemic. We used negative bino-
mial regression models for the weekly age-specific mortality
data. Various statistical methods have been developed for es-
timating influenza-associated deaths [15-30], but there is no
single way to estimate the exact scale of deaths. Poisson re-
gression analysis is broadly accepted as the predominant esti-
mation method. However, negative binomial regression is also
commonly used for modeling count data, especially when
there is a suspicion of overdispersion. Since the Poisson distri-
bution does not allow greater variability, the distribution of
age-specific deaths and the positivity rate of each influenza vi-
rus in this study needed additional free parameters for model
fitness. Therefore, to estimate influenza-associated deaths in
2009-2016, we used a negative binomial regression model [31]
considering influenza subtypes, age, and various causes of
death. An additional process of checking the model assump-
tions and the goodness-of-fit was performed. Mortality data
were transformed into weekly deaths and divided into 2 age
groups: under 65 years old and 65 years or older. To consider
linear and non-linear time trends, we included these factors as
covariates and the age-specific population as the offset. The
prediction model can be expressed as:

2t
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where Y represents the predicted number of deaths, a is the
offset term for the age-specific population, and s through s
represent the estimated coefficient for each viral subtype. Af-
ter predicting age-specific mortality by cause of death, we cal-
culated viral subtype—specific deaths as the count data using
this model. The total number of influenza-associated deaths
was expressed as the sum of the count for each viral subtype.
To deal with weekly variance and autocorrelation, the Durbin-
Watson test was performed and the Akaike information crite-
rion was compared. Finally, we inserted a 1-week lag for mor-
tality in each model. All statistical analyses were conducted in
R version 3.4.0 (https://cran.r-project.org/bin/windows/base/
o0ld/3.4.0/).
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Season <65y =65y Total
All-cause deaths
2009-2010 76 153 173336 249 489
2010-2011 77 193 184 243 261436
2011-2012 75484 191777 267 261
2012-2013 73569 193172 266 741
2013-2014 72 091 193816 265 907
2014-2015 70824 204 065 274 889
2015-2016 69 068 205099 274167
Total 514 382 1345508 1859890
Respiratory or circulatory deaths
2009-2010 11904 60173 72077
2010-2011 12187 66 130 78 317
2011-2012 11 862 69 631 81493
2012-2013 11850 68 317 80 167
2013-2014 11593 69 289 80 882
2014-2015 11905 74 365 86 270
2015-2016 11930 75339 87 269
Total 83 231 483 244 566 475
Influenza or pneumonia deaths
2009-2010 567 6240 6807
2010-2011 723 7932 8655
2011-2012 721 9498 10219
2012-2013 788 9986 10774
2013-2014 825 10 847 11672
2014-2015 980 13258 14238
2015-2016 1198 14 287 15485
Total 5802 72048 77 850

'The annual number of deaths was extracted from the Microdata Integrated
System, generated from Statistics Korea.

Ethics Statement

All data analyzed in this study are available from each orga-
nization with permission. Since no personal data were collect-
ed or stored, there was no personal information. Code for re-
analysis is available from the first author upon request.

RESULTS

From the 2009-2010 season through the 2015-2016 season,
1 859 890 all-cause deaths, 566 475 underlying respiratory or
circulatory deaths, and 77 850 underlying influenza or pneu-
monia deaths were observed (Table 1). Deaths among those
at least 65 years of age accounted for 72.3% (all-cause deaths),
85.3% (respiratory or circulatory deaths), and 92.5% (influenza
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Influenza A virus All All
Season Inﬂu_e 23 influenza respiratory

HIN1 H3N2 B virus viruses viruses
2009-2010  17.0 0.1 8.6 25.7 54.3
2010-2011 72 26 0.2 10.0 42.2
2011-2012 0.0 9.3 9.0 18.3 59.1
2012-2013 19 6.9 0.6 9.4 58.7
2013-2014 25 47 8.5 15.8 55.7
2014-2015 1.3 6.3 4.6 12.2 50.3
2015-2016 5.2 0.5 54 11.2 55.1
Mean+SD 50458 44+34 53+37 146+£58 536+58

Values are presented as %.

SD, standard deviation.

'The annual positivity rates of influenza virus were provided by the Korea In-
fluenza and Respiratory Viruses Surveillance System generated by the Korea
Centers for Disease Control and Prevention.

or pneumonia deaths) of deaths.

In the respiratory virus surveillance data, an average of 14.6%
of specimens tested positive for influenza virus, with the follow-
ing subtype distribution: influenza A(H1N1) virus, 5.0%; influ-
enza A(H3N2) virus, 4.3%; and influenza B virus, 5.3% (Table 2).
Influenza A(HTN1) virus was the major cause of epidemics in
the 2009-2010 and 2010-2011 seasons, while influenza A(H3N2)
virus was the major cause of epidemics in the 2011-2012, 2012-
2013 and 2014-2015 seasons. Influenza B virus was the main
cause of the epidemic in the 2013-2014 season. In the 2015-
2016 season, both influenza A(H1N1) and influenza B virus were
epidemic.

The overall estimated influenza-associated all-cause deaths
were 5313 per year (2.02% of all-cause deaths, 10.59 per
100 000 population). In particular, the population 65 years of
age or older made the largest contribution to this mortality
(2.28% of all-cause deaths among those at least 65 years old,
74.12 per 100 000 population). The estimated influenza-asso-
ciated mortality figures by age group are summarized in Table
3 and Figure 1. Of the all-cause deaths, 6774 (0.51%) deaths in
those under 65 years old and 30 414 deaths (2.27%) in those
at least 65 years old were estimated to be influenza-associated
deaths. While influenza A(H3N2) and influenza B virus contrib-
uted to deaths in the younger population (under 65 years old)
at a similar rate (0.50% and 0.48% of all-cause deaths each),
influenza A(H3N2) virus made the largest contribution of the 3
virus subtypes to deaths in the older population (at least 65
years old, 1.50%). In total, 2521 (3.05%) and 16 411 (3.42%) re-
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Influenza A virus
Season H1N1
<65y =65y <65y
All-cause deaths
2009-2010 860 2684 1
2010-2011 375 1256 225
2011-2012 1 2 813
2012-2013 96 359 575
2013-2014 126 488 397
2014-2015 62 254 506
2015-2016 243 1018 43
Total 1763 6061 2569
Attributable mortality rate (%) 0.13 0.45 0.19
Respiratory or circulatory deaths
2009-2010 581 1443 3
2010-2011 265 709 62
2011-2012 0 1 229
2012-2013 68 211 163
2013-2014 92 294 116
2014-2015 45 160 149
2015-2016 183 673 13
Total 1233 3491 736
Attributable mortality rate (%) 1.49 0.73 0.89
Influenza or pneumonia deaths
2009-2010 121 328 0
2010-2011 76 189 14
2011-2012 0 0 60
2012-2013 27 74 53
2013-2014 50 112 53
2014-2015 36 69 93
2015-2016 267 293 16
Total 577 1066 290
Attributable mortality rate (%) 10.05 1.49 5.05

Influenza-associated Deaths

Influenza B virus Influenza virus (all)

H3N2

=65y <65y =65y <65y =65y

68 588 873 1459 3625
1563 12 19 612 2839
6183 616 1019 1429 7204
4454 40 68 AR 4881
3182 559 1028 1082 4698
4305 290 556 859 5115
372 337 663 623 2053
20127 2442 4226 6774 30414

1.50 0.18 0.32 0.51 227
32 126 389 710 1864
798 3 9 330 1516
3279 137 474 366 3754
2368 9 32 240 2611
1740 131 499 339 2534
2442 68 281 262 2883
223 79 354 275 1249
10 883 552 2037 2521 16 411

2.27 0.67 0.42 3.05 3.42
7 16 63 137 398
189 0 2 91 380
908 25 98 85 1007
719 2 7 82 800
580 39 125 142 818
876 30 78 159 1023
85 68 103 352 481
3365 180 475 1048 4906

471 3.14 0.67 18.23 6.87

'Negative binomial regression was used for each estimate of influenza-associated deaths shown in this table.

spiratory or circulatory deaths were estimated as influenza-as-
sociated deaths in the age groups of under 65 years and 65
years or older, respectively. The overall influenza-associated
respiratory or circulatory deaths were not significantly differ-
ent by age group. Similarly to all-cause deaths, influenza
A(H3NZ2) virus made the largest contribution to respiratory or
circulatory deaths among those at least 65 years old (2.27%).
Furthermore, 1048 (18.23%) and 4906 (6.87%) influenza or
pneumonia deaths were estimated to have occurred in the
age groups of under 65 years and 65 years or older, respec-
tively, and 10.05% of the influenza or pneumonia deaths in in-

dividuals under 65 years old were due to influenza A(H1N1) vi-
rus. In addition to season, age group and the cause of death
contributed to differences in estimated deaths by influenza
subtype. We only considered 3 causes of death and 3 influenza
subtypes since no other causes of deaths or respiratory viruses
were fitted to our model.

DISCUSSION

There were approximately 5313 influenza-associated deaths
per year (10.59 per 100 000 people, 74.12 per 100 000 people
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Figure 1. Estimated influenza-associated deaths per 100 000 people by influenza virus type and age. A, C and E shows estimated
all-cause, respiratory or circulatory, and influenza or pneumonia deaths by influenza virus in under 65 years old group, respec-
tively. B, D and F shows estimated all-cause, respiratory or circulatory, and influenza or pneumonia deaths by influenza virus in
over 65 years old group, respectively. All estimated deaths are visualized by weekly estimated data.

above 65 years old). This is the first study, to our knowledge, to
estimate age-specific influenza-associated deaths in Korea us-
ing a negative binomial regression model and considering lag
time and model fit. By adding the estimated mortality of each
influenza subtype, we were able to apply the model more ac-
curately. We also considered other respiratory viruses as co-
variates in the model, but they were excluded from the final
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model due to statistical non-significance. Moreover, we classi-
fied the population by age group and evaluated the suitability
of the model, making it possible to estimate excess mortality
by age group.

The results of this study can be compared to those of a prior
study that estimated 2900 influenza-associated deaths per
year in Korea [23]. Park et al. [23] used multiple linear models
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to estimate the excess mortality rate caused by influenza from
2003 through 2013. However, since it is inappropriate to as-
sume fixed fatality among viral subtypes and age groups, and
considering that death is a rare and non-negative event, a
count data model might be more persuasive than a linear
model for estimating influenza-associated deaths. Further-
more, the KCDC reorganized the respiratory virus surveillance
system, KINRESS, in 2006, changing the institutions to be
monitored by specifying the percentage of target organiza-
tions in each region. They also changed the types of respirato-
ry viruses to be monitored, and the laboratory method for de-
tecting positivity. Therefore, influenza positivity rates before
and after 2006 are non-comparable. Additionally, the results
of this study are consistent with those reported in studies from
other countries [5,16,24,26,28,29], most of which reported 10
or more estimated deaths per 100 000 people, with recent
studies showing much higher numbers of estimated deaths
among the elderly.

In our analysis of estimated influenza-associated deaths by
type of influenza, influenza A(H3N2) virus caused the most ex-
cess mortality, accounting for 65.8% of influenza-associated
all-cause deaths. This is a meaningful point to focus on be-
cause this study included the 2009-2010 season, when influ-
enza A(HTN1) virus became pandemic worldwide. Based on
this fact, it can be inferred that the infectivity of influenza
A(HTN1) virus was high, but the mortality rate was low, or that
the later influenza viruses’' mortality rate was higher than that
of influenza A(H1N1) virus. Regardless of the study period, a
higher mortality rate of influenza A(H3N2) virus has also been
proven in other countries, perhaps because of this subtype’s
severity in vulnerable populations [8,23,31-34].

Another noteworthy finding of this study is the difference in
the proportion of deaths attributable to different influenza
subtypes between age groups. According to estimates of in-
fluenza-associated mortality, older individuals (65 years or old-
er) were more vulnerable to influenza A(H3N2) virus. Consid-
ering that the deaths of individuals 65 years of age and older
account for 85.3% of respiratory or circulatory deaths, the pro-
portion of estimated influenza-associated respiratory or circu-
latory deaths in the older population is not negligible. Since
the mortality data were extracted from death certificates, in-
fluenza or pneumonia deaths may have been over-estimated,
especially in the 2009-2010 pandemic season. Furthermore, it
cannot be guaranteed that other chronic causes of deaths made
a constant contribution to weekly all-cause deaths. Therefore,
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as supported by previous studies [8,15,35,36], estimated all-
cause deaths or influenza or pneumonia deaths could have
been overestimated or underestimated. Therefore, it can be
assumed that respiratory or circulatory deaths provide the
most accurate estimate, compared to the other two types of
estimates, in the older population.

There are several limitations of this study. The younger age
group could not be subdivided into more age groups since we
used weekly mortality data for the estimation, so that there
were many 0 cells in the under-15 age group. This could lead
to inaccurate estimation when using a negative binomial re-
gression model as the estimation method. Therefore, we esti-
mated excess mortality in children and adults under 65 years
of age within a single group. Fortunately, this methodological
choice could only lead to underestimation of influenza-associ-
ated mortality in young adults because influenza or pneumo-
nia deaths and respiratory or circulatory deaths occur more
frequently in adults than children. Secondly, since we only
used respiratory virus surveillance data for the analysis, it was
not possible to consider the effects of other viral or bacterial
infections in a particular week. If another infectious disease
were epidemic during these seasons, it could have caused an
overestimation, but there were no other life-threatening pan-
demic infectious diseases in this period. Finally, mortality data
can have inherent uncertainty because if cause-of-death cer-
tificates are filled out at a busy moment, doctors may ignore
less important or indirect causes. For this reason, respiratory or
circulatory deaths may be more accurate for estimating actual
influenza-associated deaths.

The high overall rate of influenza-associated deaths indi-
cates that the burden of influenza is never light, and as no-
ticed in the USA [37] and Europe [38], we may use surveillance
data for calculating influenza-associated deaths in real time
for the management of high-risk groups in each epidemic. The
difference in the severity of each virus type in specific age
groups also has important implications. Among the 3 types of
estimated deaths in this study, the older (65 years and above)
population had higher mortality in all-cause deaths or respira-
tory or circulatory deaths, particularly with influenza A(H3N2)
virus. However, the younger (under 65 years) population had
a higher mortality due to influenza A(H1N1) virus, except for
all-cause deaths. Additionally, influenza B virus should be con-
sidered more cautiously in them than in the elderly. Further
studies are needed to explain this variance in influenza epi-
demics.
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