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ABSTRACT
Bacterial antibiotic resistance is a public health issue. It means that drugs become ineffective, infections 
persist and have a huge impact on the health of patients and their spreading increases. To address 
a complex threat such as bacterial antibiotic resistance different and integrated approaches are needed 
including discovery of new antibiotics, improvement of diagnostics tools and improvement of antibiotic 
stewardship. Absolutely relevant are prevention of infections as well as decrease in the use of antibiotics. 
Vaccines are an important tool in the fight against bacterial antibiotic resistance and can help prevent it in 
several ways. Indeed, vaccines are highly effective in preventing diseases that might otherwise require the 
use of antibiotics to treat symptoms and associated complications. Preventing infections through vacci
nation helps reduce the need for and widespread and inappropriate use of antibiotics, including for 
secondary bacterial infections.
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Background

Antimicrobial resistance (AMR) occurs when bacteria, fungi, 
viruses and parasites become resistant to antimicrobial drugs 
and become “super microorganisms” (superbugs).

Bacterial antibiotic resistance, as well as AMR, implies that 
drugs are ineffective, infections persist and have a huge impact 
on the health of patients with a significant increase in their 
morbidity.1

The World Health Organization (WHO) has recently reit
erated that antibiotic resistance represents a significant global 
threat and that without timely intervention, common diseases 
will become no longer curable. Bacterial antibiotic resistance 
will also lead to a dramatic increase in health costs, impacting 
on food supply and livelihoods and contributing to increasing 
levels of poverty and inequality.2

The most recent data estimate that around 5 million anti
biotic resistance-related deaths occurred in 2019, including 
1.27 million deaths attributable to antibiotic-resistant bacteria. 
Globally, lower respiratory tract infections were the most fre
quent among those associated with antibiotic resistance (with 
over 1.5 million deaths); the impact of bacterial antibiotic 
resistance was highest in western sub-Saharan Africa. The six 
major pathogens bringing resistance traits to antibiotics are 
Escherichia coli, Staphylococcus aureus, Klebsiella pneumoniae, 
Streptococcus pneumoniae, Acinetobacter baumannii, and 
Pseudomonas aeruginosa. Methicillin-resistant Staphylococcus 
aureus caused over 100,000 deaths in 2019.3

These data therefore seem to confirm what was previously 
observed. In particular, the Organization for Economic 
Cooperation and Development (OECD-OECD) reported that 
in 2017 about 17% of bacterial infections in OECD countries 
were resistant to antibiotics. The OECD estimated that 

bacterial antibiotic resistance could have caused an estimated 
2.4 million deaths in Europe, North America and Australia 
over the period 2015–2020 and that, over the same period, it 
would have a huge economic impact on health services in these 
countries. Noteworthy, nearly 75% of deaths due to antibiotic- 
resistant superbugs could be avoided at low cost (2USD per
son/year) by investing in simple measures such as hand wash
ing and a more prudent prescription of antibiotics.4

It is estimated that 10 million deaths due to multi-drug 
resistant bacteria will occur every year after 2050; this is 
equivalent to the number of people currently dying from can
cer each year.5

An impact assessment of bacterial antibiotic resistance 
was recently conducted in Europe, and it was shown that 
there were 671,689 infections with antibiotic-resistant bac
teria in 2015, corresponding to an incidence of 131 infec
tions per 100,000 population and an attributable mortality of 
6.44 deaths per 100,000 inhabitants. The overall burden of 
disease is usually assessed using the disability-adjusted 
life year (DALY); this time-based measure combines years 
of life lost due to premature mortality (YLLs) and years of 
life lost due to time lived in states of less than full health (or 
years of healthy life lost due to disability: YLDs). The overall 
DALY rate of all types of infections with antibiotic-resistant 
bacteria was 170 per 100,000 inhabitants, similar to the 
overall impact of HIV, influenza, and tuberculosis in the 
same year in Europe. The impact was higher in infants 
(<1 year of age) and in people >65 years of age, increased 
compared to what was recorded in 2007 and particularly 
high in Italy and Greece.6

The latest report published by the European Center for 
Disease Prevention and Control (ECDC) confirms that bacter
ial antibiotic resistance is a serious challenge. EARS-Net 
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(European antimicrobial resistance surveillance system) data 
estimate that more than 670,000 infections occur each year due 
to antibiotic-resistant bacteria and that about 33,000 people die 
as a direct consequence of these infections; the economic 
impact for European health systems can be quantified at 
around 1.1 billion euros. ECDC concludes that public health 
action to tackle antibiotic resistance remains insufficient and 
that further investment in public health interventions is 
urgently needed to address this issue. It has been estimated 
that antibiotic management programs, increased hygiene, 
media campaigns and the use of rapid diagnostic tests have 
the potential to prevent approximately 27,000 deaths each year 
in Europe and would save around € 1.4 billion annually.7

Bacterial antibiotic resistance is a complex topic to address 
(Figure 1) as it recognizes various causes including the 
increased use of antibiotics (including their inappropriate 
use) in both human and veterinary medicine, the use of anti
biotics in animal husbandry and agriculture, the spread of 
health care-related infections caused by antibiotic-resistant 
microorganisms (and limited control of these infections), 
increased morbidity of resistant strains due to increased travel 
and international travel.8

In 2017, the European Union (EU) developed the new 
Action Plan to combat antibiotic resistance, based on a “One 
Health” approach that considers the health of humans, ani
mals, and the environment in an integrated way. “One Health” 
is an approach to the design and implementation of programs, 
policies, legislation, and research in which multiple sectors 
communicate and work together to achieve better public health 
outcomes. Food safety, zoonosis control, and the fight against 
antibiotic resistance are areas of work where a One Health 
approach is particularly relevant.9

The development of new preventive vaccines was and is part 
of this specific area.10 This document highlights that vaccines 
have proven to be fundamental (and also beneficial from 
a pharmacoeconomic perspective) in preventing the onset 
and spread of infectious diseases. Vaccines also have consider
able potential in terms of reducing the incidence of bacterial 
antibiotic resistance.

Role of immunization in the fight against bacterial 
antibiotic resistanc

A “vaccine” is defined as a preparation containing live and 
attenuated or killed microorganisms, or parts of them or 
their modified products, capable of stimulating an active 
response by the immune system. The goal of immunization is 
to make the vaccinated person no longer susceptible to sickness 
in case of contact with the microorganism. The extensive 
application of vaccines has made it possible to control, and in 
some cases eliminate or eradicate, many infectious diseases that 
significantly impacted public health both in terms of morbidity 
and lethality.11

Vaccines are important tools in the fight against bacterial 
antibiotic resistance and can help prevent it in several ways. 
Indeed, established vaccines are highly effective in preventing 
diseases that might otherwise require the use of antibiotics 
(and/or other antimicrobial agents) to treat symptoms and 
associated complications. Preventing infections through vacci
nation helps reduce the need for and widespread and inap
propriate use of antibiotics, including for secondary bacterial 
infections. For example, conjugate vaccines for Haemophilus 
influenzae type b (Hib) and Streptococcus pneumoniae not only 
prevent life-threatening diseases, such as pneumonia, 

Figure 1. Causes and routes of transmission of antibiotic resistant bacteria (modified from8).
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meningitis, and sepsis, especially in young children, but also 
reduce the need for antibiotics for treatment and hence the 
potential for the development of antibiotic-resistant strains of 
Hib and other bacteria.

The consumption of antibiotics is a key factor in resistance 
to them. Antibiotics are often inappropriately prescribed for 
viral infections, such as colds and flu, so vaccines against these 
viral infections also reduce the use of antibiotics and reduce 
secondary infections that may also be resistant to antibiotics.12

The WHO Immunization Agenda 2030 highlights that 
vaccination can contribute to the control of bacterial antibio
tic resistance. In particular, it identifies some priority actions 
that include increasing the use of available vaccines to max
imize the impact on bacterial antibiotic resistance, the devel
opment of new vaccines that can contribute to the prevention 
and control of bacterial antibiotic resistance and the expan
sion and sharing of related knowledge on the impact of 
vaccines on this issue. Obviously, the fight against bacterial 
antibiotic resistance cannot be based exclusively on immuni
zation, but requires the optimization of preventive aspects, 
antibiotic stewardship as well as the search for new therapeu
tic options.

Vaccines in the fight against bacterial antibiotic resistance

In this context, it is necessary to consider the direct impact of 
vaccines, the herd immunity induced by them and the lack of 
availability of effective antibiotics. As for the direct impact, the 
use of vaccines implies a reduction in the incidence of infec
tions, a reduced use of antibiotics and therefore fewer oppor
tunities to have AMR. Herd immunity induced by vaccines 
leads to the reduction of infections even in non-vaccinated 
subjects and therefore also a reduced use of antibiotics.

Finally, the development of new vaccines can be the opera
tional response to the unavailability of effective antibiotics for 
a specific pathogen.13

In relation to the characteristics of the different pathogens, 
the potential impact of vaccines on AMR results from one or 
more of the following factors:

● reduction of the individual risk of infection of vaccinated 
subjects

● prevention of transmission
● decrease in bacterial carriage
● decrease in the size of the pathogen population in the host
● decrease in the incidence of vaccine-preventable diseases
● reduction of the need for assistance/treatment and there

fore of the possible exposure to resistant pathogens.14

The potential of vaccination as a tool against antibiotic resis
tance has long been recognized and is receiving renewed atten
tion. Reductions in antibiotic use and bacterial resistance have 
been observed after the introduction of vaccines against 
Streptococcus pneumoniae and Haemophilus influenzae type 
b and numerous research has highlighted the role of vaccines 
as a key measure to reduce the demand/use of antibiotics and 
thus to combat bacterial resistance.15

By limiting the evaluation to vaccines used in humans, the 
reduction of bacterial antibiotic resistance by immunization 

can be achieved by exploiting one or more of the following 
mechanisms.16

The first of these is the prevention of infections caused by 
resistant pathogens; in this way, the direct and indirect effect of 
vaccination is exploited (for example conjugated Hib vaccine).

A second option is called the “bystander effect.” Based on 
this effect, any vaccine involving changes in antibiotic use 
could potentially impact bacterial antibiotic resistance in 
unvaccinated people due to reduced selection pressure.

Besides, a vaccine could have effects related to the severity of 
infections. Vaccines that reduce the risk of symptomatic infec
tion without reducing the risk of carriage/asymptomatic infec
tion can lead to reductions in the proportion of infections 
treated with antibiotics and therefore a reduction in selective 
pressure for resistant phenotypes. This phenomenon has been 
observed in the case of malaria; in high prevalence areas, the 
level of immunity in the population is particularly high, there 
are more asymptomatic infections, these are not identified and 
treated and therefore there is a lower selection of drug 
resistance.

Another possible effect is related to the selection of sero
types. This selection occurs when a pathogen population is 
composed of multiple competing subtypes and the used vac
cine only acts on a subset of these. If the subtypes included in 
the vaccine are more likely to be resistant, overall resistance 
may decrease; this phenomenon has been observed with the 
use of the pneumococcal conjugate vaccine.17

Interspecific effects are possible as well. Bacteria and viruses 
interact in complex ways, and some viral infections are known 
to correlate with an increased risk of bacterial superinfections 
(e.g.: influenza and secondary bacterial pneumonia). 
Vaccination against one pathogen could therefore reduce the 
transmission of another, leading to a decrease in both resistant 
and sensitive phenotypes. Finally, the possible selective target
ing effect should be considered. In this case, if a resistant strain 
of a given pathogen is transmitted preferentially in the health 
sector (for example in hospitals where the use of antibiotics is 
high), while a sensitive strain is transmitted better in the com
munity, acting on the hospital population with a vaccine would 
result in an increased overall effect on the resistant strain, 
leading to a decline in resistance both in the hospital and in 
the community.

Other intervention options to combat bacterial antibiotic 
resistance by vaccination are also currently being explored. In 
particular, the potential of the technologies available to pro
duce new generation vaccines against antibiotic-resistant 
pathogens such as reverse vaccinology, structural vaccinology, 
generalized modules for membrane antigens (GMMA), bio
conjugation and use of adjuvants are being evaluated.18

Impact of some vaccines on bacterial antibiotic resistance

Bacterial vaccines
Haemophilus influenzae type b (Hib). As previously antici
pated, disease prevention by vaccination reduces both the use 
of antibiotics and antibiotic resistance. In this sense, the 
Haemophilus influenzae type b (Hib) conjugate vaccine has 
been a success because its extensive use has made it possible 
to reduce the use of antibiotics and bacterial antibiotic 
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resistance. Prior to the introduction of effective conjugate 
vaccines, Hib disease in children <5 years of age ranged from 
3.5 to 601 per 100,000 in many countries around the world. 
A steady increase in resistance of Hib to beta-lactams has been 
observed since the early 1970s, mediated by expression of beta- 
lactamase and/or modified penicillin-binding proteins. 
A global surveillance study in 1999–2000 found that 16.6% of 
all Hib strains in the world were beta-lactamase positive with 
wide variations between countries. This picture changed dra
matically after the introduction of the Hib conjugate vaccine. 
Cases of the disease significantly decreased after the introduc
tion of routine use of conjugated Hib vaccines also leading to 
a significant decrease in beta-lactamase positive strains.15

In the USA, since the introduction of the polysaccharide 
vaccine and conjugate vaccines in 1985 and 1990, the incidence 
of invasive Hib disease in children <5 years of age has 
decreased by 99%, resulting in <1 case/100,000. Surveillance 
of invasive H. influenzae type b disease has shown low rates 
of invasive disease in children <5 years of age; between 2010 
and 2017, the average incidence was 0.15 per 100,000. In the 
post-vaccine era, the epidemiology of invasive H. influenzae 
type b disease in the United States has changed and the major
ity of invasive disease in all age groups is now caused by 
untypable H. influenzae.19

The most up-to-date data indicate that >90% of countries 
worldwide have implemented Hib conjugate vaccination in 
their national immunization programs and, although the 
kinetics of the immune response vary with the type of Hib 
vaccine and program used, a high control of Hib disease was 
observed in all contexts. Elimination of the disease can be 
achieved with a further global increase in vaccination 
coverage.20

These assessments are confirmed in some recently pub
lished studies referring to the impact of vaccination in coun
tries such as Portugal and Ireland or in a review on the 
molecular epidemiology of Hib.21-23

Streptococcus pneumoniae. The introduction of conjugate 
vaccines to prevent pneumococcal disease has significantly 
changed the epidemiology of this important disease. Data 
from the USA show that in the 1990s, before the introduction 
of the 7-valent pneumococcal conjugate vaccine (PCV7), about 
63,000 cases of invasive pneumococcal disease caused by both 
vaccine and non-vaccine serotypes were recorded. An increase 
in S. pneumoniae resistant to 3 or more drug classes was also 
recorded in the pre-vaccination period. Similarly to what 
observed with the use of conjugated Hib vaccines, the pneu
mococcal polysaccharide conjugated vaccines were found to be 
highly effective against invasive pneumococcal disease (IPD) in 
the target population of the vaccine intervention (children <5  
years). There was not only a decline in the incidence of cases 
but also a significant reduction in bacterial colonization in US 
children with the onset of herd immunity in adults as well. 
Switching with polyvalent conjugate vaccines (e.g., PCV13) has 
further increased the direct and indirect effect of vaccination. 
The introduction of vaccination with conjugate vaccines has 
correlated with a reduction in bacterial antibiotic resistance. In 
the USA, between 2009 and 2013, rates of non-susceptible IPD 
to antibiotics caused by serotypes included in PCV13, but not 

PCV7, decreased by 97% among children <5 years of age and 
by 64% among adults aged over 65 years.24

The 13-valent pneumococcal conjugate vaccine (PCV13) 
has been shown to tackle bacterial antibiotic resistance. Data 
available in the United States, Europe, and Africa show that the 
introduction of PCV has led to a reduction in the use of 
antibiotics and a decrease in episodes of invasive disease caused 
by resistant S. pneumoniae. A 2016 study estimated that uni
versal PCV coverage could avoid 11.4 million days per year of 
antibiotic use in children <5 years of age.25 Very recently, 
a study illustrated the advantages in terms of reducing anti
biotic resistance deriving from pneumococcal vaccination in 
China, including the reduction of treatment failures and large 
cost savings, underlining the value of vaccination with 
PCV13.26

Pertussis. Pertussis is a highly contagious respiratory disease 
caused by the bacterium Bordetella pertussis. Pertussis is not 
usually fatal for adults but is potentially dangerous for unvac
cinated infants, children and in high-risk groups. Vaccination, 
like the disease, does not provide permanent protection as it 
wanes over time. The reduction of natural immunity in adult
hood makes people susceptible to pertussis and allows for 
B. pertussis reservoirs that can transmit the infection to the 
unvaccinated population (infants) or susceptible individuals.27

In adults, pertussis presents atypically without the classic 
symptoms (inspiratory screaming, post-tussive vomiting, par
oxysms, apnea) making the diagnosis of pertussis difficult as it 
manifests as a prolonged cough of lesser severity in those who 
were previously vaccinated during childhood.28,29

Despite European Union recommendations that empha
sizes the need for laboratory testing to confirm a suspected 
case of pertussis, the diagnosis of pertussis is most of the times 
based on clinical signs and symptoms as laboratory confirma
tion is missing as it requests a strict protocol to follow.30

Non-specific clinical signs of respiratory tract disease are 
widespread in the adult population, especially in winter. The 
clinical presentation of pertussis in adults is similar to that of 
other respiratory diseases such as influenza or para-influenza 
syndromes, the common cold, acute laryngotracheitis, bron
chitis, etc. Their common symptoms include malaise, rhinor
rhea, cough and fever.28,29,31,32 (Figure 2)

Pertussis, with its atypical presentation in adults, most 
probably contributes to increasing the overall number of 
patients with respiratory pathologies and therefore contributes 
to the prescription of antibiotics. A study from UK 

Figure 2. Differential diagnosis of pertussis and other respiratory diseases (mod
ified from27,29-33.
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documented an increase of antibiotic prescriptions in patients 
with asthma and pertussis compared with those with asthma 
only.33

Since the clinical presentation of pertussis is compatible 
with flu syndromes, colds and acute bronchitis, failure to con
trol the disease, especially in adults, contributes to generating 
antibiotic prescriptions that could be avoided.

A survey of Italian experts was recently published to record 
their opinion on the role of vaccinations against antibiotic 
resistance. Antibiotic resistance was a priority concern in the 
daily professional activity of 82.4% of interviewees. Overall, 
47.1% of the same believed that all immunizations included 
in the Italian vaccination calendar have a role in the fight 
against antimicrobial resistance. In addition, 92.2% of respon
dents believed that vaccination against pertussis for all indivi
duals (healthy or with clinical conditions at risk) could help 
tackle bacterial antibiotic resistance.34

All healthcare providers should be aware that recommend
ing existing vaccinations for adults, including vaccination 
against pertussis (dTpa), in order to increase the overall health 
of the population also contributes to combating antibiotic 
resistance.

Viral vaccines
Influenza. Viral vaccines are also effective in reducing bacter
ial antibiotic resistance. The main mechanisms involved in 
achieving this result are represented on one hand by the pre
vention of viral infections of the respiratory tract and the 
related inappropriate prescriptions of antibiotics and on the 
other hand by the prevention of secondary bacterial infections 
and the related prescription of antibiotics.15,35

In the case of viral infections, prevention by vaccination 
does not decrease the risk of infection with antibiotic-resistant 
pathogens and therefore does not have a direct effect on bac
terial antibiotic resistance. In this context, vaccination makes it 
possible to obtain an indirect effect represented by the reduced 
possibility of fever and secondary infections resulting from the 
reduced risk of the target infection of the vaccination itself.36

The above effect is well documented for influenza vaccina
tion. Influenza increases the risk of secondary bacterial infec
tions (e.g., pneumonia, otitis media) that require antibiotic 
treatment. Besides, influenza has a major impact on health 
services and families each winter in temperate countries and 
correlates with over-prescribing of antibiotics in children. This 
infectious disease is in fact one of the main causes of fever for 
which there is a certain propensity for an inappropriate pre
scription of antibiotics and the same increases the risk of 
superinfections from microorganisms potentially resistant to 
antibiotics. Some of the influenza clinical complications (as 
primary viral pneumonia and/or worsening of clinical condi
tions) are of non-bacterial origin, others (as secondary pneu
monia, otitis media, sinusitis and bronchitis) are the result of 
bacterial superinfections.37,38

In 2000, the Ontario region of Canada started a universal 
influenza immunization program offering free vaccines to any
one aged >6 months. Universal influenza immunization was 
associated with a 64% decrease in influenza-associated respira
tory antibiotic prescriptions (incremental decrease of 10 per 
1,000 population). The introduction of the program was 

associated with reductions of greater than 39%, 42%, 55% 
and 59% in influenza-associated mortality, hospitalizations, 
emergency room access and medical visits, respectively.39

It has been shown that there is a close temporal link between 
the incidence of influenza disease and the use of antibacterials, 
and therefore immunization implies a reduction in the inci
dence of influenza and reduction of antibiotic prescriptions. In 
general, about 30–50% of antibiotic prescriptions in outpatient 
care are inappropriate; many of these inappropriately treated 
infections are influenza-related and could be prevented with 
immunization.40

A study conducted in 3 areas of the USA estimated the 
incidence of physician-assisted influenza cases and cases 
avoided with vaccination for the influenza seasons from 
2013/14 to 2015/16. The incidence of influenza with medical 
assistance was between 14 and 54 per 1,000 population while 
the cases avoided ranged from 9 (2014/15 season) to 28 per 
1,000 (2013/14 season) indicating that the vaccination schedule 
involved significant reductions in outpatient visits for influ
enza, even in years when vaccine was not well matched to the 
dominant circulating influenza strain. It has been shown that 
on average, vaccinating 1,000 people avoided 13.9 outpatient 
visits due to influenza; in practice, 1 outpatient visit was 
avoided for every 72 immunized subjects.41

The assessment of the impact of influenza vaccination in the 
2016/2017 season in the USA showed that vaccination coverage 
rates ranged from 33% (Nevada) to 52% (Rhode Island), while 
antibiotic use rates ranged from 125 (Alaska) to 377 prescrip
tions per 1,000 population (West Virginia). In particular, vac
cination coverage rates were highly correlated with reduced 
prescription rates; a 1% increase in influenza vaccination rate 
was significantly associated with 1.40 fewer antibiotic prescrip
tions per 1,000 population. The increased vaccination coverage 
rate in the pediatric population (ages 0–18 years) had the 
strongest effect, followed by that observed in the elderly (>65  
years).42

The potential impact of influenza vaccination on antibiotic 
use has also been assessed in Africa. It is estimated that the 
direct impact of vaccination could avoid more than 390 pre
scriptions per 100,000 population per year by using a 50% 
effective influenza vaccine with 30% coverage in adults >65  
years of age in South Africa or in children aged between 2 and 
5 years in Senegal. Across Africa, simply by reducing the num
ber of severe acute respiratory infections, the use of a vaccine 
with the same characteristics could avoid at least 24,000 anti
biotic prescriptions per year if administered to children <5  
years of age.43

Given the annual recurrence of influenza epidemics and the 
high frequency of influenza illness, the potential impact of the 
influenza vaccine on bacterial antibiotic resistance is high as 
reported by numerous studies.44-46

In principle, a synergistic effect exerted by the pneumococ
cal and influenza vaccines can be postulated. A meta-analysis 
showed that the additional preventive effects of the concomi
tant vaccination (influenza and pneumococcal vaccines) com
pared to influenza vaccination alone for pneumonia and death 
were 15% and 19%, respectively. Compared to pneumococcal 
vaccination alone, concomitant influenza and pneumococcal 
vaccination resulted in a 24% reduction in pneumonia and 
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a 28% reduction in death; when compared with placebo or no 
vaccination, the efficacy of concomitant vaccination was 29% 
for pneumonia, 38% for death, 35% for influenza, and 18% for 
hospitalization.47

Varicella. Varicella is often associated with secondary bacter
ial infections; vaccination in these cases would reduce viral 
infections and the consequent inappropriate use of antibiotics 
associated with it.18

In the specific case of varicella, the impact of vaccination 
would therefore represent an indirect effect, that is, by prevent
ing the infectious disease, a decreased possibility of fever and 
secondary bacterial infections is also obtained.

In Belgium, a substantial burden of varicella in a primary 
care setting has been assessed, highlighting high rates of var
icella-related complications as well as of antibiotic use. In this 
context universal varicella vaccination would reduce both inci
dence and clinical and economic burden of varicella.48

The impact of universal varicella vaccination on the use and 
cost of antibiotics and antivirals for varicella management has 
been evaluated in the USA pointing out that high vaccination 
coverage rates would imply a significant reduction in annual 
antibiotic and antiviral use.49

Rotavirus. Rotavirus disease is very common in infants and 
young children, even it can involve older children and adults as 
well. It generally causes a severe diarrheal disease and dehydra
tion, requiring hospitalization.

Nowadays, a specific treatment for rotavirus disease is not 
available and any used medicine aims at reducing symptoms. 
However, some experts have pointed out that a significant 
value could be attributed to some vaccines targeting viral 
pathogens when considering reduction in antibiotic use 
including rotavirus vaccines.14

Two live-attenuated, oral vaccines has been introduced into 
the national immunization programs of several countries 
showing a significant impact on morbidity and mortality and 
an adequate tolerability and safety profile.50 Very recently, 
a retrospective cohort study of US children evaluated antibiotic 
prescriptions associated with acute gastroenteritis (AGE) 
showing that prescriptions were significantly lower in children 
with complete vaccination against rotavirus in respect to unim
munized children.51 Noteworthy, antibiotics in viral diseases 
are not effective and their prescription should be avoided 
unless a bacterial complication has been ruled out.52

Respiratory syncytial virus (RSV). RSV is an important cause 
of disease in infants, young children, the elderly and adults 
with preexisting pathological conditions. Most children have 
RSV infection by 2 years of age and in newborns this pathogen 
is the most common cause of acute lower respiratory tract 
infections. Noteworthy, the immune response after natural 
infection is incomplete and is not long-lasting; for this reason, 
RSV can reinfect people throughout their lives. Older people 
are at increased risk for serious infections and associated com
plications due to age-related decline in immunity while adults 
with chronic heart or lung disease or a weakened immune 
system are at increased risk of severe RSV infection.53

The inappropriate antibiotic prescribing during respiratory 
tract infections is quite common in the pediatric age and has 
been assessed in two different studies conducted in Israel and 
in Scotland, respectively.54,55 Similar results have been reported 
in studies conducted on adults. In particular, the impact on 
medical resource utilization among adults has been quite simi
lar or even greater than that of influenza and implies often 
inappropriate antibiotic use.56,57

Nowadays, research is aimed at identifying safe and effective 
preventive means against RSV infection that provide lasting 
and sustainable protection. The development of vaccines or 
monoclonal antibodies (mAbs) against RSV has been included 
among the priorities of the World Health Organization 
(WHO) and today many vaccines and mAbs are in the clinical 
trial phase with the perspective of their availability in the short 
to medium term. New vaccines and mAbs would help to hinder 
also the inappropriate use of antibiotics during RSV disease.58

In addition to the above examples, other vaccines already in 
use have the potential to impact on bacterial antibiotic resis
tance. In particular, data or ongoing evaluations are available 
on the potential impact on bacterial antibiotic resistance by 
oral cholera vaccine and the typhoid conjugate vaccine.

In the future, vaccines for Clostridium difficile, Salmonella 
enterica (serovars Typhi and Paratyphi A), non-typhoid inva
sive Salmonella, Shigella, Streptococcus type A, Mycobacterium 
tuberculosis, are under development and evaluation, opening 
also interesting perspectives for the prevention of bacterial 
antibiotic resistance.18,59

Conclusions

Vaccines and antibiotics have made it possible to achieve 
enormous results against various infectious diseases and to 
save millions of lives. As antibiotic resistance has become 
a public health problem, eroding the value of antibiotics, this 
issue needs to be addressed by identifying effective intervention 
strategies. Several vaccines have shown their ability to reduce 
inappropriate antibiotics prescriptions and achieving high 
immunization coverage rates should be considered a priority 
also for antibiotic stewardship.60

WHO considers it essential that the quality and safety of 
antibiotics and their appropriate use in humans and animals be 
ensured, infection prevention and control improved, the sup
ply system for medicines strengthened and financial coverage 
against high costs of treating drug-resistant infections 
guaranteed.61

It is therefore essential to program synergistic action at 
multiple levels promoting the development of multi-sector 
national action plans, strengthening national systems and 
improving awareness and behavioral change to combat anti
biotic resistance.

Vaccines, together with other possible interventions, have 
the potential to play an important role due to their direct and 
indirect effect in the fight against bacterial antibiotic resistance.
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