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A B S T R A C T   

Objective: During the pandemic healthcare professionals and political leaders routinely used traditional and new 
media outlets to publicly respond to COVID-19 myths and inaccuracies. We examine how variations in the 
sources and messaging strategies of these public statements affect respondents’ beliefs about the safety of COVID- 
19 vaccines. 
Methods: We analyzed the results of an experiment embedded within a multi-wave survey deployed to US and UK 
respondents in January–February 2022 to examine these effects. We employ a test-retest between-subjects 
experimental protocol with a control group. Respondents were randomly assigned to one of four experimental 
conditions reflecting discrete pairings of message source (political authorities vs. healthcare professionals) and 
messaging strategy (debunking misinformation vs. discrediting mis-informants) or a control condition. We use 
linear regression to compare the effects of exposure to treatment conditions on changes in respondent beliefs 
about the potential risks associated with COVID-19 vaccination. 
Results: In the UK sample, we observe a statistically significant decrease in beliefs about the risks of COVID-19 
vaccines among respondents exposed to debunking messages by healthcare professionals. We observe a 
similar relationship in the US sample, but the effect was weaker and not significant. Identical messages from 
political authorities had no effect on respondents’ beliefs about vaccine risks in either sample. Discrediting 
messages critical of mis-informants likewise had no influence on respondent beliefs, regardless of the actor to 
which they were attributed. Political ideology moderated the influence of debunking statements by healthcare 
professionals on respondent vaccine attitudes in the US sample, such that the treatment was more effective 
among liberals and moderates than among conservatives. 
Conclusions: Brief exposure to public statements refuting anti-vaccine misinformation can help promote vaccine 
confidence among some populations. The results underscore the joint importance of message source and 
messaging strategy in determining the effectiveness of responses to misinformation.   

1. Introduction 

Misinformation regarding the safety and effectiveness of COVID-19 
vaccines circulated widely on social media even before the completion 
of large-scale clinical trials in late 2020. This included misleading 
statements that exaggerated the (very low) risk of side effects such as 
blood clots and myocarditis, myths that mRNA vaccines (Pfizer and 
Moderna) altered recipients’ DNA, and false claims that vaccines caused 
infertility and increased miscarriage risk (Abbasi, 2022; Islam et al., 
2021). The volume of misinformation surrounding COVID-19 

vaccines—as well as the politicization of attitudes about COVID-19 
more generally—threatened to undermine vaccination campaigns in 
many countries by creating public skepticism and uncertainty (Loomba 
et al., 2021; Neely et al., 2022). 

Because vaccination was the cornerstone of many countries’ COVID- 
19 pandemic mitigation strategy, efforts to limit the negative impact of 
misinformation on public confidence in vaccines became a key compo-
nent of pandemic response (Cornwall, 2020). Government officials, 
politicians, scientists, and health professionals frequently contributed to 
this effort—both officially and unofficially—by directly responding to 
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anti-vaccine misinformation (Royan et al., 2022; WHO, 2021). In 
addition to their efforts to develop and communicate official public 
health recommendations, healthcare professionals and political leaders 
frequently used op-eds, media interviews, blog posts, and statements on 
social media to publicly respond to COVID-19 myths and inaccuracies (e. 
g., Campbell, 2021; Clarke, 2021; Dickinson, 2022; Royan et al., 2022). 
Through these responses, they shared accurate information about 
COVID-19 vaccines and rebutted erroneous claims about vaccine risks. 
In some instances, they criticized and sought to undermine the credi-
bility of the groups responsible for the misinformation. 

Despite the proliferation of such commentary during the pandemic, 
little is known about the effects of public responses to vaccine misin-
formation on individuals’ attitudes toward COVID-19 vaccines. More-
over, while some recent studies have evaluated the comparative 
effectiveness of different strategies for correcting COVID-19 vaccine 
misinformation (e.g., Amazeen et al., 2022; Ronzani et al., 2022), there 
remains significant need to identify which features of corrective mes-
sages are most effective at shaping public attitudes about vaccine safety. 

We address these issues by examining how variations in the sources 
(political authorities vs. healthcare professionals) and messaging stra-
tegies (debunking misinformation vs. discrediting mis-informants) of 
public statements made in response to misinformation affect re-
spondents’ beliefs about the safety of COVID-19 vaccines. Results from 
an experiment embedded within a multi-wave survey deployed in the 
United States and the United Kingdom in January and February 2022 
provide some evidence that the sources of corrective messages and the 
messaging strategies they adopt jointly influence the effectiveness of 
responses to misinformation. Moreover, they suggest that even brief 
exposure to public statements by credible sources (such as healthcare 
professionals) that refute anti-vaccine misinformation can promote 
public confidence in COVID-19 vaccines in some contexts. 

2. Misinformation correction and COVID-19 vaccine hesitancy 

Misinformation about COVID-19 vaccines was widely shared online 
by vaccine skeptics and spread through organized anti-vaccine demon-
strations during the pandemic, contributing to a high level of misin-
formation exposure in many populations (Neely et al., 2022). 
Concerningly, exposure to misinformation about COVID-19 vacci-
nes—particularly myths about vaccine safety—dissuaded many in-
dividuals from vaccinating (Loomba et al., 2021; Kreps et al., 2021). 
Surveys conducted in the US and UK suggest that large numbers of 
younger women were susceptible to misinformation about the adverse 
effects of COVID-19 vaccines on fertility and pregnancy; moreover, 
(unfounded) fears about these risks discouraged many from vaccinating 
(Abbasi, 2022; Holbrook, 2021). In one survey, fears about the 
long-term consequences of vaccines, including risks to future fertility, 
represented the most widely cited reasons for vaccine hesitancy among 
US parents of children aged 5 to 11 (Hamel et al., 2021). These examples 
highlight the importance of correcting misinformation as a means of 
promoting vaccine confidence and increasing uptake. 

Previous studies demonstrate that corrections are effective at 
improving information accuracy on health-related topics (e.g., Walter 
et al., 2021). A growing body of recent evidence likewise suggests that 
specific strategies—including factual debunking, fact-checking, and 
rebuttals—effectively counter COVID-19 vaccine misinformation (Carey 
et al., 2022; Kreps and Douglas, 2022; Porter et al., 2022) and promote 
vaccine confidence (Chellenger et al., 2022; Ronzani et al., 2022). 
However, a recent meta-analysis concluded that corrections exerted a 
positive but statistically insignificant influence on respondents’ beliefs 
in COVID-19 vaccine misinformation (Janmohamed et al., 2021). Other 
studies highlight the complexity of these relationships by demonstrating 
the moderating influence of respondents’ pre-existing attitudes 
(Amazeen et al., 2022) or religiosity (Schmid and Betsch, 2022) on the 
effectiveness of pre-bunking and debunking strategies. These results 
demonstrate the need to clarify the conditions under which corrective 

interventions succeed and to identify which strategies are most effective 
at countering inaccurate beliefs about COVID-19 vaccines among pub-
lics that have been widely exposed to anti-vaccine misinformation. 

3. Public responses to COVID-19 anti-vaccine misinformation 

During the pandemic, government officials and healthcare pro-
fessionals often responded publicly to COVID-19 misinformation 
through statements posted on social media, in op-eds and blog posts, and 
during interviews with journalists. While these statements largely 
reinforced official guidance, many were made in an unofficial capacity 
and reflected the personal views of the individuals responsible for them. 
Moreover, their placement in wide variety of traditional and social 
media outlets allowed these messages to reach—and potentially influ-
ence—large numbers of citizens. Consequently, the public routinely 
encountered unofficial messaging from different expert sources and 
authority figures that was intended to correct anti-vaccine misinfor-
mation and promote vaccine confidence. 

The specific responses political authorities and healthcare pro-
fessionals adopted—including the content, tone, and target of their 
messages—represented implicit strategies of misinformation correction. 
These messages routinely included factual statements intended to cor-
rect vaccine misinformation and debunk myths about vaccine risks. 
Amid public concerns about side effects associated with the AstraZeneca 
vaccine and high levels of misinformation about the risks of COVID-19 
vaccines more generally, then-UK Prime Minister Boris Johnson 
repeatedly stressed in media interviews that COVID-19 vaccines were 
safe and the risk of side effects was extremely low (Campbell and 
Stewart, 2021). Similarly, former US Secretary of Health and Human 
Services Alex Azar (2021) published an op-ed in the New York Times 
rebutting COVID-19 vaccine misinformation and reassuring Americans 
about their safety and efficacy. Physicians, nurses, and public health 
researchers also used interviews on health websites and social media 
posts to directly refute misinformation about COVID-19 vaccines, such 
as the myth that caused infertility or increased the risk of miscarriage 
among pregnant women (e.g., Campbell, 2021). 

Rather than debunking misinformation, political leaders and health 
experts also occasionally used the opportunities to condemn, sham, or 
otherwise discredit the agents responsible for anti-vaccine misinforma-
tion or explicitly criticize individuals who remained skeptical of COVID- 
19 vaccines. French President Emmanuel Macron derided vaccine 
skeptics and anti-vaccine protesters, stating that they had “lost their 
minds” (Adghirni, 2021). Then-UK Health Secretary Sajid Javid likewise 
referred to anti-vaccine activists as “idiots spreading vicious lies” 
(Hughes, 2021). Similarly, in a letter published in the Times of London, 
an NHS doctor expressed anger at “charlatans who use their platforms to 
sow mistruths”, whom she described as “liars and cynics with blood on 
their hands” (Clarke, 2021). In early 2022, scores of scientists and 
doctors signed an open letter labeling popular podcast host Joe Rogan a 
“menace to public health” for spreading vaccine misinformation (Dick-
inson, 2022). Such comments, which often featured ad hominem attacks 
rather than factual refutations of misinformation, revealed growing 
antipathy toward anti-vaccine activists. They also represented explicit 
attempts to discredit mis-informants and undermine their influence. 

As this discussion highlights, experts’ and authorities’ public re-
sponses to COVID-19 misinformation varied along multiple dimensions. 
First, the figures responsible for these statements differed in terms of 
their perceived credibility, trustworthiness, and expertise—factors pre-
vious studies demonstrate influence the effectiveness of corrections (e. 
g., Ecker et al., 2022). Second, their messages varied in content, tone, 
and targets. Variations in these features can be viewed as roughly 
analogous to different strategies of misinformation correction identified 
in previous studies (i.e., rebutting, debunking, or discrediting) (see 
Ecker et al., 2022; Lewandowsky et al., 2012). Recognizing and dis-
aggregating these dimensions provides an opportunity to examine how 
different attributes of public responses to COVID-19 misinformation 
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influence their effectiveness. 

4. Source and content of corrective messages 

We identity two dimensions of public statements made in response to 
COVID-19 vaccine misinformation that potentially influence their 
effectiveness: message source and messaging strategy. In terms of 
source, we focus on political authorities and healthcare professionals 
because they represent distinct categories of actors that routinely 
responded to COVID-19 misinformation through highly visible public 
commentary. We also consider two distinct misinformation correction 
strategies that commonly featured—either intentionally or inadverten-
tly—in the public commentary of these actors: debunking and discred-
iting. The first largely follows best practice in misinformation 
correction, utilizing factual statements to refute specific inaccuracies 
(see Vraga and Bode, 2020). The second, by contrast, adopts a more 
reactionary response that attempts to undermine the legitimacy of 
mis-informants through attacks on their character and motives. By dis-
tinguishing these dimensions, our discussion highlights the joint influ-
ence of message source and strategy in countering anti-vaccine 
misinformation. 

4.1. Source credibility and effective corrections during the COVID-19 
pandemic 

Numerous previous studies suggest that messages attributed to politi-
cal authorities or health experts are more effective at combating health- 
related misinformation than messages from social peers or anonymous 
social media users (Van der Meer and Jin, 2020; Vraga and Bode, 2017; 
Walter et al., 2021). Early evidence also suggested that debunking state-
ments attributed to medical professionals were more effective than generic 
messages at correcting COVID-19 misinformation and increasing vacci-
nation intention (Ronzani et al., 2022). A common thread among these 
studies is the assumption that the perceived credibility, trustworthiness, 
and expertise of these sources influences the effectiveness of the corrective 
messages attributed to them (Gollwitzer et al., 2020; Pluviano et al., 2020). 
In the context of the pandemic, this implies that actors and institutions that 
the public widely views as credible information sources are more effective 
at countering anti-vaccine misinformation and promoting vaccine 
confidence. 

Consistent with this logic, trust in governmental, scientific, and 
medical authorities strongly influenced susceptibility to COVID-19 
misinformation, compliance with pandemic restrictions, and attitudes 
toward vaccines (Blair et al., 2022; McLamore et al., 2022; Pagliaro 
et al., 2021). Problematically, public attitudes toward these authorities 
varied during the pandemic: public trust in authorities initially 
increased at the start of the pandemic but generally waned over time as 
citizens grew dissatisfied with its costs, constraints, and duration (Algan 
et al., 2021; Nielsen and Johannes Lindvall, 2021). However, 
throughout the pandemic scientists and health professionals maintained 
a distinct—and often substantial—advantage over political and 
governmental authorities in terms of public trust (Algan et al., 2021; 
Robinson et al., 2021; Wellcome, 2020). The comparatively high levels 
of trust citizens placed in doctors and scientists potentially amplifies the 
effectiveness of corrective messages attributed to them. 

Partisanship and political ideology likewise influenced public trust in 
experts and, by extension, their susceptibility to COVID-19 misinfor-
mation and their attitudes toward COVID-19 vaccines (Rodriquez et al., 
2022; Ruiz and Bell, 2021). This relationship was starkly illustrated by 
the significantly lower vaccination rates and higher COVID-19 mortality 
rates in US counties that voted for Donald Trump in 2016 (Gollwitzer 
et al., 2020). These observations are consistent with previous findings 
demonstrating the moderating influence of ideology on misinformation 
correction efforts (e.g., Nyhan and Reifler, 2010; Walter et al., 2020). 
Yet, survey evidence suggests that right-left political ideology influ-
enced trust in science in only a relatively small number of countries 

(principally the US and Canada) during the pandemic (McLamore et al., 
2022). Despite the highly polarized political environment, trust in 
health professionals remained high among both Democrats and Re-
publicans in the US during the pandemic (Robinson et al., 2021). 
Moreover, a recent multi-country study found that while comments by 
political elites polarized respondents’ attitudes about COVID-19 re-
strictions, the same statements made by non-political experts tended to 
depolarize attitudes (Flores et al., 2022). Consequently, while corrective 
messages from either source may combat misinformation, messages 
conveyed by healthcare professionals and scientists may be compara-
tively more effective than those delivered by political authorities, 
especially in highly politicized environments. 

4.2. Debunking misinformation vs. discrediting mis-informants 

Multiple strategies exist for correcting misinformation (e.g., Lew-
andowsky et al., 2012; Ecker et al., 2022). Factual debunking is shown to 
be more effective than alternative approaches at reducing the influence 
of misinformation about public health issues (Van der Meer and Jin, 
2020; Vraga and Bode, 2020), including COVID-19 misinformation 
(Kreps and Douglas, 2022; MacFarlane et al., 2021). However, efforts to 
discredit or undermine the legitimacy of the actor(s) responsible for 
misinformation represent an alternative approach to rebutting or 
debunking anti-vaccine misinformation (Ecker et al., 2022; MacFarlane 
et al., 2021). Whether undertaken intentionally or inadvertently, gov-
ernment officials, politicians, and health experts occasionally employed 
this approach during the pandemic when they publicly disparaged 
vaccine skeptics or criticized the motives of anti-vaccine activists. 

In the context of low information environments, where individuals 
experience high levels of uncertainty regarding the accuracy of 
competing claims, source credibility can influence message effectiveness 
(Petty and Cacioppo, 1986). Conversely, this logic implies that observers 
are more likely to dismiss information from sources that lack credibility. 
Corrections that undermine the credibility of the actor responsible for 
the misinformation may therefore prove more effective than messages 
that emphasize the expertise of the actors correcting the misinformation 
(Walter and Tukachinsk, 2020). Efforts to discredit anti-vaccine acti-
vists—such as by highlighting their lack of knowledge, framing their 
actions as selfish, or suggesting their goals are malign rather than simply 
misguided—may therefore represent a successful strategy for respond-
ing to anti-vaccine misinformation. While this approach has rarely been 
directly compared to other strategies, some scholars contend that dis-
crediting mis-informants can play an important role in countering 
COVID-19 misinformation (MacFarlane et al., 2021). 

Nonetheless, discrediting strategies are controversial and have raised 
concerns among some public health experts. Criticism can provoke 
feelings of moral reproach among unvaccinated persons, further 
entrenching their beliefs and reducing their intention to vaccination 
(Rosenfield and Tomiyama, 2022). Discrediting strategies may therefore 
“backfire” if unvaccinated individuals feel they are being judged or 
ridiculed for their decision. Even if the observer is not the explicit target 
of the criticism, individuals that sympathize with the group responsible 
for the misinformation may resent and reject the criticism. In one recent 
study, unvaccinated participants study felt that public discourse about 
COVID-19 vaccines was “unfair, moralistic, and patronizing”, and they 
perceived discrimination based on their vaccination status (Henkel 
et al., 2022). 

Discrediting approaches that explicitly criticize mis-informants may 
also prove ineffective among the population more broadly. Studies of 
voter attitudes suggest that uncivil commentary and “mudslinging” by 
politicians reduces trust in both politicians and political institutions 
(Mutz and Reeves, 2005) and decreases citizens’ interest in politics 
(Kahn and Kenney, 1999). Ridiculing and condemning vaccine skeptics 
and anti-vax activists may likewise undermine the authority of politi-
cians and health professionals (from whom the public expects a more 
measured tone), leading the public to disregard the content of their 
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messages. Given the highly politicized pandemic landscape, this dis-
cussion suggests that critical comments from political authorities may 
not only prove ineffective but might spark offense, leading to backfire. 

4.3. Summary and empirical expectations 

We contend that message source and message strategy jointly in-
fluence the effectiveness of messages intended to correct misinforma-
tion. Put otherwise, the effectiveness of statements intended to counter 
COVID-19 vaccine misinformation may depend not only on the source of 
the message but also on its content. Based on the above discussion, we 
therefore propose. 

H1. Compared to a control condition, exposure to statements by 
healthcare professionals that debunk anti-vaccine, misinformation re-
duces respondent beliefs about harms associated with COVID-19 
vaccines. 

H2. Compared to a control condition, exposure to statements by po-
litical authorities (without clear partisan affiliation) that debunk anti- 
vaccine misinformation reduces respondent beliefs about harms, asso-
ciated with COVID-19 vaccines. 

Furthermore, we expect that statements that attempt to discredit 
mis-informants will ultimately prove either ineffective or counterpro-
ductive. However, we expect the adverse effects of discrediting state-
ments to be greater when they originate from political sources compared 
to health professionals. Consequently, we propose. 

H3. Compared to a control condition, exposure to statements by 
healthcare professionals that criticize the actors, responsible for anti- 
vaccine misinformation neither reduces nor increases respondent be-
liefs about harms, associated with COVID-19 vaccines. 

H4. Compared to a control condition, exposure to statements by po-
litical authorities (without clear partisan affiliation) that discredit the 
actors responsible for anti-vaccine misinformation increases beliefs 
about, harms associated with COVID-19 vaccines. 

Finally, based on the collective logic of our arguments, we also 
consider the relative effectiveness of the specific source-message pair-
ings captured by our four treatment conditions. As we argue, the specific 
combination of message source and messaging strategy influence the 
effectiveness of corrections. Given the results of research highlighting 
the importance of apolitical experts at conveying (correct) COVID-19 
information (e.g., Flores et al., 2022) and evidence that citizens trus-
ted scientists and doctors significantly more than government author-
ities during the pandemic (e.g., Algan et al., 2021), these arguments 
suggests that debunking messages attributed to healthcare professionals 
may be more effective at reducing COVID-19 risk perception than those 
attributed to political authorities. Moreover, because we hypothesize 
that discrediting statements by either political authorities or healthcare 
professionals are ineffective or backfire, the discussion implies that 
messaging by healthcare professionals that debunks misinformation 
rather than discredits mis-informants will prove more effective at 
reducing COVID-19 vaccine risk perception than each of the other 
message-source combinations. 

5. Methodology 

We test these hypotheses via an experiment embedded within multi- 
wave online survey carried out in both the United States and United 
Kingdom by the survey firm YouGov. We select the US and UK as the 
study sites for several reasons. First, vaccines were widely available in 
both countries at the time of the study. Vaccination therefore repre-
sented a personal choice, and uptake was rarely affected by supply 
constraints or accessibility issues. While vaccination rates were high in 
both countries—reaching 77% of the UK population and 72% in the 
US—by early 2022, millions nonetheless remained unvaccinated (see 

Mathieu et al., 2021). Moreover, misinformation about COVID-19 vac-
cines circulated widely on social media, podcasts, and talk shows, and 
anti-vaccine activism, including protests and demonstrations intended 
to disseminate misinformation, were commonplace in both countries 
(Dickinson, 2022; Loomba et al., 2021). 

Despite these similarities, important differences between the coun-
tries warrant exploration of the potential heterogenous effect of 
debunking strategies. For example, while COVID-19 vaccines became 
highly politicized in the US (Gollwitzer et al., 2020; Ruiz and Bell, 
2021), political ideology appeared to have only a minimal influence on 
British attitudes toward vaccines (Klymak and Vlandas, 2022). Simi-
larly, while high-profile conservative political elites in the US(e.g., 
Donald Trump) often derided official health recommendations and 
expressed sympathy with vaccine skeptics, British political elites across 
the political spectrum were largely united in their support for the na-
tional vaccination program (Klymak and Vlandas, 2022). Lastly, the 
structure of the health systems in each country—largely privatized in the 
US vs. free and publicly funded in the UK—produce important differ-
ences in the ways citizens access and pay for healthcare. These differ-
ences allow us to assess the effectiveness of our treatments across 
heterogeneous populations and in diverse socio-political contexts. 

YouGov administered the initial survey instrument to 5900 (US n =
2947; UK n = 2953)) adult (18+) respondents. This sample was drawn 
from YouGov’s respondent pool and matched on demographic and po-
litical variables to each country’s populations using data from census 
data and various commercial surveys. The samples were representative 
of the national population based on several standard demographic fac-
tors (e.g., education, age, gender, etc.). However, due to the previously 
reported vaccination inequalities between white and minority re-
spondents in both countries, we oversampled respondents from minority 
groups in both countries. All participants from Wave 1 were invited to 
participate in a follow up survey, which included the experimental 
component. Wave 1 of the survey was deployed between January 17, 
2022 and 21 January 2202, while Wave 2 was deployed between 
February 7, 2022 and February 16, 2022. A total of 4519 respondents 
participated in the second wave (US n = 2216; UK n = 2303), yielding a 
recontact rate of 77%. Successful recontacts were randomly assigned to 
multiple different groups corresponding to different study protocols: 
55% of successful recontacts were randomly assigned to one of five 
conditions used in this study (described below) while 45% were assigned 
to conditions associated with different studies. Consequently, 2505 re-
spondents associated with this study (US n = 1229; UK n = 1226) suc-
cessfully completed study waves 1 and 2. 

The sample of US respondents included in the analyses discussed 
below comprise 54% female and 49% non-white respondents with an 
average age of 48; the relevant UK sample comprises 54% female and 
17% non-white respondents with an average age of 51. We report 
additional descriptive statistics by country and experimental condition 
in our online appendix. We excluded speeders (respondents that 
completed Wave 2 in fewer than 4 min) and participants that failed an 
attention check that asked respondents to identity the issue area of the 
protest (from a list provided) from our analyses. These criteria led to the 
exclusion of 14% of US respondents and 6% of UK respondents. The 
samples we ultimately analyzed therefore included 1054 US respondents 
and 1203 UK respondents. The results are extremely regardless of the 
exclusion criteria (Table A1.22). 

5.1. Experiment design 

Our design reflects a “test-retest” between-subjects experimental 
protocol with a control group. In the first wave of the survey, all re-
spondents answered a battery of standard socio-demographic, political, 
and psychological questions as well a series of questions probing their 
attitudes and beliefs about COVID-19 vaccines. In the second wave, re-
spondents read a news story about an anti-vaccine protest, after which 
they completed attention checks and were queried again about their 
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attitudes toward COVID-19 vaccines using the same questions deployed 
in Wave 1. Participants were randomly assigned to either a control 
condition or one of four experimental conditions defined by the inter-
section of the two dimensions identified above: 1) message sources 
(political authority vs. healthcare professional); 2) messaging strategy 
(debunking vs. discrediting). This represents a mixed factorial where the 
intervention was manipulated between-subjects while timing (before 
and after) was within-subject: 2 Sources x 2 Corrective messages + 1 
Control x 2 Time points. Random allocation produced similar sample 
sizes across conditions (Tables A1.3-A1.12). 

Our experimental conditions emulated a newspaper article, thus 
providing a natural way to present a misinformation-only control con-
dition as well as multiple experimental conditions that include response 
to misinformation that vary by message source and messaging strategy. 
Each vignette described a hypothetical recent anti-vaccine protest in 
either London (UK respondents) or Washington DC (US respondents) 
and was accompanied by the same photo of a protest (without specific 
visual details about its location or purpose). Both the control and 
treatment conditions included misleading statements about the risks/ 
harms of COVID-19 vaccines, which were delivered as direct quotes 
from protest participants. These included: 1) vaccines cause female 
infertility, 2) vaccines cause miscarriages, and 3) vaccines commonly 
cause heart damage in children. The control condition only described 
the protest event and included misinformation about COVID-19 vac-
cines. The treatment conditions included these components as well as 
one of four response statements, which varied along the two dimensions 
discussed above. 

Table 1 describes the specific content of each of these statements and 
illustrates the 2 × 2 nature of the conditions, where each pairing 
(source-strategy) represents a discrete treatment condition. Respondents 
in each country received distinct versions of the survey instrument and 
vignettes that differed only in terms of country-specific terminology (e. 
g., jab/vaccination or GP/doctor). In our empirical analyses, we 
compare each of these four treatment conditions to the misinformation- 
only control condition. We include these vignettes in the online 
appendix. 

Debunking statements adopted a reassuring tone that asserted the 
general safety of the vaccines and specifically refute misinformation 
about the risks of the vaccine to young children and pregnant women-
—groups that were often singled out as especially vulnerable to harms 
from vaccines in the misinformation disseminated by anti-vaccine ac-
tivists. By contrast, discrediting statements criticized and sought to de-
legitimize the source of the misinformation by referring to anti-vax 

groups as “idiots” and highlighting that their actions threaten the health 
of others. Because the discrediting messages did not include the same 
information as the factual debunking messages, they do not represent 
truly parallel conditions. We therefore did not compare the effectiveness 
of messages that combine comments discrediting mis-informants and 
factual debunking to the effectiveness of messages that only include 
factual debunking. Rather, we conceived of critical commentary inten-
ded to disparage and discredit mis-informants as a distinct messaging 
strategy, which we compare directly to the strategy of debunking 
misinformation using factual statements. 

5.2. Dependent variables 

Our dependent variable reflects respondents’ perceptions of serious 
health risks associated with COVID-19 vaccines. Specifically, re-
spondents indicated their beliefs about the likelihood that receiving a 
COVID-19 vaccine would cause serious harm to each of the following 
groups: adult females, pregnant women, and children under age 12. 
They were also asked their beliefs about the likelihood that receiving a 
COVID-19 would cause the following specific severe side effects: infer-
tility in women, miscarriage in pregnant women, and heart damage in 
children. All responses were given on a 6-point Likert scale, ranging 
from “extremely unlikely” to “extremely likely”. We selected the groups 
identified above because anti-vaccine misinformation often focuses on 
their particular vulnerability to harms associated with COVID-19 vac-
cines. Similarly, we focused on the chosen side effects because they 
represent common (erroneous) beliefs about COVID-19 vaccines, and 
they reflect common features of anti-vaccine misinformation. Because 
respondents were not permitted to skip questions and were not provided 
with “unsure” (or similar options) for the questions that constitute the 
dependent variables, we have no missing observations for the re-
spondents that completed Wave 2. 

To examine the latent structure of these beliefs, we performed an 
exploratory factor analysis (EFA) on both sets of items (using values 
recorded in Wave 2). The EFA yielded a one-factor solution for the items 
regarding harm for specific groups [UK: Eigenvalue = 2.43; US: Eigen-
value = 2.26]. EFA also revealed a one-factor solution for the items 
related to specific side effects [UK: Eigenvalue = 2.64; US: Eigenvalue =
2.41]. Each of the factor loadings were above 0.8 for all of the items. We 
therefore averaged the items in each of the categories to create two 
composite measures: Harm Vulnerable [UK: α = 0.94, US: α = 0.92] and 
Severe Side Effects [UK: α = 0.96, US: α = 0.94]. These measures serve as 
the dependent variables in our empirical analyses. 

5.3. Estimation method 

We test our hypotheses with a set of linear regression models. In each 
model, we include the post-treatment values of either Harm Vulnerable 
or Severe Side Effects as the dependent variable and regress these in-
dicators on a series of dummy variables indicating membership in one of 
the treatment conditions. We also included the pre-treatment value of 
the corresponding dependent variable in these models, which allowed us 
to adjust for each respondents’ attitude prior to exposure to the treat-
ment condition. Owing to heterogeneity in the sample populations, 
particularly with respect to baseline differences in vaccine risk percep-
tion (higher among US respondents [Figure A1.2]), as well as the key 
differences in healthcare systems and citizens’ healthcare expectations 
the two countries, we conducted separate analyses of the two samples. 

6. Results 

We present coefficient plots for the results of the linear models in 
Fig. 1. Each plots shows the effect (as a coefficient estimate) of each 
treatment condition on the stated outcome relative to the control con-
dition while controlling for respondents’ pre-treatment risk perceptions. 
Results for the UK sample are reported in the top row and US results in 

Table 1 
Text of statements and sources used in the experimental conditions.  

Corrective Message Source 

Healthcare Professionals Political Authorities 
1) Pediatrician/GP Theresa Robinson 

(US/UK) 
2) Damien Gordon, head of Intensive 
Care at St. Mary’s Hospital (US & UK) 

1) Congresswoman/MP Theresa 
Robinson (US/UK) 
2) Damien Gordon, a spokesperson for 
the Office of the President/Cabinet 
Office (US/UK) 

Corrective Messaging Strategy 
Debunk Misinformation Discredit Mis-informants 

1) “Millions of children—including both 
of my own kids—have been vaccinated 
against COVID-19. The vaccines are 
very safe and provide children and their 
families high levels of protection 
against a very serious disease.” 
2) “There is zero evidence that 
vaccination poses a risk to pregnant 
women. Getting vaccinated is the best 
way for expectant mothers to protect 
themselves and their babies against 
COVID-19.” 

1) “I have lost all patience with anti- 
vaxxers and their nonsense. They are 
discouraging people from protecting 
themselves and putting lives at risk. 
They should be ashamed.” 
2) “They are selfish idiots, and their 
actions are dangerous. So many of us 
have worked tirelessly throughout the 
pandemic to save people. Groups like 
that are an insult to our sacrifices.”  
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the bottom row. We include these results in tabular form along with 
additional models adjusting for covariates in our online appendix 
(Tables A1.13 and A1.23). 

These results offer partial support for H1, which posited that factual 
debunking statements by health professionals were effective at reducing 
respondent perceptions of vaccine risks. In the UK sample, beliefs that 
vaccines cause severe adverse effects or harm specific groups of poten-
tially vulnerable individuals were significantly lower among partici-
pants exposed to factual debunking statements from healthcare 
professionals relative to those in the control group (p < 0.05). In sub-
stantive terms, exposure to this condition [Debunk (Health)] reduced 
respondents’ belief that vaccines cause severe side effects by 0.19 points 
(95% CI [-0.33, − 0.04]) and reduced belief that vaccines harm vulner-
able groups by 0.23 points (CI [-0.40, − 0.07]). While this represents 
only a modest reduction in respondents’ perceptions of vaccine risk, the 
results nonetheless suggest that this treatment effectively shifted UK 
respondents’ attitudes about COVID-19 vaccines during a period in 
which citizens’ attitudes toward vaccines had already crystalized. 
Among US respondents, exposure to debunking statements by health-
care professionals likewise exerted a negative but only marginally sig-
nificant effect on respondents’ beliefs about serious side effects from 
vaccines relative to the control group (p < 0.10). The coefficient in the 
model predicting respondent beliefs about the harms COVID-19 vaccines 
pose to vulnerable groups was also negative but insignificant (p =
0.699). Thus, while the effect is consistently in the same direction, the 
effectiveness of debunking by healthcare professionals is weaker in the 
US compared to the UK. 

The results offer no support for H2. The direction of the effect of 
debunking messages attributed to political authorities [Debunk (Politi-
cal)] is inconsistent across the samples, and in no case does the coeffi-
cient achieve statistical significance. Thus, there is no evidence that 
debunking statements by political authorities affect respondent beliefs 
about vaccine risks. Consistent with this finding, respondent expressed 
substantially greater trust in healthcare professionals (US: x = 3.59, SD 
= 1.07; UK: x = 3.70, SD = 0.96) than in the national government US: x 
= 2.60, SD = 1.25; UK: x = 2.69, SD = 1.12 (5-point scale). (Tables A1.1- 
A1.2). This observation accords with previous findings about 

comparative trust during the pandemic as well as research demon-
strating the influence of trust on citizens’ attitudes toward COVID-19 
vaccines and mitigation measures (Algan et al., 2021; Pagliaro et al., 
2021). 

Regardless of the source, response statements attempting to discredit 
mis-informants (anti-vaccine activists) did not have a significant effect 
on respondent beliefs relative to the control. According to the results in 
Fig. 1, exposure to discrediting statements by health professionals 
[Discredit (Health)] exerted a statistically insignificant influence on re-
spondents’ beliefs about vaccine risks relative of the control condition. 
To further investigate this apparent null effect, we conduct a series of 
Bayesian ANCOVA (BANCOVA) analyses using baseline risk perception 
as a covariate and the intervention vs. control as independent variables 
for both samples. Each BANCOVA compares four models: full null ef-
fects, effect of base respondent beliefs only, effect of the intervention 
only, or both. For both outcome variables and across both samples, the 
analyses show that the model including only the baseline perceptions 
(without the intervention) was the most likely given the data (Severe Side 
Effects, BFM = 20.84 [US] and 28.65 [UK]; Harm Vulnerable, BFM =

16.77 [US] and 30.46 [UK]). Analyses of these effects further suggest 
that the null effect of the intervention is 6–10 times more likely given the 
data (Severe Side Effects: BFexcl = 6.95 [US] and 9.55 [UK] and Harm 
Vulnerable: BFexcl = 5.59 [US] and 10.11 [UK]). These results provide 
further evidence of a null effect, thus supporting H3. We present full 
results in the appendix (Table A1.26). 

The results also fail to support H4, which posited that discrediting 
statements by political authorities [Discredit (Political)] were not only 
ineffective but often counterproductive. Coefficients for this treatment 
were positive in three of four models but insignificant in all cases. Thus, 
even in a highly politized context in which backfire is most likely, we 
find no evidence that corrective statements increase respondent belief in 
misinformation. This finding accords with previous studies that 
demonstrate the empirical rarity of backfire effects (e.g., Swir-
e-Thompson et al., 2020). However, because we intentionally avoided 
explicit references to the partisan affiliation of the political authorities in 
our vignettes, we cannot rule out the possibility that provocative 
statements by politicians could produce backlash among individuals 

Fig. 1. Effects of each treatment condition on respondent perceptions of COVID-19 vaccine risk relative to control condition. 
Coefficients estimates (black diamonds) with 90% (dark grey bars) 95% (light grey bars) CIs from OLS models predicting the effect of treatment conditions (x-axis) on 
respondent beliefs about vaccine risks (y-axis), controlling for respondent beliefs in pre-treatment study wave. 
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wuth different partisan affiliation. 
As an exploratory extension of our principal hypotheses, we also 

considered the effectiveness of the treatment conditions relative to one 
another. In addition to the results in Fig. 1, results from models directly 
comparing debunking by healthcare professionals to each of the other 
treatment conditions (excluding the control group) further demonstrate 
the relative effectiveness of this message-source combination 
(Figures A1.19-A1.21). Across both samples, Debunk (Health) was 
negatively associated with Severe Side Effects (US: − 0.223 CI [-0.40, 
− 0.05]; UK: − 0.208 CI [-0.35, − 0.07]) and Harmed Vulnerable (US: 
− 0.199 CI [-0.40, − 0.00]; UK: − 0.185 CI [-0.35, − 0.02]) when 
compared to Discredit (Political). It was also negatively associated with 
Harm Vulnerable (US: − 0.203 CI [-0.40, − 0.00]; UK: − 0.228 CI [-0.39, 
− 0.06]) in both samples and was negatively associated with Severe Side 
Effects (UK: − 0.162 CI [-0.31, − 0.02]) in the UK sample when compared 
to the condition labeled Discredit (Health). Lastly, Debunk (Health) was 
negatively associated with Severe Side Effects (UK: − 0.220 CI [-0.40, 
− 0.04) relative to debunking by political authorities]) in the US sample 
while in the UK sample it was negatively associated with Harm Vulner-
able (UK: − 0.206 CI [-0.37, − 0.04]). Collectively, these results provide 
tentative support for our exploratory hypothesis and generally suggest 
that debunking messages attributed to health professionals are 
comparatively more effective than each of the other source-message 
combinations we discuss. Caution must be taken, however, as these re-
sults are preliminary. 

Finally, recognizing that using listwise deletion for missing at 
random data might result in biased estimates (Sidi and Harel, 2018), we 
repeated our analyses using imputed data that attempted to simulate the 
attitudes of respondents that failed to return for the second wave. 
Similarly, due to missing observations for political ideology and vaccine 
status, which we use to examine moderating influences on the 

relationships reported in Fig. 1 (see below), we impute missing values 
and re-estimate our models. We discuss our imputation method and 
report results for these models in our appendix (Figures A1.16-A1.18). 

6.1. Moderating influences 

To supplement our primary analyses, we assessed a series of models 
that explicitly consider the heterogeneity within our samples. First, 
because the effectiveness of interventions designed to counteract 
COVID-19 misinformation may partly depend on respondents’ initial 
beliefs (Amazeen et al., 2022), we evaluated a set of models that interact 
each of the treatment conditions with the Wave 1 measure of the cor-
responding dependent variable. In no model did the interaction term 
reach statistical significance (Figures A1.12-A1.15), implying that the 
effectiveness of this intervention does not significantly depend on re-
spondents’ prior levels of beliefs about COVID-19 vaccine risks. As 
another means of assessing the potential moderating influence of re-
spondents’ pre-existing vaccine attitudes, we also examine models that 
evaluated the moderating influence of respondent vaccine status. These 
interactions were likewise insignificant (Figures A1.4-A1.7). 

Second, we consider whether ideology moderates the relationships 
between the treatments and the dependent variables. We measure 
respondent political ideology via a Likert scale Liberal-Conservative 
index, which we interact with the variables representing the treatment 
conditions. Political ideology is a standard indicator provided by You-
Gov for US-based panellists but was added to the UK survey by the study 
authors. US respondents identified their political ideology on a 5-point 
scale (“Very Liberal” to “Very Conservative”) while UK respondents 
identified their political ideology on a 7-point scale (“Extremely Liberal” 
to “Extremely Conservative”). 

The moderating influence of ideology varies across treatment 

Fig. 2. Moderating effect of political ideology on the relationship between debunking by health professionals and respondent vaccine beliefs. 
Plots of the marginal effect (y-axis) of debunking treatment attributed to healthcare professionals over the scale of respondent political ideology (Liberal-Conser-
vative) (x-axis). Dashed line depicts effect of treatment group relative to control group. Grey shading represents 95% confidence intervals. 
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conditions and between the samples. Among US respondents, ideology 
moderates the relationship between the healthcare professional 
debunking condition and each of the dependent variables. We present 
the marginal effects plots of these relationships in Fig. 2. Exposure to 
debunking message by healthcare professionals reduced misperception 
of vaccine risks/harms among Liberal respondents; however, it had the 
opposite influence on Conservatives, suggesting potential backfire. This 
result conforms to prior findings that ideology can moderate the effec-
tiveness of corrections (Nyhan and Reifler, 2010) and suggests potential 
conditions under which efforts to correct misinformation might prove 
counterproductive. By contrast, we observe no such relationship in the 
UK sample. These results are consistent with previous findings, high-
lighting the intense politicization of vaccine attitudes in the US (Ruiz 
and Bell, 2021) and comparatively limited influence of political ideol-
ogy on vaccine attitudes in the UK (Klymak and Vlandas, 2022). There is 
no evidence that ideology significantly influences the effectiveness of 
the other conditions (Figures A1.8-A1.11). 

6.2. Indirect influences on vaccination intention 

The broader goal of interventions designed to counter vaccine 
misinformation is to influence public behavior and increase vaccine 
uptake. We therefore test a mediation model where the independent 
variable—specifically the healthcare professional debunking treat-
ment—can potentially directly or indirectly influence respondents’ 
behavioral intentions through multiple mediator variables (Preacher 
and Hayes, 2008)—in this case, respondent beliefs about COVID-19 
vaccine risks. The results of these analyses are presented in Fig. 3. We 
examine two distinct outcomes: Panel A considers the direct and indirect 
effects of the treatment on the likelihood that a respondent would 
vaccinate a 12-year-old child if they were the child’s parent of guardian; 
Panel B considers these effects on respondents’ intention to receive an 
annual COVID-19 booster vaccine if one “were available free of charge 
and recommended by healthcare professionals.” Responses to these 
questions were given as 6-point (“extremely likely” to “extremely un-
likely”) and 5-point (“definitely not get it” to “deficiently get it”) Likert 
scale responses respectively. 

In both cases, the positive effect of debunking statements attributed 
to health professionals on vaccination intention (vs. control) was 
mediated by a lowered perception of severe side effects and reduced 
beliefs that the vaccine would harm vulnerable groups—two inaccurate 
claims that were explicitly debunked in the treatment. A Sobel test re-
veals that the indirect mediated effect of Debunking (Health) on will-
ingness to vaccinate a child is positive and statistically significant for the 
mediators Severe Side Effects (0.07 CI [0.01, 0.13]) and Harm Vulnerable 
(0.06 CI [0.01, 0.10]). The indirect mediated effect of the treatment on 
annual booster intention is likewise significant for Severe Side Effects 
(0.10 CI [0.01, 0.20]) and Harm Vulnerable (0.06 CI [0.01, 0.10]). These 
results highlight the indirect influence of our treatment on behavioral 
intentions regarding COVID-19 vaccination among UK respondents. 
Specifically, exposure to statements by healthcare professionals that 
debunks vaccine misinformation reduces UK respondents’ concerns 
about the risks associated with the vaccines, and through reducing these 
fears indirectly increase respondents’ willingness to vaccinate. 

7. Discussion and conclusions 

Given the persistence of COVID-19 and its ongoing health risks, 
correcting vaccine misinformation remains an important task for public 
health authorities. Our study offers encouraging and actionable results 
for these efforts. The results highlight the joint importance of the 
corrective message source and messaging strategy in correcting inac-
curate beliefs and promoting confidence in COVID-19 vaccines. Our 
results support prior studies that find that source credibility influences 
the effectiveness of corrective statements. However, we refine this 
relationship by demonstrating the importance of choosing the most 

credible information sources among multiple potential authorities. In 
the case of a highly politicized pandemic, statements by healthcare 
professionals carry more weight than comments by political figures. 

Our results also suggest that the content of the message influences its 
effectiveness. In general, disparaging comments intended to discredit 
mis-informants were ineffective, regardless of the credibility of the 
source of the comments. This accords with arguments that the public 
views ad hominem and accusatory personal political attacks as irrele-
vant and inappropriate (Kahn and Kenney, 1999; Mutz and Reeves, 
2005). They might therefore disregard corrective messages they 
perceive as uncivil or intentionally disparaging, even when the messages 
are directed at the source of the misinformation. Notably, our results 
suggests that healthcare professionals might inadvertently undermine 
the effectiveness of their messages by resort to disparaging commentary. 
They should therefore ensure that responses to misinformation are made 
in good faith and avoid overtly critical comments in order to maximize 
message effectiveness. It is reassuring, however, that even in such a 
highly politized environment, highly critical discrediting statements did 
not backfire. 

In addition, we find evidence that passive corrections of mis-
information—in the form of statements that individuals readily 

Fig. 3. Mediational Analysis of the Effect of Debunking by a Health Profes-
sional (vs. control) on Behavioral Intentions to Vaccinate Via Beliefs about 
Vaccine Risks. 
Results of mediational analysis illustrating pathways through which the treat-
ment influences the respondent’s willingness to vaccinate a child (age 12) 
(Panel A) and intention to receive an annual booster vaccine (Panel B). Stan-
dardized coefficients with 95% confidence intervals shown. * = p ≤ 0.05. N =
1203. U.K. respondents only. C is the estimated effect of the treatment on the 
outcome without controlling for mediators. C1 is the estimated effect of the 
treatment on the outcome after controlling for the mediators. 
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encounter in the real world—can reduce vaccine hesitancy. We inten-
tionally designed the experiment to mimic conditions under which in-
dividuals are likely to encounter COVID-19 misinformation as well as 
different responses to this misinformation. While previous studies have 
focused on online social media environments, we focus instead on 
traditional news media. Media outlets routinely report on groups that 
possess extreme or heterodox perspectives—such as COVID deniers, 
lockdown protests, and anti-vaccine activism. Media attention allows 
anti-vaccine activists to spread misinformation and sow uncertainty 
about vaccines, which could potentially promote vaccine hesitancy 
among the broader population. One advantage of traditional media over 
social media is that its coverage often includes rebuttals or dissenting 
opinions, which in the case of anti-vaccine activism can include factual 
or critical responses from political authorities or health experts. A key 
limitation, however, is that younger people and individuals with more 
extreme political views—who are generally less likely to be vacci-
nated—are comparatively less like to engage with traditional news 
media. Nonetheless, evidence that responses messages delivered in this 
format can—at least in some contexts—shift public beliefs about vac-
cines suggests that governments, public health organizations, and indi-
vidual health and science experts should view such interventions as one 
of several potentially useful strategies for debunking misinformation 
and thus promoting vaccine confidence. 

We also acknowledge some important limitations of our study. First, 
the debunking and discrediting treatments do not constitute truly par-
allel conditions. Principally, the former included factual statements 
rebutting the misinformation, but the latter were largely information 
free. While we designed our discrediting treatments to evaluate how 
tone and target influence the effectiveness of public statements in 
response to vaccine misinformation, this omission prevents us from 
drawing clear conclusions about the effectiveness of discrediting as a 
strategy of misinformation correction. Rather, we can only conclude that 
statements ridiculing or condemning mis-informants has little influence 
on respondent beliefs about vaccine side-effects/harms. It is possible 
that the insignificant relationship results from our description of au-
thority figures acting contrary to social norms by criticizing citizens/ 
patients rather than from the attempt to discredit the mis-informant. Our 
characterization of mis-informants may have also diluted the effect of 
the intervention. Anti-vaxxers were criticized but implicitly framed as 
spreading misinformation rather than disinformation, and they were 
explicitly described as “dangerous idiots” but implicitly presented as 
having “good intentions” rather than explicitly attempting to deceive 
the public. Attacking their motives (rather than attacking their compe-
tence) might have been a more effective strategy for discrediting them 
(see Campos-Castillo et al., 2021). 

Similarly, the inconsistent effect of the debunking treatments across 
the cases could be driven by their brevity and the omission of certain 
features identified as best practice in designing misinformation correc-
tions (see Vraga and Bode, 2020). Our treatments include repeated 
factual refutations of incorrect information by credible sources. How-
ever, we might have strengthened them by providing clear explanations 
for why the misinformation is false (e.g., low rates of side effects in 
clinical trials). In addition, best practice suggests that corrective in-
terventions should occur before misperceptions become entrenched. 
Our study occurred more than a year after the first COVID-19 vaccines 
were deployed in the US and UK, by which time myths and misinfor-
mation were widespread and public attitudes about vaccines were 
largely established (e.g., Loomba et al., 2021; Neely et al., 2022). Given 
the that individuals’ beliefs about vaccines had largely crystallized by 
this point, we believe it is noteworthy that any interventions were suc-
cessfully able to produce observable differences in respondents’ beliefs. 
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