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ABSTRACT

Background: This study aimed to investigate the effect of antiviral therapy following 
influenza outpatient episodes on the incidence of hospitalized pneumonia episodes, one of 
secondary complications of influenza.
Methods: In the National Health Insurance Research Database, data from July 2013 to June 2018 
were used. All of the claim data with diagnoses of influenza and pneumonia were converted to 
episodes of care after applying 100 days of window period. With the 100-day episodes of care, 
the characteristics of influenza outpatient episodes and antiviral therapy for influenza, the 
incidence of hospitalized pneumonia episodes following influenza, and the effect of antiviral 
therapy for influenza on hospitalized pneumonia episodes were investigated.
Results: The crude incidence rate of hospitalized pneumonia after influenza infection was 0.57% 
in both males and females. Factors affecting hospitalized pneumonia included age, income level 
except self-employed highest (only in females), municipality, medical institution type, precedent 
chronic diseases except hepatitis (only in females) and antiviral therapy. In the 2017 flu season, the 
relative risk was 0.38 (95% confidence interval [CI], 0.29–0.50) in males aged 0–9 and 0.43 (95% 
CI, 0.32–0.57) in females aged 0–9 without chronic diseases, and it was 0.51 (95% CI, 0.42–0.61) 
in males aged 0–9 and 0.42 (95% CI, 0.35–0.50) in females aged 0–9 with one or more chronic 
diseases in the aspect of the effect of antiviral therapy on pneumonia. It suggests that antiviral 
therapy may decrease the incidence of pneumonia after influenza infection.
Conclusion: After outpatient episode incidence of influenza, antiviral treatment has been 
shown to reduce the incidence of hospitalized pneumonia, especially in infants and children, 
during pandemic season 2017. Antiviral therapy for influenza is recommended to minimize 
burden caused by influenza virus infection and to reduce pneumonia. In addition, medical 
costs of hospitalization may decrease by antiviral therapy, especially in infants and children.

Keywords: Influenza; Pneumonia; Antiviral Treatment; Episode of Care

J Korean Med Sci. 2020 Sep 28;35(38):e318
https://doi.org/10.3346/jkms.2020.35.e318
eISSN 1598-6357·pISSN 1011-8934

Original Article

Received: Apr 25, 2020
Accepted: Jul 28, 2020

Address for Correspondence:
Jaiyong Kim, MD, PhD
Institute of Artificial Intelligence and Big Data 
in Medicine, Yonsei University Wonju College 
of Medicine, 20 Ilsan-ro, Wonju 26426,  
Republic of Korea.
E-mail: dockjy2@gmail.com

© 2020 The Korean Academy of Medical 
Sciences.
This is an Open Access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial 
use, distribution, and reproduction in any 
medium, provided the original work is properly 
cited.

ORCID iDs
Kyeong Hyang Byeon 
https://orcid.org/0000-0002-4986-514X
Jaiyong Kim 
https://orcid.org/0000-0003-0985-7871
Bo Youl Choi 
https://orcid.org/0000-0003-0115-5736
Jin Yong Kim 
https://orcid.org/0000-0002-4306-1597
Nakyoung Lee 
https://orcid.org/0000-0002-3867-4508

Kyeong Hyang Byeon ,1,2 Jaiyong Kim ,3 Bo Youl Choi ,1 Jin Yong Kim ,4 and 
Nakyoung Lee  1,2

1Department of Preventive Medicine, Hanyang University College of Medicine, Seoul, Korea
2Department of Public Health, Graduate School, Hanyang University, Seoul, Korea
3�Institute of Artificial Intelligence and Big Data in Medicine, Yonsei University Wonju College of Medicine, 
Wonju, Korea

4Division of Infectious Diseases, Department of Internal Medicine, Incheon Medical Center, Incheon, Korea

Factors Affecting the Incidence of 
Hospitalized Pneumonia after Influenza 
Infection in Korea Using the National 
Health Insurance Research Database, 
2014–2018: Focusing on the Effect of 
Antiviral Therapy in the 2017 Flu Season

Infectious Diseases, 
Microbiology & Parasitology

https://jkms.org
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-4986-514X
https://orcid.org/0000-0002-4986-514X
https://orcid.org/0000-0003-0985-7871
https://orcid.org/0000-0003-0985-7871
https://orcid.org/0000-0003-0115-5736
https://orcid.org/0000-0003-0115-5736
https://orcid.org/0000-0002-4306-1597
https://orcid.org/0000-0002-4306-1597
https://orcid.org/0000-0002-3867-4508
https://orcid.org/0000-0002-3867-4508
https://orcid.org/0000-0002-4986-514X
https://orcid.org/0000-0003-0985-7871
https://orcid.org/0000-0003-0115-5736
https://orcid.org/0000-0002-4306-1597
https://orcid.org/0000-0002-3867-4508
http://crossmark.crossref.org/dialog/?doi=10.3346/jkms.2020.35.e318&domain=pdf&date_stamp=2020-08-26


Funding
This work was supported by a grant from the 
National Institute of Environment Research 
(NIER), funded by the Ministry of Environment 
(MOE) of the Republic of Korea (NIER-2019-
04-02-071). 

This study was supported by the Government-
wide R&D Fund project for infectious disease 
research (HG18C0088), Republic of Korea.

Disclosure
The authors have no potential conflicts of 
interest to disclose.

Author Contributions
Conceptualization: Byeon KH, Kim J, Choi 
BY; Data curation: Kim J, Byeon KH; Formal 
analysis: Kim J, Byeon KH; Methodology: Kim 
J, Byeon KH; Writing - original draft: Byeon KH; 
Writing - review & editing: Kim J, Byeon KH, 
Choi BY, Kim JY, Lee N.

INTRODUCTION

In Korea, the epidemic of influenza during the winter season continues every year. 
Surveillance monitoring of infectious disease portals operated by the Korea Centers for 
Disease Control and Prevention shows that the highest influenza-like-illness proportion has 
increased since the 2014–2015 season. In particular, the proportion of patients with 52 weeks 
in 2016–2017 was the highest at 86.2, and the week of 52 weeks in 2018–2019 was 73.3.1

Influenza is a high-risk patient because children under 2 years old, 65 years old or older, and 
people with chronic diseases are more likely to develop complications such as morbidity 
or pneumonia of severe influenza.2 Pneumonia due to influenza infection is a major cause 
of serious morbidity and mortality in children, the elderly, and chronic patients during the 
influenza epidemic. Primary influenza viral pneumonia occurs rarely but has a high mortality 
rate and secondary bacterial pneumonia is known to develop complications between 4 and 14 
days3 or between 12 and 28 days4 after influenza infection.5-7

To reduce the incidence of complications leading to continuous medical use or pneumonia, 
treatment and management with antiviral agents that contains the family of neuraminidase 
inhibitors such as oseltamivir, zanamivir, and peramivir is important.8

Prior international studies have used claim data from medical institutions to reduce the 
incidence of secondary complications of respiratory diseases such as pneumonia due to 
the use of antiviral agents after influenza infection, and studies of the therapeutic effect 
of antiviral agents on influenza-related complications was confirmed to be active. On the 
other hand, it was difficult to find studies related to the development of pneumonia and 
secondary complications after influenza infection and antiviral treatment in 2009 after the 
H1N1 influenza in Korea. Therefore, the purpose of this study is to analyze the effects of 
antiviral treatment on the incidence of pneumonia, a secondary complication after influenza 
infection, and to use it as a basic data to reduce the incidence of influenza.

The specific purposes are to: 1) identify the epidemiological characteristics of influenza 
outpatient episode; 2) identify general aspects of antiviral drug prescription after influenza 
infection; 3) calculate the crude incidence rate (CIR) and determine the factors affecting the 
incidence of hospitalized pneumonia after influenza infection; and 4) identify the effect of 
antiviral therapy in a high-risk group on the incidence of hospitalized pneumonia in the 
2017 flu season.

METHODS

The National Health Information Data of the National Health Insurance Service (NHIS) was 
used, and the health insurance claim data from July 2008 to June 2018 were used as of the date 
of medical treatment.9 Considering that the influenza disease occurs during the winter season, 
the measurement section was reset from July 1 each year to June 30 of the following year.

After 2009 H1N1 influenza, by checking the weekly prescription rate of antiviral drugs 
(oseltamivir, zanamivir) and considering the stabilizing period of the prescription rate, 
this study used the health insurance claims data from 2014 to 2018 (Supplementary Fig. 1). 
However, we used data collected from December 2016 to January 2017 to identify the effect 
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of antiviral therapy in order to select an accurate population who received antiviral therapy 
based on the standard of medical care benefits. In addition, the standard of medical care 
benefits did not change between 2014 and 2017 and a prescription rate was the highest in 
December 2016 to January 2017 (Supplementary Figs. 2 and 3). The standard of medical care 
benefits has changed in 2018 (2017–2018 flu season).10

Constructing episode of care
Health insurance claim data are for billing purposes, in which separate claims are generated 
depending on the use of medical services, even though they are actually one episode. It can 
only be used as epidemiological data after a process of concatenating separate claims and 
integrating them into a single episode.

In this study, all claims diagnosed influenza and pneumonia were analyzed and grouped into 
one day medical episodes. The distribution of window periods showed that influenza contained 
94.9% of all segregated claims and 87.8% of pneumonia within 100 days (Supplementary Figs. 
4 and 5). One-hundred days were set as window periods on the assumption that claims events 
segregated within the same season are considered same care episode.

The conversion of billing data for each sickness to medical episode data by applying 100 days 
of window periods showed that although there were some differences in each year 99% of 
all influenza patients experienced one outbreak per year. That is, only about 1% of patients 
experience more than two outbreaks (Supplementary Table 1). In all cases of pneumonia, 
about 91% of cases experienced one outbreak per year, and only about 9% of patients 
experienced more than two outbreaks (Supplementary Table 2).

Case definition
All the diagnosis codes of influenza (J09–J11) and pneumonia (J12–J18) were extracted from 
the claims data regardless of order of diseases (Supplementary Tables 3-5). It was because, 
in general, principal or secondary diagnosis is hardly assigned to influenza and pneumonia 
in patients with chronic diseases or inpatients (Supplementary Tables 6 and 7). The main 
components of oseltamivir and zanamivir are as follows (Supplementary Table 8).

From 2014 to 2018, 14,250,623 claim cases of influenza were reported in 8,484,803 cases 
in the same episode when grouped into cases that reclaimed within 100 days. The final 
influenza outpatient episode was 7,730,305 (Supplementary Table 9).

Hospitalized pneumonia after influenza infection was created using influenza outpatient 
episode data and pneumonia inpatient episode data. In order to measure the effect of antiviral 
regimen on pneumonia hospitalization after influenza outbreaks, influenza occurring 
concurrently or during hospitalization was excluded from the analysis. In other words, only 
the episodes that the first medical use of influenza through outpatient, which there were 
no influenza related medical treatment for at least 100 days, was analyzed. The operational 
definition of pneumonia hospitalization, which is highly related to influenza, was defined only 
as a case of pneumonia hospitalization that occurred within a maximum of 28 days after at least 
1 day after influenza incidence.3,4 In fact, medical institutions have clearly defined the disease 
as a complication of pneumonia after influenza by excluding the disease code which has the 
same date when influenza and pneumonia occur simultaneously. The number of episodes of 
hospitalization of pneumonia after influenza outpatient episodes was 43,772.
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Of the 7,730,305 outpatient episodes of influenza, 43,772 cases (0.6%) of pneumonia 
hospitalization episodes occurred within 1 to 28 days after diagnosis of influenza were 
analyzed (Supplementary Fig. 6).

Patients with chronic diseases are a high-risk group with a high incidence of severe influenza 
or complications2 and this study classified them as followed (Supplementary Table 10). 
In addition, before the diagnosis of influenza episodes, a claim with chronic diseases was 
extracted. Before the influenza diagnosis, 4,679,829 cases (60.5%) were accompanied by one 
or more of the chronic diseases presented in this study.

Prescription variables for antiviral drugs have been defined. The main components of 
oseltamivir and zanamivir of influenza therapy were used, and the number of prescription 
days was used (Supplementary Table 11). Presence of prescription was used as an 
independent variable, and it was coded ‘No’ when there was no prescription and ‘Yes’ 
when days of prescription was at least five. One to four days of prescriptions were excluded. 
Variables of hospitalized pneumonia after influenza infection have been defined. The 
diagnosis of influenza outpatient episodes and the diagnosis of pneumonia hospitalization 
episodes that exist at the same time and within in the 1 to 28-day difference of starting 
period, were defined as pneumonia (Supplementary Fig. 7). The variable was used as 
outcome. Socioeconomic factors were defined by age, type of insurer, income level by 
insurance type and year. Region was classified into metropolises, medium cities and rural 
areas. The characteristics of medical institutions were classified according to the types of 
medical institutions, and classified into upper general hospitals, general hospitals, and 
clinics. Chronic disease was a principal or secondary diagnosis, defined as tuberculosis, 
asthma, chronic obstructive pulmonary disease, angina pectoris, chronic ischemic heart 
disease, heart failure, stroke, chronic viral hepatitis, diabetes and all cancers (except thyroid 
cancer) (Supplementary Table 10).

Frequency analysis was performed to determine the general characteristics of influenza 
outpatient episodes. The χ2 test was performed to determine the difference between 
socioeconomic factors, medical institution characteristics, underlying comorbidity, and 
antiviral prescription. Finally, we confirmed the CIR of hospitalized pneumonia according 
to the prescription of antiviral drugs. To determine the factors affecting the incidence of 
hospitalized pneumonia after influenza infection, a multivariate fixed effect model analysis 
(poisson regression) adjusted the socioeconomic factors, medical institution characteristics, 
and underlying comorbidity factors was performed, and relative risk (RR) and 95% 
confidence intervals (CIs) were calculated. In addition, a multivariate fixed effect model 
analysis (poisson regression) was performed to determine the effect of antiviral therapy on 
incidence of hospitalized pneumonia in the 2017 flu season. All the analyzes were analyzed 
using SAS 9.4 (SAS Institute Inc., Cary, NC, USA), and the statistical significance level was 
indicated as P value less than 0.05.

Ethics statement
This study was exempted from deliberation by the Hanyang University Institutional Review 
Board (IRB) for the exemption from IRB deliberation that does not include personally 
identifiable information (HYU-2019-04-021).
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RESULTS

General characteristics of influenza outpatient episodes
The general characteristics of influenza outpatient episodes showed that both males and 
females had the highest at 0–9 years of age with 43.42% and 36.20%, followed by school age 
(Table 1). At the income level, employee health insurance with high income were the highest, 
males with 18.00% and females with 16.40%. For the characteristics of medical institutions, 
clinics were highest among both males and females, 74.91% and 75.92%, respectively, 
followed by general hospitals and senior general hospitals. Preceding chronic disease in 
influenza outpatient episodes was highest in asthma among chronic respiratory diseases, 
which states 54.54% in males and 51.86% in females. In outpatient episodes of influenza, the 
proportion of antiviral drugs prescribed for more than five days was 67.03% for males and 
65.36% for females. In addition, hospitalized pneumonia after influenza infection was 0.57% 
in both males and females.
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Table 1. Characteristics of influenza outpatient episodes depending on antiviral prescriptions by sex
Variables Male Female

Total Prescribed P value Total Prescribed P value
Total 3,552,900 (100.00) 2,381,530 (67.03) 4,177,405 (100.00) 2,730,177 (65.4) < 0.000
General characteristics

Age group, yr < 0.000 < 0.000
0–9 1,542,789 (43.42) 1,287,525 (83.45) 1,512,157 (36.20) 1,268,380 (83.88)
10–18 669,364 (18.84) 394,172 (58.89) 647,890 (15.51) 389,777 (60.16)
19–44 725,000 (20.41) 355,767 (49.07) 1,074,692 (25.73) 543,427 (50.57)
45–64 463,477 (13.05) 245,287 (52.92) 679,799 (16.27) 353,498 (52.00)
≥ 65 152,270 (4.29) 98,779 (64.87) 262,867 (6.29) 175,095 (66.61)

Insurance type < 0.000 < 0.000
Employee 2,756,008 (77.57) 1,868,266 (67.79) 3,186,334 (76.28) 2,111,621 (66.27)
Self-employed 735,383 (20.70) 474,402 (64.51) 902,186 (21.60) 563,738 (62.49)
Medical aid 61,509 (1.73) 38,862 (63.18) 88,885 (2.13) 54,818 (61.67)

Income level < 0.000 < 0.000
Medical aid 61,509 (1.73) 38,862 (63.18) 88,885 (2.13) 54,818 (61.67)
Self-employed lowest 108,636 (3.06) 68,994 (63.51) 140,347 (3.36) 86,008 (61.28)
Self-employed low 154,367 (4.34) 101,132 (65.51) 188,278 (4.51) 119,208 (63.31)
Self-employed middle 175,655 (4.94) 116,069 (66.08) 212,559 (5.09) 136,167 (64.06)
Self-employed high 162,239 (4.57) 105,485 (65.02) 196,869 (4.71) 124,054 (63.01)
Self-employed highest 134,486 (3.79) 82,722 (61.51) 164,133 (3.93) 98,301 (59.89)
Employee lowest 491,573 (13.84) 338,519 (68.86) 616,203 (14.75) 408,197 (66.24)
Employee low 464,179 (13.06) 316,473 (68.18) 605,984 (14.51) 392,997 (64.85)
Employee middle 583,955 (16.44) 404,292 (69.23) 681,163 (16.31) 458,007 (67.24)
Employee high 639,400 (18.00) 435,489 (68.11) 685,242 (16.40) 463,550 (67.65)
Employee highest 576,901 (16.24) 373,493 (64.74) 597,742 (14.31) 388,870 (65.06)

Region < 0.000 < 0.000
Metropolis 2,090,263 (58.83) 1,388,818 (66.44) 2,485,691 (59.50) 1,603,712 (64.52)
Medium cities 1,125,576 (31.68) 773,638 (68.73) 1,300,442 (31.13) 875,547 (67.33)
Rural area 337,061 (9.49) 219,074 (65.00) 391,272 (9.37) 250,918 (64.13)

Year < 0.000 < 0.000
2014 483,061 (13.60) 244,195 (50.55) 541,191 (12.96) 262,917 (48.58)
2015 463,620 (13.05) 248,244 (53.54) 556,468 (13.32) 285,904 (51.38)
2016 605,347 (17.04) 375,294 (62.00) 695,915 (16.66) 410,195 (58.94)
2017 822,846 (23.16) 534,084 (64.91) 950,601 (22.76) 591,599 (62.23)
2018 1,178,026 (33.16) 979,713 (83.17) 1,433,230 (34.31) 1,179,562 (82.30)

(continued to the next page)
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General aspects following antiviral prescription after influenza infection
In the outpatient episodes of influenza, the general characteristics of antiviral drugs were 
the highest among both males and females, aged 0–9 and over 65, followed by school age 
and 45–64s (Table 1). At the income level, males that are employee health insurance were 
the highest with middle income at 69.23% and with lowest income at 68.86%. Females that 
are employee health insurance shown to be the highest with high income at 67.65% and 
middle income at 67.24%. Antiviral prescriptions were higher in recent years, with 83.17% 
for males and 82.30% for females in 2018. Prescriptions for antiviral drugs according to the 
type of medical institution were found in the order of clinics, general hospitals, and higher 
general hospitals. In outpatient episodes of influenza, the antiviral regimen was 73.69% and 
70.93% for both males and females with asthma. Prescription for antiviral drug was high 
when in males, tuberculosis was 59.48%, stroke 59.44%, and in females, stroke was 61.20% 
and tuberculosis 58.98%. In case of hospitalized pneumonia after influenza infection, the 
antiviral prescription was 65.70% in males and 64.07% in females. Both males and females 
were found to have higher antiviral regimen in the absence of hospitalized pneumonia after 
influenza infection.
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Variables Male Female
Total Prescribed P value Total Prescribed P value

Medical institution characteristics
Medical institution type < 0.000 < 0.000

Tertiary hospitals 67,475 (1.90) 31,780 (47.10) 78,034 (1.87) 33,553 (43.00)
General hospital & hospital 823,930 (23.19) 511,626 (62.10) 927,798 (22.21) 555,456 (59.87)
Clinic 2,661,495 (74.91) 1,838,124 (69.06) 3,171,573 (75.92) 2,141,168 (67.51)

Underlying comorbidity
Tuberculosis < 0.000 < 0.000

No 3,527,660 (99.29) 2,366,517 (67.08) 4,148,705 (99.31) 2,713,249 (65.40)
Yes 25,240 (0.71) 15,013 (59.48) 28,700 (0.69) 16,928 (58.98)

Asthma < 0.000 < 0.000
No 1,615,254 (45.46) 953,678 (59.04) 2,011,204 (48.14) 1,193,674 (59.35)
Yes 1,937,646 (54.54) 1,427,852 (73.69) 2,166,201 (51.86) 1,536,503 (70.93)

Chronic obstructive pulmonary disease < 0.000 < 0.000
No 3,493,470 (98.33) 2,347,069 (67.18) 4,112,602 (98.45) 2,693,277 (65.49)
Yes 59,430 (1.67) 34,461 (57.99) 64,803 (1.55) 36,900 (56.94)

Heart disease < 0.000 < 0.000
No 3,423,268 (96.35) 2,307,424 (67.40) 4,009,158 (95.97) 2,631,332 (65.63)
Yes 129,632 (3.65) 74,106 (57.17) 168,247 (4.03) 98,845 (58.75)

Stroke < 0.000 < 0.000
No 3,504,035 (98.62) 2,352,486 (67.14) 4,107,880 (98.34) 2,687,627 (65.43)
Yes 48,865 (1.38) 29,044 (59.44) 69,525 (1.66) 42,550 (61.20)

Hepatitis < 0.000 < 0.000
No 3,481,567 (97.99) 2,343,027 (67.30) 4,091,955 (97.95) 2,683,425 (65.58)
Yes 71,333 (2.01) 38,503 (53.98) 85,450 (2.05) 46,752 (54.71)

Cancer < 0.000 < 0.000
No 3,493,299 (98.32) 2,346,528 (67.17) 4,094,869 (98.02) 2,682,217 (65.50)
Yes 59,601 (1.68) 35,002 (58.73) 82,536 (1.98) 47,960 (58.11)

Diabetes < 0.000 < 0.000
No 3,342,387 (94.07) 2,260,884 (67.64) 3,896,124 (93.37) 2,565,579 (65.85)
Yes 210,513 (5.93) 120,646 (57.31) 281,281 (6.73) 164,598 (58.52)

Pneumonia after influenza infectiona 0.000 < 0.000
No 3,532,787 (99.43) 2,368,316 (67.04) 4,153,746 (99.43) 2,715,018 (65.36)
Yes 20,113 (0.57) 13,214 (65.70) 23,659 (0.57) 15,159 (64.07)

Data are presented as number (%).
aPneumonia after influenza infection: pneumonia inpatient episodes after influenza outpatient episodes.

Table 1. (Continued) Characteristics of influenza outpatient episodes depending on antiviral prescriptions by sex
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CIR following antiviral treatment after influenza infection
The general characteristics of incidence rate of hospitalized pneumonia after influenza 
infection was found to be high in males and females aged 0–9 years and over 65 years (Table 2).  
At the income level, males and females showed higher incidence in medical aid, and were 
identified as 1.06% and 1.07%, respectively. The incidence of hospitalized pneumonia was 
highest in both males and females in 2016, at 0.80% and 0.81%. In the type of medical 
institution, the incidence of hospitalized pneumonia was highest for both males and females in 
general hospitals at 1.26% and 1.27%, followed by senior general hospitals and clinics. In males 
with chronic obstructive pulmonary disease as the leading chronic disease, the incidence rate 
of hospitalized pneumonia was highest at 1.85%, followed by stroke 1.66% and cancer 1.23%. 
In females, stroke was associated with the highest incidence of 1.60%, chronic obstructive 
pulmonary disease 1.56%, and tuberculosis 1.28%. In case of prescribed for more than 5 days, 
the incidence of hospitalized pneumonia was 0.55% in males and 0.56% in females.
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Table 2. Crude incidence rate of pneumonia inpatient episodes after influenza outpatient episodes by sex
Variables Male Female

Total Incidence rate Total Incidence rate
Total 3,552,900 20,113 (0.57) 4,177,405 23,659 (0.57)
General characteristics

Age group, yr
0–9 1,542,789 12,527 (0.81) 1,512,157 12,586 (0.83)
10–18 669,364 1,760 (0.26) 647,890 1,936 (0.30)
19–44 725,000 1,311 (0.18) 1,074,692 2,497 (0.23)
45–64 463,477 1,891 (0.41) 679,799 2,967 (0.44)
≥ 65 152,270 2,624 (1.72) 262,867 3,673 (1.40)

Insurance type
Employee 2,756,008 14,922 (0.54) 3,186,334 17,271 (0.54)
Self-employed 735,383 4,537 (0.62) 902,186 5,433 (0.60)
Medical aid 61,509 654 (1.06) 88,885 955 (1.07)

Income level
Medical aid 61,509 654 (1.06) 88,885 955 (1.07)
Self-employed lowest 108,636 823 (0.76) 140,347 1,115 (0.79)
Self-employed low 154,367 1,075 (0.70) 188,278 1,192 (0.63)
Self-employed middle 175,655 1,087 (0.62) 212,559 1,307 (0.62)
Self-employed high 162,239 846 (0.52) 196,869 1,053 (0.54)
Self-employed highest 134,486 706 (0.53) 164,133 766 (0.47)
Employee lowest 491,573 3,034 (0.62) 616,203 3,533 (0.57)
Employee low 464,179 3,033 (0.65) 605,984 3,643 (0.60)
Employee middle 583,955 3,501 (0.60) 681,163 4,003 (0.59)
Employee high 639,400 3,211 (0.50) 685,242 3,567 (0.52)
Employee highest 576,901 2,143 (0.37) 597,742 2,525 (0.42)

Region
Metropolis 2,090,263 10,466 (0.50) 2,485,691 12,214 (0.49)
Medium cities 1,125,576 7,067 (0.63) 1,300,442 8,372 (0.64)
Rural area 337,061 2,580 (0.77) 391,272 3,073 (0.79)

Year
2014 483,061 3,335 (0.69) 541,191 3,705 (0.69)
2015 463,620 3,094 (0.67) 556,468 3,530 (0.63)
2016 605,347 4,826 (0.80) 695,915 5,648 (0.81)
2017 822,846 3,216 (0.39) 950,601 3,880 (0.41)
2018 1,178,026 5,642 (0.48) 1,433,230 6,896 (0.48)

Medical institution characteristics
Medical institution type

Tertiary hospitals 67,475 502 (0.74) 78,034 531 (0.68)
General hospital & hospital 823,930 10,370 (1.26) 927,798 11,791 (1.27)
Clinic 2,661,495 9,241 (0.35) 3,171,573 11,337 (0.36)

(continued to the next page)
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Factors affecting the incidence of hospitalized pneumonia after influenza 
infection
Factors influencing the incidence of hospitalized pneumonia after adjusting general 
characteristics, medical institution characteristics, underlying comorbidity, and based on the age 
group of 45–64s males were found to have the highest RR in their over 65 years old (Table 3). By 
age group, the RR of 0–9 years was 2.06-fold higher than that of 45–64s. Females aged 0–9 was 
1.88-fold higher and over 65s had the highest RR. In terms of income level, based on employee 
health insurance and the highest income group, the RRs of medical aid were the highest at 1.91 
and 1.66-fold for both males and females, respectively. In the region, based on large cities, the 
RR was 1.25-fold higher for males and 1.28-fold higher for females in rural areas. In the type 
of medical institution, when it is based on clinic the RR of both males and females in general 
hospitals were the highest with 3.14-fold and 3.13-fold, respectively. Males with advanced 
chronic disease showed the highest RR of chronic obstructive pulmonary disease with 1.63-fold 
and 1.34-fold for stroke. In females, tuberculosis showed the highest RR of 1.74-fold, followed 
by chronic obstructive pulmonary disease 1.52-fold. Antiviral therapy reduced the incidence of 
hospitalized pneumonia by 0.21-fold in males and 0.18-fold in females.

The effect of antiviral therapy on hospitalized pneumonia in the 2017 flu season
In patients at high risk in the 2017 flu season, medical care benefits of antiviral therapy were 
granted with or without test results (Table 4). In view of that, we investigated the effect of 
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Variables Male Female
Total Incidence rate Total Incidence rate

Underlying comorbidity
Tuberculosis

No 3,527,660 19,831 (0.56) 4,148,705 23,292 (0.56)
Yes 25,240 282 (1.12) 28,700 367 (1.28)

Asthma
No 1,615,254 7,047 (0.44) 2,011,204 8,846 (0.44)
Yes 1,937,646 13,066 (0.67) 2,166,201 14,813 (0.68)

Chronic obstructive pulmonary 
disease

No 3,493,470 19,013 (0.54) 4,112,602 22,645 (0.55)
Yes 59,430 1,100 (1.85) 64,803 1,014 (1.56)

Heart disease
No 3,423,268 18,737 (0.55) 4,009,158 21,782 (0.54)
Yes 129,632 1,376 (1.06) 168,247 1,877 (1.12)

Stroke
No 3,504,035 19,302 (0.55) 4,107,880 22,545 (0.55)
Yes 48,865 811 (1.66) 69,525 1,114 (1.60)

Hepatitis
No 3,481,567 19,693 (0.57) 4,091,955 23,166 (0.57)
Yes 71,333 420 (0.59) 85,450 493 (0.58)

Cancer
No 3,493,299 19,380 (0.55) 4,094,869 22,987 (0.56)
Yes 59,601 733 (1.23) 82,536 672 (0.81)

Diabetes
No 3,342,387 18,222 (0.55) 3,896,124 21,049 (0.54)
Yes 210,513 1,891 (0.90) 281,281 2,610 (0.93)

Antiviral prescription
No 1,071,117 5,917 (0.55) 1,331,604 7,361 (0.55)
1–4 100,253 982 (0.98) 115,624 1,139 (0.99)
≥ 5 2,381,530 13,214 (0.55) 2,730,177 15,159 (0.56)

Data are presented as number (%).

Table 2. (Continued) Crude incidence rate of pneumonia inpatient episodes after influenza outpatient episodes 
by sex
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antiviral therapy on incidence of pneumonia in the high-risk group in the flu season. The RR 
was 0.38-fold (95% CI, 0.29–0.50) in males aged 0–9 and 0.43-fold (95% CI, 0.32–0.57) in 
females aged 0–9 without chronic diseases, and it was 0.51-fold (95% CI, 0.42–0.61) in males 
aged 0–9 and 0.42-fold (95% CI, 0.35–0.50) in females aged 0–9 with one or more chronic 
diseases. It suggests that antiviral therapy may decrease the incidence of pneumonia after 
influenza infection.
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Table 3. Factors affecting the incidence of hospitalized pneumonia after influenza outpatient episodes by sex
Variables Male Female

Model 1a Model 2b Model 3c Model 1a Model 2b Model 3c

General characteristics
Age group, yr

0–9 2.14 (2.03–2.25) 1.94 (1.84–2.04) 2.06 (1.94–2.18) 2.03 (1.94–2.12) 1.80 (1.72–1.88) 1.88 (1.79–1.97)
10–18 0.67 (0.63–0.72) 0.70 (0.66–0.75) 0.75 (0.70–0.81) 0.72 (0.68–0.76) 0.74 (0.70–0.79) 0.79 (0.74–0.84)
19–44 0.44 (0.41–0.47) 0.43 (0.40–0.46) 0.47 (0.43–0.50) 0.52 (0.50–0.55) 0.51 (0.48–0.54) 0.55 (0.52–0.59)
45–64 Ref. Ref. Ref. Ref. Ref. Ref.
≥ 65 4.24 (3.99–4.51) 4.00 (3.76–4.26) 3.16 (2.95–3.38) 3.23 (3.07–3.40) 3.05 (2.90–3.21) 2.45 (2.32–2.59)

Income level
Medical aid 2.36 (2.16–2.59) 2.03 (1.86–2.22) 1.91 (1.75–2.09) 2.05 (1.90–2.22) 1.79 (1.66–1.93) 1.66 (1.54–1.80)
Self-employed lowest 1.76 (1.62–1.91) 1.59 (1.46–1.72) 1.58 (1.45–1.72) 1.73 (1.61–1.86) 1.56 (1.45–1.67) 1.53 (1.43–1.65)
Self-employed low 1.66 (1.54–1.79) 1.54 (1.43–1.66) 1.54 (1.43–1.66) 1.45 (1.35–1.56) 1.35 (1.25–1.45) 1.35 (1.25–1.45)
Self-employed middle 1.46 (1.35–1.57) 1.35 (1.26–1.46) 1.36 (1.26–1.46) 1.41 (1.32–1.51) 1.32 (1.23–1.41) 1.32 (1.23–1.41)
Self-employed high 1.28 (1.18–1.39) 1.22 (1.12–1.32) 1.22 (1.12–1.32) 1.28 (1.19–1.38) 1.21 (1.13–1.31) 1.22 (1.13–1.31)
Self-employed highest 1.21 (1.11–1.32) 1.18 (1.08–1.28) 1.19 (1.09–1.29) 1.08 (0.99–1.17) 1.05 (0.97–1.14) 1.06 (0.98–1.15)
Employee lowest 1.43 (1.35–1.52) 1.35 (1.28–1.43) 1.35 (1.28–1.43) 1.33 (1.26–1.40) 1.26 (1.19–1.32) 1.26 (1.19–1.33)
Employee low 1.51 (1.43–1.60) 1.41 (1.33–1.49) 1.42 (1.34–1.50) 1.42 (1.35–1.50) 1.32 (1.26–1.39) 1.33 (1.26–1.40)
Employee middle 1.38 (1.30–1.46) 1.29 (1.22–1.37) 1.29 (1.22–1.37) 1.33 (1.26–1.40) 1.24 (1.18–1.31) 1.25 (1.18–1.31)
Employee high 1.23 (1.16–1.30) 1.18 (1.11–1.25) 1.18 (1.11–1.25) 1.17 (1.11–1.23) 1.12 (1.06–1.18) 1.12 (1.06–1.18)
Employee highest Ref. Ref. Ref. Ref. Ref. Ref.

Region
Metropolis Ref. Ref. Ref. Ref. Ref. Ref.
Medium cities 1.20 (1.16–1.24) 1.18 (1.15–1.22) 1.18 (1.14–1.22) 1.24 (1.21–1.28) 1.22 (1.18–1.25) 1.21 (1.17–1.24)
Rural area 1.35 (1.29–1.41) 1.26 (1.20–1.31) 1.25 (1.19–1.30) 1.40 (1.35–1.46) 1.30 (1.24–1.35) 1.28 (1.23–1.34)

Year
2014 1.58 (1.50–1.66) 1.39 (1.33–1.47) 1.40 (1.33–1.47) 1.51 (1.44–1.58) 1.34 (1.28–1.40) 1.34 (1.28–1.41)
2015 1.49 (1.41–1.57) 1.34 (1.27–1.41) 1.34 (1.28–1.41) 1.39 (1.33–1.46) 1.26 (1.20–1.32) 1.26 (1.20–1.32)
2016 1.77 (1.69–1.86) 1.66 (1.59–1.74) 1.67 (1.59–1.75) 1.79 (1.71–1.86) 1.68 (1.61–1.75) 1.68 (1.62–1.76)
2017 Ref. Ref. Ref. Ref. Ref. Ref.
2018 1.22 (1.17–1.28) 1.21 (1.16–1.27) 1.22 (1.16–1.27) 1.18 (1.13–1.23) 1.17 (1.12–1.22) 1.17 (1.13–1.22)

Medical institution characteristics
Medical institution type

Tertiary hospitals 1.78 (1.62–1.96) 1.73 (1.57–1.90) 1.75 (1.60–1.92) 1.71 (1.56–1.87)
General hospital & hospital 3.18 (3.09–3.27) 3.14 (3.05–3.23) 3.17 (3.09–3.26) 3.13 (3.05–3.22)
Clinic Ref. Ref. Ref. Ref.

Underlying comorbidity
Tuberculosis

No Ref. Ref.
Yes 1.31 (1.16–1.48) 1.74 (1.56–1.93)

Asthma
No Ref. Ref.
Yes 1.09 (1.05–1.12) 1.16 (1.13–1.19)

Chronic obstructive pulmonary 
disease

No Ref. Ref.
Yes 1.63 (1.52–1.76) 1.52 (1.42–1.63)

Heart disease
No Ref. Ref.
Yes 1.11 (1.03–1.19) 1.18 (1.11–1.25)

(continued to the next page)
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DISCUSSION

Influenza is epidemic every winter season, and those exposed to viral infections need 
antiviral treatment. Antiviral agents such as oseltamivir and zanamivir can be expected to 
reduce the duration of morbidity, hospitalization rate, complications of pneumonia after 
influenza infection, inhibit viral growth, and delay the spread of early disease outbreaks. In 
addition, treatment and management with antiviral agents within 48 hours after the onset of 
symptoms are very important in order to reduce the damage caused by influenza infection 
and complications leading to pneumonia.

This study measured the incidence of pneumonia inpatient episodes after outpatient 
episodes of influenza by reconstructing episode data to make use into epidemiological 
data, which were the claims of diagnosed influenza and pneumonia from the 2014–2018 
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Table 4. Effect of antiviral therapy on pneumonia inpatient episodes after influenza outpatient episodes depending on chronic diseases by age group, 2017 flu season
Flu season Chronic 

diseases
Age 

group,  
yr

Male Female
Prescribed vs. not prescribed Prescribed vs. not prescribed

Model 1a Model 2b Model 3c Model 1a Model 2b Model 3c

2016.12.–
2017.01.

Total 0–9 0.40 (0.34–0.47) 0.47 (0.40–0.54) 0.47 (0.40–0.55) 0.36 (0.31–0.42) 0.42 (0.36–0.49) 0.42 (0.36–0.49)
10–18 1.10 (0.85–1.42) 1.39 (1.08–1.80) 1.39 (1.07–1.80) 0.92 (0.72–1.18) 1.13 (0.88–1.45) 1.12 (0.87–1.44)
19–44 0.60 (0.38–0.93) 0.71 (0.45–1.11) 0.70 (0.45–1.11) 0.72 (0.55–0.95) 0.90 (0.68–1.19) 0.90 (0.68–1.19)
45–64 0.74 (0.51–1.08) 0.79 (0.54–1.16) 0.76 (0.52–1.12) 0.87 (0.66–1.15) 1.01 (0.76–1.34) 0.99 (0.74–1.31)

≥ 65 1.02 (0.70–1.48) 1.15 (0.79–1.68) 1.17 (0.80–1.70) 1.07 (0.80–1.41) 1.19 (0.89–1.58) 1.18 (0.89–1.58)
No chronic 
diseases

0–9 0.33 (0.25–0.43) 0.38 (0.29–0.50) 0.38 (0.29–0.50) 0.36 (0.27–0.48) 0.43 (0.32–0.57) 0.43 (0.32–0.57)
10–18 1.23 (0.77–1.97) 1.57 (0.97–2.53) 1.57 (0.97–2.53) 0.99 (0.63–1.54) 1.18 (0.75–1.85) 1.18 (0.75–1.85)
19–44 0.45 (0.25–0.83) 0.54 (0.29–0.99) 0.54 (0.29–0.99) 0.64 (0.44–0.94) 0.80 (0.54–1.17) 0.80 (0.54–1.17)
45–64 0.48 (0.23–1.01) 0.48 (0.23–1.03) 0.48 (0.23–1.03) 0.86 (0.52–1.44) 1.06 (0.63–1.79) 1.06 (0.63–1.79)

≥ 65 1.35 (0.39–4.67) 1.57 (0.44–5.53) 1.57 (0.44–5.53) 1.02 (0.41–2.50) 1.18 (0.48–2.92) 1.18 (0.48–2.92)
≥ 1 chronic 
diseases

0–9 0.44 (0.36–0.52) 0.51 (0.42–0.61) 0.51 (0.42–0.61) 0.36 (0.30–0.43) 0.42 (0.35–0.50) 0.42 (0.35–0.50)
10–18 1.05 (0.77–1.42) 1.31 (0.97–1.78) 1.32 (0.97–1.79) 0.89 (0.66–1.21) 1.10 (0.81–1.49) 1.09 (0.81–1.48)
19–44 0.89 (0.45–1.77) 1.05 (0.52–2.12) 1.03 (0.51–2.08) 0.84 (0.56–1.25) 1.05 (0.69–1.58) 1.05 (0.69–1.59)
45–64 0.87 (0.56–1.36) 0.94 (0.60–1.47) 0.91 (0.58–1.43) 0.87 (0.62–1.21) 0.98 (0.70–1.37) 0.96 (0.68–1.34)

≥ 65 0.99 (0.67–1.46) 1.11 (0.75–1.65) 1.13 (0.76–1.68) 1.07 (0.80–1.45) 1.18 (0.88–1.60) 1.18 (0.87–1.60)
Data are presented as relative risk (95% confidence interval).
aModel 1: adjusted general characteristics; bModel 2: adjusted general characteristics, medical institution characteristics; cModel 3: adjusted general 
characteristics, medical institution characteristics, underlying comorbidity.

Variables Male Female
Model 1a Model 2b Model 3c Model 1a Model 2b Model 3c

Stroke
No Ref. Ref.
Yes 1.34 (1.23–1.45) 1.42 (1.32–1.52)

Hepatitis
No Ref. Ref.
Yes 1.12 (1.01–1.24) 1.02 (0.93–1.13)

Cancer
No Ref. Ref.
Yes 1.13 (1.04–1.23) 1.12 (1.03–1.22)

Diabetes
No Ref. Ref.
Yes 1.12 (1.05–1.19) 1.19 (1.13–1.25)

Antiviral prescription
No Ref. Ref. Ref. Ref. Ref. Ref.
Yes 0.72 (0.70–0.75) 0.79 (0.76–0.81) 0.79 (0.76–0.81) 0.74 (0.72–0.77) 0.82 (0.79–0.84) 0.82 (0.79–0.84)

Data are presented as relative risk (95% confidence interval).
aModel 1: adjusted general characteristics; bModel 2: adjusted general characteristics, medical institution characteristics; cModel 3: adjusted general 
characteristics, medical institution characteristics, underlying comorbidity.

Table 3. (Continued) Factors affecting the incidence of hospitalized pneumonia after influenza outpatient episodes by sex
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NHIS's DB. Factors affecting the incidence of pneumonia inpatient episodes after influenza 
outpatient episodes were investigated and confirmed the effect of antiviral treatment to the 
pneumonia hospitalization episode in the 2017 flu season.

A CIR of hospitalized pneumonia after influenza infection was found to be 0.57% in both 
males and females. In addition, factors affecting the incidence of hospitalized pneumonia were 
identified as age, income level except self-employed highest (only in females), municipality, 
medical institution type, precedent chronic diseases except hepatitis (only in females) and 
antiviral therapy. In the Garg et al.11 study, 29% of adults hospitalized with influenza had 
pneumonia, and related factors were age 75 and older, chronic lung disease, asthma, and etc. In 
the Simmerman et al.12 study, it was shown that older patients or those with certain underlying 
diseases are more likely to develop pneumonia among hospitalized patients. According to 
the Chu et al.13 study, the incidence of pneumonia after influenza infection in hospitalized 
patients was 65.7%. Risk factors for the development of pneumonia were identified by age, 
respiratory disease, and underlying disease.13,14 When investigating factors affecting incidence 
of pneumonia after influenza infection, the result from our study using the claims data included 
age, preceding chronic diseases, and underlying diseases. It was similar to that from previous 
studies using medical records of hospitals. The immune system of patients with preceding 
chronic diseases is commonly depressed, resulting in high susceptibility to influenza infection 
to increase a risk of pneumonia, organ failure, and deterioration of underlying diseases. It is 
easy for patients with chronic diseases to have more severe diseases or be dead. Thus, early 
antiviral therapy is important after diagnosis of influenza.

In the result of multivariate analysis adjusting general characteristics, characteristics of medical 
institutions, and preceding chronic diseases, the incidence of hospitalized pneumonia, in the 
outpatient episodes of influenza from 2014 to 2018, decreased by 21% (95% CI, 0.76–0.81) in 
males and 18% (95% CI, 0.79–0.84) in females due to antiviral therapy provided for at least five 
days. In the standard of medical care benefits on prescription of antiviral agents between 2014 
and 2017, prescription of antiviral agents for high-risk groups was approved based on symptoms 
without test results in the flu season as well as in positive cases. We used data collected from 
December 2016 to January 2017, which showed high prescription rates, to identify the effect of 
antiviral therapy in order to select an accurate population with prescription of antiviral agents 
based on the standard of medical care benefits. Then, we investigated the effect of antiviral 
therapy on the incidence of pneumonia in high-risk groups. Antiviral therapy decreased the 
incidence of pneumonia in males and females aged 0–9 with or without chronic diseases. 
There was no significant difference in patients aged 65 or older. To assess the effect of antiviral 
therapy, it was needed to select an accurate population with prescription related to influenza, 
and to appropriately prescribe antiviral agents based on the standard of the medical care 
benefits. The standard of medical care benefits on influenza diagnosis and antiviral agents 
has changed in the 2017–2018 flu season. In our results, antiviral therapy did not decrease 
the incidence of pneumonia in the elderly, and therefore further studies for patients aged 65 
or older who got prescription of antiviral agents are required. In addition, studies on healthy 
adults with prescription related to influenza would be needed.

The Peters et al.15 study has shown that treatment of oseltamivir at all ages reduces the risk of 
pneumonia diagnosis by 15%, using inpatient and outpatient data. The Nordstrom et al.16 study 
has shown that the use of oseltamivir lowers the risk of pneumonia by 28%. The Gums et al.17 
study found that prescribing in children and adolescents reduced the risk of pneumonia to 26% 
and 36% at 6–12 years of age. It was not statistically significant in the age of 18 or more.
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In other studies of the effect of antiviral agents using claims data, antiviral therapy decreased 
incidence of outpatient and hospitalized pneumonia. A similar result was also shown in 
our study. In particular, antiviral therapy had a greater effect in children. In the randomized 
controlled trial (RCT) using clinical data, secondary complications such as pneumonia, 
bronchitis, sinusitis and otitis media decreased by 50% due to antiviral therapy,18 and 
complications in the lower respiratory tract decreased by 34%.19 Studies using clinical data 
could use the data of accurate diagnoses and severity, and verify administration of oseltamivir 
used within 36 hours after the start of symptoms. This controlled setting might make the 
effect of antiviral therapy greater, which is one of our limitations.16,20

International studies of prior RCT have shown that median duration of illness decreased 
by 1.5 days when oseltamivir was administered among infected children aged 1–12.21,22 In 
addition, inhalation of zanamivir among influenza-infected children aged 5–12 years reduced 
the median time to symptom alleviation by 1.25 days.23 Infants and school age children are 
vulnerable to influenza virus infection. Influenza is a disease of droplet infection, and school-
age children who live in groups are more susceptible to viral exposure, so antiviral therapy is 
very important to prevent the spread of the disease during the early epidemic.

Oseltamivir is an effective treatment for influenza patients of all ages, patients with 
respiratory disease.24 Welliver et al.25 and Hayden et al.26 study suggests that treatment 
with oseltamivir is an effective way to prevent influenza transmission within the households 
during community outbreaks because it is a significant site of influenza virus transmission. 
Zanamivir treatment has also been shown to reduce the risk of influenza-related 
complications,27 and reduce the incidence of secondary infections requiring antibiotics.28 
Zanamivir has also been shown to be effective in preventing influenza types A and B at 
home.29 Early antiviral medications are thought to reduce the duration and severity of 
symptoms after influenza infection, reduce the incidence of secondary complications, and 
reduce the economic loss due to medical use.

The limitations of this study are as followed: first, because the NHIS's data were billing data, 
it was possible to confirm the influenza and pneumonia diagnosis information only with the 
sickness code. The clinical data of medical institutions reflect the accuracy of diagnosis of 
influenza due to the test results, the number of severity and severity of influenza infections 
caused by the virus type, but the claim data could not confirm the clinical results. In addition, 
it could not be identified whether the type of pneumonia after influenza infection was viral 
or bacterial. Second, the antiviral effect was shown to be most effective as early as possible 
within 48 hours after symptom onset.8,17 However, the data used in this study were medical 
billing data, and the onset of symptoms was not known. Instead, the date of first diagnosis 
and the date of first antiviral therapy were identified using the first day of medical treatment 
and the first day of medication. Third, medical institutions prescribe drugs of oseltamivir, 
zanamivir, and peramivir, which are antiviral agents used in the treatment of influenza, in 
the family of neuraminidase inhibitors. Of these, peramivir was prescribed as non-payment 
and could not be confirmed by health insurance claims. The antiviral agents of this study 
were oseltamivir and zanamivir, and 99.9% of oseltamivir and 0.1% of zanamivir were found. 
Lastly, the NHIS recorded the antiviral prescription as a billing data, but it was not possible to 
confirm whether the patient actually took the prescribed antiviral drugs.

Multivariate analysis confirmed that antiviral therapy lowered the risk of hospitalized 
pneumonia in influenza outpatient episodes. In particular, the incidence of hospitalized 
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pneumonia was the lowest at the age of 0–9 years in the 2017 flu season. Early exposure to 
antiviral drugs is recommended to minimize the damage caused by infection and to reduce 
the occurrence of secondary complications when symptoms occur due to exposure to 
influenza viruses. In addition, early antiviral therapy may reduce the incidence of influenza's 
most common pneumonia complications, and reduce the medical cost of hospitalization.
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