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Influenza virus infections are common in people of all ages. Epidemics occur in the winter
months in temperate locations and at varying times of the year in subtropical and tropical
locations. Most influenza virus infections cause mild and self-limiting disease, and around
one-half of all infections occur with a fever. Only a small minority of infections lead to serious
disease requiring hospitalization. During epidemics, the rates of influenza virus infections are
typically highest in school-age children. The clinical severity of infections tends to increase at
the extremes of age and with the presence of underlying medical conditions, and impact of
epidemics is greatest in these groups. Vaccination is the most effective measure to prevent
infections, and in recent years influenza vaccines have become the most frequently used
vaccines in the world. Nonpharmaceutical public health measures can also be effective in
reducing transmission, allowing suppression or mitigation of influenza epidemics and pan-
demics.

Hundreds of millions of influenza virus in-
fections occur around the world each year.

Although immunity against reinfection with the
same strain can last for many years, rapid anti-
genic change in circulating strains allows influ-
enza viruses to escape the population immunity
that builds up after an epidemic (Saad-Roy et al.
2019; Lam et al. 2020). Occasionally, influenza
pandemics occur when a novel strain emerges
from animals and is able to spread among hu-
mans (Saunders-Hastings and Krewski 2016).
Whereas most infections are associated with
mild and self-limiting disease, older individuals
and those with underlying medical conditions
can be more vulnerable to more serious disease
and influenza epidemics tend to have the great-

est impact in these groups. Influenza can also
cause serious disease in neonates and infants.
Here, we review the incidence and severity pro-
file of influenza virus infections in populations,
and the public health impact of those epidemics.
We then discuss themeasures that can be used to
control influenza epidemics and pandemics.

INFLUENZA TRANSMISSION

Transmission of an infectious disease occurs
when the causative pathogen moves from an
infected host to cause an infection in a new
host. The rate at which transmission occurs
will define the speed and impact of an epidemic,
and public health measures typically aim to slow
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down or stop transmission from occurring. At
the beginning of an epidemic, in a completely
susceptible population with no public health
measures in place, transmissibility can be mea-
sured by the basic reproductive number, often
written as “R0.” This quantity is formally de-
fined as the mean number of secondary infec-
tious cases generated from a typical primary
infectious case in a completely susceptible pop-
ulation. One review study reported that the me-
dian basic reproduction number for the 1918
pandemic was 1.80 (interquartile range [IQR]:
1.47–2.27), 1.65 (IQR: 1.53–1.70) for the 1957
pandemic, 1.80 (IQR: 1.56–1.85) for the 1968
pandemic, 1.46 (IQR: 1.30–1.70) for the 2009
pandemic, and 1.28 (IQR: 1.19–1.37) for sea-
sonal influenza (Biggerstaff et al. 2014). One
implication of this is that between one-third
and one-half of all transmission events must
be prevented by public health measures to bring
the reproductive number below the critical
threshold of 1 and stop an epidemic.

As infections spread, leading to a buildup of
immunity in the population, transmissibility
will gradually decline. Changes over time in
transmissibility can be reflected by a metric
known as the effective reproduction number at
time t (Rt), which is the number of secondary
infections generated by a typical infection with
illness onset at calendar time t. As an epidemic
proceeds, Rt will tend to decline, and will drop
below the critical threshold of 1 at around the
epidemic peak. Monitoring Rt can also give in-
formation on the impact of public health mea-
sures on transmission (Ali et al. 2018; Cowling
et al. 2020; Ryu et al. 2020a).

Understanding the ways in which influenza
transmission occurs is important to determine
which types of control measures would be most
appropriate to recommend. For example, if in-
fluenza often spreads through contaminated
surfaces, hand hygiene would be a particularly
important and efficacious intervention.Most in-
fluenza transmission is thought to occur during
close contact by droplets or aerosols that travel
through the air from one person to another,
without involving hands or fomites. However,
the size of droplets or aerosols responsible for
transmission remains a topic of considerable

debate (Killingley and Nguyen-Van-Tam 2013;
Tellier et al. 2019).

SEASONALITY IN DIFFERENT CLIMATE
ZONES

In temperate locations, influenza epidemics
tend to occur in the winter months. Influenza
seasonality is weaker in subtropical and tropical
locations, and influenza can occur at various
times of the year or even have year-round circu-
lation (Hirve et al. 2016; Dave and Lee 2019).
There are a number of proposed mechanisms
that affect this seasonality. One hypothesis is
that seasonality is affected by the variation of
host immunity against infectious agents—for
example, because of seasonal changes in mela-
tonin or vitamin D levels (Dowell 2001). Anoth-
er potential mechanism is behavioral change, in
which populations spend more time indoors
during the winter, whereas schools tend to
have holidays in the summer. A third possible
mechanism of seasonality is the change in sur-
vival of influenza virus under different environ-
mental conditions such as humidity (Shaman
and Kohn 2009; Marr et al. 2019).

INCIDENCE OF INFECTIONS

Measures of influenza incidence include the
number or rate of infections that have occurred,
are occurring, or are predicted to occur in a
population. In some cases, measures of inci-
dence will focus on influenza virus infections
with certain clinical characteristics, such as am-
bulatory consultations, or hospitalizations asso-
ciated with influenza. Because many influenza
virus infections are mild and do not require
medical attention, it is challenging to measure
the incidence of all infections in a population.
Laboratory diagnosis can be costly and may be
unnecessary for management of most influenza
virus infections. A typical approach to influenza
surveillance has been to measure the proportion
of outpatients with influenza-like illness (ILI)
over time (Fleming and Elliot 2008). Surveil-
lance of inpatients is another routine approach,
in which the proportion of inpatients with se-
vere acute respiratory infections is monitored
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over time. In most influenza epidemics, the in-
cidence of infections is higher in children than
adults. One recent study estimated that
∼3%–11% of individuals in the United States
suffer symptomatic influenza each year, with
an average incidence of 8.7% in children and
5.1% in adults (Tokars et al. 2018).

In the 2009 influenza pandemic, laboratory
diagnostics were more widely used particularly
among inpatients, although it can be difficult to
interpret incidence rates of laboratory-con-
firmed cases if testing practices vary over time.
Virologic surveillance could provide accurate in-
formation on relative changes in incidence of
infections over time as long as health-care-seek-
ing behaviors and testing practices are stable
over time. Combining surveillance of medically
attended ILI with virologic data on the propor-
tion of ILI associated with influenza has been
used as a correlate of the incidence of infections
in some studies (Goldstein et al. 2011; Wong
et al. 2013b; Yang et al. 2015).

In addition to surveillance of medically at-
tended influenza, infections and illness can also
be measured by epidemiological studies in the
general community (Monto 1994). Other elec-

tronic data sources could be used to track inci-
dence: For example, calls to a telenursing system
could inform rates of milder illnesses, one could
monitor Internet searches relating to influenza
that could correlate with rates of infections, or if
resources are available one could arrange for
repeated telephone surveys to assess rates of
ILIs over time (Payne et al. 2005; Ginsberg
et al. 2009; Spreco et al. 2017).

The immune response to an influenza
virus infection can include production of anti-
bodies specific to that strain, and serologic sur-
veillance of the prevalence of antibody in a
population over time can provide direct infor-
mation on the cumulative incidence of infec-
tions. An example of this is shown in Figure
1A, based on a serological study done in Hong
Kong in 2009 (Wu et al. 2010b). However,
some technical issues must be addressed, in-
cluding uncertainty over the proportion of in-
fected individuals who develop antibody at or
above a certain titer (particularly among those
with subclinical infections), the delays in ap-
pearance of antibody, waning in antibody titers
over the longer term, potential cross-reactions
due to infections with other strains, and con-
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Figure 1. Age-specific infection attack rate and clinical severity profile of 2009 H1N1pdm09 infections in Hong
Kong (Wu et al. 2010b). (A) Estimates of the risk of infection in each age group based on a large serologic study
(Wu et al. 2010b). (B) Age-specific estimates of the clinical severity profile of H1N1pdm09 in Hong Kong based
on the estimated attack rates and the numbers of severe outcomes recorded in the territory.
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fusion of changes in antibody titer following
vaccination versus infection (Chen et al. 2018;
Khurana et al. 2019).

Incidence can also be measured in closed
settings such as schools and households, and
outbreak investigations or transmission studies
can provide valuable data on infections and ill-
nesses. For example, prospective follow-up of
individuals exposed to infection can provide
data on the proportion of virologically con-
firmed infections that lead to certain clinical
signs or symptoms or increases in antibody ti-
ters, facilitating interpretation of surveillance
data from the broader population (Tsang et al.
2016).

One of the key determinants of the inci-
dence of an influenza strain is its transmissibil-
ity, or its propensity to spread in a population.
Transmissibility is affected by the degree of in-
fectiousness of those infected, the susceptibility
of those in contact with infected individuals, and
the degree of contact between infectious and
susceptible individuals. Transmissibility is not
a biological constant and can be modified by
population behaviors and public health mea-
sures. Tracking transmissibility over time allows
public health authorities to determine the
strength of measures needed to bring an epi-
demic under control.

SERIOUSNESS OR SEVERITY PROFILE OF
INFECTIONS

“Seriousness,” or severity, describes the patho-
genicity or the capacity of an influenza strain to
cause disease. One of the most common mea-
sures of seriousness is the case fatality risk
(Nishiura 2010), often referred to as the case
fatality rate, although it is not a rate (Kelly and
Cowling 2013). The numerator is the estimated
number of deaths, the denominator is the esti-
mated number of cases, and it is important to
clarify the specific measures used for each of
these. In the early stages of an epidemic, some
infections may not have resolved, so that the
number of deaths divided by the number of cas-
es could underestimate the case fatality risk if
some of the current cases would later die (Jewell
et al. 2007). It is possible to include only deaths

of laboratory-confirmed cases in the numerator,
or broaden to all estimated influenza-associated
deaths (Wong et al. 2013b). It is possible to re-
strict the denominator to laboratory-confirmed
cases only (which depends on health-care-seek-
ing behavior and the availability of laboratory
testing) (Nishiura 2010), broaden to all sympto-
matic individuals with a certain definition of
“symptomatic,” or even broaden further to all
estimated infections including subclinical infec-
tions (Wu et al. 2010b, 2011;Wong et al. 2013b).
Variability in definitions for both the numerator
and denominator can lead to problems in com-
paring severity estimates in different settings. In
2009, a study in Hong Kong was able to estimate
the seriousness profile of H1N1pdm09 infec-
tions by age (Fig. 1B), by comparing estimates
of the incidence of infection from serological
data (Fig. 1A) with estimates of the numbers
of hospitalizations and deaths (Wu et al.
2010b). In Figure 1B, there is a clear increase
with age in the risk of serious outcomes on a
per-infection basis: For example, the mortality
rate was <1 per 100,000 infections in children,
whereas it was approaching 1 per 1000 infec-
tions in adults 50–59 years of age and likely
would be higher than that in older adults.

Seriousness is not limited to measures of the
risk of mortality, but could more generally refer
to the risk of having a more serious health out-
come: for example, the risk of illness conditional
on infection, the risk of hospitalization condi-
tional on illness, the risk of death conditional on
hospitalization, etc. Alternatively, a simple def-
inition of the seriousness of a particular influ-
enza strain could be proposed as the average cost
associated with treating an infection with that
strain either in terms of direct costs or including
indirect costs as well. However, single measures
of severity may not fully capture the profile of an
influenza strain as the risk of severe disease in-
creases with age and with the presence of other
chronic health conditions (Van Kerkhove et al.
2011).

Seriousness could also be reflected at the
mild end of the spectrum by the fraction of in-
fections that are asymptomatic, the fraction of
infections that cause a febrile disease, or a dis-
ease that requires medical attention. However,
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these fractions are challenging to estimate. Esti-
mates of the asymptomatic fraction of infections
have varied between 10% and 90%, depending
on the approaches used and the precise defini-
tion of “asymptomatic” (Leung et al. 2015). In
community studies with intense monitoring of
exposed persons, around one-half of infections
are associated with a fever (Lau et al. 2012; Ip
et al. 2016).

Prospective assessment of the likely impact
of an influenza epidemic or pandemic can help
to determine the types of public healthmeasures
thatmight be justified to reduce transmission. In
March 2017, the World Health Organization
(WHO) published the Pandemic Influenza
Severity Assessment approach to improve and
standardize severity assessment and to enable a
real-time assessment to guide response (World
Health Organization 2017b). The components
in this assessment include transmissibility of in-
fluenza, the seriousness of disease, and the po-
tential impact on the society as a whole. The
seriousness profile of infections is typically the
most difficult parameter to evaluate in real time
(Wong et al. 2013a).

THE PUBLIC HEALTH IMPACT OF
INFLUENZAVIRUS INFECTIONS

Influenza epidemics and pandemics can have
considerable morbidity and mortality impact.
The influenza H1N1 pandemic in 1918/1919
had a particularly high impact (Pappas et al.
2008). It had three separate waves during
1918–1919 and caused 50–80 million deaths
(Taubenberger and Morens 2006). Two other
influenza pandemics occurred in the twentieth
century with lower impact (Table 1). In April

2009, H1N1pdm09 was identified in Mexico
and the United States, and infections rapidly
spread worldwide. In its first year of circulation,
it has been estimated that H1N1pdm09 caused
between 123,000 and 203,000 deaths (Simonsen
et al. 2013).

The impact of influenza in a population can
be measured by the number of illnesses, out-
patient visits, hospitalizations, and/or deaths as-
sociated with infections in that population. In
addition to counts of the number of health
events, measures of impact can be broadened
to encompass economic considerations (Klepser
2014), mental health and well-being (Coughlin
2012), and indirect effects on other diseases
(Noymer 2011;Mak et al. 2012). Economic costs
can reflect not only the directly attributable costs
of infections, such as inpatient and outpatient
care, andworkplace absenteeism, but also intan-
gible costs due to changes in population behav-
iors.

Seasonal influenza tends to be associated
with a substantial morbidity and mortality im-
pact in older adults and those with underlying
medical conditions. Because previous influenza
pandemics have been associated with a greater
mortality impact in younger individuals, either
because of increases in the incidence of infection
or severity or both, metrics such as years of life
lost have been used to give a more complete
picture of the mortality impact than the number
of deaths (Charu et al. 2011; Zhou et al. 2013).

One approach to estimating the mortality
impact of influenza is by examining the “excess”
deaths that occur during influenza epidemics
compared to outside of epidemic periods (Farr
1847). Influenza-associated mortality varies
from year to year and tends to be higher in pan-

Table 1. Influenza pandemics in the twentieth and twenty-first centuries

Pandemic Years
Influenza A subtype

involved Mortality impact

Spanish flu 1918–1920 H1N1 50–100 million deaths (Taubenberger and Morens
2006)

Asian flu 1957–1958 H2N2 1.1 million deaths (Viboud et al. 2016)
Hong Kong flu 1968–1969 H3N2 1 million deaths (Saunders-Hastings and Krewski

2016)
H1N1pdm09 2009–2010 H1N1 123,000–203,000 deaths (Simonsen et al. 2013)
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demics than in seasonal epidemics (Nicoll et al.
2012). First, the factors were associated with real
differences in influenza-associated death. This
includes the characteristics of the virus such as
virulence and transmissibility, population struc-
ture such as access to health care, the prevalence
of commodities, and level of population immu-
nity. Second, the factors were associated with the
methodology of case identification. This in-
cludes different types of mortality surveillance,
differences in laboratory testing, accessibility of
test- and case-reporting systems, and different
physician’s awareness of influenza tests.

Influenza-attributable mortality has been
widely estimated by measuring the excess mor-
tality during influenza epidemics compared
with baseline threshold, which are usually ac-
quired from statistical and modeling methods
(Li et al. 2018). The Serfling least-squares cycli-
cal regression model is one of the most widely
used methods, relying on a sinusoidal baseline
curve fitted to historical mortality data (Serfling
1963). This model does not require virological
data and provides a simple approach to estimate
excess deaths, although it is not suitable for
locations with weak influenza seasonality. Re-
gression models, which include virological
surveillance data, are often now preferred for
estimating influenza virus-type and subtype-
specific mortality and can avoid overestimation
of deaths caused by cold weather or other respi-
ratory infections.

Another approach is counting the number
of influenza deaths. However, there are a num-
ber of limitations to this approach. First,
mortality associated with influenza could be un-
derestimated because infected individuals may
not be identified by medical institutions or in-
fected individuals identified at the medical in-
stitution but not confirmed by laboratory test-
ing. In addition, influenza virus infections may
cause secondary bacterial pneumonia (Davis
et al. 2012) or may aggravate underlying illness
such as cardiovascular diseases. Influenza virus
infections are thought to lead to increases in
cardiovascular events, although these are rarely
recorded as influenza-associated events because
influenza is not suspected in the etiology of these
events and virus shedding may already have

ceased by the time of the event (Warren-Gash
et al. 2009, 2018; Morris et al. 2017).

A recent study estimated that the global
mean annual influenza-associated respiratory
excess mortality rate ranged from 0.1 to 6.4
per 100,000 individuals for the individuals
younger than 65 years, 2.9–44.0 per 100,000 in-
dividuals in those between 65 and 74 years, and
17.9–224.5 per 100,000 individuals for those
older than 75 years of age (Iuliano et al. 2018).
The highestmortality was in sub-Saharan Africa
(2.8–16.5 per 100,000 population) and South-
east Asia (3.5–9.2 per 100,000 population) (Iu-
liano et al. 2018). These estimates indicate a
greater annual burden than the previous report
in 2017 (WHO estimated that 290,000 to
650,000 annual global deaths were associated
with seasonal influenza) (World Health Organi-
zation 2017a).

OPTIONS FOR INFLUENZA CONTROL

Vaccines

Influenza vaccines are the best available inter-
vention to reduce the public health impact of
influenza epidemics and pandemics. Influenza
vaccines have been used since the 1940s with
vaccines mostly produced by inactivation of
egg-grown virus followed by purification
(Sautto et al. 2018). Vaccines have moderate ef-
fectiveness in preventing laboratory-confirmed
influenzawith effectiveness varying from year to
year for a variety of reasons (Belongia et al.
2016). Nevertheless, even with moderate effec-
tiveness, influenza vaccines prevent a consider-
able number of illnesses, hospitalizations, and
deaths each year (Chung et al. 2020). There is
currently amajor international research effort to
develop improved influenza vaccines and ulti-
mately “universal” influenza vaccines, which
provide broad and long-lasting protection
against a wide range of strains (Erbelding et al.
2018; Paules et al. 2018).

Annual monitoring of influenza vaccination
effectiveness has become an important public
health activity in many high-income locations
in recent years. To achieve this, a more efficient
study design is required than randomized con-
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trolled trials, which require substantial resourc-
es, or classical observational studies that can
suffer various biases including confounding
(Jackson et al. 2006). Over the last few years,
the “test-negative design” has been increasingly
used for monitoring vaccine effectiveness (Sul-
livan et al. 2014). This study design is a variation
of the case-control study, in which patients
are enrolled if they visited an outpatient clinic
(or were hospitalized, in some studies) with
symptoms of influenza and were tested for the
presence of influenza virus. Vaccination effec-
tiveness can bemeasured by calculating the odds
of vaccination coverage between the enrolled
patients testing positive and negative for influ-
enza (Jackson and Nelson 2013).

Antivirals

There are a number of antivirals with proven
efficacy for the treatment of influenza virus in-
fections. Some antivirals can also be used for
prophylaxis. In general, most randomized trials
of antivirals have been conducted against mild
and self-limiting disease, and there is relatively
less evidence for their efficacy in treating severe
influenza (Kelly and Cowling 2015). However,
in practice, antivirals are most useful for treating
severe influenza and are less commonly used in
outpatient settings. Some countries have created
stockpiles of antiviral drugs to be used in the

event of an influenza pandemic; although these
stockpiles are typically not large enough to treat
everymild case, they do provide reassurance that
therewill be a sufficient supply of effective drugs
for severe cases.

Nonpharmaceutical Interventions

Whereas vaccines are the best preventive mea-
sure, nonpharmaceutical interventions (NPIs)
also have an important role in mitigating influ-
enza epidemics and pandemics in the commu-
nity. NPIs can also be described as public health
measures. In the early phase of influenza epi-
demics and pandemics, NPIs are often the
most accessible interventions because of
the limited supply of antivirals and a delay in
the availability of specific vaccines. These mea-
sures are intended to reduce individuals’ risk of
infection, delay the epidemic peak, reduce the
“height” of the epidemic peak, and spread cases
over a long time period. Achieving any of these
objectives would contribute to reducing the
overall impact of the epidemic or pandemic
(Fig. 2). Notably, health systems often struggle
in larger seasonal influenza epidemics, with
surges in hospitalizations that can exceed the
available bed capacity. In a severe pandemic,
spreading out infections over a longer period
of time would be vital to preserve hospital ca-
pacity and capacity in intensive care facilities in

Number of days after first case

Number
 of cases 

 per day

Outbreak
 without 

intervention

Outbreak
 with intervention

Delay the start
 of the epidemic

Delay epidemic peak

Reduce height of peak

Spread cases over
 a longer time period

Health system capacity

Figure 2. The intended impact of nonpharmaceutical interventions, indicating how “flattening the curve” could
allow a greater fraction of patients to be effectivelymanaged by the available health system capacity and could buy
time for capacity to be increased.
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particular. Figure 2 indicates the problem with
limited health system capacity, which can sur-
pass 100% capacity even in average influenza
seasons. “Flattening the curve” with NPIs could
allow time for capacity to be increased. During
the COVID-19 pandemic in 2020, NPIs bought
time for construction of field hospitals to pro-
vide extra capacity for patient isolation and
treatment.

Personal protective measures such as hand
hygiene and respiratory etiquette are often rec-
ommended in influenza epidemics and pan-
demics, although there is limited evidence for
their effectiveness (Xiao et al. 2020). A random-
ized controlled trial of hand hygiene in 60 ele-
mentary school children in Egypt found that
hand hygiene significantly reduced laboratory-
confirmed influenza cases by >50% (Talaat et al.
2011). However, other randomized trials did not
identify significant effects of hand hygiene (Xiao
et al. 2020).

Face masks have been one of the most con-
troversial public healthmeasures in the COVID-
19 pandemic of 2020. There is mechanistic
evidence supporting the efficacy of face masks
in filtering influenza virus if worn by infected
persons (Milton et al. 2013; Leung et al. 2020).
However, there is less evidence for their effec-
tiveness in reducing transmission in the com-
munity, and a meta-analysis of randomized tri-
als did not identify significant effects (Xiao et al.
2020). It remains plausible, from all available
evidence, that widespread use of face masks
could have a small-to-moderate effect in reduc-
ing influenza transmission in the community.

Isolation of infected persons can be an effec-
tive way to reduce transmission (Fong et al.
2020). One of the most important public health
messages in an influenza epidemic can be for ill
persons to stay at home. The duration of home
isolation could be until a fever subsides or for the
first few days of illness. One complication would
be the access to sick pay, particularly for self-
employed or contract workers, because other-
wise these individuals may need to continue to
work while ill.

Quarantine is defined as the restriction of
movement of exposed persons who are often
identified by contact tracing. This has proven

to be an important measure in the COVID-19
pandemic. A simulation study estimated that the
combination of contact tracing, quarantine, iso-
lation, and antivirals could reduce infections by
40% (Wu et al. 2006); however, another simu-
lation study estimated that it would be difficult
to control influenza with 90% contact tracing
and quarantine because such a high proportion
of influenza virus infections are asymptomatic
or present with mild symptoms (Fraser et al.
2004).

Social distancing measures are measures in-
tended to reduce the frequency and duration of
interactions among people in the community.
School-age children usually have lower levels
of immunity than adults because they have
had fewer prior influenza virus infections, and
there aremore opportunities for transmission to
occur in crowded classrooms compared to other
community settings. It is well recognized that
school-age children play a crucial role in influ-
enza transmission in the community. To limit
the spread of influenza, school closures are one
of the most effective social distancing measures
available (Fong et al. 2020). The impact of
school closures against influenza transmission
has been discussed in modeling and epidemio-
logical studies (Cauchemez et al. 2008; Wu et al.
2010a). Transmission has sometimes rebound-
ed when schools are reopened, indirectly indi-
cating that the closures had been suppressing
influenza transmission (Jackson et al. 2013;
Ryu et al. 2020a). School closure can also reduce
transmission in other age groups because of the
changes in social mixing. Other important so-
cial distancing measures include prevention of
mass gatherings, public health measures in
workplaces such as work-at-home policies, and
measures in institutions such as prisons and res-
idential care homes.

In the early stages of the 2009 influenza pan-
demic, there was an effort by many countries to
delay the importation of infections. Travel-relat-
ed NPIs include screening travelers for signs or
symptoms of infection, travel restrictions, and
border closures. Screening arriving travelers
can be done with thermal scanners and health
declaration forms. Ecological studies estimated
that entry screening delayed the importation of
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H1N1pdm09 infections in 2009 by 7–12 days
(Cowling et al. 2010), and delayed local epidem-
ics by 4 days (Yu et al. 2012); however, the de-
tection rate of the influenza cases by entry
screening is low (Hale et al. 2012; Sakaguchi
et al. 2012) and requires considerable public
health resources. Therefore, it may not always
be justifiable. International travel restriction is
the prevention of movement between particular
countries. Travel restrictions or reductions are
more controversial because of the economic
consequences, and simulation studies predicted
that very substantial travel restrictions of up to
99%might be necessary to delay local epidemics
by a few weeks (Cooper et al. 2006; Ferguson
et al. 2006). Border closure involves the com-
plete limitation of movement of the person
into and out of a particular country. Border clo-
sure in 11 South Pacific Island jurisdictions
delayed the arrival of 1918/1919 pandemic in-
fluenza by 3–30 months (McLeod et al. 2008).
However, border closures are not likely to be
practical or feasible in most parts of the world
(World Health Organization 2007; Ryu et al.
2020b).

CONCLUSIONS

Influenza epidemics cause considerable mor-
bidity and mortality each year, and influenza
pandemics threaten to cause as much impact
as coronavirus disease 2019. We need an im-
proved understanding of the modes of influenza
transmission to design better control measures.
Influenza vaccines are increasingly used to mit-
igate the impact of epidemics but require annual
administration and have moderate effectiveness
that could be improved by the development of
universal influenza vaccines.
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