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The use of vaccines to prevent diseases in children, adults, and the elderly results in fewer medical visits,
diagnostic tests, treatments, and hospitalisations, which leads to substantial savings in healthcare costs
each year in Europe and elsewhere. Vaccines also contribute to reducing resource utilisation by preventing
nosocomial infections, such as rotavirus gastroenteritis, which can increase hospital stays by 4-12 days.
Vaccination also has an important role in the prevention of cancers with, for example, human papillomavirus
or hepatitis B vaccines. Since the financial impact of cancer is high for patients, healthcare systems, and society
as a whole, any cases prevented will reduce this impact. Newer vaccines, such as the herpes zoster vaccine, can
provide an answer to unmet medical needs by preventing and reducing the severity of shingles and associated
post-herpetic neuralgia, which are difficult conditions to treat. Thus, in the context of increasing pressure on
healthcare budgets, vaccination can contribute to the sustainability of healthcare systems through reduced and

more efficient use of healthcare resources.
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reduced the incidence of several infectious diseases

that were responsible for much suffering and deaths.
The impact of vaccination has been demonstrated by
the estimate that during the ‘vaccines for children era’
(1994-2013), the total number prevented by routine child-
hood vaccinations in the USA was more than 322 million
cases of infectious diseases, 21 million hospitalisations,
and 731,700 deaths (1). Thus, vaccination has made a
substantial contribution to the sustainability of health-
care systems by reducing the burden of frequent infectious
diseases and associated resource use. There is an increas-
ing number of vaccines protecting against a range of
infections affecting not just children but also adults and
the elderly. In this article, we will examine how an effec-
tive use of these vaccines can further reduce the bur-
den on healthcare systems by reducing healthcare resource
utilisation, preventing severe diseases such as cancers
and nosocomial infections, and answering unmet medical
needs.

In the past decades, vaccination has dramatically
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Reduction of hospitalisations, ambulatory care
visits, and medical interventions

In children

Today, children in Europe routinely receive vaccines that
protect them from more than a dozen diseases. As pre-
sented in the first article of this special issue, childhood
vaccination resulted in a substantial decrease in the inci-
dence of numerous infectious diseases and associated
mortality such as diphtheria, tetanus and polio, tuber-
culosis, pertussis, measles, mumps, and rubella (2). For
example, prior to introduction of the conjugate vaccine,
Haemophilus influenzae b (Hib) was the leading cause of
childhood meningitis, pneumonia, and epiglottitis, caus-
ing an estimated 20,000 cases per year in the early 1980s in
the United States, mostly in children under 5 years old.
Since routine vaccination began between 1980 and 1990,
the incidence of Hib diseases has declined by greater than
99%. Similar reductions in disease occurred after intro-
duction of the vaccine in Western Europe and developing
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countries. These ‘traditional’ vaccines have become the
cornerstone of efficient healthcare systems throughout
the world and have been shown to be highly cost-saving
(2). Since the late 1990s, new vaccines, such as rotavirus
(RV), meningococcal, pneumococcal conjugate, or varicella
vaccines have become available. Although access to these
new vaccines is not homogeneous across Europe, they have
been shown to reduce the costs associated with hospita-
lisations and outpatient visits (Table 1) (3—13).

For example, in November 1999, the United Kingdom
was the first EU country to introduce mass vaccina-
tion against group C meningococcal disease (8). Invasive
meningococcal disease is a serious bacterial infection
mainly affecting young children. The disease progresses
rapidly, has a fatality rate of 5-10%, and a considerable
proportion of survivors have long-term disabling sequelae
such as deafness, neurological impairments, and amputa-
tion. Since 2000, this vaccination programme has pre-
vented over 9,000 cases of serious disease and more than
1,000 deaths (7). This represents considerable savings
since the cost of treating these diseases was estimated at
nearly £10 million, before vaccine introduction (8).

RV gastroenteritis (RVGE) is currently the most com-
mon cause of severe gastroenteritis in infants and young
children in both developed and developing countries,
leading to more than 87,000 hospitalisations per year in
Europe (Table 1) (3). The direct yearly costs are estimated
at almost €63 million in France and €67—-80 million in Italy
(5, 6). Two RV vaccines obtained market authorisation in
Europe in 2008 and 2009. Belgium, Luxembourg, Austria,
Finland, the UK, and more recently Germany have imple-
mented universal RV vaccination. In the UK, the pro-
gramme was launched in summer 2013 for children below
1-year-olds. The first full year’s data on the impact of
this national infant RV immunisation programme con-
firmed that the programme has been successful, with a
71% reduction in the number of cases. Significant reduc-
tions were also observed in numbers of General Practice
(GP)-reported cases and in those reported by emergency
departments (16).

Episodes of invasive pneumococcal pneumonia (IPD)
in children make substantial demands on hospital health-
care and financial resources. For example, it was estimated
that a child hospitalised for IPD in Spain had a median

Tuble 1. Estimated human and economic burden in Europe of some new preventable diseases

Annual burden before vaccine introduction

Cost per case

Rotavirus gastroenteritis In Europe in children <5 years (3)
- 3.6 million episodes

- 87,000 hospital admissions

- 700,000 GP consultations

- 231 deaths

Meningitis C In the UK: 955 cases in 1998 (7)
Invasive pneumococcal In the UK:
diseases (meningitis and -
pneumonia)

Societal perspective (including direct medical, direct

non-medical, and indirect costs) in 2004-2005 in

Belgium, France, Germany, ltaly, Spain, Sweden, and

UK (5)

- From €166 to €473 in the primary care setting

- From €334 to €770 in the emergency department
setting

- From €1,525 to €2,101 in the hospital setting

- Mean number of work days lost by parents:
2.3-7.5 days

In the UK: £8,413 per case (8)

In the UK:

More than 5,000 cases of IPD are diagnosed Meningitis: 2,274 £ per case (11)
each year in England in all age groups (12)

Post-meningitis sequelae: £3,335/year

- From July 2005 to June 2006, 797 cases of
invasive pneumococcal disease in children

<5 years (10)
In Europe: 600,000 new cases (14)
In Europe: (46)

External genital warts
HPV-related cancers

- Between 267,000 and 510,000 cervical

precancerous lesions
- 35,000 cervical cancers
- 6,400 anal cancers

- 3,400 vulvar and vaginal cancers

- 1,300 penile cancers
- 11,000 head and neck cancers

Zoster In Europe: 1.7 new cases (54)

In France: €483 per case (payer perspective)

In the UK:

From £12,700 (penile cancer) to £16,400 (cervical
cancer) per case (payer perspective) (13)

In Germany: €388 to €729 per case (payer
perspective) (54)
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length of stay of 11.0 days, with an associated cost of
€4,533 per stay. A substantial part of these costs can be
avoided with a universal pneumococcal (PCV13) child-
hood vaccination programme and early management of
complications (14).

A routine varicella vaccination programme could also
have an important economic impact. It has been estimated
that 68% of hospitalisations and 57% of deaths could be
prevented with a 90% vaccination uptake in Italy (17).
Vaccination costs would be more than offset by the
reduction in varicella treatment costs within the first years
after implementation. Despite this positive economical
impact, varicella vaccine recommendations in Europe are
heterogeneous, with only five countries where varicella
vaccination is universally recommended for children at
national level and two countries at regional level (18).

Influenza is a highly contagious disease that is respon-
sible for 3—5 million cases of severe illness each year glo-
bally, with a high attack rate observed among children (9).
A comprehensive systematic review, including 50 publica-
tions on the influenza burden in children in Europe, esti-
mated that up to 20% of children aged 0—11 months with
influenza are hospitalised with a mean length of stay of
between 1.8 and 7.9 days (9). Therefore, successful imple-
mentation of these childhood vaccination programmes
could lead to a substantial decrease in healthcare resource
use, which should be balanced against the programme
cost in the assessment of the programme efficiency.

In adolescents and young adults

External genital warts (EGWs) are a sexually transmitted
infection caused by various strains of human papilloma-
virus (HPV) that tend to infect particularly teenagers and
young adults early after their sexual debut. It has been
estimated that, in Europe, almost 600,000 new cases of
EGWs occur each year (19).

The economic and human burden of EGWs is high (20).
The average treatment cost and total annual direct cost
of genital warts were estimated at €483 and €23 million,
respectively, in France (21). The quadrivalent HPV vaccine
protects against HPV types 16 and 18, as well as 6 and 11;
these two latter types represent the causal pathogen for
90% of genital warts. A vaccination programme is, there-
fore, expected to have a significant impact on the occur-
rence of genital warts and their associated treatment cost.
This assumption has been confirmed in countries such as
Australia, which have implemented national vaccination
programmes (22, 23).

A significant reduction in pertussis morbidity and
mortality in infants and children has been observed where
preschool and primary school pertussis vaccination has
been implemented (24). However, the disease persists in
infants who are too young to be vaccinated, and among
adolescents and adults who have lost their disease- or
vaccine-induced immunity against the disease or who were

Vaccination and healthcare systems sustainability

not vaccinated during childhood. The re-emergence of
pertussis could be limited by a booster vaccination for
adolescents and adults. Many countries (e.g., France,
Germany, the USA, and Canada) have already integrated
a pertussis booster for adolescents and/or adults into
their current schedule. The results from a literature review
showed that economical models converge towards the
same conclusion, that is, that the pertussis booster vac-
cination is economically valuable when used in an appro-
priate context (24).

In adults and elderly

Adult vaccination programmes have been slower to
evolve in contrast to childhood vaccination programmes.
It is necessary to fully appreciate the value of preventing
these diseases to improve the uptake of adult vaccination.

A recent modelling study provided an illustration
of the annual public health and economic benefits of
influenza vaccination in Europe (25). Today, seasonal flu
vaccination already imparts substantial annual health
and economic benefits and prevents each year an average
of 1.6-2.1 million cases, 45,000—-66,000 hospitalisations,
25,000-37,000 influenza-related deaths, and €153—€219
million in healthcare costs (GP visits & hospitalization).

Seasonal influenza vaccination is recommended for
approximately 180 million Europeans considered at risk
(based on the WHO definition); however, only 44% of
them (80 millions) actually receive an annual influenza
immunisation, far from the 75% target coverage rate set by
the EU Council Recommendation in 2009 (26). With the
development of new and improved vaccines, additional
benefits will be achieved in the future but today, full
implementation of the 75% target coverage rate in the
recommended target groups could immediately reduce the
burden of seasonal influenza infections by an additional
1.6-1.7 million cases, 24,000-31,000 hospitalisations,
10,000—14,000 influenza-related deaths, and €77—€99 million
of influenza-related additional healthcare costs saved
yearly (295).

Until recently, influenza vaccines contained three
influenza strains, two A strains, and one B strain. These
strains are adapted every year to correspond to the
circulating strains identified through the World Health
Organisation’s (WHO) surveillance system (27). There are
two A strains, because two co-circulation of A strains have
been observed in a given influenza season unlike, until
recently, B strains for which only one strain was observed
(28). However, in recent seasons the co-circulation of B
strains has been increasingly observed and this has led
to the WHO issuing recommendations to include four
strains in seasonal influenza vaccines, that is, two A
strains and two B strains (27). These new quadrivalent
influenza vaccines (QIV) that are now commercially
available can also play a role in the reduction of healthcare
costs. An analysis conducted to quantify the potential
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public health impact of a QIV vaccine strategy compared
with the current trivalent vaccine (TIV) strategy in the
United States estimated that over 10 years (from 1999 to
2009), QIV could have prevented up to 2,741,575 cases of
influenza, 21,440 hospitalisations, and 1,371 influenza-
related deaths in the United States (29). Based on these
estimates, it was estimated that over these 10 influenza
seasons, QIV could have resulted in substantial cost
savings of $3.1 billion to society and $292 million to third
party payers if QIV had been used instead of TIV, at
the same cost (30). Additionally, the burden and asso-
ciated healthcare and societal costs from other vaccine-
preventable diseases such as pneumococcal, herpes zoster,
and pertussis are also substantial.

It was recently estimated that the economic burden from

four major adult, vaccine-preventable diseases (influenza,
pneumococcal, herpes zoster, and pertussis) in those aged
> 50 years was more than 26.5 billion US$ (medical and
indirect costs) in the United States in 2013 (31). Herpes
zoster, influenza, and pneumococcal diseases were respon-
sible for 19, 60, and 19% of these costs, respectively (Fig. 1)
and medical costs accounted for 80, 91, 37, and 42% of
total influenza, pneumococcal, zoster, and pertussis costs,
respectively (31). Broadening adult vaccination prog-
rammes beyond influenza may, therefore, help reduce the
overall burden of disease.

Reduction in treatment prescription

Preventing diseases through vaccination also leads to a
reduction in the consumption of medications. For exam-
ple, medication use is high in children who have influenza;
in addition to antipyretics and other symptomatic treat-
ments, antibiotics were prescribed to 43% of children in
primary care-based studies (9).

Vaccines that can prevent diseases, such as influenza,
pneumococcal diseases, and shingles, in the elderly are
likely to reduce not only the costs associated with medi-
cation consumption but also the costs associated with

100% ‘ 387,809 -(—0.398

80%

60%
8,101,104 16.0
40%
20%
603,337 n
0% -
Number of cases Cost (US$ billion)
= Pneumococcal =Influenza = Herpes zoster = Pertussis

Percentage of total

Fig 1. Incidence and total costs of four major adults vaccine-
preventable diseases in the United States (2013).

their side-effects. For example, a Dutch study of 84 patients
with postherpetic neuralgia (PHN — a well-known com-
plication of shingles) reported that 89% of patients took
prescription medications such as antidepressants, opioids,
various analgesics as well as antiepileptic medicines (32).
The elderly are highly susceptible to side-effects from
medications, partly because they generally take more than
one medication, and there is often no dose adjustment
(33). Polypharmacy is known to be associated with nega-
tive health outcomes and a major cause of drug interac-
tions and safety problems in this age group (34).

Prevention of nosocomial infections

Vaccination can also play a role in preventing nosocomial
infections. For example, RV is one of the major aetio-
logical agents for paediatric nosocomial diarrhoea, respon-
sible for between 31 and 87% of cases (35). Nosocomial
RVGE cases prolong hospital stays by 4-12 days and
can lead to substantial additional costs (36). In Italy,
costs resulting from nosocomial RV infection have been
estimated at more than €8 million per year (37). Therefore,
prevention of RV infection by vaccination could have
a positive impact not only by reducing the number of
children hospitalised for gastroenteritis, but also by re-
ducing the number of nosocomial infections. The RV
burden is significant and includes temporary reduction
in the quality of children’s lives, increased costs associated
with the additional consumption of medical resources
(increased length of hospital stay), and constraints on
parents’/hospital staff’s professional lives (38). A recent
UK study reported that the likelihood of nosocomial
infection with RV playing a significant role in children’s
hospital readmissions is high. This has important implica-
tions for hospital resources when considering costs and
length of hospital stays (38).

Clostridium difficile infection (CDI) is also a major
cause of nosocomial disease in western countries. CDI
results in a significant burden not only for patients,
through increased morbidity and mortality, but also for
healthcare systems and society in general. On the basis of
current incidence rates, the annual cost for the manage-
ment of CDI is about $800 million in the United States and
€3,000 million in Europe (39, 40). Pre-licensure clinical
evaluation of the efficacy of two C. difficile vaccines
is currently on-going. If the vaccines are found to be
efficacious, this will provide hope for the future control of
this costly bacterial infection.

Vaccines can also reduce the risk of secondary infec-
tions, which is relevant not just for those being vaccinated
but the wider population. For example, influenza vacci-
nation of healthcare workers (HCWs) has been shown to
be associated with a substantial decrease in mortality for
elderly patients (41). The cost of not vaccinating frontline
HCWs is also significant in terms of missed benefits.
It has been estimated that vaccinating each HCW in
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England and Wales against influenza would result in
savings of £12 per vaccination (42).

Prevention of cancer

In 2012, 2.7 million people were diagnosed with cancer in
the European Union (EU27) (43). Nearly, one-fifth of all
cancers in the world are caused by infectious agents, in-
cluding viruses and bacteria. Among the most important
infections associated with cancers are: HPVs that can cause
most cervical and anal cancers as well as a fraction of
oral cancers; hepatitis B virus (HBV) and hepatitis C virus
(HCV) that can cause liver cancer; and Helicobacter pylori
that is a bacterium that can cause stomach cancer (44).

Vaccines are the most effective way of preventing some
of these infections. Effective vaccines against HBV have
been available for several decades, and more than 90% of
countries include HBV vaccination in their childhood
immunisation programmes, which has been shown to be
responsible for a dramatic reduction in liver cancer (45).

HPV vaccination is also highly effective in preventing
infection with the HPV types that cause the majority of
cervical cancers and other anogenital cancers in both
women and men.

In Europe, between 67,000 and 80,000 new cancers
attributable to HPV occur annually in women and men.
These include penile and oropharyngeal cancers, for which
HPV vaccines are not currently indicated (46, 15). Cervical
cancer is the fourth most common cancer in women,
diagnosed in approximately 34,000 women annually,
and Kkilling about 13,000 each year, in Europe (46).
These cancers are responsible for a substantial economic
burden in Europe with, for example, an estimated cost
to the payers of €240 million in France in 2007 (Fig. 2)
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(47, 48). Additionally, a recent UK study reported that
cervical cancer was not only a cost to the payer (47% of
total costs) but also to the state (20% coming from annual
loss of income tax and contributions) and to the women
(31%) (49, 50).

Two HPYV vaccines have been commercialised in Europe
since 2006. It was estimated that vaccination of 12-year-
old girls (70% uptake rate) would lead to a 86% reduction
in HPV 16/18-related cervical cancers in females compared
with screening alone (51). In addition to preventing cer-
vical cancers and pre-cancerous lesions, HPV vaccination
can reduce costs associated with borderline and mild
dysplasia, and associated colposcopies. Primary preven-
tion of cervical cancer by vaccination against high-risk
HPYV types has been an important development for public
health. Currently, licensed HPV vaccines protect against
HPYV types that cause approximately 70% of cervical cancers.
Results from a phase III clinical trial of a new nonavalent
HPYV vaccine are now available. This vaccine has the poten-
tial to expand the prophylactic cervical cancer coverage
offered by current HPV vaccines from approximately 70
to 90% and the prevention of high-grade dysplasia from
approximately 50 to 75-85%. (52). First cost-effectiveness
analyses conducted in Canada concluded that the non-
avalent vaccine will most likely represent a cost-effective
alternative to the quadrivalent vaccine (53).

Answering unmet medical needs

In addition to the direct impact on healthcare resources
and costs, vaccines can improve the sustainability of
healthcare systems by answering unmet medical needs.
The herpes zoster vaccine is a good example, since there
are no preventive measures or satisfactory treatments.

| Females: M€132.5

Males: M€107.2 |

Invasive cervical
cancer: M€83.9

Vulvar cancer:

Me€3.3

Vaginal cancer:

Me€5.1

Anal cancer:
veos 1] meto

Penile cancer:

M€2.6
Head and neck
cancer: M€18 I M€94.6
150 100 50 50 100 150

Fig. 2. Estimated costs of HPV-associated cancers in France, payer perspective.
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Nearly 1.7 million cases of zoster are diagnosed in
Europe each year (54). The management of herpes zoster,
and its most frequent complication, that is, PHN, a
chronic neuropathic pain that can persist for months or
even years, is challenging, particularly in elderly people
suffering from other chronic diseases and on polyphar-
macy (55). The direct costs of zoster and PHN for the
healthcare service have been estimated to be more than
€60 million per year in a country such as France, and
these costs can be expected to increase with the steadily
growing elderly population (56). This economic burden
is likely to be underestimated as the estimate did not
include additional costs for society, such as, loss of pro-
ductivity, treatment for worsening underlying conditions,
home help, and rehabilitation care (54).

Conclusion

Although the access to some new vaccines is heteroge-
neous across Europe, they have been shown to reduce
healthcare costs associated with hospitalisations and out-
patient visits in several real life impact studies. Prevention
of disease in children, adults, and the elderly through
vaccination represents a unique opportunity to keep people
healthy and outside of the healthcare system. Hence,
vaccination can contribute to the sustainability of health-
care systems by avoiding unnecessary use of financial and
human resources and freeing resources for other medical
interventions. Improving uptake of vaccination programmes
is critical in periods when governments are looking for
solutions for more efficient healthcare resource use. Thus,
widespread health promotion and disease prevention
are key factors for the long-term sustainability of health
systems.

Acknowledgements

The authors would like to thank Margaret Haugh (MediCom
Consult) for editorial assistance funded by Sanofi Pasteur MSD.

Conflict of interest and funding

N. Largeron and X. Bresse are employees of Sanofi Pasteur
MSD, which sponsored this project. P. Lévy and J. Wasem
have not received any funding or honoraria from Sanofi
Pasteur MSD or other bodies for the preparation of this
manuscript.

References

1. Whitney CG, Zhou F, Singleton J, Schuchat A. Benefits from
immunization during the vaccines for children program era —
United States, 1994-2013. Morb Mortal Wkly Rep 2014;
63(16): 352-5.

2. Remy V, Zoellner Y, Heckmann U. Vaccination: The corner-
stone of an efficient healthcare system. J Mark Access Health
Policy 2015; 3: 27041, doi: http://dx.doi.org/10.3402/jmahp.v3.
27041

. Public Health England (2014).

. Soriano-Gabarro M, Mrukowicz J, Vesikari T, Verstraeten T.

Burden of rotavirus disease in European Union countries.
Pediatr Infect Dis J 2006; 25(Suppl 1): S7-11.

. Harris JP, Jit M, Cooper D, Edmunds WIJ. Evaluating

rotavirus vaccination in England and Wales. Part I. Estimating
the burden of disease. Vaccine 2007; 25: 3962-70.

. Giaquinto C, Van Damme P, Huet F, Gothefors L, Van der

Wielen M. Costs of community-acquired paediatric rotavirus
gastroenteritis in 7 European countries: The REVEAL Study.
J Infect Dis 2007; 195(Suppl 1): S36—44.

. Huet F, Largeron N, Trichard M, Miadi-Fargier H, Jasso-

Mosqueda G. Burden of paediatric rotavirus gastroenteritis
and potential benefits of a universal rotavirus vaccination
programme with RotaTeq in France. Vaccine 2007; 25(34):
6348-58.

Meningococcal disease:
Guidance, data and analysis. Available from: http://www.hpa.
org.uk/web/HPAweb& HPAwebStandard/HPAweb_C/11957338
22509 [cited 10 December 2014].

. Trotter CL, Edmunds WJ. Modelling cost effectiveness of

meningococcal serogroup C conjugate vaccination campaign in
England and Wales. BMJ 2002; 324(7341): 809.

. Antonova EN, Rycroft CE, Ambrose CS, Heikkinen T,

Principi N. Burden of paediatric influenza in Western Europe:
A systematic review. BMC Public Health 2012; 12: 968.

. Kaye P, Malkani R, Martin S, Slack M, Trotter C, Jit M, et al.

Invasive pneumococcal disease (IPD) in England & Wales after
7-valent conjugate vaccine (PCV7): Potential impact of 10 and
13-valent vaccines. 2010. Available from: http://webarchive.
nationalarchives.gov.uk/20140714084352/http://www.hpa.org.
uk/webc/HPAwebFile/HPAweb_C/1245581527892  [cited 11
December 2014].

. Jiang Y, Gauthier A, Keeping S, Carroll S. Cost-effectiveness

of vaccinating the elderly and at-risk adults with the 23-valent
pneumococcal polysaccharide vaccine or 13-valent pneumo-
coccal conjugate vaccine in the UK. Expert Rev Pharmacoe-
con Outcomes Res 2014; 14: 913-27.

. Health Protection Services UK (2014). Pneumococcal disease:

Guidance, data and analysis. Available from: https://www.gov.
uk/government/collections/pneumococcal-disease-guidance-
data-and-analysis [cited 24 May 2015].

. Jit M, Brisson M, Laprise JF, Choi YH. Comparison of two

dose and three dose human papillomavirus vaccine schedules:
Cost effectiveness analysis based on transmission model. BMJ
2015; 350: g7584.

. Brotons P, Gelabert G, Launes C, Sicuri E, Pallares R, Munoz-

Almagro C. Cost of hospitalizing children with invasive pneu-
mococcal pneumonia. Vaccine 2013; 31(7): 1117-22.

. Hartwig S, Baldauf JJ, Dominiak-Felden G, Simondon F,

Alemany L, De Sanjose S, et al., editors. Burden of HPV
related cancers and precancerous lesions in women and men in
Europe: Potential additional benefit of a 9-valent compared to
the 4-valent vaccine in Europe (Abstract: PH.PP02.103). 29th
International Papillomavirus Conference, Seattle, Washington,
20-25 August 2014.

. England PH (2014). Impact of first infant vaccination pro-

gramme in England for rotavirus confirmed. Available from:
https://www.gov.uk/government/publications/health-protection-
report-volume-8-2014/hpr-volume-8-issue-37-news#impact-of-
first-infant-vaccination-programme-in-england-for-rotavirus-
confirmed [cited 10 December 2014].

. Coudeville L, Brunot A, Giaquinto C, Lucioni C, Dervaux B.

Varicella vaccination in Italy: An economic evaluation of
different scenarios. Pharmacoeconomics 2004; 22(13): 839-55.

Citation: Journal of Market Access & Health Policy 2015, 3: 27043 - http://dx.doi.org/10.3402/jmahp.v3.27043

(page number not for citation purpose)


http://dx.doi.org/10.3402/jmahp.v3.27041
http://dx.doi.org/10.3402/jmahp.v3.27041
http://www.hpa.org.uk/web/HPAweb&HPAwebStandard/HPAweb_C/1195733822509
http://www.hpa.org.uk/web/HPAweb&HPAwebStandard/HPAweb_C/1195733822509
http://www.hpa.org.uk/web/HPAweb&HPAwebStandard/HPAweb_C/1195733822509
http://webarchive.nationalarchives.gov.uk/20140714084352/http://www.hpa.org.uk/webc/HPAwebFile/HPAweb_C/1245581527892
http://webarchive.nationalarchives.gov.uk/20140714084352/http://www.hpa.org.uk/webc/HPAwebFile/HPAweb_C/1245581527892
http://webarchive.nationalarchives.gov.uk/20140714084352/http://www.hpa.org.uk/webc/HPAwebFile/HPAweb_C/1245581527892
https://www.gov.uk/government/collections/pneumococcal-disease-guidance-data-and-analysis
https://www.gov.uk/government/collections/pneumococcal-disease-guidance-data-and-analysis
https://www.gov.uk/government/collections/pneumococcal-disease-guidance-data-and-analysis
https://www.gov.uk/government/collections/pneumococcal-disease-guidance-data-and-analysis
https://www.gov.uk/government/collections/pneumococcal-disease-guidance-data-and-analysis
https://www.gov.uk/government/collections/pneumococcal-disease-guidance-data-and-analysis
https://www.gov.uk/government/collections/pneumococcal-disease-guidance-data-and-analysis
https://www.gov.uk/government/collections/pneumococcal-disease-guidance-data-and-analysis
https://www.gov.uk/government/collections/pneumococcal-disease-guidance-data-and-analysis
https://www.gov.uk/government/publications/health-protection-report-volume-8-2014/hpr-volume-8-issue-37-news#impact-of-first-infant-vaccination-programme-in-england-for-rotavirus-confirmed
https://www.gov.uk/government/publications/health-protection-report-volume-8-2014/hpr-volume-8-issue-37-news#impact-of-first-infant-vaccination-programme-in-england-for-rotavirus-confirmed
https://www.gov.uk/government/publications/health-protection-report-volume-8-2014/hpr-volume-8-issue-37-news#impact-of-first-infant-vaccination-programme-in-england-for-rotavirus-confirmed
https://www.gov.uk/government/publications/health-protection-report-volume-8-2014/hpr-volume-8-issue-37-news#impact-of-first-infant-vaccination-programme-in-england-for-rotavirus-confirmed
http://www.jmahp.net/index.php/jmahp/article/view/27043
http://dx.doi.org/10.3402/jmahp.v3.27043

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

. ECDC (2014). Varicella vaccine in the European Union. Avail-

able from: http://ecdc.europa.eu/en/publications/Publications/
Varicella-guidance-2014-consultation.pdf [cited 10 December
2014].

. Hartwig S, Syrjanen S, Dominiak-Felden G, Brotons M,

Castellsague X. Estimation of the epidemiological burden
of human papillomavirus-related cancers and non-malignant
diseases in men in Europe: A review. BMC Cancer 2012;
12: 30.

Raymakers AJ, Sadatsafavi M, Marra F, Marra CA. Economic
and humanistic burden of external genital warts. Pharmacoe-
conomics 2012; 30(1): 1-16.

Monsonego J, Breugelmans JG, Bouee S, Lafuma A, Benard S,
Remy V. Anogenital warts incidence, medical management and
costs in women consulting gynaecologists in France. Gynecol
Obstet Fertil 2007; 35(2): 107-13.

Ali H, Donovan B, Wand H, Read TR, Regan DG, Grulich
AE, et al. Genital warts in young Australians five years
into national human papillomavirus vaccination programme:
National surveillance data. BMJ 2013; 346: £2032.

Carroll S, Glenngard A, Garcia Rojas AJ, Marin C. Vaccina-
tion: Short- and long-term benefits from investment. J Mark
Access Health Policy 2015: 3: 27279, doi: http://dx.doi.org/10.
3402/jmahp.v3.27279

Millier A, Aballea S, Annemans L, Toumi M, Quilici S.
A critical literature review of health economic evaluations
in pertussis booster vaccination. Expert Rev Pharmacoecon
Outcomes Res 2012; 12(1): 71-94.

Preaud E, Durand L, Macabeo B, Farkas N, Sloesen B,
Palache A, et al. Annual public health and economic benefits
of seasonal influenza vaccination: A European estimate. BMC
Public Health 2014; 14: 813.

Council of the European Union (2009). Council recommenda-
tion of 22 December 2009 on seasonal influenza vaccination
(text with EEA relevance) (2009/1019/EU). Available from:
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:
2009:348:0071:0072:EN:PDF [cited 11 June 2011].

WHO (2014). Influenza (Seasonal) Fact sheet No. 211.
Available from: http://www.who.int/mediacentre/factsheets/
fs211/en/ [cited 13 November 2014].

Hannoun C. The evolving history of influenza viruses and
influenza vaccines. Expert Rev Vaccines. 2013; 12(9): 1085-94.
Reed C, Meltzer MI, Finelli L, Fiore A. Public health impact
of including two lineages of influenza B in a quadrivalent
seasonal influenza vaccine. Vaccine 2012; 30: 1993-8.

Lee BY, Bartsch SM, Willig AM. The economic value of a
quadrivalent versus trivalent influenza vaccine. Vaccine 2012;
30(52): 7443-6.

Mc Laughlin J, Mc Ginnis JJ, TTan L, Mercatante A, Fortuna
J. Estimated human and economic burden of 4 major adult
vaccine-preventable diseases in the US, 2013. J Prim Prev 2015;
2-6. (in press).

van Seventer R, Sadosky A, Lucero M, Dukes E. A cross-
sectional survey of health state impairment and treatment
patterns in patients with postherpetic neuralgia. Age Ageing
2006; 35(2): 132-7.

Charfi R, El Aidli S, Zaiem A, Kastalli S, Srairi S, Daghfous R,
et al. Adverse drug reactions in older adults: A retrospective
study from pharmacovigilance. Therapie 2012; 67(5): 471-6.
Bonanni P, Picazo J, Remy V. The intangible benefits of
vaccination — What is the true economic value of vaccination?
J Market Access Health Policy. 2015; 3: 26964, doi: http://dx.
doi.org/10.3402/jmahp.v3.26964

Gleizes O, Desselberger U, Tatochenko V, Rodrigo C,
Salman N, Mezner Z, et al. Nosocomial rotavirus infection

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

53.

Vaccination and healthcare systems sustainability

in European countries: A review of the epidemiology, severity
and economic burden of hospital-acquired rotavirus disease.
Pediatr Infect Dis J 2006; 25(1 Suppl): S12-21.

Ogilvie I, Khoury H, Goetghebeur MM, El Khoury AC,
Giaquinto C. Burden of community-acquired and nosocomial
rotavirus gastroenteritis in the paediatric population of Western
Europe: A scoping review. BMC Infect Dis 2012; 12: 62.
Festini F, Cocchi P, Mambretti D, Tagliabue B, Carotti M,
Ciofi D, et al. Nosocomial rotavirus gastroenteritis in paedia-
tric patients: A multi-center prospective cohort study. BMC
Infect Dis 2010; 10: 235.

Pockett RD, Campbell D, Carroll S, Rajoriya F, Adlard
N. Rotavirus, respiratory syncytial virus and non-rotaviral
gastroenteritis analysis of hospital readmissions in England
and Wales. Acta Paediatr 2013; 102(4): e158-63.

Bouza E. Consequences of Clostridium difficile infection:
Understanding the healthcare burden. Clin Microbiol Infect
2012; 18(Suppl 6): 5-12.

Kuijper EJ, Coignard B, Tull P. Emergence of Clostridium
difficile-associated disease in North America and Europe. Clin
Microbiol Infect 2006; 12(Suppl 6): 2—18.

Carman WF, Elder AG, Wallace LA, McAulay K, Walker A,
Murray GD, et al. Effects of influenza vaccination of health-
care workers on mortality of elderly people in long-term care:
A randomised controlled trial. Lancet 2000; 355(9198): 93-7.
Burls A, Jordan R, Barton P, Olowokure B, Wake B, Albon E,
et al. Vaccinating healthcare workers against influenza to pro-
tect the vulnerable — Is it a good use of healthcare resources?
A systematic review of the evidence and an economic evalua-
tion. Vaccine 2006; 24(19): 4212-21.

Bray F, Ren JS, Masuyer E, Ferlay J. Estimates of global
cancer prevalence for 27 sites in the adult population in 2008.
Int J Cancer 2013; 132(5): 1133-45.

IARC (2014). European code against cancer. Available from:
http://cancer-code-europe.iarc.fr/index.php/en/ecac-12-ways
[cited 11 December 2014].

Kane MA. Preventing cancer with vaccines: Progress in the
global control of cancer. Cancer Prev Res (Phila) 2012; 5(1):
24-9.

Bosch FX, Broker TR, Forman D, Moscicki A-B, Gillison
ML, Doorbar J, et al. Comprehensive control of human
papillomavirus infections and related diseases. Vaccine 2013;
31(Suppl 8): 11-31.

Borget I, Abramowitz L, Mathevet P. Economic burden of
HPV-related cancers in France. Vaccine 2011; 29(32): 5245-9.
Preaud E, Largeron N. Economic burden of non-cervical
cancers attributable to human papillomavirus: A European
scoping review. J] Med Econ 2013; 16(6): 763-76.

Brown RE, Breugelmans JG, Theodoratou D, Benard S. Costs
of detection and treatment of cervical cancer, cervical dysplasia
and genital warts in the UK. Curr Med Res Opin 2006; 22(4):
663-70.

Salter J. Behind the screen 2014. Available from: http://www.
demos.co.uk/files/Behind_the_screen_-_web.pdf?1402772155
[cited 11 December 2014].

Dasbach E, Insinga R, Elbasha E. The epidemiological and
economic impact of a quadrivalent human papillomavirus
vaccine (6/11/16/18) in the UK. BJOG 2008; 115(8): 947-56.

. Chatterjee A. The next generation of HPV vaccines: Non-

avalent vaccine V503 on the horizon. Expert Rev Vaccines
2014; 13(11): 1279-90.

Drolet M, Laprise JF, Boily MC, Franco EL, Brisson M.
Potential cost-effectiveness of the nonavalent human papillo-
mavirus (HPV) vaccine. Int J Cancer 2014; 134(9): 2264-8.

Citation: Journal of Market Access & Health Policy 2015, 3: 27043 - http://dx.doi.org/10.3402/jmahp.v3.27043

(page number not for citation purpose)


http://ecdc.europa.eu/en/publications/Publications/Varicella-guidance-2014-consultation.pdf
http://ecdc.europa.eu/en/publications/Publications/Varicella-guidance-2014-consultation.pdf
http://dx.doi.org/10.3402/jmahp.v3.27279
http://dx.doi.org/10.3402/jmahp.v3.27279
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:348:0071:0072:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:348:0071:0072:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:348:0071:0072:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:348:0071:0072:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:348:0071:0072:EN:PDF
http://www.who.int/mediacentre/factsheets/fs211/en/
http://www.who.int/mediacentre/factsheets/fs211/en/
http://dx.doi.org/10.3402/jmahp.v3.26964
http://dx.doi.org/10.3402/jmahp.v3.26964
http://cancer-code-europe.iarc.fr/index.php/en/ecac-12-ways
http://cancer-code-europe.iarc.fr/index.php/en/ecac-12-ways
http://cancer-code-europe.iarc.fr/index.php/en/ecac-12-ways
http://cancer-code-europe.iarc.fr/index.php/en/ecac-12-ways
http://cancer-code-europe.iarc.fr/index.php/en/ecac-12-ways
http://cancer-code-europe.iarc.fr/index.php/en/ecac-12-ways
http://cancer-code-europe.iarc.fr/index.php/en/ecac-12-ways
http://www.demos.co.uk/files/Behind_the_screen_-_web.pdf?1402772155
http://www.demos.co.uk/files/Behind_the_screen_-_web.pdf?1402772155
http://www.jmahp.net/index.php/jmahp/article/view/27043
http://dx.doi.org/10.3402/jmahp.v3.27043

Nathalie Largeron et al.

54. Gater A, Uhart M, McCool R, Preaud E. The humanistic,

55.

(page number not for citation purpose)

economic and societal burden of Herpes Zoster in Europe:
A critical review. BMC Public Health 2015; 15: 193.

Pickering G, Bertrand I, Marcoux M, Morel V, David L,
Macian N, et al. Treatment of postherpetic neuralgia: A touchy
mission in elderly patients, particularly in those with chronic
diseases and polypharmacy (abstract: PP16). Sth International

56.

Congress on Neuropathic Pain (NeuPSIG 2015), Nice, France,
14-17 May 2015.

Mick G, Gallais JL, Simon F, Pinchinat S, Bloch K, Beillat M,
et al. Burden of herpes zoster and postherpetic neuralgia:
Incidence, proportion, and associated costs in the French
population aged 50 or over. Rev Epidemiol Sante Publique
2010; 58(6): 393-401.

Citation: Journal of Market Access & Health Policy 2015, 3: 27043 - http://dx.doi.org/10.3402/jmahp.v3.27043


http://www.jmahp.net/index.php/jmahp/article/view/27043
http://dx.doi.org/10.3402/jmahp.v3.27043

