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Vaccination reduces the risk of becoming infected 
with and transmitting pathogens. The role of health-
care workers (HCWs) in controlling and limiting noso-
comial infections has been stressed repeatedly. This 
has also been recognised at a political level, leading 
the European Council of Ministers in 2009 to encour-
age coverage of 75% seasonal influenza vaccine in 
HCWs. Although there are policies, recommendations 
and well-tolerated vaccines, still many HCWs refuse to 
get vaccinated. This article uses literature from psy-
chology and behavioural economics to understand 
vaccination decisions and the specific situation of 
HCWs. HCWs are expected to be highly motivated to 
protect others. However, their individual vaccination 
decisions follow the same principles (of weighting 
individual risks) as everyone else’s vaccination deci-
sions. This will lead to decisional conflict in a typical 
social dilemma situation, in which individual interests 
are at odds with collective interests. Failure to get vac-
cinated may be the result. If we understand the moti-
vations and mechanisms of HCWs’ vaccine refusal, 
interventions and campaigns may be designed more 
effectively. Strategies to increase HCWs’ vaccine 
uptake should be directed towards correcting skewed 
risk perceptions and activating pro-social motivation 
in HCWs. 

Vaccination reduces the risk of a person becoming 
infected with pathogens as well as transmitting them 
to another person. The benefit of vaccination in health-
care settings has been shown in numerous studies 
[1,2], especially those regarding vaccination against 
influenza [3]. As a result, vaccination is an important 
measure to control and reduce outbreaks or transmis-
sion of infectious diseases such as influenza in hospi-
tal settings [4]. In most countries, there are policies, 
recommendations and well-tolerated vaccines avail-
able [5]. According to the 2009 Council of the European 
Union recommendation, uptake of 75% of seasonal 
influenza vaccination is desirable [6]. However, vac-
cination rates among healthcare workers (HCWs), par-
ticularly against influenza, are too low [4]. In Europe, 
uptake rates for seasonal influenza vaccine are below 

32% [2]. The corresponding rates in the United States 
have risen from 40% to 50% and then to 60–70% due 
to intense promotion efforts and, in part, mandatory 
vaccination in some healthcare units [3]. Why do many 
HCWs refuse to get vaccinated? In this perspective arti-
cle, I provide a psychological view of vaccination deci-
sions and the specific situation of HCWs, and discuss 
strategies to increase vaccine uptake among HCWs.

Skewed risk perceptions as reasons against 
vaccination
In 2009, a study summarised the most important rea-
sons why some HCWs do not get vaccinated against 
influenza [7]. Across a large number of studies, HCWs 
most frequent reason against vaccination was a fear 
of side effects [2]. Studies have repeatedly shown that 
today’s vaccines are well-tolerated [8]. Severe side 
effects are extremely rare and the frequency of their 
occurrence is usually overestimated [8]. However, per-
ceptions of risk are subjective judgments and do not 
necessarily mirror objective numbers [9,10]. Still, they 
may very well impact behaviour. When the perceived 
risk of vaccination is high, vaccination is less likely; 
when the perceived risk of infection is high, vaccina-
tion is more likely [11,12].

The perceived risk of becoming infected indeed affects 
HCWs’ vaccination decisions: low perceived risk of 
infection is among the top five reasons against vac-
cination [2,7]. Most evidence, however, indicates that 
the incidence of nosocomially acquired influenza 
among HCW is significantly higher when vaccination 
rates are low [1,2]. Moreover, some HCWs exhibited a 
lack of concern, potentially because they believed that 
the risk of transmitting influenza virus to their patients 
was low [3]. Again, most studies show that this percep-
tion differs from reality, as influenza transmission in 
healthcare settings, as well as patient morbidity, is sig-
nificantly higher when vaccination rates are low (for an 
overview, see [1] and [2], but also [13]). Overall, skewed 
risk perceptions are among the most important rea-
sons why HCWs do not get vaccinated. As discussed, 
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frequently the perceived risks deviate from objective, 
or at least empirically substantiated, levels of risk.

Protecting oneself against risks and threats is a fun-
damental motivator behind human behaviour. This 
follows directly after the instincts to fulfil physical 
needs for food, water, sleep and sex, as illustrated in 
Maslow’s pyramid of needs [14] (Figure). In the eight-
eenth century, for example, infectious diseases used 
to represent a great risk against which individuals 
sought protection, e.g. by means of vaccination [15,16]. 
People saw first-hand others affected by and dying 
from severe diseases. With increased vaccine uptake, 
two diseases, poliomyelitis and smallpox, are in the 
process of being or have been completely eradicated, 
and, with that, the vivid pictures of affected neighbours 
have disappeared. Simultaneously, however, reports of 
vaccine adverse events have increased in number. This 
is due primarily to the growing number of vaccinations 
taking place [17]. However, more or less organised anti-
vaccination communications that announce alleged 
side effects also play a key role [18-21]. The most 
prominent example may be the false claim that vacci-
nation against measles, mumps and rubella may cause 
autism [21,22]. This damaged people’s confidence in 
vaccination over the years and is still in people’s minds 
today, even though there is no scientific evidence for 
the claim and the paper had to be retracted [8,22]. 
Similarly, increased incidence of narcolepsy seen in 
some European countries after administration of the 
influenza A(H1N1)pdm09 vaccine [23] may falsely cre-
ate the idea that seasonal influenza vaccines may also 
lead to the same consequences. However, narcolepsy 
following the A(H1N1)pdm09 vaccination has been 
observed in a limited area and has not been observed 
following any other vaccination [23].

Thus, given the low incidence of vaccine-preventable 
diseases and alleged and real adverse events, mod-
ern vaccines can represent a risk that individuals want 
to protect themselves from because they fear side 
effects. Such fear is a very powerful force in reduc-
ing vaccination intentions. In a study during the 2009 
influenza pandemic, fear of side effects was shown 
to significantly reduce vaccination intentions, even 
when fear of infection was also high [24]. If fear of side 
effects had been lower, vaccination rates may have 
been substantially higher. In another study, pregnant 
women’s perceived risk of vaccine-related adverse 
events was much higher than their perceived risk of 
influenza infections [25]. Given these risk perceptions 
and assuming that future mothers want to protect 
themselves and their unborn children from risks, the 
logical decision would seem to be for them to omit vac-
cination. Thus vaccination decisions appear to be the 
result of weighing risks of infection and risks of side 
effects (Figure). Perceptions of risk do not necessarily 
need to be rooted in reality; they depend on stories a 
person hears, their education and experiences, and 
reports in the media. If fear of side effects increases, 
vaccination becomes even more unlikely.

Protecting others as a reason for 
vaccination
In addition to protection against risks, a second pow-
erful force motivates human behaviour: care for fam-
ily and friends – doing good for others (Figure)) [14]. 
Vaccination provides a person with the chance to do 
good for others because it reduces transmission of 
pathogens [26]. The more people become immunised 
in a population, the more difficult it becomes for a dis-
ease to spread. People who are too young or ill to get 
vaccinated will be protected through herd immunity 
[26]. With a sufficient number of people immunised, 
some diseases can be eliminated – as is currently the 
goal of the World Health Organization European Region 
measles and rubella initiative [27].

For HCWs, caring for others is their job. Patients will 
expect that HCWs’ motivation to protect them will be at 
a maximum. But does the motivation to protect others 
impact vaccination behaviour? The answer: it depends. 
Scientists in the United States assessed whether indi-
viduals are generally motivated to protect others by 
being  vaccinated themselves [28]. They found that 
individuals indeed decide to get vaccinated if oth-
ers can benefit from their vaccination. However, this 
was only the case if their personal risk of vaccination 
was low. If their personal risk was high, they refused 
to get vaccinated to help others. In a German study, 
individuals intended to get vaccinated when they were 
informed that their vaccination had a social benefit, 

Figure
How basic human forces compete and may pull healthcare 
workers’ vaccination intentions in different directions

NO VACCINATION VACCINATION 

security of body, resources, health

caring for others: love, 
belonging, care for friends 

and family

respect by others

physiological needs:  food, water, sleep, and sex

protect 

and family

perceived risk 
and fear perceived 

risk of 

When making vaccination decisions, human motivational forces 
of protecting against risk and caring for others may sometimes 
compete and pull in different directions. This is mainly due to 
skewed risk perceptions and fear of vaccination. The major goal 
of educational interventions and campaigns should be to have 
both forces pull in the same direction by correcting false risk 
perceptions and stressing the importance of caring for others.

The relative size of the weights illustrates the relative importance 
of the predictors [7,11,24]. The pyramid represents Maslow’s 
pyramid of needs [14].
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but only if the costs – such as time or money – were 
low [29]. These two studies point to the same conclu-
sion. Vaccination for the benefit of others? Yes, if the 
costs and personal risks are low.

In order to explore HCWs’ pro-social motivation, we 
can compare two interestingly different vaccinations: 
against hepatitis B and against influenza. For exam-
ple, in the United States Centers for Disease Control 
and Prevention recommendations for HCWs [30], hepa-
titis B is described as the greatest infectious hazard 
for HCWs. The description includes the incidence of 
chronic liver disease due to hepatitis B as well as num-
bers of deceased HCWs in the previous year. Reasons 
for recommending influenza vaccination, in contrast, 
include the disruption of healthcare, transmission 
to patients, and morbidity and mortality in nursing 
homes. Thus, while the reasons for hepatitis B vacci-
nation are directly related to protecting HCWs’ health, 
the reasons for getting vaccinated against influenza 
are more or less exclusively related to the environment 
of the HCW and aim at saving resources and protect-
ing others (e.g. patients). This difference in reasons for 
the recommendations may lead to different vaccina-
tion rates. Indeed, a recent German study with medi-
cal students showed that vaccination rates were much 
higher for hepatitis B than for influenza (87% vs 35% 
[31]), even though both vaccinations are not manda-
tory for HCWs in Germany. Similarly, data from 2003 
showed that an estimated 75% of HCWs in the United 
States had been vaccinated against hepatitis B, while 
only 40% were vaccinated against influenza [30]. Thus, 
when their own health is at stake, as communicated in 
the hepatitis B recommendation, HCWs appear more 
inclined to get vaccinated than when the major rea-
soning of the recommendation is to protect patients. 
Hollmeyer et al. arrived at a similar conclusion: ‘If HCW 
get immunized against influenza, they do so primarily 
for their own benefit and not for the benefit to their 
patients’ [7, p. 3935].

Competing human forces: protecting the 
self versus caring for others
It is HCWs’ professional duty to ensure maximum 
patient safety, care and professional effectiveness 
during infectious disease outbreaks [3]. Moreover, 
some of them must take care of immunocompromised 
patients, for whom infection with influenza would lead 
to severe illness. This view may lead to the assump-
tion that HCWs who do not get vaccinated are neglect-
ing their professional obligations and doing a poorer 
job than their vaccinated colleagues. However, there is 
an alternative interpretation: competing motivational 
forces.

The human motivational forces, protection against risk 
and caring for others, may sometimes compete with 
each other and pull in different directions (Figure). An 
individual’s desire to help others may be in conflict 
with the costs and risks that they must face and that 
reduce the person’s benefit as a result of the action. 

Consider, as an example, the process of eradicating 
polio. High vaccine uptake is necessary to reach the 
collective benefit of eradication. Fortunately, in most 
countries today, the probability of contracting polio 
is nearly zero. The subjective risk of suffering from 
adverse events after vaccination against polio, how-
ever, may be larger than zero [8].

This structure of the decision problem renders the vac-
cination decision a social dilemma [29,32]. In a social 
dilemma, individual interests are in conflict with col-
lective interests: as long as a large number of individu-
als in the population are vaccinated, the individually 
rational strategy is to ‘free-ride’, i.e. omit vaccina-
tion and thus avoid the costs associated with vacci-
nation while enjoying the benefits of herd immunity. 
This choice is in opposition to the collective benefit, 
because herd immunity cannot be reached when too 
much free-riding takes place [26].

Once a disease is nearly eradicated or eliminated, the 
perceived risk of infection is very likely to be lower 
than the perceived risk of vaccine-related adverse 
events [17]. Further, the situation is also structurally 
equivalent in each case in which the risk of infection 
is perceived to be low and risk of vaccination is per-
ceived to be high (as described above, HCWs perceive 
their risk of contracting influenza as low and they fear 
side effects). The collective benefit of HCWs’ influenza 
vaccination may therefore be higher than the HCWs’ 
individual benefit.

As outlined above, the decision to get vaccinated 
against influenza is difficult for HCWs, as weighing 
individual risks – based on skewed risk perceptions – 
may suggest that the vaccination should be avoided. 
The following section discusses strategies to overcome 
HCW’s vaccine refusal by considering the competing 
motivations and the incentive structure of the decision 
situation.

Potential strategies to increase vaccine 
uptake in healthcare workers

Mandatory vaccination
In the United States, seasonal influenza vaccination 
rates have risen due to extensive efforts to promote 
vaccination by combining free-of-charge vaccination 
with educational campaigns [2] as well as mandatory 
vaccination in some healthcare facilities [3]. In Europe, 
mandatory vaccination is discussed critically, with a 
preference for voluntary policies [3]. Still, it may be 
possible to increase HCW’s vaccination by making the 
alternative to vaccination unattractive – e.g. requiring 
non-vaccinated HCWs to wear a mask while working, 
which is uncomfortable and stigmatises unvaccinated 
HCWs. There is evidence that such an intervention can 
significantly increase vaccination rates [33]. From a 
game theory point of view [32], wearing masks can be 
viewed as a punishment for failing to contribute to the 
public good. In economic public goods games, a public 
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good (which benefits everyone) can only be reached 
or maintained when most individuals contribute some 
portion of their resources [34]. Punishing those who 
do not contribute increases their subsequent contribu-
tions in public goods games [34]. Thus, the require-
ment to wear masks when unvaccinated may be a 
concrete way to ‘punish’ those who refuse vaccination 
and simultaneously increase patient protection from 
the illness.

Where voluntary policies are preferred, however, it 
is important to identify effective voluntary advocacy 
approaches to increase HCW’s vaccine uptake.

Advocacy
A framework for vaccine advocacy was formulated as 
‘Vaccination Adoption = Access + Acceptance’ [35, p. 1]. 
In the remainder of this paper, this framework serves 
as guidance for summarising promising strategies to 
increase HCWs’ vaccine uptake.

Access
Generally, access to healthcare should not be a prob-
lem for HCWs when compared with global access issues 
of insufficient vaccine supply and inadequate health-
care systems. Rather, in this context, access means 
facilitated access, e.g. lowering or eliminating costs or 
using mobile units to save HCWs’ time. These measures 
are not new and usually of low effectiveness [3], espe-
cially when applied as isolated strategies [2]. However, 
low-cost vaccination (both regarding time and money) 
should be combined with focused communication and 
education strategies [2], as detailed below.

Acceptance: education and interventions
HCWs’ acceptance of vaccination may be reached 
through education about risks and correcting myths 
as well as interventions highlighting the importance of 
vaccination.

In order to correct skewed risk perceptions, curricula 
early in the course of the educational process should 
inform HCWs about their risk of becoming infected 
and infecting their patients and families as well as the 
fact that vaccination may reduce this risk. Importantly, 
fear of side effects must also be corrected. Systematic 
ways of debunking vaccination myths should be used 
to reduce fear [36,37], as misperceptions are also com-
mon in future HCWs, i.e. medical students [12]. This 
may help to move the vaccination decision out of the 
social dilemma structure: as long as the perceived risk 
of infection is larger than the perceived risk of vaccine-
related adverse events, the benefit to the individual 
from being vaccinated is larger than that from not 
being vaccinated, which should encourage vaccination 
behaviour [29].

Education could also be used to anchor and strengthen 
HCWs’ pro-social values in the course of their educa-
tion. Research has shown that social value orienta-
tion influences behaviour in economic games that are 

structurally similar to the vaccination decision [38]. 
Pro-social orientations increased cooperation, indicat-
ing that strong pro-social motivation may increase vac-
cination rates.

Pro-social motivation can also be activated by inter-
ventions. Communication strategies should be used 
that activate positive, other-regarding preferences 
(‘protection of others’) (for an overview, see [34]). If 
such preferences are activated, they are likely to affect 
behaviour accordingly [38,39]. In the context of vacci-
nation, it has been shown that these effects occur only 
if the costs of vaccination are low [29,40]. Thus, the 
activation of social motives will be likely ineffective as 
an isolated strategy; rather, it must be combined with 
easy access, as discussed above.

In addition, incentivising HCWs contingent on the vac-
cine uptake reached in their healthcare unit represents 
an additional possible strategy that is based on the 
social dilemma structure. Economic experiments have 
shown that hypothetical vaccination rates increased 
in an experimental game when individuals were paid 
according to the group rather than individual outcome 
[28]. The practical feasibility of this intervention, how-
ever, remains to be tested.

Conclusion
According to the analyses discussed above, strate-
gies to increase HCWs’ vaccination uptake should have 
two goals: (i) correct skewed risk perceptions; and (ii) 
activate pro-social motivations in HCWs while simul-
taneously reducing the costs of getting vaccinated. 
Strategies may be more effective if they take driv-
ing human forces into consideration, i.e. protection 
against risk and caring for others. Without appropriate 
education and the correction of skewed risk percep-
tions, these forces may pull in different directions, as 
illustrated in the Figure. Education and interventions 
should thus aim to make the two forces pull in the same 
direction, in order to increase vaccination uptake. 

Conflict of interest
None declared.

Authors’ contributions
The author is solely responsible for the full text.

References
1. Burls A, Jordan R, Barton P, Olowokure B, Wake B, Albon E, et 

al. Vaccinating healthcare workers against influenza to protect 
the vulnerable--is it a good use of healthcare resources? A 
systematic review of the evidence and an economic evaluation. 
Vaccine. 2006;24(19):4212-21. http://dx.doi.org/10.1016/j.
vaccine.2005.12.043 PMID:16546308

2. Hofmann F, Ferracin C, Marsh G, Dumas R. Influenza 
vaccination of healthcare workers: a literature review of 
attitudes and beliefs. Infection. 2006;34(3):142-7. http://
dx.doi.org/10.1007/s15010-006-5109-5 PMID:16804657

3. Galanakis E, Jansen A, Lopalco PL, Giesecke J. Ethics of 
mandatory vaccination for healthcare workers. Euro Surveill. 



5www.eurosurveillance.org

2013;18(45):20627. http://dx.doi.org/10.2807/1560-7917.
ES2013.18.45.20627 PMID:24229791

4. Talbot TR, Babcock H, Caplan AL, Cotton D, Maragakis 
LL, Poland GA, et al. Revised SHEA position paper: 
influenza vaccination of healthcare personnel. Infect 
Control Hosp Epidemiol. 2010;31(10):987-95. http://dx.doi.
org/10.1086/656558 PMID:20807037

5. World Health Organization (WHO). WHO recommendations for 
routine immunization - summary tables. Geneva: WHO; 15 Nov 
2012. [Accessed 27 May 2013]. Available from: http://www.
who.int/immunization/policy/immunization_tables/en/

6. Council Recommendation of 22 December 2009 on seasonal 
influenza vaccination (2009/1019/EU). Official Journal of 
the European Union. Luxembourg: Publications Office of the 
European Union. 29.12.2009: L 348. Available from: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:348:0
071:0072:EN:PDF

7. Hollmeyer HG, Hayden F, Poland G, Buchholz U. Influenza 
vaccination of health care workers in hospitals--a 
review of studies on attitudes and predictors. Vaccine. 
2009;27(30):3935-44. http://dx.doi.org/10.1016/j.
vaccine.2009.03.056 PMID:19467744

8. Stratton K, Ford A, Rusch E, Clayton EW; Institute of Medicine. 
Adverse effects of vaccines: evidence and causalities. 
Washington DC: The National Academies Press; 2011.

9. Tversky A, Kahneman D. Judgment under uncertainty: 
heuristics and biases. Science. 1974;185(4157):1124-31. http://
dx.doi.org/10.1126/science.185.4157.1124 PMID:17835457

10. Haase N, Renkewitz F, Betsch C. The measurement of 
subjective probability: evaluating the sensitivity and accuracy 
of various scales. Risk Anal. 2013;33(10):1812-28. 10.1111/
risa.12025 PMID:23465071

11. Brewer NT, Chapman GB, Gibbons FX, Gerrard M, McCaul 
KD, Weinstein ND. Meta-analysis of the relationship between 
risk perception and health behavior: the example of 
vaccination. Health Psychol. 2007;26(2):136-45. http://dx.doi.
org/10.1037/0278-6133.26.2.136 PMID:17385964

12. Betsch C, Wicker S. E-health use, vaccination knowledge 
and perception of own risk: drivers of vaccination uptake in 
medical students. Vaccine. 2012;30(6):1143-8. http://dx.doi.
org/10.1016/j.vaccine.2011.12.021 PMID:22192850

13. Thomas RE, Jefferson T, Lasserson TJ. Influenza vaccination for 
healthcare workers who care for people aged 60 or older living 
in long-term care institutions. Cochrane Database Syst Rev. 
2013;7:CD005187. PMID:23881655

14. Maslow AH. A theory of human motivation. Psychol Rev. 
1943;50(4):370-96. http://dx.doi.org/10.1037/h0054346

15. The College of Physicians of Philadelphia. The history of 
vaccines. All timelines overview. Philadelphia, PA: The College 
of Physicians of Philadelphia. [Accessed 29 Nov 2014]. 
Available from: http://www.historyofvaccines.org/content/
timelines/all

16. Franklin B. Some account of the success of inoculation for 
the small-pox in England and America. Together with plain 
instructions by which any person may be enabled to perform 
the operation and conduct the patient through the distemper. 
London: Strahan; 1759. Available from: http://pds.lib.harvard.
edu/pds/view/7336204

17. Chen RT. Vaccine risks: real, perceived and unknown. Vaccine. 
1999;17(Suppl 3):S41-6. http://dx.doi.org/10.1016/S0264-
410X(99)00292-3 PMID:10559533

18. Poland GA, Jacobson RM. The clinician’s guide to the anti-
vaccinationists’ galaxy. Hum Immunol. 2012;73(8):859-
66. http://dx.doi.org/10.1016/j.humimm.2012.03.014 
PMID:22504410

19. Betsch C, Ulshöfer C, Renkewitz F, Betsch T. The influence of 
narrative v. statistical information on perceiving vaccination 
risks. Med Decis Making. 2011;31(5):742-53. http://dx.doi.
org/10.1177/0272989X11400419 PMID:21447730

20. Betsch C, Brewer NT, Brocard P, Davies P, Gaissmaier W, 
Haase N, et al. Opportunities and challenges of Web 2.0 for 
vaccination decisions. Vaccine. 2012;30(25):3727-33. http://
dx.doi.org/10.1016/j.vaccine.2012.02.025 PMID:22365840

21. Kata A. A postmodern Pandora’s box: anti-vaccination 
misinformation on the Internet. Vaccine. 2010;28(7):1709-
16. http://dx.doi.org/10.1016/j.vaccine.2009.12.022 
PMID:20045099

22. Wakefield AJ, Murch SH, Anthony A, Linnell J, Casson DM, 
Malik M, et al. Ileal-lymphoid-nodular hyperplasia, non-
specific colitis, and pervasive developmental disorder in 
children. Lancet. 1998;351(9103):637-41. Retraction in: Lancet. 
2010;375(9713):445. Partial retraction in: Murch SH, Anthony 
A, Casson DH, Malik M, Berelowitz M, Dhillon AP, et al. 
Lancet. 2004;363(9411):750. http://dx.doi.org/10.1016/S0140-
6736(97)11096-0 PMID:9500320

23. European Centre for Disease Prevention and Control (ECDC). 
Narcolepsy in association with pandemic influenza vaccination 
(a multi-country European epidemiological investigation). 
Stockholm: ECDC; September 2012. Available from: http://
www.ecdc.europa.eu/en/publications/Publications/
Vaesco%20report%20FINAL%20with%20cover.pdf

24. Betsch C, Schmid P. [Does fear affect the willingness to be 
vaccinated? The influence of cognitive and affective aspects 
of risk perception during outbreaks]. Bundesgesundheitsblatt 
Gesundheitsforschung Gesundheitsschutz. 2013;56(1):124-
30. German. http://dx.doi.org/10.1007/s00103-012-1595-z 
PMID:23275965

25. Betsch C. Communicating vaccine effectiveness: challenges 
and opportunities. Presented at the International meeting 
on influenza vaccine effectiveness, 3-4 Dec 2012, Geneva, 
Switzerland. Available from: http://www.who.int/
immunization/research/meetings_workshops/215_Betsch_ve_
challenges.pdf

26. Fine P, Eames K, Heymann DL. “Herd immunity”: a rough guide. 
Clin Infect Dis. 2011;52(7):911-6. http://dx.doi.org/10.1093/cid/
cir007 PMID:21427399

27. World Health Organization (WHO) Regional Office for Europe. 
Eliminating measles and rubella. Copenhagen: WHO Regional 
Office for Europe; 2012. Available from: http://www.euro.who.
int/__data/assets/pdf_file/0005/156776/e96153-Eng-final-
version.pdf

28. Chapman GB, Li M, Vietri J, Ibuka Y, Thomas D, Yoon H, et 
al. Using game theory to examine incentives in influenza 
vaccination behavior. Psychol Sci. 2012;23(9):1008-15. http://
dx.doi.org/10.1177/0956797612437606 PMID:22810166

29. Betsch C, Böhm R, Korn L. Inviting free-riders or appealing 
to prosocial behavior? game-theoretical reflections on 
communicating herd immunity in vaccine advocacy. Health 
Psychol. 2013;32(9):978-85. http://dx.doi.org/10.1037/
a0031590 PMID:24001248

30. Advisory Committee on Immunization Practices; Centers for 
Disease Control and Prevention (CDC). Immunization of health-
care personnel: recommendations of the Advisory Committee 
on Immunization Practices (ACIP). MMWR Recomm Rep. 
2011;60(RR-7):1-45. Available from: http://www.cdc.gov/mmwr/
preview/mmwrhtml/rr6007a1.htm PMID:22108587

31. Wicker S, Rabenau HF, von Gierke L, François G, Hambach 
R, De Schryver A. Hepatitis B and influenza vaccines: 
important occupational vaccines differently perceived among 
medical students. Vaccine. 2013;31(44):5111-7. http://dx.doi.
org/10.1016/j.vaccine.2013.08.070 PMID:24016807

32. Bauch CT, Earn DJ. Vaccination and the theory of games. 
Proc Natl Acad Sci USA. 2004;101(36):13391-4. http://dx.doi.
org/10.1073/pnas.0403823101 PMID:15329411

33. Wicker S. Unvaccinated health care workers must wear 
masks during flu season-a possibility to improve influenza 
vaccination rates? Vaccine. 2009;27(20):2631-2. http://dx.doi.
org/10.1016/j.vaccine.2009.02.013 PMID:19428870

34. Fehr E, Schmidt KM. A theory of fairness, competition, and 
cooperation. Q J Econ. 1999;114(3):817-68. http://dx.doi.
org/10.1162/003355399556151

35. Thomson A, Watson M. Listen, understand, engage. Sci 
Transl Med. 2012;4(138):138ed6. http://dx.doi.org/10.1126/
scitranslmed.3004264 PMID:22648982

36. Lewandowsky S, Ecker UK, Seifert CM, Schwarz N, 
Cook J. Misinformation and its correction: continued 
influence and successful debiasing. Psychol Sci 
Public Interest. 2012;13(3):106-31. http://dx.doi.
org/10.1177/1529100612451018

37. European Centre for Disease Prevention and Control (ECDC). 
Addressing misconceptions on measles vaccination. 
Stockholm: ECDC. [Accessed 4 Dec 2014]. Available from: 
http://www.ecdc.europa.eu/en/healthtopics/measles/Pages/
Addressing-misconceptions-on-measles-vaccination.aspx

38. Balliet D, Parks C, Joireman J. Social value orientation and 
cooperation in social dilemmas: a meta-analysis. Group 
Process Intergroup Relat. 2009;12(4):533-47. http://dx.doi.
org/10.1177/1368430209105040

39. Ajzen I, Fishbein M. Understanding attitudes and predicting 
social behaviour. Englewood Cliffs, NJ: Prentice-Hall; 1980.

40. Vietri JT, Li M, Galvani AP, Chapman GB. Vaccinating to help 
ourselves and others. Med Decis Making. 2012;32(3):447-58. 
http://dx.doi.org/10.1177/0272989X11427762 PMID:22127841


