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strain produced 39,000 times more virus copies in the lungs 
than contemporary H1N1 strains4. After the 1918 and 1919 
influenza pandemic, there were several other major-scale 
pandemics due to influenza A virus. The H2N2/1957 and 
H3N2/1968 pandemic influenza viruses emerged via the ex-
change of genomic RNA segments between human and avian 
viruses. In 1957, the shift of the influenza A strain to H2 and 
N2 resulted in a severe pandemic which led to at least 1 mil-
lion deaths worldwide5. In 1968, an antigenic shift occurred 
only in hemagglutinin (from H2N2 to H3N2), which explain 
why the 1968 pandemic was less extensive than that in 19576. 
The emergence of a novel H1N1 influenza virus in March 
2009 in Mexico represents the most recent pandemic, and the 
pandemic H1N1 virus has continued to circulate the world 
ever since. 

2009 Pandemic Influenza A/H1N1
In late March of 2009, an outbreak of influenza was detected 

in Mexico, which was eventually identified as H1N1 influenza 
A. In June 2009 the World Health Organization (WHO) raised 
its pandemic alert to the highest level (‘phase 6’). More than 
214 countries have reported confirmed cases of pandemic 
H1N1 influenza A7. The 2009 influenza pandemic was caused 
by an H1N1 virus that had not been previously recovered 
from animals or humans. This strain represented a quadruple, 
genetic reassortment of two swine strains, one human strain, 
and one avian strain of influenza8. Using a modeling study, 

History of Influenza Pandemics
The pandemic influenza of 1918 and 1919, also referred to 

as the Spanish flu, is estimated to have resulted in 50 to 100 
million deaths worldwide1. Death rates were especially high 
among healthy adults between 15 and 34 years, which is why 
the Spanish flu was one of the worst epidemics humankind 
has ever experienced2. The extremely severe consequences of 
the Spanish flu resulted from the emergence of an antigenic 
shift in both the hemagglutinin (H1) and the neuraminidase 
(N1) proteins of the influenza A virus3. The unparalleled 
pathogenicity of the 1918 pandemic influenza virus was well 
demonstrated in a mouse model using genetic recombina-
tion techniques. After infection in mice, the 1918 pandemic 
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the United States Centers for Disease Control and Preven-
tion (CDC) estimated that approximately 61 million cases of 
pandemic H1N1 influenza occurred on US soil between April 
2009 and April 10, 2010, resulting in 274,000 hospitalizations 
and 12,470 deaths9. It was estimated that the 2009 H1N1 influ-
enza pandemic was associated with 100,000 to 400,000 respi-
ratory deaths and 46,000 to 180,000 cardiovascular deaths10,11. 
The mortality rate of the 2009 pandemic influenza A infection 
in the United States was 0.12 deaths per 100,000 individuals12. 
Most deaths were related to respiratory failure resulting from 
severe pneumonia and acute respiratory distress syndrome13. 
The pandemic was declared to be over in August 2010. 

2009 Pandemic Influenza A/H1N1 in Korea

In Korea, the first case of pandemic influenza A/H1N1 infec-
tion was reported on May 2, 2009. Influenza activity peaked 
in November and it declined rapidly to below baseline levels 
in February 2010. Between May 2009 and August 2010, there 
were 750,000 cases of pandemic influenza A/H1N1 that were 
confirmed by laboratory tests. The number of H1N1-related 
deaths was estimated at 252. Therefore, the case-fatality of 
the 2009 pandemic influenza A/H1N1 in Korea is 0.03%14. 
When the infection by H1N1 was associated with pneumonia, 
however, admission to an intensive care unit was necessary in 
36.1% of all individuals and 10.4% required mechanical venti-
lation. Despite the administration of antiviral and antibacterial 
agents, the mortality rate of H1N1-assocated pneumonia was 
7.2%15. The clinical outcomes of admitted H1N1 patients are 
consistent with those of the United States (of 272 hospital-
ized H1N1 patients, 25% were admitted to intensive care unit 
[ICU] and 7% died) and those of Australia and New Zealand 
(of 722 H1N1 patients admitted to ICU, the mortality rate was 
14.3%)16,17. Younger generation does not seem to be more 
severely affected by 2009 H1N1. In a study which investigated 
the clinical characteristics of 3,777 pediatric cases of 2009 
H1N1 influenza in southern part of Korea, 221 patients (5.9%) 
were hospitalized. Ten of the admitted patients (4.5%) were 
admitted to the ICU, and eight (3.6%) required mechanical 
ventilation18. The annual socioeconomic costs of the 2009 
pandemic influenza A/H1N1 were estimated at a total of US 
$1.09 billion (0.14% of the national GDP of Korea), based on 
direct costs US $428.0 million (39.3%) and indirect costs US 
$662.5 million (60.8%)19. 

Influenza

Influenza is an acute respiratory disease and human infec-
tions are predominantly caused by influenza A or B viruses. 
Influenza occurs in epidemics mainly during the winter 
season in temperate climates and throughout the year in 

the tropics (Figure 1)20. Usually, two to three different strains 
of influenza circulate concurrently during a given influenza 
season. It is estimated that more than one billion cases of 
influenza occurs globally every year, which results in 3 to 5 
million cases of severe illness and 300,000 to 500,000 deaths21. 
This huge burden and epidemiologic pattern of influenza is 
caused by the changing nature of the antigenic properties of 
influenza viruses. Influenza A viruses have the special ability 
to undergo periodic modifications in the antigenic character-
istics of their envelope glycoproteins, the hemagglutinin and 
the neuraminidase. Among the different influenza A viruses 
subtypes, three major hemagglutinin subtypes (H1, H2, and 
H3) and two neuraminidase subtypes (N1 and N2) have 
evolved to human species-specific subtypes. Influenza viruses 
have eight RNA filaments of segmented genome that can be 
reassorted at high rates among coinfecting viruses. Reassort-
ment between animal and human influenza viruses may re-
sult in the emergence of new strains, which is called antigenic 
shift22. Antigenic shift induced the emergence of new viruses 
that caused the pandemics of 1908, 1957, 1968, and 2009. An-
tigenic drifts arise from point mutations in the RNA gene seg-
ments that code for the hemagglutinin or the neuraminidase. 
Outbreaks due to antigenic drifts are usually less extensive 
and severe. Antigenic drift accounts for the variable extent and 
severity of influenza outbreaks between the years of antigenic 
shift23. Influenza B viruses have a lower propensity for anti-
genic changes and only antigenic drifts in hemagglutinin have 
been described. In contrast to influenza A viruses, influenza B 
viruses have attracted relatively little attention. Nonetheless, 
influenza B has a large impact on public health causing 22.6% 
of the global total influenza cases between 2000 and 201324.

Figure 1. Peak month of flu activity from 1982–1983 through 2013–
2014 in the United States. Adopted from Centers for Disease Con-
trol and Prevention, according to Creative Commons Licenses20.
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Influenza Vaccination

Influenza viruses display high mutation rates, which com-
promises the efficient recognition of new variants by the im-
mune system. As a consequence, new influenza vaccines need 
to be produced each year to match current circulating viruses. 
Influenza vaccination induces virus-neutralizing antibodies, 
mainly against hemagglutinin which provide protection to 
invading viruses25. The elderly and those with comorbidities 
are at increased risk to suffer from complication of influenza. 
Influenza vaccination not only reduces the risk of infection 
but also reduces the illness severity. The United States CDC 
and the WHO collaborate to track influenza virus strains 
isolated throughout the world and to predict the appropri-
ate components for the annual influenza vaccine. There are 
two types of influenza vaccines, inactivated influenza vaccine 
and live-attenuated vaccine. The choice of vaccine formula-
tion depends on several factors, including age, comorbidities, 
pregnancy, and risk of adverse reaction. The intranasally 
administered live-attenuated influenza vaccine is approved 
for healthy nonpregnant adults up to 49 years of age. Until 
recently, inactivated influenza vaccines were trivalent, con-
taining two influenza A antigens (H3N2 and H1N1) and one 
influenza B virus antigen (Victoria or Yamagata strain). Two 
genetic lineages of influenza B viruses have circulated since 
the mid-1980s. Between 1999 and 2012, 42% of all influenza B 
infections were caused by viruses that were not covered in the 
trivalent vaccine of those seasons26. In August 2013, the Food 
and Drug Administration approved a quadrivalent inactivated 

influenza vaccine, Fluarix Tetra, which contains two influenza 
A antigens (H3N2 and H1N1) and two influenza B antigens 
(Victoria and Yamagata strain). Quadrivalent inactivated in-
fluenza vaccine generates similar immune responses against 
the three influenza strains contained in two types of trivalent 
vaccines and superior responses against the additional B 
strain27,28. In 2010, the United States Advisory Committee on 
Immunization Practice (ACIP) expanded the recommenda-
tion for influenza vaccination to include all individuals of 6 
months of age and older. Vaccination to prevent influenza is 
particularly important for people who are at high risk of devel-
oping serious complications. When the vaccine supply is lim-
ited, vaccination efforts should focus on delivering vaccination 
to this specified group of people (Table 1)29. 
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