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Vaccine hesitancy is a state of indecision and uncertainty about 
vaccination before a decision is made to act (or not act). It represents a time 
of vulnerability and opportunity. Multiple surveys that were conducted to 

examine the sentiments concerning coronavirus disease 19 (Covid-19) vaccination 
have exposed new levels of volatility around vaccine hesitancy, particularly when 
the hesitancy is powered by digital media platforms. Spikes in vaccine hesitancy 
often coincide with new information, new policies, or newly reported vaccine risks. 
Some of the variability is due to factors such as a decline in the public’s trust of 
experts, preferences for alternative health, political polarization, and belief-based 
extremism. In this review, we use the examples of hesitancy regarding the measles–
mumps–rubella (MMR), human papillomavirus (HPV), and Covid-19 vaccines to 
look at the multifaceted issues that fuel vaccine hesitancy. Each of these examples 
is part of a larger, complex story.

Timing is everything when it comes to vaccine acceptance or hesitancy, and the 
mutable nature of vaccine hesitancy calls for new modes of analysis to characterize 
not only the temporal features of hesitancy but also the spatial (e.g., regional) 
features and the many behavioral manifestations and their effects on vaccine up-
take. Such real-time data also allow investigation into contextual events that can 
help us understand the drivers of hesitancy. Vaccine acceptance can be increased, 
but responsiveness to emerging concerns is key. Given that physicians and other 
health care providers are still among the most trusted figures when it comes to 
health care advice, local information about the nature and scope of vaccine hesi-
tancy in their communities may help them anticipate and support important con-
versations in the clinic.

Twelve years ago, a meeting of public health experts was convened to reflect on 
why there was such low uptake of the influenza A (H1N1) vaccine, which was hur-
riedly developed in response to the pandemic alert issued by the World Health 
Organization (WHO).1 The title of the meeting report was “A Crisis of Public 
Confidence in Vaccines,” and it heralded a warning: “The lack of public confidence 
in vaccines risks undermining the political will necessary to rapidly respond to a 
more severe influenza pandemic in the future.”2

The initially feared 2009 H1N1 pandemic was not as severe as anticipated, and 
the early public eagerness for the H1N1 vaccine waned as the threat of the virus 
tapered. By the time the H1N1 vaccines were available, few people wanted them, 
and some were angered at the perceived hyping of the pandemic risk.3 Ofri coined 
the term “emotional epidemiology” in her reflections on her patients’ roller-
coaster sentiments concerning the H1N1 vaccine, from their impatience to get the 
vaccine to initial hesitancy and refusal.4 Even some patients who typically decided 
against receiving the seasonal influenza vaccine were eager for the H1N1 vaccine 
when the first alarm bells rang. The H1N1 vaccine is different, they told her.

Timing is everything regarding both the personal moment and the historical 
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moment when it comes to making a decision 
about vaccination. The uncertainty and constantly 
evolving nature of the Covid-19 pandemic and 
response measures, the rapid introduction of new 
vaccines, emerging variants, and the volatility of 
the surrounding politics and polarization have all 
contributed to public questioning and the trends 
in vaccine hesitancy.5-9

Defining Vaccine Hesi ta nc y

As vaccine hesitancy became increasingly recog-
nized as a global challenge and global immuni-
zation rates plateaued and even started to decline 
in some areas,10 the WHO Strategic Advisory 
Group of Experts (SAGE) on Immunization “not-
ed with concern the impact of reluctance to ac-
cept immunization on the uptake of vaccines 
reported from both developed and developing 
countries.” In 2011, SAGE established the Work-
ing Group on Vaccine Hesitancy,11 which defined 
vaccine hesitancy as “complex and context-spe-
cific,” “varying over time and place,” and “vaccine 
specific.”12 In 2019, WHO named vaccine hesi-
tancy as one of the top 10 threats to global 
health.13

The definition of vaccine hesitancy, however, 
has not always been clear. In 2013, Dubé et al. 
observed that “despite the growing number of 
articles referring to vaccine hesitancy published 
in recent years, there are some discrepancies 
among publications about what exactly falls un-
der the umbrella of ‘vaccine hesitancy.’”14 In 2015, 
Peretti-Watel and colleagues pointed to the “am-
biguous notion” of vaccine hesitancy and noted 
that definitions of vaccine hesitancy “tend to be 
very broad and to embrace heterogeneous people/
situations and many different explanatory fac-
tors,” and they proposed that vaccine hesitancy 
be considered “a kind of decision-making pro-
cess.”15 In 2021, Maya Goldenberg, in her book 
Vaccine Hesitancy, defines it as “an attitude of 
ambivalence.”16

In this review, we focus on vaccine hesitancy 
as a state of indecision and uncertainty that pre-
cedes a decision to become (or not become) vac-
cinated. Vaccine hesitancy is an attitude or senti-
ment, whereas vaccination is an action, which is 
measured to determine vaccine coverage. The 
period of hesitancy and indecision is a time of 
vulnerability, as well as opportunity. Sentiments 
concerning whether to undergo vaccination can 

change, and change again, as evidenced in mul-
tiple surveys showing that Covid-19 vaccine senti-
ments are influenced by factors such as a new 
report of vaccine risks or perceptions of increas-
ing or decreasing disease threats.17,18

The S tate of Things

Vaccine hesitancy is not a new issue, but it has 
escalated in scope and scale. The high degree of 
vaccine questioning and reluctance to accept vac-
cination is amplified by social media platforms. 
In addition, the introduction of new vaccines and 
combinations of vaccines19 prompts new questions 
and consequent searching for information in a 
landscape of confusing misinformation and disin-
formation alongside accurate, scientifically based 
information. As Davies and colleagues note in 
one of the early studies on the role of the Inter-
net in propagating negative vaccine sentiments, 
“The antivaccination message on the internet is 
far more unbridled than in other media. . .. The 
internet represents a greater potential for the 
public to make uninformed decisions about vac-
cination.”20

Some of these changes are due to contextual 
factors, including a wider decline in trust of ex-
pertise and authority, and different modes of 
belief-based extremism.21 Political polarization, 
as well as libertarian views and alternative health 
care advocacy, triggers public questioning about 
the importance, safety, and effectiveness of vac-
cines.22 In addition, the hyperconnected digital 
landscape offers a new opportunity for people 
with shared beliefs to self-organize across geo-
graphic regions, influencing and sometimes dis-
rupting public confidence and cooperation. As 
Kata notes, in transitioning from the notion of 
antivaccine messages to the recognition of a 
more widespread movement, “many people search 
online for health information, and the informa-
tion found impacts patient decision-making; it is 
therefore essential to understand what is shared 
online.. . . The anti-vaccination movement has 
taken advantage of this milieu to disseminate its 
messages.”23

Some vaccine hesitancy is tied to a specific vac-
cine, such as hesitancy based on the now-debunked 
yet persistent belief that the MMR vaccine could 
cause autism24,25 or the possible link between 
hepatitis B vaccination and multiple sclerosis, 
which caused anxiety in France and has also been 
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repeatedly disproved.26 Vaccine hesitancy can 
also be triggered by anxiety about the adminis-
tration of vaccines, including fear of needles,27 
or by concern about possible side effects (e.g., 
concern on the part of adolescent girls who are 
anxious about potential reactions to HPV vacci-
nation28-30), including those associated with the 
new Covid-19 vaccines.31 Other concerns are re-
lated to vaccine ingredients, such as thimerosal, 
which is used as a preservative, or adjuvants that 
boost the effectiveness of vaccines.32 Parents 
may contest the childhood immunization sched-
ule, claiming “too many, too soon,” or express 
concern that the schedule overwhelms the child’s 
immune system; some parents may seek be-
spoke schedules for their children, which could 
make them more vulnerable to infectious dis-
eases.33 Faced with a growing number of ques-
tions and trying to navigate evolving informa-
tion about multiple new vaccines, even some 
health care professionals have reported feeling 
hesitant about accepting or recommending some 
vaccines.34-37

New vaccines, new vaccine policies, and new-
ly reported research about a vaccine typically 
prompt questions, as do population-wide vaccine 
campaigns, such as the campaigns to eradicate 
poliomyelitis and to control the 2009 H1N1 and 
the Covid-19 pandemics. A literature review on 
vaccine hesitancy showed that the number of 
articles on adolescent and adult vaccines in-
creased from 2007 to 2012, with publications on 
the HPV vaccine (approved in 2006) and the in-
fluenza vaccines (largely those developed in re-
sponse to the H1N1 pandemic) tripling over the 
study period.38,39 Similarly, the current surge in 
publications on Covid-19 vaccine hesitancy re-
flects widespread public attention to the pan-
demic and new Covid-19 vaccines.6,40-43

The importance of context and the public’s 
appetite for focusing on a particular vaccine is-
sue are key factors that determine how much 
traction, and how big a response, any particular 
issue gets and, consequently, how much hesi-
tancy it generates. As Sturgis and colleagues 
point out in their article on social consensus and 
vaccine confidence, “While scholarly attention to 
date has focused almost entirely on individual-
level drivers of vaccine confidence, . . . macro-
level factors play an important role in under-
standing individual propensity to be confident 
about vaccination.”44

MMR , HPV,  a nd Cov id -19 Vaccine 
Hesi ta nc y

Although many observers point to the 1998 Lan-
cet article by Wakefield et al. (retracted in 2010) 
as the source of parental fears that MMR vacci-
nation might cause autism, the search for what 
could be causing the seeming increase in autism 
was already brewing. In the United States, how-
ever, anxieties were more focused on thimerosal 
in vaccines as a possible cause of autism.45 The 
attention to thimerosal emerged in the context 
of a larger global movement that highlighted 
concern about mercury in food and drugs and in 
the environment. In 1999, as part of a review of 
mercury-related ingredients in all food and 
drugs, the Food and Drug Administration called 
for an assessment of thimerosal in childhood 
vaccines, although the small amount of thimero-
sal used in vaccines contains only a minute 
amount of ethylmercury and does not contain 
any methylmercury (the more dangerous type of 
mercury), which was the prime focus of the 
larger review.46 The U.S. Public Health Service 
and the American Academy of Pediatrics followed 
with a recommendation to remove thimerosal 
from childhood vaccines as a precautionary 
measure.47 Even though the recommendation was 
precautionary, with no evidence of harm, it rein-
forced public concern and prompted an initial 
38% decrease in the hospitals that offered hepa-
titis B vaccination with thimerosal-containing 
vaccines for infants.48

To address the growing concerns, the Insti-
tute of Medicine conducted a major review of 
studies investigating links between vaccines and 
autism and concluded that neither MMR vaccines 
(which do not contain thimerosal) nor thimero-
sal-containing vaccines could cause autism.49 
Meanwhile, some attention was shifted to the 
possibility that the increased number of vaccines 
given to children could be a cause of autism, a 
concern that is also not supported by any evi-
dence. Nonetheless, the parental concerns have 
persisted. One study showed 70 additional MMR 
vaccine–related injury claims per month in the 
United States after publication of the report by 
Wakefield et al.50 Other research pointed to the 
effect of concern about a link between the MMR 
vaccine and autism on vaccine hesitancy in So-
mali immigrant communities in Norway and the 
United States.51 In 2012, a court ruling in Italy 
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granted compensation for vaccine-related injury 
on the basis of the report by Wakefield and col-
leagues, which further amplified public anxiety. 
Having lost his credentials as a general practition-
er in the United Kingdom, Wakefield became an 
activist, appealing to concerned parents and re-
inforcing their vaccine anxieties, alongside envi-
ronmental lawyer turned vaccine critic Robert F. 
Kennedy, Jr., whose previous work on the toxic 
effects of mercury in the environment provided 
fertile ground for his campaign against thimero-
sal and vaccine safety risks more broadly. The 
launch of Google in 1998, followed by a cascade 
of new Internet-based and social media technolo-
gies, allowed widespread access to information, 
as well as misinformation, and fueled the viral 
spread of questioning about vaccines (Fig. 1).52

A study in Italy investigated YouTube video 
content between 2007 and 2017 that focused on 
the suspected link between the MMR vaccine 
and autism.53,54 In addition to an escalation in 
the amount of negative content over the 10-year 
study period, partly reflecting the growth of 
YouTube after its 2005 launch, the study showed 
that negative videos about the MMR vaccine out-
numbered positive ones by a factor of 3, with the 
negative videos more widely viewed. Another Ital-
ian study of vaccine-related content on YouTube 

had similar findings. A number of studies inves-
tigating HPV vaccine content on YouTube also 
showed that negative videos attracted a larger 
following than positive ones.55-57

Concern about one vaccine can also prompt 
questioning and hesitancy regarding other vac-
cines, such as the reported risks associated with 
a dengue vaccine (Dengvaxia) in the Philippines 
that contributed to a drop in measles vaccina-
tion58 and an HPV vaccine scare in Denmark that 
triggered a decline in MMR vaccine uptake. After 
HPV vaccine uptake declined (from 95% to just 
over 30%) after negative media reports, two-dose 
MMR vaccine coverage also dropped, from 86% 
to 80% among girls and from 85% to 79% 
among boys.59

The negative media reports that sparked HPV 
vaccine hesitancy and refusal in Denmark were 
part of a global trail of episodes of reported 
symptoms after HPV vaccination, from dizziness 
to fainting and fatigue, which the WHO now 
characterizes as “Immunization Stress-Related 
Responses.”60 One episode occurred in Japan in 
2013, with related events in 2014 sparking HPV 
vaccine hesitancy in Denmark, Ireland, and Colom-
bia.61 The reactions in Japan provoked a Twitter-
enabled anti–HPV vaccine movement led by moth-
ers of the affected girls, prompting the government 

Figure 1. Timeline of Key Events Prompting Vaccine Hesitancy and Milestones in the Expansion of Social Media and Digital Technology.
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to suspend its active recommendation of the HPV 
vaccine in 2013. The suspension lasted for nearly 
9 years, with reenactment of the active recom-
mendation in April 2022.62 The story of Japan’s 
sustained suspension traveled around the world 
through news outlets and social media,63 prompt-
ing a viral global spread of HPV vaccine hesitancy. 
In a 2020 modeling study, the missed opportuni-
ties and hesitancy regarding vaccination between 
2013 and 2019 were predicted to result in more 
than 25,000 cases of preventable cervical cancer 
and between 5000 and 5700 deaths from cervical 
cancer.64

The role of social media in fueling the spread 
of vaccine hesitancy and its increasingly docu-
mented health consequences cannot be overstat-
ed, and vaccine hesitancy has escalated over the 
past decade, reaching new levels in the context 
of the Covid-19 pandemic.65-67 At the 2020 Mu-
nich Security Conference, WHO Director-General 
Tedros Adhanom Ghebreyesus called attention 
to the fact that alongside efforts to control the 
spread of Covid-19, we were faced with a chal-
lenging “infodemic” to control.68

Given the dramatic changes in the communi-
cation landscape that fuel the rapid spread of 
vaccine information alongside misinformation, 
new methodologies are needed to monitor emerg-
ing vaccine concerns over time and place in order 
to better inform appropriate responses.69 Mapping 
vaccine hesitancy at a local level is one important 
step toward addressing it, along with other needed 
interventions at the individual and community 
levels.

A ddr essing Ne w Ch a llenges

Social media and other digital platforms provide 
the opportunity to collect data on vaccine hesi-
tancy in nearly real time70,71; they also allow new 
methods of analysis72 and the opportunity to in-
vestigate the effect of vaccine sentiment on actual 
vaccine uptake and vaccine-preventable diseases. 
Facebook collaborated with Carnegie Mellon 
University and the University of Maryland to col-
lect survey data on a wide variety of behaviors 
related to the Covid-19 pandemic.73 Starting in 
January 2021, Facebook users who agreed to 
participate in the survey were asked about their 
attitudes toward Covid-19 vaccines and reasons 
underlying vaccine hesitancy.

Although data collected on social media plat-

forms, such as Facebook, Twitter, and YouTube, 
may not be representative, since the users of the 
platform are not a random sample of the popula-
tion, the data have aligned well with other, less 
frequently compiled survey data that are available 
for select topics and populations. In addition, 
sometimes data collected through online plat-
forms are the only available information about 
vaccine hesitancy (e.g., when large-scale surveys 
have not been conducted). Furthermore, the large 
samples and the speed with which data are col-
lected and made available make real-time analy-
sis possible for what has become a volatile topic. 
As data collected through social media platforms 
become more widely used, we anticipate that 
validation studies will be conducted, with improve-
ments made in the sampling, weighting, and inter-
pretation of the data.

The large volume of timely data on vaccine 
hesitancy has provided an opportunity to devel-
op spatially detailed estimates of vaccine hesi-
tancy (i.e., mapping by location). For the United 
States, surveys administered through Facebook 
have been used to estimate vaccine hesitancy ac-
cording to week and ZIP code. These spatial 
analyses show that vaccine hesitancy varies sub-
stantially within a county. For example, vaccine 
hesitancy ranges from 7 to 49% across ZIP codes 
within the rural Stearns County, Minnesota. Such 
widespread variation within a county is common 
in all U.S. states (Fig. 2).

Spatially refined estimates of vaccine hesi-
tancy have proved to be useful in local efforts to 
increase vaccination rates.75,76 The information 
has been used by community outreach programs 
to tailor their efforts to local areas that have the 
greatest need. Other groups have used local pat-
terns to help to decide where to provide mobile 
vaccination clinics and where to initiate other 
measures for reducing barriers to vaccination. Lo-
cal information can also be used to monitor the 
effect of local interventions, including the effect 
of various types of vaccination mandates.

In the future, large and complex data sets on 
vaccine hesitancy, often referred to as big data, 
can be analyzed according to spatial identifiers 
such as ZIP code and various individual charac-
teristics, including race or ethnic group, age, sex, 
and occupation, which can help to further micro-
target vaccination outreach efforts. This informa-
tion is also potentially critical for monitoring 
progress toward vaccine equity.
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One of the various challenges in taking such 
an approach to scale and applying it globally is 
the inequity in the access to and reach of digi-
tal media. As the digital revolution unfolds 
globally, the global health community must keep 
pace. The consequences of not doing so are loud 
and clear, as we have seen in the context of the 
Covid-19 pandemic with regard to the rapid 
spread of misinformation and consequent vac-
cine hesitancy.

Conclusions

Given the dynamic and changing nature of vac-
cine hesitancy — particularly obvious in the con-
text of Covid-19 — keeping vaccine conversations 
open and ongoing will be important in order to 
identify and address emerging concerns early. 
Ratzan and colleagues, in an article on vaccine 
hesitancy, point to a “variability in stages of 
readiness, the fluidity of people’s views, and the 

persuasive power of access to health profession-
als embedded in the communities where people 
live and work.”77

Physicians and other health care providers are 
still among the most trusted persons when it 
comes to health care advice. The Wellcome Global 
Monitor surveyed people in 140 countries and 
found that 73% of the respondents said that they 
would trust a doctor or a nurse more than oth-
ers; the percentage was 90% in the higher-income 
countries.78 Vaccine acceptance can increase,79,80 
but health care providers need to offer support 
and encouragement and listen to what matters 
from the patient’s perspective. Equipping physi-
cians with information on the nature and scope 
of circulating concerns in their communities may 
help them address such concerns in the clinic, 
while also informing appropriate interventions at 
the community level.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

Figure 2. Rates of Vaccine Hesitancy across U.S. ZIP Codes, December 2021.

The data are based on responses to the U.S. Covid-19 Trends and Impacts Survey.74

Alaska

Hawaii

≤0.15

>0.20 to ≤0.25

>0.25 to ≤0.30

>0.30

>0.15 to ≤0.20

Rates of Vaccine
Hesitancy

The New England Journal of Medicine 
Downloaded from nejm.org on December 16, 2022. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 



n engl j med 387;1 nejm.org July 7, 202264

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

References
1. World Health Organization. Influen-
za A (H1N1): pandemic 2009–2010. 2009 
(https://www . who . int/  emergencies/ 
 situations/  influenza - a - (h1n1) - outbreak).
2. Black S, Rappuoli R. A crisis of public 
confidence in vaccines. Sci Transl Med 
2010; 2(61): 61mr1.
3. Schwarzinger M, Flicoteaux R, Cor-
tarenoda S, Obadia Y, Moatti J-P. Low ac-
ceptability of A/H1N1 pandemic vaccina-
tion in French adult population: did 
public health policy fuel public disso-
nance? PLoS One 2010; 5(4): e10199.
4. Ofri D. The emotional epidemiology 
of H1N1 influenza vaccination. N Engl J 
Med 2009; 361: 2594-5.
5. Cascini F, Pantovic A, Al-Ajlouni Y, 
Failla G, Ricciardi W. Attitudes, accep-
tance and hesitancy among the general 
population worldwide to receive the  
COVID-19 vaccines and their contributing 
factors: a systematic review. EClinical 
Medicine 2021; 40: 101113.
6. Cooper S, Van Rooyen H, Wiysonge 
CS. COVID-19 vaccine hesitancy in South 
Africa: a complex social phenomenon.  
S Afr Med J 2021; 111: 702-3.
7. Dzinamarira T, Nachipo B, Phiri B, 
Musuka G. COVID-19 vaccine roll-out in 
South Africa and Zimbabwe: urgent need 
to address community preparedness, fears 
and hesitancy. Vaccines (Basel) 2021; 9: 250.
8. Ipsos. Covid-19 vaccine intent: Ipsos 
survey for the World Economic Forum. 
2021 (https://www . ipsos . com/  sites/  default/ 
 files/  ct/  news/  documents/  2021 - 05/  COVID 
- 19 - Vaccination%20Intent%20 - April - 2021 
- report . pdf).
9. Johnson NF, Velásquez N, Restrepo 
NJ, et al. The online competition between 
pro- and anti-vaccination views. Nature 
2020; 582: 230-3.
10. UNICEF, World Health Organization. 
Progress towards global immunization 
goals — 2018. 2018 (https://www . who  
. int/  docs/  default - source/  documents/ 
 immunization/  data/  progress - towards 
- global - immunization - goals - 2018 
. pdf?sfvrsn=  aa30c225_2).
11. Meeting of the Strategic Advisory 
Group of Experts on Immunization, No-
vember 2011 — conclusions and recom-
mendations. Wkly Epidemiol Rec 2012; 87: 
1-16.
12. MacDonald NE;  SAGE Working Group 
on Vaccine Hesitancy. Vaccine hesitancy: 
definition, scope and determinants. Vac-
cine 2015; 33: 4161-4.
13. World Health Organization. Ten 
threats to global health in 2019. 2019 
(https://www . who . int/  news - room/  spotlight/ 
 ten - threats - to - global - health - in - 2019).
14. Dubé E, Laberge C, Guay M, Bramadat 
P, Roy R, Bettinger J. Vaccine hesitancy: 
an overview. Hum Vaccin Immunother 
2013; 9: 1763-73.
15. Peretti-Watel P, Larson HJ, Ward JK, 

Schulz WS, Verger P. Vaccine hesitancy: 
clarifying a theoretical framework for an 
ambiguous notion. PLoS Curr 2015; 7: 
6844c80ff9f5b273f34c91f71b7fc289.
16. Goldenberg MJ. Vaccine hesitancy: 
public trust, expertise, and the war on sci-
ence. Pittsburgh:  University of Pittsburgh 
Press, 2021: 3.
17. Larson HJ, Broniatowski DA. Volatili-
ty of vaccine confidence. Science 2021; 
371: 1289.
18. de Albuquerque Veloso Machado M, 
Roberts B, Wong BLH, van Kessel R, Mos-
sialos E. The relationship between the 
COVID-19 pandemic and vaccine hesitan-
cy: a scoping review of literature until Au-
gust 2021. Front Public Health 2021; 9: 
747787.
19. Piot P, Larson HJ, O’Brien KL, et al. 
Immunization: vital progress, unfinished 
agenda. Nature 2019; 575: 119-29.
20. Davies P, Chapman S, Leask J. Anti-
vaccination activists on the world wide 
web. Arch Dis Child 2002; 87: 22-5.
21. Jennings W, Stoker G, Bunting H, et 
al. Lack of trust, conspiracy beliefs, and 
social media use predict COVID-19 vac-
cine hesitancy. Vaccines (Basel) 2021; 9: 
593.
22. Dolman AJ, Fraser T, Panagopoulos 
C, Aldrich DP, Kim D. Opposing views: 
associations of political polarization, po-
litical party affiliation, and social trust 
with COVID-19 vaccination intent and re-
ceipt. J Public Health (Oxf) 2022 January 
25 (Epub ahead of print).
23. Kata A. Anti-vaccine activists, Web 
2.0, and the postmodern paradigm — an 
overview of tactics and tropes used online 
by the anti-vaccination movement. Vac-
cine 2012; 30: 3778-89.
24. DeStefano F, Thompson WW. MMR 
vaccine and autism: an update of the sci-
entific evidence. Expert Rev Vaccines 
2004; 3: 19-22.
25. The Lancet Child Adolescent Health. 
Vaccine hesitancy: a generation at risk. 
Lancet Child Adolesc Health 2019; 3: 281.
26. Akehurst C. France suspends hepati-
tis B immunisation for adolescents in 
schools. Euro Surveill 1998; 2: 1143.
27. McLenon J, Rogers MAM. The fear of 
needles: a systematic review and meta-
analysis. J Adv Nurs 2019; 75: 30-42.
28. Herman R, McNutt L-A, Mehta M, 
Salmon DA, Bednarczyk RA, Shaw J. Vac-
cination perspectives among adolescents 
and their desired role in the decision-
making process. Hum Vaccin Immunoth-
er 2019; 15: 1752-9.
29. Karafillakis E, Simas C, Jarrett C, et 
al. HPV vaccination in a context of public 
mistrust and uncertainty: a systematic lit-
erature review of determinants of HPV 
vaccine hesitancy in Europe. Hum Vaccin 
Immunother 2019; 15: 1615-27.
30. Yang YT, Olick RS, Shaw J. Adolescent 

consent to vaccination in the age of vac-
cine-hesitant parents. JAMA Pediatr 2019; 
173: 1123-4.
31. Rosenbaum L. Escaping Catch-22 — 
overcoming Covid vaccine hesitancy.  
N Engl J Med 2021; 384: 1367-71.
32. Plotkin SA, Offit PA, DeStefano F, et 
al. The science of vaccine safety: summa-
ry of meeting at Wellcome Trust. Vaccine 
2020; 38: 1869-80.
33. Lighter J. We’re ignoring the biggest 
cause of the measles crisis. New York 
Times. September 22, 2019 (https://www 
. nytimes . com/  2019/  09/  22/  opinion/  anti 
- vaccine - parents . html).
34. Amin DP, Palter JS. COVID-19 vacci-
nation hesitancy among healthcare per-
sonnel in the emergency department de-
serves continued attention. Am J Emerg 
Med 2021; 48: 372-3.
35. Suryadevara M, Handel A, Bonville 
CA, Cibula DA, Domachowske JB. Pediat-
ric provider vaccine hesitancy: an under-
recognized obstacle to immunizing chil-
dren. Vaccine 2015; 33: 6629-34.
36. Biswas N, Mustapha T, Khubchanda-
ni J, Price JH. The nature and extent of 
COVID-19 vaccination hesitancy in 
healthcare workers. J Community Health 
2021; 46: 1244-51.
37. Karafillakis E, Larson HJ. The para-
dox of vaccine hesitancy among health-
care professionals. Clin Microbiol Infect 
2018; 24: 799-800.
38. Larson HJ, Jarrett C, Eckersberger E, 
Smith DMD, Paterson P. Understanding 
vaccine hesitancy around vaccines and 
vaccination from a global perspective: a 
systematic review of published literature, 
2007–2012. Vaccine 2014; 32: 2150-9.
39. Mesch GS, Schwirian KP. Social and 
political determinants of vaccine hesitan-
cy: lessons learned from the H1N1 pan-
demic of 2009–2010. Am J Infect Control 
2015; 43: 1161-5.
40. Sallam M. COVID-19 vaccine hesitan-
cy worldwide: a concise systematic review 
of vaccine acceptance rates. Vaccines (Ba-
sel) 2021; 9: 160.
41. Machingaidze S, Wiysonge CS. Un-
derstanding COVID-19 vaccine hesitancy. 
Nat Med 2021; 27: 1338-9.
42. Carcelen AC, Prosperi C, Mutembo S, 
et al. COVID-19 vaccine hesitancy in Zam-
bia: a glimpse at the possible challenges 
ahead for COVID-19 vaccination rollout in 
sub-Saharan Africa. Hum Vaccin Immu-
nother 2022; 18: 1-6.
43. Aw J, Seng JJB, Seah SSY, Low LL.  
COVID-19 vaccine hesitancy — a scoping 
review of literature in high-income coun-
tries. Vaccines (Basel) 2021; 9: 900.
44. Sturgis P, Brunton-Smith I, Jackson J. 
Trust in science, social consensus and 
vaccine confidence. Nat Hum Behav 2021; 
5: 1528-34.
45. Baker JP. Mercury, vaccines, and au-

The New England Journal of Medicine 
Downloaded from nejm.org on December 16, 2022. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 



n engl j med 387;1 nejm.org July 7, 2022 65

The Vaccine-Hesitant Moment

tism: one controversy, three histories. Am 
J Public Health 2008; 98: 244-53.
46. Larson H. Poison pill: not all mercury 
is toxic. New Scientist. January 9, 2013 
(https://www . newscientist . com/  article/ 
 mg21728990 - 200 - poison - pill - not - all 
- mercury - is - toxic/  ).
47. Centers for Disease Control and Pre-
vention (CDC). Thimerosal in vaccines:  
a joint statement of the American Acade-
my of Pediatrics and the Public Health 
Service. MMWR Morb Mortal Wkly Rep 
1999; 48: 563-5.
48. Hurie MB, Saari TN, Davis JP. Impact 
of the joint statement by the American 
Academy of Pediatrics/US Public Health 
Service on thimerosal in vaccines on hos-
pital infant hepatitis B vaccination prac-
tices. Pediatrics 2001; 107: 755-8.
49. Institute of Medicine. Immunization 
safety review: vaccines and autism. Wash-
ington, DC:  National Academies Press, 
2004.
50. Motta M, Stecula D. Quantifying the 
effect of Wakefield et al. (1998) on skepti-
cism about MMR vaccine safety in the 
U.S. PLoS One 2021; 16(8): e0256395.
51. Jenness SM, Aavitsland P, White RA, 
Winje BA. Measles vaccine coverage among 
children born to Somali immigrants in 
Norway. BMC Public Health 2021; 21: 668.
52. Larson HJ. Stuck: how vaccine rumors 
start — and why they don’t go away. New 
York:  Oxford University Press, 2020.
53. Donzelli G, Palomba G, Federigi I, et 
al. Misinformation on vaccination: a quan-
titative analysis of YouTube videos. Hum 
Vaccin Immunother 2018; 14: 1654-9.
54. Covolo L, Ceretti E, Passeri C, Boletti 
M, Gelatti U. What arguments on vaccina-
tions run through YouTube videos in Ita-
ly? A content analysis. Hum Vaccin Im-
munother 2017; 13: 1693-9.
55. Briones R, Nan X, Madden K, Waks L. 
When vaccines go viral: an analysis of 
HPV vaccine coverage on YouTube. Health 
Commun 2012; 27: 478-85.
56. Ache KA, Wallace LS. Human papil-
lomavirus vaccination coverage on You-
Tube. Am J Prev Med 2008; 35: 389-92.
57. Keelan J, Pavri-Garcia V, Tomlinson 
G, Wilson K. YouTube as a source of in-
formation on immunization: a content 
analysis. JAMA 2007; 298: 2482-4.
58. Tomacruz S. A year after Dengvaxia: 
immunization drops, measles outbreaks 
soar. Rappler. December 1, 2018 (https://
www . rappler . com/  newsbreak/  in - depth/ 
 217912 - dengvaxia - one - year - after 
- outbreaks - series - part - 1/  ).
59. Gørtz M, Brewer NT, Hansen PR, 

Ejrnæs M. The contagious nature of a vac-
cine scare: how the introduction of HPV 
vaccination lifted and eroded MMR vac-
cination in Denmark. Vaccine 2020; 38: 
4432-9.
60. Immunization stress-related respons-
es. Geneva:  World Health Organization, 
2019 (https://apps . who . int/  iris/  bitstream/ 
 handle/  10665/  330277/  9789241515948 - eng 
. pdf).
61. Simas C, Munoz N, Arregoces L, Lar-
son HJ. HPV vaccine confidence and cases 
of mass psychogenic illness following im-
munization in Carmen de Bolivar, Colom-
bia. Hum Vaccin Immunother 2019; 15: 
163-6.
62. Haruyama R, Obara H, Fujita N. Japan 
resumes active recommendations of HPV 
vaccine after 8.5 years of suspension. Lan-
cet Oncol 2022; 23: 197-8.
63. Larson HJ, Wilson R, Hanley S, Parys 
A, Paterson P. Tracking the global spread 
of vaccine sentiments: the global re-
sponse to Japan’s suspension of its HPV 
vaccine recommendation. Hum Vaccin 
Immunother 2014; 10: 2543-50.
64. Simms KT, Hanley SJB, Smith MA, 
Keane A, Canfell K. Impact of HPV vac-
cine hesitancy on cervical cancer in Japan: 
a modelling study. Lancet Public Health 
2020; 5(4): e223-e234.
65. Puri N, Coomes EA, Haghbayan H, 
Gunaratne K. Social media and vaccine 
hesitancy: new updates for the era of  
COVID-19 and globalized infectious dis-
eases. Hum Vaccin Immunother 2020; 16: 
2586-93.
66. Liu R, Li GM. Hesitancy in the time of 
coronavirus: temporal, spatial, and so-
ciodemographic variations in COVID-19 
vaccine hesitancy. SSM Popul Health 
2021; 15: 100896.
67. Wilson SL, Wiysonge C. Social media 
and vaccine hesitancy. BMJ Glob Health 
2020; 5(10): e004206.
68. García-Saisó S, Marti M, Brooks I, et 
al. The COVID-19 infodemic. Rev Panam 
Salud Publica 2021; 45: e56.
69. Fridman A, Gershon R, Gneezy A. 
COVID-19 and vaccine hesitancy: a longi-
tudinal study. PLoS One 2021; 16(4): 
e0250123.
70. Muric G, Wu Y, Ferrara E. COVID-19 
vaccine hesitancy on social media: build-
ing a public Twitter data set of antivaccine 
content, vaccine misinformation, and 
conspiracies. JMIR Public Health Surveill 
2021; 7(11): e30642.
71. Piedrahita-Valdés H, Piedrahita-Cas-
tillo D, Bermejo-Higuera J, et al. Vaccine 
hesitancy on social media: sentiment 

analysis from June 2011 to April 2019. 
Vaccines (Basel) 2021; 9: 28.
72. Bragazzi NL, Gianfredi V, Villarini M, 
et al. Vaccines meet big data: state-of-the-
art and future prospects. From the classi-
cal 3Is (“isolate-inactivate-inject”) vaccin-
ology 1.0 to vaccinology 3.0, vaccinomics, 
and beyond: a historical overview. Front 
Public Health 2018; 6: 62.
73. The Delphi Group. COVID-19 Symp-
tom Survey: topline report on COVID-19 
vaccination in the United States, survey 
waves 6–8, January 10–February 27, 2021. 
March 12, 2021 (https://www . cmu . edu/ 
 delphi - web/  surveys/  CMU_Topline_ 
Vaccine_Report_20210312 . pdf).
74. Salomon JA, Reinhart A, Bilinski A, et 
al. The US COVID-19 Trends and Impact 
Survey: continuous real-time measure-
ment of COVID-19 symptoms, risks, pro-
tective behaviors, testing, and vaccina-
tion. Proc Natl Acad Sci U S A 2021; 
118(51): e2111454118.
75. Collis A, Garimella K, Moehring A, et 
al. Global survey on COVID-19 beliefs, 
behaviors, and norms. Cambridge, MA:  
MIT Sloan School of Management, No-
vember 30, 2020 (https://covidsurvey . mit 
. edu/  covid_survey_files/  COVID_BBN 
_survey_report . pdf).
76. Reinhart A, Kim E, Garcia A, LaRocca 
S. Using the COVID-19 Symptom Survey 
to track vaccination uptake and sentiment 
in the United States. Pittsburgh:  CMU 
Delphi Group, January 28, 2021 (https://
delphi . cmu . edu/  blog/  2021/  01/  28/  using 
 - the - covid - 19 - symptom - survey - to - track 
- vaccination - uptake - and - sentiment - in - the 
- united - states/  ).
77. Ratzan S, Schneider EC, Hatch H, 
Cacchione J. Missing the point — how 
primary care can overcome Covid-19 vac-
cine “hesitancy.” N Engl J Med 2021; 
384(25): e100.
78. Gallup. Wellcome global monitor. 
2018 (https://wellcome . org/  sites/  default/ 
 files/  wellcome - global - monitor - 2018 . pdf).
79. CUNY School of Public Health. Vac-
cine confidence grows under new admin-
istration, latest CUNY SPH survey reveals. 
January 2021 (https://sph . cuny . edu/ 
 research/  covid - 19 - tracking - survey/ 
 january - vaccines/  ).
80. Hamel L, Lopes L, Kearney A, Brodie 
M. KFF COVID-19 Vaccine Monitor: 
March 2021. March 30, 2021 (https://www 
. kff . org/  coronavirus - covid - 19/  poll 
- finding/  kff - covid - 19 - vaccine - monitor 
- march - 2021/  ).
Copyright © 2022 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org on December 16, 2022. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 


