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Abstract

Influenza virus could lead in a mild acute respiratory illness or severe systemic and respiratory disease, therefore, during the activity
of influenza considerable number of respiratory syndromes and complications can be related to this virus. On the other hand, risk
for concomitant and post-influenza bacterial complications threat is not huge enough to consider to prescribe empiric antibiotics.
Influenza vaccine prevents millions of illnesses and flu-related visits every year. Influenza immunization has clear effects on disease
burden as well as the number of patients with resistant disease acquired and transmitted in communities. Vaccination program
indirectly diminishes antibiotic use and reduces the exposure of bacteria to antibiotics and consequently selective pressure for
resistance. It seems there is definite evidence to consider annual influenza immunization in antimicrobial stewardship program
and promote the global and national health quality. Hereby, we review scientific evidence of direct and indirect effects of influenza
as well as the influence of vaccination and prevention program health systems.
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1. Antimicrobial Resistance

Global statistics in 2014, even though with an underes-
timation, disclosed about 700,000 annual mortality from
drug-resistant strains of common bacterial infections, HIV,
TB, and malaria (1).

Resistance to at least first-line antimicrobials in the
United States, nearly two million per year, costs an extra
$20 billion to the health system (2). Assuming the drug re-
sistance prevalence of six main microorganisms by 2050,
the mortality rate could reach one person every three sec-
onds (1).

It is clear that antibiotic resistance can lead to pro-
longed hospitalization, higher medical charges, and in-
creased death. More antibiotics consumption directly
causes more drug resistance. Hence, focusing on justi-
fied antimicrobial prescription can strongly influence re-
sistance.

Up to May 2017, 42 new traditional antibiotics and
biological agents were developed to target critical and
high-priority pathogens in the clinical pipeline. Although
they are promising treatments, the clinical development
pipeline solely is inadequate to combat the rising resis-
tance. Effective antimicrobials are insufficient for the main
resistant bacteria, particularly multidrug and extensively

drug-resistant Gram-negative pathogens. Antibiotic devel-
opment must go hand in hand with attempts to promote
the appropriate use of current and future antibiotics (3).

Therefore, the burden of antimicrobial resistance
(AMR) as a global, political, and economic issue led to
the political declaration of the high-level meeting of the
general assembly on antimicrobial resistance in 2016 in
United Nations (UN). It declares “… underline further that
affordability and access to existing and new antimicrobial
medicines, vaccines and diagnostics should be a global pri-
ority and should take into account the needs of all coun-
tries, in line with the World Health Organization global
strategy and plan of action on public health, innovation
and intellectual property, and taking into consideration its
internationally agreed follow-up processes” (4).

2. Antimicrobial Over-Prescription

Overdiagnosis and antimicrobials over-prescription
are major global and national problems all around the
world including regions with the high-level socioeco-
nomic condition. The White House National Action Plan
for Combating Antibiotic-Resistant Bacteria established a
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national aim to reduce outpatient antibiotic prescription
by 50% by 2020.

In 2010 - 2011, 12.6% of the 184032 outpatient visits in
the USA were accompanied with antibiotic prescriptions,
with an about 506 antibiotic prescriptions per 1000 USA
population annually. It was also shown that acute respira-
tory conditions were associated with approximately 221 an-
tibiotic prescriptions per 1000 population every year. The
researchers supposed that considerable antibiotic over-
prescription is likely driven from overdiagnosis of certain
acute respiratory conditions, such as sinusitis diagnosis
without meeting criteria (5).

Another national study concerning emergency depart-
ments in the USA showed that, between 2001 and 2010,
there were 126 million visits with a diagnosis of acute res-
piratory tract illness (ARI) and excessive rate of antibiotics
prescription (about 61%). While major improvement has
been made toward the reduction of antibiotic consump-
tion for children with ARI, the proportion of adults with
the same conditions receiving antibiotics in emergency de-
partments was extraordinary high (6).

In Nordic countries, the majority of the patients were
prescribed with antibiotics with a small number of appro-
priate prescriptions. In general, sinusitis and pharyngo-
tonsillitis were respiratory illnesses with an inappropriate
antibiotic prescription (7).

In the Middle East, reports on antibiotics consumption
are not promising. A prospective cross-sectional study in
outpatient care clinics in Jordan showed that antibiotics
were prescribed for 78.4% of patients aged less than 18 years
presenting with ARI while antibiotics were not indicated in
69.2%. Furthermore, broad-spectrum antibiotics were pre-
scribed in 51.1% of all antibiotic-prescribed participants (8).

Similar results from other studies demonstrate that
most UK general practices ordered antibiotics to young
and middle-aged adults with ARI at proportions signifi-
cantly higher than what was clinically necessary, leading
to antibiotic resistance (9).

In the Netherlands, over-prescription of antibiotics
was highest for patients between 18 and 65 years of age,
when general physicians felt patients’ pressure for antibi-
otic treatment, and for patients presenting with fever and
complaints of longer than one week (10).

These data and many others from all over the world
show that over-prescription of antibiotics is a global issue
and it is not restricted to a few countries. Moreover, statis-
tics demonstrate that ARI takes the highest rate of inappro-
priate antibiotic consumption. As mentioned above, there
is a direct correlation between antibiotics consumption
and the AMR rate. Thus, concentrating on reducing this ra-
tio for ARI could be a central goal for controlling AMR.

3. Influenza and Antibiotics

Influenza has a broad spectrum of non-significant
symptoms from a mild ARI to severe systemic and respira-
tory disease. Thus, during influenza activity, a considerable
number of ARIs and other complications could be related
to influenza.

A study showed that the consumption of respiratory
fluoroquinolone is seasonal and strongly associated with
influenza activity (20% versus 8%) (11). There is usually a
concern about bacterial superinfection or coinfection with
influenza but studies demonstrate that a moderate num-
ber of patients develop a bacterial infection following an
episode of influenza (11, 12). Although physicians should
think about possible bacterial coinfections in all influenza
cases, they should not assume all patients are coinfected.
The authors explained that because antibiotics are not ef-
fective against viral infections and the antimicrobials are
not useful in preventing bacterial superinfections, a sub-
stantial number of antimicrobial treatments during in-
fluenza outbreaks may be redundant and probably con-
tribute to antimicrobial resistance (11).

Neuzil et al. showed that influenza activity directly in-
fluenced the number of hospital admissions for cardiopul-
monary conditions in excess of the expected numbers
among children (13). This study showed that for every 100
children, a yearly average of 6 to 15 outpatient visits and 3
to 9 courses of antibiotics were attributable to influenza.
They concluded that 10% to 30% of the additional num-
ber of antibiotic courses occurred during influenza activ-
ity (13).

A considerable percentage of Korean children (81%)
with influenza received antibiotic monotherapy while
only 4% of the patients received oseltamivir alone. The re-
searchers demonstrated that the average charges for hos-
pitalizations with antibiotics treatment, alone or with os-
eltamivir, were meaningfully more than the charges of
hospitalizations treated with oseltamivir-only. Interest-
ingly, influenza patients treated with antibiotics-only and
antibiotics/oseltamivir had a longer duration of hospital-
ization than those treated with oseltamivir-only (14).

In another study, pneumonia among elderly and adult
patients with underlying risk factors taking placebo was
2.5% (crude number of pneumonia cases without treat-
ment). In this study, even though with small size, neu-
raminidase inhibitors seemed to be protective. Compara-
ble findings in other studies showed a 1.6% rate of bacterial
complications of influenza. Overall, available data propose
that during regular influenza activity, around 1% of the
patients with influenza will develop secondary bacterial
pneumonia (15). These findings disclose that even though
there is a risk of bacterial complications, this threat is not
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huge enough to convince clinicians to use empiric antibi-
otics.

4. Influenza Vaccination and Antimicrobial Resis-
tance

Vaccines can, directly and indirectly, influence antimi-
crobial resistance. Direct effects include diminishing dis-
ease burden and the number of patients with resistant dis-
ease acquired and transmitted in the population. Indirect
effects include decreased antibiotic use. The latter effect
reduces the exposure of bacteria to antibiotics and conse-
quently selective pressure for resistance (16, 17). A common
case of this type of prescription would be the use of antibi-
otics for influenza.

In a population-based study with 33137 children treated
with 378 general practices during the consecutive years,
43.4% with at least one amoxicillin prescription had been
vaccinated. The proportion of amoxicillin consumption
significantly decreased during the periods of influenza
vaccine immunity. The researchers demonstrated that
amoxicillin use could have been reduced by 5.6% if the im-
munization rate in children increased to 50%. Therefore,
they suggested influenza vaccination of young children
could contribute to diminished amoxicillin consumption,
one of the most common antibiotics (18). In another study,
influenza vaccine significantly reduced acute otitis media
episodes and related complications among children (19).

Herd immunity describes vaccinated individuals who
do not themselves become infected or colonized, and here-
after they do not transmit the pathogen to the commu-
nity. Therefore, infections, resistant infections, and antimi-
crobial expenditure can be reduced among vaccinated per-
sons and in their contacts including groups of individuals
for whom the vaccine is not licensed, those that cannot be
immunized, or immunocompromised hosts (20, 21).

In a survey, the effectiveness of influenza vaccine was
evaluated among mothers and their neonates. The re-
searchers demonstrated that maternal influenza vaccina-
tion was significantly associated with a low likelihood of
febrile episodes and ARIs in infants and antibiotics use dur-
ing the influenza season. They concluded that postpartum
influenza vaccination of mothers was associated with a
substantial reduction of influenza-related complications,
healthcare seeking, and antibiotic consumption in infants
(22).

Influenza vaccine prevents millions of illnesses and flu-
related visits annually. During 2016 - 2017, it prevented
approximately 5.3 million influenza illnesses, 2.6 million
influenza-related visits, and 85,000 influenza-associated
hospitalizations. When the vaccine contains viruses with
matched circulating strains, the vaccine shows to decrease

the risk of medical visits by 40% to 60%. On the other hand,
vaccination can reduce the risk of hospitalization due to
influenza for all age groups. During 2016 - 2017, immuniza-
tion against influenza prevented around 85,000 influenza-
associated hospitalizations (23).

Eventually, a Canadian study confirmed that the rate
at which influenza-associated antibiotics were prescribed
was ~ 64% lower after the use of universal influenza immu-
nization in Ontario than other regions that restricted the
use of influenza vaccines to at-risk situations (24).

5. Conclusion

Antimicrobial resistance as a major ongoing problem
in the world requires meticulous considerations. Antibi-
otic consumption rate must be reduced. One of the most
important and practical factors influencing antibiotics
prescription rate is containing acute respiratory illnesses.
Influenza during activity is a major problem that directly
and indirectly increases the antibiotics consumption rate.
Therefore, it seems preventing influenza and influenza-
related complications eventually reduces antibiotics pre-
scription, as well as the development of antimicrobial re-
sistance. Immunization is an effective approach to pro-
tect individuals against influenza. Accordingly, influenza
vaccination could be a safe and effective program to re-
duce AMR. However, the reliable quantification of reduced
AMR development after widespread influenza vaccination
is challenging as several factors can considerably influence
vaccine effectiveness, and the use of influenza vaccines by
itself is debated.
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