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Although influenza is primarily considered a respiratory infection and causes significant respiratory mor-
tality, evidence suggests that influenza has an additional burden due to broader consequences of the ill-
ness. Some of these broader consequences include cardiovascular events, exacerbations of chronic
underlying conditions, increased susceptibility to secondary bacterial infections, functional decline,
and poor pregnancy outcomes, all of which may lead to an increased risk for hospitalization and death.
Although it is methodologically difficult to measure these impacts, epidemiological and interventional
study designs have evolved over recent decades to better take them into account. Recognizing these
broader consequences of influenza virus infection is essential to determine the full burden of influenza
among different subpopulations and the value of preventive approaches. In this review, we outline the
main influenza complications and societal impacts beyond the classical respiratory symptoms of the
disease.

© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Influenza: A significant respiratory pathogen

Influenza is an acute infectious viral respiratory disease that
causes annual epidemics and occasionally, pandemics [1]. Influ-
enza viruses spread easily, through aerosolized droplets produced
by coughing and sneezing, or by hands and fomites contaminated
with influenza viruses. Transmission occurs predominantly during
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the winter seasons in temperate regions and year-round in tropical
regions, especially in crowded areas such as schools, nursing
homes, or on public transport [2]. Illness is normally characterized
by fever, cough, headache, muscle and joint pain, malaise, sore
throat, and a runny nose — symptoms that have an abrupt onset,
and can last for more than 2 weeks [2,3]. Although most people
recover within a week without requiring medical attention, influ-
enza can lead to severe illness, hospitalization, and death, espe-
cially in older adults, infants, pregnant women, overweight
individuals, and individuals with chronic medical conditions
[1,2,4].

Influenza viruses continually evolve, allowing them to evade
immune memory responses and infect individuals previously
exposed to similar virus strains [1]. Occasionally, an influenza virus
from a non-human reservoir infects humans and acquires the
potential to spread from person to person, as illustrated by the
1918-1919 pandemic that resulted in an estimated 500 million
infections and 50 million deaths worldwide [5]. This level of devas-
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tation from influenza has thankfully not been seen since, possibly
due to better public health measures and surveillance systems,
the advent of vaccines, and the development of antibiotics and
antiviral treatments. Even so, influenza causes epidemics affecting
millions of people worldwide every year and, especially in temper-
ate countries, the surges in medical visits and increase in health-
care utilization during the influenza months have been well
described [4]. Nonetheless, vaccination rates in most countries
remain well below the 75% recommended by the World Health
Organization (WHO?) [1,6]. In addition to encouraging vaccination
of high-risk populations, the WHO encourages countries to maintain
up-to-date pandemic preparedness and response plans to prevent
emerging novel strains from overwhelming healthcare systems [7],
as illustrated by the current worldwide COVID-19 pandemic [8].

Reliable global disease burden data have historically been
absent, but an important estimate was provided by the Global Bur-
den of Disease Study [4]. It estimated that 54.5 million lower res-
piratory tract infections (LRTIs) attributable to influenza occurred
in 2017, of which 8.2 million were severe and resulted in
145,000 (95% uncertainty interval: 99,000-200,000) deaths [4]. In
contrast, the global annual number of deaths was estimated to
be much higher in a study by Iuliano et al. Using a less conservative
method based on respiratory death codes, they calculated a global
annual burden of ~ 290,000-650,000 influenza-associated respira-
tory deaths (4.0-8.8 per 100,000 individuals) occurring during the
influenza seasons between 1999 and 2015 [9].

Specific attempts to monitor influenza contribution to the win-
ter respiratory disease burden were only initiated since the 1970s
when specific laboratory tests became available to confirm infec-
tion. In the United States (US), initial estimates of influenza disease
burden suggested an annual influenza attack rate (i.e., incidence) of
9-20% of the general population, with rates of more than 30% in
children [10,11], confirming the virus as a significant contributor
to morbidity. More recent estimates are slightly lower: it was esti-
mated that between 2010 and 2016, the incidence of symptomatic
influenza varied from 3% to 11% among seasons [12].

Determining accurate laboratory-confirmed influenza attack
rates is often difficult because the cohort studies required to do
this are costly and complex. The placebo arm of a clinical trial
can mimic a cohort study because unvaccinated individuals are
closely followed up for disease, and trials are typically accompa-
nied by high-quality diagnostics. A systematic review of 32 con-
trolled influenza vaccine trials conducted between 1974 and
2011 estimated that approximately 1 in 5 unvaccinated children
and 1 in 10 unvaccinated adults were infected with seasonal influ-
enza annually [13]. These summary rates obscure significant vari-
ability between studies and seasons. Despite close monitoring and
active surveillance, symptomatic attack rates may be higher than
that measured in those trials where only patients with respiratory
illness are tested for influenza, and atypical presentations that do
not conform to strict case definitions (e.g., exacerbations of under-
lying conditions) are likely missed.

Irrespective of the methodological approach used to evaluate
the burden of influenza, cases are disproportionately common
among the youngest and oldest individuals [1,4,14,15]. Iuliano
et al. estimated a mean annual influenza-associated excess respira-
tory mortality rate per 100,000 individuals of 2.9-44.0 in people
aged 65-74 years and 17.9-223.5 in people aged > 75 years, com-
pared to 0.1-6.4 in people aged < 65 years, and to an overall rate of
influenza-associated respiratory deaths of 2.1-23.8 per 100,000 in
children aged < 5 years [9].

2 Abbreviations: CI, confidence interval; ICU, intensive care unit; ILI, influenza-like
illness; MI, myocardial infarction; LRTI, lower respiratory tract infection; WHO, World
Health Organization.
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Individuals with chronic medical conditions are also affected
disproportionately by influenza. They account for as many as 80%
of all hospital admissions with laboratory-confirmed influenza in
adults, and approximately 50% of those in children [16,17]. Severe
influenza and influenza complications are much more likely to
develop in these at-risk individuals [1], often because they are less
able to immunologically control infections and because the infec-
tion itself can exacerbate the underlying condition leading to an
increased risk for hospitalization and death (Fig. 1). Specific popu-
lations, including those with chronic heart or respiratory condi-
tions, are at highest risk of both severe influenza illness and
exacerbated comorbidities, and this risk increases with age.

Pregnant women also represent a group at greatest risk of sev-
ere illness, complications, and death from influenza; and in addi-
tion to maternal illness, influenza can lead to complications such
as stillbirth, pre-term delivery, and decreased birth weight
[18,19]. Importantly, in four large, controlled, randomized trials
conducted in developing countries, influenza vaccination during
pregnancy reduced laboratory-confirmed influenza by 50-58% in
mothers and 27-63% in children; and acute respiratory disease
by 19-36% in mothers and 29% in children [20-23]. For these rea-
sons, the WHO recommends that pregnant women should be the
highest priority for countries planning to initiate or extend their
seasonal influenza immunization programs [18].

2. Influenza complications beyond classic respiratory illness

Most estimates of the global influenza disease burden focus on
the burden resulting from respiratory symptoms of the disease.
However, clinical evidence and epidemiological studies have
shown an additional hidden burden of influenza disease from
broader consequences of the illness. Such consequences include
exacerbation of chronic underlying conditions, increased suscepti-
bility to secondary microbial infections, cardiovascular events, and
functional decline (Fig. 1).

3. Cardiovascular disease

An estimated 422 million people had cardiovascular disease
worldwide in 2015 [24]. Associations between seasonal influenza
and cardiovascular events have been observed using time-series
analyses, which quantify increases in cardiovascular events occur-
ring concurrently with, or immediately following, an influenza epi-
demic [25-27]. Increased winter mortality from cardiovascular
events coincides with peaks in influenza circulation rather than
with weather patterns [27], and the associations seem especially
strong in older adults [26].

These associations may be caused by several mechanistic path-
ways whereby an influenza virus infection alters the cardiovascu-
lar system to raise the risk of events, even in otherwise healthy
individuals. Experimental and observational reports found that
influenza virus infections can cause direct cardiac changes, ranging
in severity from asymptomatic electrocardiogram abnormalities,
myopericarditis, to acute myocardial infarction (AMI) [28,29].
Influenza may also elicit systemic effects via inflammatory cytoki-
nes and prothrombotic changes, and these effects are associated
with population-level increases in cardiovascular hospitalizations
and deaths from AMI, heart failure, and cerebrovascular events
[28,30].

Time-series studies provide strong evidence for an association.
At the population level, it has been reported that influenza has a
small but significant impact on cardiovascular events; for instance
in England, 4% of AMI hospital admissions in adults
aged > 75 years were attributable to influenza during the peak
of the transmission season [26]. In Singapore, influenza was signif-
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Fig. 1. Domino effect of influenza. The influenza virus infection triggers various effects that can exacerbate underlying chronic medical conditions, leading to an increased risk

for hospitalization and death [15,34,36,57,65,74,77,91,92,109-113].

icantly associated with excess hospitalizations in adults
aged > 80 years, with an excess hospitalization rate of 497.2 per
100,000 person-years from overall cardiovascular disease [31]
and; in the US, annual influenza-associated mortality rates per
100,000 individuals were estimated to be 3.82 (95% Cl: 3.21, 4.4)
for heart disease and 4.6 (3.79, 5.39) for all circulatory causes [32].

More recent studies have used self-controlled case-series meth-
ods, which measure the association between influenza (as a tran-
sient exposure) and a separate outcome event and, therefore,
offer some advantages in reducing study bias because individuals
act as their own control. One early case-series study from the Uni-
ted Kingdom found the risk of AMI and stroke to be substantially
higher after a diagnosis of systemic respiratory tract infection
[33]. This risk was highest during the first 3 days after infection
diagnosis before decreasing gradually over the following weeks.
This association was later confirmed in other studies with the more
specific diagnosis of laboratory-confirmed influenza, which found a
6-10-fold elevated risk of AMI within 1 week of an influenza virus
infection [34,35] and a 3-8-fold elevated risk of stroke for several
weeks after an influenza virus infection [35,36]. In a study of
1.9 million hospital admissions for AMI, patients with AMI and
concomitant influenza (1% of patients) had worse outcomes than
patients with AMI alone in terms of in-hospital death and develop-
ment of shock, acute respiratory failure, and acute kidney injury
[37].

Influenza vaccines represent another tool to probe the impact of
influenza on cardiovascular complications. Assessing reductions in
rates of serious outcomes in vaccine recipients can provide insights
into the broader impact of influenza - because the vaccine can only
reasonably be assumed to prevent infection with influenza -
regardless of whether the illness was directly or indirectly attribu-
table to influenza. For example, in a Danish retrospective cohort
study, influenza vaccination was found to reduce the risk of all-
cause and cardiovascular death in patients with newly diagnosed
heart failure, especially if the vaccine was received annually and
early before the influenza season [38]. Similarly, in a self-
controlled case series study in England, influenza vaccination of
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heart failure patients was associated with a lower risk of hospital-
ization due to cardiovascular disease (incidence rate ratio, 0.73
[95% CI: 0.71, 0.76]), and modestly reduced risk of hospitalizations
from respiratory infections (0.83 [95% CI: 0.77, 0.90]) [39]. MacIn-
tyre et al. indicated that influenza vaccine efficacy/effectiveness in
preventing AMI was roughly equivalent to the one seen with sta-
tins or antihypertensive treatments, or smoking cessation, suggest-
ing that influenza vaccination should be considered as an integral
part of cardiovascular disease management and prevention [40].
Randomized clinical vaccine trials provide an alternative
method for assessing how influenza may exacerbate chronic health
conditions [41]. Because randomization assures that treatment
groups are otherwise similar, differences between vaccinated and
unvaccinated populations can be attributed to the vaccine-
prevented pathogen (“vaccine probe” approach). A meta-analysis
of five randomized trials indicated a reduced frequency of a com-
posite indicator of cardiovascular events in vaccinated subjects
vs. control subjects (risk ratio, 0.64 [95% CI: 0.48, 0.86]) [42]. A ran-
domized phase III trial of a high-dose influenza vaccine in approx-
imately 32,000 subjects > 65 years of age showed that it is more
immunogenic and efficacious than a standard-dose vaccine in this
population [43,44]. In addition, it further reduced serious cardio-
respiratory events by 17.7% (95% Cl: 6.6, 27.4%; from 35.5 to 26.8
events per 1000 participant-seasons), pneumonia events by 39.8%
(95% CI: 19.3, 55.1%; from 7.4 to 4.4 events per 1000 participant-
seasons), and congestive heart failure by 24.0% (95% CI: -7.2,
46.1%; from 4.7 to 3.6 events per 1000 participant-seasons) [45].
These findings have been broadly matched by observational stud-
ies [46]. Dedicated larger randomized studies are ongoing to con-
firm these associations in patients with high-risk cardiovascular
disease and evaluate the impact of influenza vaccines on cardiovas-
cular outcomes (e.g., clinicaltrials.gov, NCT04137887) [47,48].

4. Chronic respiratory conditions

Because of the high burden of influenza in individuals with
chronic respiratory conditions [15], many national immunization
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technical advisory groups recommend those living with pulmonary
disorders and chronic lung disease as a high priority group for
annual immunization [15,49].

Influenza virus infection of the lungs can trigger asthma attacks
and a worsening of asthma symptoms, even in individuals with
mild asthma or asthma that is otherwise well controlled by medi-
cation [50]. Asthma is one of the most common underlying dis-
eases in patients admitted to hospital with influenza, both in
adults (7.6-46% of admissions) and children (8.3-42%) [51].
Although spatiotemporal association has been found in adults
between influenza and increased asthma hospitalizations [52], sev-
eral clinical reports, particularly during the 2009 influenza A/H1N1
pandemic, showed that hospitalized asthma patients may have less
severe influenza morbidity compared to non-asthmatic patients,
with decreased risk of intensive care unit (ICU) admission,
mechanical ventilation, and death [53-56]. Different hypotheses
have been proposed to try to explain this outcome, including cor-
ticosteroid use [55], pulmonary immune responses, and lung
changes in asthma patients that may limit the severity of infection
[56]. Another hypothesis may be that the threshold for hospital
admission is lower for these at-risk patients, with earlier presenta-
tion and lower degree of respiratory dysfunctions at admission.
Nevertheless, because influenza virus infection can dangerously
exacerbate asthma symptoms, individuals with asthma are
strongly recommended to receive their annual influenza vaccina-
tion [18,51].

Influenza and other respiratory viruses are important triggers of
exacerbations in chronic obstructive pulmonary disease (COPD)
[57,58]. In a case-control study, influenza A virus was found more
often in respiratory specimens from patients hospitalized for COPD
exacerbations than in specimens from patients with stable COPD
[59]. Influenza is also associated with significant excess hospital
admissions among older adults [60,61], and a systematic review
of randomized vaccine controlled trials found patients to have sig-
nificantly reduced exacerbations of COPD if they had been vacci-
nated against influenza compared to patients who had received
placebo [62].

5. Diabetes

Between 2017 and 2045, the global prevalence of diabetes is
expected to increase by 48%, from 425 million people (8.8% of
adults 20-79 years of age) to 629 million [63]. Most of this increase
will be due to type Il diabetes resulting from rising obesity,
unhealthy diets, and physical inactivity.

Individuals living with type I or type Il diabetes are more likely
to suffer from severe and fatal influenza complications [64]. The
association between influenza and diabetes was initially suggested
in the 1930s and confirmed several decades later by several studies
showing that patients with diabetes were more likely to be hospi-
talized, admitted to ICU, and die from pneumonia and influenza
compared to people without diabetes [65]. However, the most
extensive evidence emerged following the 2009 influenza A/
H1N1 pandemic, for which numerous studies worldwide con-
firmed that patients with diabetes were a susceptible group for
severe infections [66].

A systematic review and meta-analysis of populations at risk of
developing severe or complicated influenza found that diabetes
was associated with higher risks of hospital admission from sea-
sonal influenza A/H3N2 infection and death from pandemic influ-
enza A/HIN1pdmO09 virus infection [67]. In one study of 162
hospitalized patients with influenza, the odds of being admitted
to an ICU were four times higher for patients with diabetes com-
pared to those without (adjusted odds ratio, 4.29 [95% CI: 1.29,
14.3]), making this a greater risk than that from cardiac disease
(1.77 [95% CI: 0.61, 5.16]) [68]. Several case reports and case series
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have also identified that influenza virus infection can aggravate
diabetic ketoacidosis [69,70]. Influenza not only increases abnor-
mal glucose levels by 75% but also impacts daily life of diabetic
patients, with reduced sleep and physical activity [71]. Based on
the collective data, the WHO considers individuals with diabetes
a high-risk group with a greater susceptibility for developing more
severe and complicated influenza virus infections [18] and, accord-
ingly, many national immunization technical advisory groups rec-
ommend that those living with diabetes and other metabolic
disorders represent high priority groups for immunization [15,49].

Influenza complications are thought to be caused by chronic
hyperglycemia in individuals with diabetes. Hyperglycemia can
reduce immune cell recruitment, neutrophil degranulation, com-
plement activation, and immune cell phagocytosis, which together
can inhibit the immune response against influenza virus infection
[66,72]. Elevated glucose levels can also increase influenza virus
replication in pulmonary epithelial cells, cause structural changes
to the lungs that reduce pulmonary function, and triggers micro-
and macrovascular complications that influenza can further impact
[66,73].

6. Neurologic complications

In rare cases, influenza virus infection may result in neurologic
complications including febrile seizures, influenza-associated
encephalitis or encephalopathy, Guillain-Barré syndrome, and
exacerbations in patients with epilepsy [29,74]. Although the
causes of these complications have not been clearly elucidated,
molecular mimicry between viral antigens and self-antigens has
been suggested as a potential mechanism [29]. The severity of
these rare events appears variable, and many diagnostic tests such
as electroencephalogram and cerebrospinal fluid studies often fail
to reliably associate severity with long-term outcomes [74]. Neuro-
logic complications of influenza appear to be more frequently
reported in children, and some (e.g., encephalitis) may have a
genetic predisposition, given that more cases are reported in some
Asian populations [29]. An association has also been suggested
between influenza vaccines and Guillain-Barré syndrome (annual
incidence of 0.4-4.0 cases per 100,000 population), although the
magnitude of risk is several times lower than after influenza virus
infection [75,76]. Therefore, the benefits of influenza vaccination
are significantly greater than any potential associated risks.

7. Co-infections and secondary infections

Bacterial co-infection or secondary infections greatly increase
morbidity and mortality among patients with influenza, both with
seasonal and pandemic viruses. A systematic review found that, in
most studies published since 1982, bacterial co-infections occurred
in 11-35% of laboratory-confirmed influenza patients of all ages
[77]. The greatest mortality risk is typically seen in persons with
underlying chronic conditions, especially immunocompromised
populations [78].

Streptococcus pneumoniae, Haemophilus influenzae, and Staphylo-
coccus aureus are the most commonly reported causes of co-
infection or secondary infection associated with influenza, and
usually result in bacterial pneumonia [78]. Indeed, it is commonly
accepted that most of the deaths attributed to the 1918-1919
influenza pandemic were due to secondary bacterial pneumonia,
especially caused by S. pneumoniae [78]. Other associations have
also been shown with invasive meningococcal disease in temper-
ate countries and with Clostridium difficile infections [79,80]. Some
studies have shown these associations decrease after controlling
for seasonal patterns and other temporal effects [81,82], and
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additional well-controlled studies across temperate and tropical
climates will be needed to accurately quantify these relationships.

Influenza virus infection is believed to facilitate bacterial infec-
tion by these and other commensals of the respiratory tract by
revealing and providing more sites for bacterial adhesion, impair-
ing host immune responses (notably innate responses), and
destroying tissues to allow bacterial colonization and spread
[83,84]. For example, influenza promotes S. pneumoniae growth
by increasing host-derived sialic acid availability as a nutrient
source [85]. Also, animal models of influenza and H. influenzae
co-infection show bronchial necrosis, bronchial inflammation,
and bronchitis that are greater than those caused by either infec-
tion alone; the heightened pathology is characterized by extensive
epithelial cell destruction caused by a synergistic effect from the
two pathogens [86]. Finally, although the association between
influenza and C. difficile infections is likely due to frequent antibi-
otic use during influenza seasons [80], it highlights the importance
of influenza virus infection in different aspects of health.

By limiting primary viral infection, influenza vaccination has
the ability to decrease secondary bacterial infections [83]. Simi-
larly, prevention and treatment of secondary bacterial infections
may help decrease the burden of influenza. Notably, a prospective
study conducted in Sweden showed that influenza and pneumo-
coccal vaccinations in individuals aged > 65 years substantially
reduced influenza- and pneumonia-related hospitalizations, and
reduced mortality from all causes by 57% in this age group [87].

8. Functional decline in activities and daily living

Aging is often associated with functional changes, such as a
decline in muscle strength, aerobic capacity, bone density, and pul-
monary ventilation, all of which may impact daily activities [88].
Because the physical and physiological impact of hospitalization
and bed rest includes reduction of plasma volume, accelerated
bone loss, increased lung closing volume, and sensory deprivation,
vulnerable older adults who are hospitalized or have prolonged
bed rest are generally at higher risk of irreversible functional
decline [89]. Even mild illnesses may be sufficient to lead indepen-
dent older adults into a cascade of functional decline and
dependence.

Given that influenza illness may lead to prolonged bed rest and,
for many older adults, hospitalization, it is not surprising that func-
tional decline among older adults may be a critical, but highly
underappreciated, consequence of influenza. In a Canadian survey
of 5014 adults aged > 65 years, 21.5% reported having experienced
influenza or influenza-like illness (ILI) in the previous season [90].
Of these, 39.3% indicated that they took longer than 2 weeks to
recover and 3.1% indicated they never fully recovered. Additionally,
~20% had health and functional decline during acute illness.

Deterioration in the ability to perform basic activities of daily
living (e.g., dressing, eating, toileting, personal hygiene, and ambu-
lation) is usually more severe in older adults with influenza, espe-
cially in frail older people [91]. A study of nursing home residents
in the US from 1999 to 2005 found that daily activity decline,
weight loss, and new or worsening pressure ulcers were impacted
by influenza [92]. In a study in Canada, 15% of adults > 65 years of
age experienced catastrophic disability (loss of independence in at
least two self-care activities) following hospitalization for influ-
enza [93]. Influenza illness may also increase the risk of falls and
fractures due to unsteady gait or dizziness. ILI hospitalizations
are associated with a 13% average increase in the risk of hip frac-
ture hospitalization among long-stay and nursing home residents
[94]. Influenza has also been temporally linked to increased hip
fracture incidence during winter, an effect that was reversed by
influenza vaccination [95]. Some of the mobility impairments in
older individuals with influenza have been linked to upregulated
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inflammatory and muscle degradation genes, and downregulated
positive regulators of muscle function [96].

Many estimates of the impact of influenza impact on health-
related quality of life are biased towards more severe illness
because they are usually based on medically attended cases or
those meeting ILI case definitions. By contrast, the Flu Watch study
investigated the burden of milder, community influenza cases
among a cohort of 5484 participants of all ages in England from
2006 to 2011 [97]; these cases did not have to meet ILI definitions
or result in healthcare consultations. Community influenza cases
lost 24,300 quality-adjusted life years (95% CI: 16,600, 34,700)
and caused 2.9 million absences per season (based on data from
2006—-07 to 2009-10). Around 40% of influenza A cases and 24%
of influenza B cases resulted in absenteeism from work (average
duration of 3.6 days) or school (2.4 days). Milder influenza illness
therefore also contributes to lost health-related quality of life on
a population level. Overall, the impact of influenza on functional
activity, frailty, dependence, and quality of life are critical areas
of research needs because preservation of health, active living,
and independence represent important objectives for older adults.

9. Societal impacts

Compared to other major vaccine-preventable diseases in
adults (pertussis, pneumococcal disease, and herpes zoster), influ-
enza represents the most significant contributor in terms of inci-
dence of disease and economic costs [98]. In the US, the total
annual economic burden of seasonal influenza has been estimated
at $11.2 billion ($6.3-$25.3 billion), of which $8.0 billion ($4.8-$1
3.6 billion) were indirect costs, such as absenteeism from work
[99]. Similarly, in Europe, the total costs of influenza may range
from €6 to €14 billion per year [100]. Yet the total economic cost
of influenza is likely underestimated because other factors, for
example poor performance at work due to influenza illness, are
not easy to measure.

Evaluations of the economic value of vaccines may provide a
good insight into societal impacts. Such evaluations are informed
by multiple, overlapping data sources that include data from clin-
ical trials, published literature, mathematical models, information
regarding the costs of disease episodes, and specifically designed
epidemiological studies. However, these assessments are often
narrow, excluding many aspects of social value and externalities,
such as hospital congestion, follow-on effects, aborted operations,
and emergency room visits. Based on a retrospective database
analysis in Canada, influenza seems to have a much larger effect
on emergency room visits than captured by influenza or ILI clinical
diagnoses alone, as evidenced by increased proportion of persons
who registered for non-respiratory complaints during periods of
elevated ILI activity [101]. Barnighausen et al. suggested that the
value of vaccination may be divided into ‘narrow’ and ‘broad’ ben-
efits [102]. Narrow benefits include direct gains in health, health-
care cost savings, and protection against productivity losses
directly in vaccine recipients and indirectly at the community level
via herd protection. Broad benefits include longer-term improve-
ments in child health, educational outcomes, and macroeconomic
stability. Because these broader benefits are not normally mea-
sured in microeconomic evaluations, there are gaps in the evidence
base behind broader economic and societal impacts of vaccination.
Recommendations have been made to collect more of this type of
data - for example, data on influenza-related household choices
around consumption and savings could be collected in vaccine
effectiveness trials or in standard demographic and health surveys
[103].

One recent Canadian study revealed that the mean costs associ-
ated with influenza-related hospitalizations ($14,612 CAD) and ICU
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admissions ($39,477 CAD) are much higher than previously esti-
mated [104]. Beyond reducing outcomes and their associated costs
from third-party payer and societal perspectives, significant
decreases in healthcare utilization are possible through vaccina-
tion [105]. For example, individuals with influenza are frequently
prescribed antibiotics, either for bacterial co-infections or some-
times inappropriately, which contribute to antibiotic resistance
[106]. Hence, by preventing illness, influenza vaccination likely
reduces antibiotic use and the threat of new resistant microbes
[107].

10. Discussion and conclusions

Influenza has for several decades been considered a common
winter respiratory disease that can progress to more severe sec-
ondary pneumonia in a subset of high-risk individuals. Historical
and more recent data have, however, underlined the impact of
influenza as a trigger for severe conditions and a contributor to
broader morbidity and mortality in general. Furthermore, influ-
enza also has an economic impact resulting from work time loss,
reduced productivity, and increased use of medical resources.

Empirical estimates of the full global influenza disease burden
have not yet been published, primarily due to challenges of associ-
ating non-respiratory endpoints with influenza, especially when
laboratory confirmation is rare. However, at the country level,
excess mortality studies using regression techniques to estimate
the influenza-attributable disease burden have been able to do
this. For example, an excess mortality study performed between
1997 and 2007 in the US showed that most influenza-associated
mortality was due to respiratory and circulatory causes, and that
influenza also substantially contributed to mortality from other
diseases [32]. In this study, average annual influenza-associated
mortality rates per 100,000 individuals were estimated to be
11.92 (95% CI: 10.17, 13.67) for all underlying causes, 1.73 (1.53,
1.93) for pneumonia and influenza, 3.58 (3.04, 4.14) for all respira-
tory causes, 3.82 (3.21, 4.4) for heart disease, 4.6 (3.79, 5.39) for all
circulatory causes, 0.87 (0.68, 1.05) for cancer, 0.33 (0.26, 0.39) for
diabetes, and 0.41 (0.3, 0.52) for Alzheimer’s disease.

Further studies will be required to assess the mechanistic basis
for these non-respiratory outcomes, as it is not entirely known
how infection leads to many of these complications. They may be
a product of the genetic, physiological, or immunological back-
ground of the host, may be associated with specific strains of influ-
enza viruses, or confounded by other factors and environmental
conditions that are difficult to take into account.

The data discussed in this review should be interpreted in light
of several limitations. First, our review is a non-systematic review
and the studies described were subjectively selected. Second,
although we recognize that the robustness of the different method-
ologies used in these studies is variable, we did not systematically
assess the quality of the studies described. For instance, some of
the studies mentioned had a small sample size or risks of bias.
Third, we found only limited data on associations between influ-
enza burden and several pre-existing medical conditions such as
COPD.

In conclusion, better understanding of the broader impact of
influenza should help provide greater support to health authorities
regarding the needs for vaccination programs. Indeed, in most
countries, influenza vaccination coverage rates among at-risk pop-
ulations are far below the 75% recommended by the WHO [6].
Increasing vaccination coverage to reach this target will require
an integrated strategy that reinforces awareness among healthcare
policymakers and the public and encourages healthcare workers to
become active vaccination advocates. Generating high-quality
real-world evidence in big data studies may be crucial to achieve
this goal. Additionally, structured communication campaigns tar-

All
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geting at-risk populations and strategies to reduce out-of-pocket
expenses associated with vaccination will also be necessary. These
measures to reduce the burden of seasonal influenza are supported
in the WHO's recent Global Influenza Strategy 2019-2030, espe-
cially for low- and middle-income countries [108].
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