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Abstract

The coronavirus pandemic has seen a marked rise in medical disinformation across social
media. A variety of claims have garnered considerable traction, including the assertion that
COVID is a hoax or deliberately manufactured, that 5G frequency radiation causes corona-
virus, and that the pandemic is a ruse by big pharmaceutical companies to profiteer off a
vaccine. An estimated 30% of some populations subscribe some form of COVID medico-
scientific conspiracy narratives, with detrimental impacts for themselves and others. Conse-
quently, exposing the lack of veracity of these claims is of considerable importance. Previ-
ous work has demonstrated that historical medical and scientific conspiracies are highly
unlikely to be sustainable. In this article, an expanded model for a hypothetical en masse
COVID conspiracy is derived. Analysis suggests that even under ideal circumstances for
conspirators, commonly encountered conspiratorial claims are highly unlikely to endure,
and would quickly be exposed. This work also explores the spectrum of medico-scientific
acceptance, motivations behind propagation of falsehoods, and the urgent need for the
medical and scientific community to anticipate and counter the emergence of falsehoods.

Introduction

Conspiracy theories about aspects of medicine have long existed, positing that sinister motiva-
tions underpin everything from vaccination campaigns to cancer treatment [1-7]. While this
has been a problem since before the dawn of social media, it has been hugely exacerbated by
the dubious amplification [8] that social media provides. The scope of this problem is hard to
overstate—in one study of over 126,000 news stories discussed online, researchers found that
by virtually any metric falsehoods, rumours, and hoaxes far eclipsed more trustworthy infor-
mation [9]. The COVID-19 pandemic has seen this propensity for falsehood raise to dizzying
heights. Such is the abundance of misinformation (born of misconception) and disinformation
(deliberate fictions) that the World Health Organisation note we face a shadow problem along-
side the ongoing pandemic—an infodemic, the ‘..overabundance of information, some accu-
rate and some not, that makes it hard for people to find trustworthy sources and reliable
guidance when they need it’.
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Even before COVID-19, the consequence of this on public acceptance of medical science
has been alarming. Exposure to anti-vaccine propaganda, for example, is a major driver of vac-
cine hesitancy, heavily influencing parental intentions to vaccinate [4]. Such is the dominance
of anti-vaccine disinformation online that is has seriously diminished vaccine uptake world-
wide, leading to a dark renaissance of once-virtually conquered diseases. Consequently, the
WHO declared “vaccine hesitancy” a top ten threat to health in 2019. In fields as critical as
oncology, alternative medicine advocates frequently denounce interventions such as radiother-
apy and chemotherapy as “poisons” to profit pharmaceutical companies, or insist they know
of a cancer cure suppressed by main-steam medicine. Consequences for patients sucked into
these narratives can be life-limiting and harmful [8, 10].

Susceptibility to medico-scientific conspiracy theory

It is easy but misguided to dismiss this as the domain of a small cohort of unreachable cranks,
but this is to underplay the problem. Mere exposure to medical myths can distort the percep-
tion of unsuspecting individuals, to our collective detriment. Acceptance of medico-scientific
consensus and guidance is likely not a simple binary; in studies of vaccine up-take, vaccine hes-
itancy exists on a spectrum, which can be readily influenced by several mechanisms [11-13].
In this paper, we posit a similar continuum for acceptance of medico-scientific consensus, as
outlined in Fig 1.

The precise gradient and distribution of this spectrum is highly likely to vary by country,
specific topic, and background. In studies of vaccine hesitancy, for example, the 2020 Vaccine
confidence project report [14] in the EU and UK found that over-all, 50% of respondents
agreed strongly with the Statement “Vaccines are Safe”, with a further 37% tending to agree,
3% unsure, 6% tending to disagree and 3% strongly disagreeing. This figure, however, varied
even for different vaccinations and more markedly across countries; in Portugal, 70% of
strongly agreed with the statement that vaccines were safe, with only 36% of respondents in
Hungary agreeing. In relation to a COVID-19 vaccine specifically, similar variation is seen
worldwide, with over 90% of Chinese respondents agreeing they would take such a vaccine,
while only 55% of those in Russia concurred [15].

There are also a range of influences which literature suggests can act to increase rejection of
medical science. A non-exhaustive list of these factors would include

1. Ilusory truth phenomenon: This is the observation that repeated exposure to falsehood
can prime us to implicitly accept it, even when we are aware on an intellectual level that it is
false [16-18]. When disinformation on health dominates, it is likely this would act to drive
rejection of medico-scientific standpoints.

2. The availability heuristic: Our current evidence base suggests we afford more weight to
more readily recalled information, even when this might be misleading [19, 20]. Medico-
scientific conspiracy claims are typically shocking, which makes more more easily recalled,
and increases their apparent importance.

3. Fallacy of anecdotal vividness: We tend to react more viscerally to emotive claims than
more sober-headed analysis. Accordingly, alarming yet unsubstantiated health claims fre-
quently garner undue traction, typically when coupled with an ostensibly personal account
[21,22].

These influences can be extraordinarily difficult to counter, and there is only limited data
on what interventions might work to reduce conspiratorial ideation and acceptance of bogus
narratives. Some effective methods might include
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Fig 1. The spectrum of medico-scientific acceptance.
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1. Increasing understanding: Epistemic uncertainty tends to drive conspiratorial thinking
[23], and there is evidence that this can be counteracted by improving understanding, ren-
dering them less likely to embrace pseudo-scientific narratives [24].

2. Instilling a sense of control: Acceptance of conspiracy theory may be a reaction to a dimin-
ished sense of control in one’s circumstances, even if those circumstances are not directly
related to the subject of the conspiracy [25, 26]). While the precise impact of control
remains unclear [27], it is possible that some acceptance of conspiracy theory might be miti-
gated by interventions or actions that improve one’s general sense of agency.

3. Expert intervention: The influence of trusted experts can also help improve acceptance of
medical science. A physicians recommendation to vaccinate, for example, has marked effect
on parental decisions to [28-30].

COVID-19 conspiracy theories

COVID-19 has seen a plethora of conspiracy theories adopted worldwide, specific to the pan-
demic, which has been propagated heavily across social media. Much of this is organic, arising
from already existent conspiracy theories. An EU commission report, however, found ample
evidence that Russian and Chinese state forces in particular had amplified and propagated
conspiracy theories about COVID-19 [31], a finding echoed in American intelligence reports
[32]. Such disinformation is typically spread with the aim of undermining societal cohesion in
rival nations and sowing seeds of mistrust. Whether organic conspiracy theory or disinforma-
tion campaign, a non-exhaustive list of common themes include the assertions that

« A. COVID-19 is a hoax / deliberately engineered: Since the dawn of the pandemic, a
dichotomous set of narratives either dismissing the novel coronavirus as an outright hoax or
alternatively insisting it has been engineered and spread have garnered serious traction. Typ-
ically, these claims posit that the virus, either fictional or engineered, is a means to suppress
freedoms on a global scale. While such narratives seem mutually opposed, they are fre-
quently held in tandem by a cohort of believers despite mutual exclusivity—a not infrequent
situation with conspiratorial thinking [33].
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o B. COVID-19 is a pretext for a mass vaccination programme: The idea that COVID-19 is
a pretence for a campaign of mandatory vaccination has been been unduly popular, ampli-
fied by anti-vaccine figures with considerable uptake. Many of these claims focus on philan-
thropist Bill Gates, who it is claimed is using the pandemic as a means to microchip people
with vaccines.

o C. COVID-19 is caused by 5G electromagnetic radiation: One of the most bizarre narra-
tives around COVID-19 is the idea is is caused by 5G radiation. Such is the depth of feeling
on this issue that it has led to a spate of arson attacks on cell-phone towers the world over.
5@ radiation is, however, neither ionizing nor capable of inducing a virus, a supposition
which appears a biological impossibility. Prior to the advent of the novel coronavirus, oppo-
sition to 5G had already been firmly established worldwide, reciting long debunked myths
[34]. The erroneous link to COVID-19, however, has been perpetuated by celebrities and has
become an extremely enduring claim by fringe groups throughout the course of the
pandemic.

Outlandish as these claims might seem, they hold considerable sway. 25% of Americans sur-
veyed said it was definite or probable that COVID-19 was planned, a figure which raised to
48% for those with a high-school education or less [35]. Another American study in July 2020
found that 37% of respondents believed COVID-19 to be a bio-weapon deliberately engineered
by the Chinese [36]. Nor is this solely an American phenomena: in the UK, 30% of those sur-
veyed deemed the statement “COVID-19 was probably created in a lab” to be true [37]. Simi-
larly, claims that the pandemic is a ruse by pharmaceutical companies to force vaccination on
people have ample international resonance, with 13% and 17% [36] in the UK and USA
respectively agreeing with this sentiment. Beliefs 5G causes COVID-19 are also prevalent
worldwide, with 8% of UK respondents agreeing COVID is caused by 5G [37], a position ech-
oed by 12% of Australians [38].

In addition to these major strands, other ideas which have established a foot-hold include
claims that face-masks can lead to acute hypoxia and carbon dioxide poisoning, which while
completely false has fuelled anti-mask protests the world over. These have drawn considerable
crowds, such as the convergence of over 17,000 protesters in Berlin in August 2020. Others
claim the virus is no worse than seasonal influenza, despite the abundance of evidence to the
contrary. These claims are harmful not only to adherents, but to those around them, as evi-
dence to date suggests subscribers to these narratives do not take precautionary infection con-
trol measures, putting others at risk [39, 40].

Motivation for this work

Given the sheer prevalence of these claims worldwide, it is absolutely imperative they be thor-
oughly debunked. Physicians and scientists are at the forefront of efforts to highlight the lack
of veracity and danger of these commonly held beliefs. To mitigate their influence, however,
effective strategies are crucial. Merely imparting information is rarely enough to sway individ-
uals, however, and for those further on the medico-scientific acceptance spectrum, an infor-
mation-deficit approach can sometimes paradoxically backfire [41]. This may be even more
likely with COVID and medical conspiracy theories in general, because affected individuals
might feel powerless, and that their concerns are not heard.

Consequently, a more Socratic approach might be more effective at disabusing people of
such misconceptions. Instead of dismissing concerns, we can ask questions of adherents which
stimulates critical thinking, giving scope for the changing of views. In a previous investigation
of those who believed the Moon-landing to be a hoax, it was found that a Socratic approach
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where their beliefs were critically assessed reduced the acceptance of pseudo-scientific narra-
tives [24]. In previous work by the author, a Devil’s advocate approach was outlined regarding
several scientific conspiracy theories, regarding the moon-landings, vaccination, climate-
change, and hidden cancer cures [42]. Instead of dismissing these outright, it was initially
assumed such conspiracies existed, and a simple mathematical model was outlined to consider
the ramifications of this. In this work, it was shown that even under ideal circumstances for
conspirators, the sheer scale of the enterprise rendered them unviable for any considerable
period of time.

These previous conspiratorial narratives were long established, but COVID remains an
evolving situation with increasingly outlandish narratives arising around it. We accordingly
take a similar but modified approach to counteracting these claims. This approach considers
estimates specific to COVID-19, and unveils an updated model accounting for the existing
dynamic scenario, to quantify how vanishingly unlikely COVID medico-scientific conspiracies
are to endure under even ideal circumstances.

Materials and methods
Modelling conspiratorial viability

Previous work by the author [42, 43] has modelled the viability of any hypothetical conspiracy
by assuming that conspirators operate to conceal their undertakings. A leak of information is
sufficient to expose a conspiracy, and this can be either accidental (such as an inadvertent
release of documents) or intentional (such as a whistle-blower). Per unit time, each conspirator
has some minuscule but non-zero chance of revealing the conspiracy, and this rate is denoted
p- As our theory of this conspiracy process is memoryless, the exponential probability distribu-
tion is employed because, per any unit of time, revealing the conspiracy follows independent
events at different moments over the time interval (i.e., a Poisson process). If the number of
active conspirators as a function of time is N(¢), then the hazard function is given by ®(t) = 1 -
(1 - p)N®_ Thus it follows that the general form for the cumulative probability of conspiratorial

failure at a time ¢, L(¢), is
L(t)=1—exp <—/ (I)(t)dt>. (1)
0

The precise form this will take depends on how the number of conspirators varies with time.
The simplest case is when a conspiracy requires constant upkeep to maintain, and the number
required to sustain the fiction is approximately constant with time. Typically this would
describe some situation where active input to maintain the deception is vital. In such a case,
N(t) = N,, a constant, and allowing y = 1 — p for brevity, the simple form is

L(t) =1 —exp(—t(1 = ™). (2)

Previous work also looked at “single event” scenarios, where conspirators slowly died-off or
were removed, presuming it could be established in the first instance. This is generally not
appropriate for a hypothetical COVID conspiracy, which has occurred over a short time-
frame and where increasing medical and scientific interest means that the number of complicit
actors is growing rather than shrinking. One could argue that if COVID were an engineered
bioweapon, then a “single event” conspiracy confined only to a small number of conspirators
might in principle be possible. There are however several objections to this hypothetical fram-
ing, outlined in detail in the discussion section. With COVID marked by an explosion of scien-
tific publishing, we require a conservative estimate of how the number of complicit agents
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Fig 2. COVID related scientific publishing. Cumulative publishing is well-described by an empirical power law type
function.

https://doi.org/10.1371/journal.pone.0245900.g002

changes with time. A conservative estimate of researchers involved can be garnered from
cumulative COVID publications by week since the beginning of the pandemic, tracked by the
LitCovid project [44]. As illustrated in Fig 2, publication growth obeys an approximately
empirical power law, with the number of researchers with time given by #(¢) = r, t¥, and N(¢) =
N, + r(t). In this case, dynamic failure rate with time is given by

Ly(t)=1—exp (—t — (w - F<1 +§> (-r,In x//)i>>. (3)

o

where E is the Exponential integral function and I" is the Euler gamma function.

Parameter estimates

Table 1 gives essential parameters for simulation, and the rationale for selection. As with previ-
ous approaches, we can ascertain reasonable estimates of the number of complicit actors
required to sustain a COVID conspiracy. For vaccination related conspiracy theory, we can
estimate staff numbers in the relevant pharmaceutical companies, and for 5G conspiracy theo-
ries and related fringe ideas, we can garner a rough estimate of the approximately constant
number of actors, N, required to sustain various kinds of fictions. Non-exhaustive estimates
for some of these figures are given in Table 2. It is important to note this list is far from

Table 1. Parameter estimates.

Parameter Estimate Comment

Failure probability per 7.69 x 1078 per | Taken from previous best-case estimates per conspirator for

conspirator per unit time, p week annual failure, scaled to weekly rate [42].

Initial number of research 383 researchers | Fitting power law to publication data, with conservative

conspirators, 7, underestimate of 3 novel complicit authors per paper [44].

Research growth rate, o0 1.714 Taken from best-fit power law for publication growth (R* =
0.9919) [44].

https://doi.org/10.1371/journal.pone.0245900.t001

PLOS ONE | https://doi.org/10.1371/journal.pone.0245900 March 12, 2021 6/17


https://doi.org/10.1371/journal.pone.0245900.g002
https://doi.org/10.1371/journal.pone.0245900.t001
https://doi.org/10.1371/journal.pone.0245900

PLOS ONE Medical disinformation and the unviable nature of COVID-19 conspiracy theories

Table 2. Rough estimates of number of complicity actors required.

Public Health bodies (Selection)

Organisation Number Employed (Estimate)
World Health Organisation 7000
Centre for Disease Control (USA) 15000
Public Health England 5500
Robert Koch Institut (Germany) 1100
Korea Disease Control and Prevention Agency 1476
China Centre for Disease Control 2120
National Institute of Public Health (Japan) 4400
National Centre for Disease Control (India) 434
Federal Office of Public Health (Switzerland) 544
Finnish Institute for Health and Welfare 945
Instituto de Salud Carols III (Spain) 1164
Istituto Superiore di Sanit (Italy) 1808
National Institute for Public Health and the Environment (Netherlands) 1700
Public Health Agency of Sweden 450
Sciensaco (Belgium) 700
Sante Publgiue France 645
VECTOR (Russia) 1614
Public Health Agency of Canada 2379
National Sanitary Surveillence Agency (Brazil) 2206
European Centre for Disease Control 290
Partial total (Public Health) 52,765
Vaccine / drug development (Selection)

Pfizer 116,500
AstraZeneca 57,500
Johnson and Johnson 122,200
Sanofi 105,000
GlaxoSmithKline 99,000
Janssen 40,000
Sinopharm 128,000
NovaVax 375
Sinovax 3000
Moderna 820
Gamaleya 379
Novartis 65,262
Roche 78,604
Merck 70,000
Partial total (Pharmaceuticals) 886,640
Telecoms companies (Selection)

AT &T 248,000
Verizon 135,000
Nippon Telegraph 310,000
China Mobile 456,239
Deutsche Telekom 213,000
Softbank group Corp 74,952
China Telecom 281,215
Telefonica SA 113,819

(Continued)
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Table 2. (Continued)

Public Health bodies (Selection)

Organisation Number Employed (Estimate)
Vodafone group 104,000

América Movil 189,448

Partial total (Telecommunications) 2,125,673

Note that estimates in this list are far from exhaustive, and serve as a reasonable order of magnitude approximation

of the minimal numbers required for complicity. Textual sources for these estimates are given in S1 File.

https://doi.org/10.1371/journal.pone.0245900.t002

complete, and only considers a selection of the actors required for an actual conspiracy. We
deliberately underestimate the numbers to err on the side of caution, but these figures serve as
illustration of the numbers required. As with prior approaches, we deliberately take estimates
most favourable to conspirators to ascertain the best-case scenario under which they might
endure. We can thus apply the model to deduce the likelihood of survival of different classes of
COVID conspiracy, as outlined in the results section.

Results

A. Viability of COVID as a hoax / deliberately engineered conspiratorial
narrative

If COVID was a hoax or scam of some type, it follows that (a) public health bodies are com-
plicit in this fiction or (b) that public health bodies and researchers are complicit in this
deception or (c) public health bodies, researchers, and companies involved in vaccine and
drug efforts are complicit in this hoax. If COVID were an engineered bioweapon, it would
require at least the complicity of scientific researchers and public health bodies to maintain
this fiction, given that the genomic sequence of COVID-19 has been publicly available since
January 2020 (see discussion for further details). The likely endurance of these scenarios is
shown in Fig 3.

1.07

0.8¢
Health bodies

-------- Health bodies &
researchers

0.6¢

0.4+
—— Health bodies,

researchers &
drug companies

Failure Probability

0.2f

0.0¢

0 20 40 60 80 100
Time (Weeks)
Fig 3. Viability of COVID hoax narratives. Viability of a COVID hoax with different classes of conspirator.

https://doi.org/10.1371/journal.pone.0245900.9003
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B. Viability of COVID-19 a pretext for a mass vaccination programme
conspiratorial narrative
Were COVID a scam or false justification for a vaccine, then either (a) drug companies alone

or (b) drug companies and researchers would have to be complicit in the deception. The likeli-
hood of these scenarios enduring are shown in Fig 4.

C. Viability of a 5G Electromagnetic radiation-COVID link cover-up
conspiratorial narrative

At the very least, a 5G link with COVID would require the complicity of the telecom industry,
and potentially the addition of public health bodies, drug companies, and researchers too in a
“grand conspiracy”. These scenarios are shown in Fig 5.
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Fig 5. Viability of COVID-5G cover-up narratives. Viability of a COVID-5G cover-up with different classes of
conspirator.

https://doi.org/10.1371/journal.pone.0245900.g005
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Table 3. Chances of exposure with time for different COVID conspiracies.

Conspirators L >50% L>75% L>95%
Public health bodies only 171 weeks 342 weeks 740 weeks
Public health bodies / Researchers 50 weeks 71 weeks 97 weeks
Drug companies 11 weeks 21 weeks 45 weeks
Drug companies / Public Health bodies 10 weeks 20 weeks 43 weeks
Drug companies / Public Health bodies / Researchers 10 weeks 20 weeks 40 weeks
Telecoms companies 5 weeks 10 weeks 20 weeks
Grand conspiracy 4 weeks 7 weeks 14 weeks

https://doi.org/10.1371/journal.pone.0245900.t003

Time to exposure of hypothetical COVID conspiracies

By manipulating Eqs 1-3, we can estimate to the nearest week how long it takes any hypotheti-
cal COVID conspiracy to have a given probability of exposure under different assumptions.
This information is given in Table 3.

Discussion

As far back as 1517, the infamous Italian political philosopher Machiavelli advised leaders
against engaging in conspiracy, observing that ‘many [conspiracies] have been revealed and
crushed in their very beginning, and that if one has been kept secret among many men for a
long time, it is held to be a miraculous thing’. Two centuries on, Benjamin Franklin observed
pithily that “Three may keep a secret, if two of them are dead’ [45]. The results of this analysis
give quantitative support to these assertions, and that depicted in Figs 3-5 inclusive demon-
strate that even under circumstances most conducive to a hypothetical conspiracy, the long-
term sustainability of these ostensible manipulations would tend to untenable.

If we were to take the smallest possible cohort, Public health bodies, then Table 3 suggests it
might take over 3 years before the chances of the conspiracy being detected exceed 50%. Yet
the simple and undeniable inclusion of researchers markedly decreases this time to under a
year. When we consider that drug companies too are directly involved in COVID research
efforts, then even only considering a selection of the actors involved drives the time to > 50%
exposure risk to a mere 10 weeks. The sheer size of just the largest telecoms companies also
makes 5G-COVID narratives unviable—even if only the Telecoms companies were complicit,
such a narrative would be more likely than not to fall apart by 5 weeks. If, as is more likely, all
these parties would be required to sustain a fiction, the time to likely detection would decrease
to under a month.

Even under ideal circumstances for conspirators, our Devil’s advocate approach does not
seem to support the hyperbolic claims frequently shared online about COVID. It is also worth
emphasising that parameter estimates used in this work were deliberately selected to be maxi-
mally conducive to conspirators. The value of p in particular, the intrinsic failure rate per con-
spirator per unit time, was the lowest realistic value achievable. In previous work, the highest
values for p were approximately two orders of magnitude above this [42]. The number of
actors included in Table 2 represent an incredibly conservative estimate too, and a more com-
prehensive quantification would unavoidably drive up the failure rate for all COVID
conspiracies.

It is worthwhile too to address one potentially derailing criticism—one might object that
simply including all member of an organisation as complicit actors in a conspiracy is too sim-
plistic. For example, it is possible to argue that a conspiracy is so compartmentalised that only
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certain members would be aware of its existence, even inside complicit bodies. This compart-
mentalisation argument is much beloved of conspiracy theorists, but it fails utterly in a hypo-
thetical medico-scientific conspiracy, because falsification and investigation are cornerstones
of scientific research. We do not simply accept a claim as true without external review and vali-
dation, and independent investigation.

There are a few potential objections to this that must be broached, however. In relation to
the claims that COVID might be a bioweapon, it would be argued that this is a “single-event”
conspiracy requiring only a small number of actors. But if this were the case, such a manipula-
tion would have to be extremely subtle, as the COVID genome was sequenced and publicly
available by January 10th 2020, and betrays no evidence of human tampering. If evidence of
anthropogenic manipulation existed, then subsequent researchers and health bodies would
have to endeavour to keep it suppressed rather than just the hypothetical initial cohort. Alter-
natively, one could argue that COVID is man-made and yet is indistinguishable from anything
naturally occurring. This assertion borders on the non-falsifiable, and inverts the burden of
proof. Claims that pandemics are human-crafted weapons are centuries old. Yet even in the
modern era, biological weapons are impractical, being nigh on impossible to aim. This renders
a hypothetical infectious bioweapon as dangerous to its makers as its intended target. Accord-
ingly, we do not treat a COVID bioweapon conspiracy as a single-event in this work.

There are other concerns too—while science is in principle self-correcting, some trepida-
tion about this process is understandable. The influence of industry raise concerns about con-
flicts of interest—one might consider the machinations of the tobacco industry to undermine
the scientific evidence that smoking was carcinogenic, or similar efforts by the fossil fuel lobby
to sty-my action on climate-change. But it is worth appreciating that in these prominent exam-
ples, it was scientific and medical investigation which exposed odious effects [45]. Far from
buttress conspiratorial claims, these examples showcase that scientific investigation can derail
even vested interests, despite attempts at false balance [46] by those industries. More subtle
and perhaps more troubling however is the reality that science itself is far from perfect, and
much published biomedical research is non-replicable or otherwise suspect [47, 48]. Yet while
this a substantial problem, the bias in scientific publishing leans towards “positive” findings
over the null result [49]. Thus, researchers who could show a link between COVID and 5G
would be more likely to get that finding published than those who merely demonstrated the
null hypothesis of no effect, even if that ostensibly positive finding was in reality a false posi-
tive. For all the myriad flaws in science, it does not make conspiracy more likely or sustainable.

Accordingly, for a medico-scientific conspiracy to flourish, it would require all medical and
scientific experts involved to become complicit in the narrative (or grossly and systematically
incompetent) and all health bodies to be equally nefarious. Even if exact numbers of agents
required are unknowable to any high degree of precision, we can perform a robustness analy-
sis, varying p by two orders of magnitude and the number of conspirators varying from 25,
000 to 1 million. Using the simplest form given in Eq 1 which is unrealistically generous to
conspirators, Fig 6 depicts the time until likely detection of the conspiracy. As might be intui-
tively guessed, a conspiracy can only hold for appreciable time if both p is small and the num-
ber of conspirators is limited—neither situation likely applicable to COVID-19 narratives.

It is also important to point out that this simple model does not consider extrinsic factors,
and only pivots on the assumption that a conspiracy is revealed from within, either deliberately
or inadvertently. There would also of course be extrinsic factors, such as third parties who
could expose a clandestine plot, but they are not considered here. Their influence would be to
increase the likelihood of a conspiratorial failure, and again the situation depicted here is the
best-case scenario for hypothetical conspiracy theorists. A more comprehensive model also
considering this could be useful in future, but is not considered here for brevity.
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Fig 6. Durability of conspiratorial narratives with variation of p and number of conspirators. The light-coloured
plane denotes 52 weeks (1 year) for visual clarity.

https://doi.org/10.1371/journal.pone.0245900.9006

While it is hoped the discussion and analysis presented here might prove useful in disabus-
ing certain individuals of misguided beliefs, it is important to note that all strategies have limi-
tations. It is also worthwhile to consider that ideological motivations frequently underpin our
acceptance of different narratives, and these narratives themselves are frequently intrinsically
politicised. Acceptance of the scientific consensus on climate change, for example, correlates
strongly with one’s political leanings, and those with pronounced free-market views are far
more likely to tend towards rejection of this reality [45, 50-52]. Research by Kahan and col-
leagues has demonstrated that political and ideological positions can lead individuals to distort
objective information to buttress their worldview, on everything from gun control [53] to the
HPV vaccine [54]. While beyond the scope of this work, it might be worthwhile to investigate
whether the informal observation that conservative outlets appeared to amplify “COVID is a
hoax” narratives might be a manifestation of this phenomena.

The dominance of disinformation is a product of both organic growth of long-established
conspiracy theories, and deliberate disinformation. It is worth noting that political disinforma-
tion on medical science has a long and ignoble history, and sometimes long-standing conse-
quences. Similar to the current claims that COVID is a bio-weapon, a 1980s soviet
disinformation campaign entitled Operation INFEKTION propagated the myth that AIDs was
man-made. To this day, the myth retains significant traction in American communities signifi-
cantly affected [45]. Before COVID-19 was even recognised, Russian state forces also perpetu-
ated myths about the dangers of 5G [55]. The role of social media in the propagation of
contemporary mistruth has been significant too, with this author arguing previously that they
shoulder much of the responsibly for the ubiquity of dangerous fictions [56]. It also cannot be
ignored that amplification of falsehoods during the pandemic by celebrities, politicians, and
‘elites” has been unavoidable. To take but one example, Donald Trump repeatedly spread inac-
curate information about the virus and treatments for it while still American president [57,
58]. Such statements and celebrity coverage are likely to skew public perception [59]. How
much precisely various factors contribute to amplification of falsehoods is beyond the scope of
this work, but remains a pertinent and important question.
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Deeply-seated conspiratorial beliefs are seemingly impervious to intrusions of evidence and
reality. Much of the virulent disinformation about COVID has a distinct anti-authoritarian
drive, and contempt for expertise. This is not unprecedented, with researching that vocal con-
spiracy theorists pride themselves on being too special to be duped [60]. This does not appear
to be exclusively a function of function of education or political leaning; one French study
found COVID anti-mask protesters across the political spectrum, consisting primarily of
women with higher education. While coming from disparate groups, these individuals were
unified by a perception of themselves ‘free-thinkers’, rejecting perceived authority [61].

Such refrains are unfortunately common in conspiratorial circles, with psychological stud-
ies consistently show a significant proportion motivated by an egotistical drive, and feeling of
authority it induces [23, 60, 62]. With COVID-19, there is evidence that acceptance of conspir-
acy theory on the topic stems in part from a psychological disposition to reject information
coming from experts and other authority figures [63]. Frequently this confidence in their
beliefs is inversely proportional to their actual understanding. In one especially glaring exam-
ple, anti-vaccine activists who proclaimed to know the most about vaccination and autism
actually scored lowest in their knowledge of both subjects, despite rating their understanding
as high [64]—a potent example of the Dunning-Kruger phenomenon [65], the observation
that those least competent drastically overrate their understanding and ability. In many
instances, the mere conviction that conspiracy theorists know more than others is especially
intoxicating, and this motivation can be nigh on impossible to address [45].

Even with this in mind, however, we must remember acceptance of medico-scientific con-
sensus is a spectrum (Fig 1) and such individuals constitute only the most extreme fringe.
Many who harbour fears and suspicions hover more central on that continuum, and eminently
reachable. Rather than dismiss concerns, we must view people rendered uncertain by these
claims as victims of conspiracy theorists, vulnerable to the disinformation perpetuated by oth-
ers. It is critical that the scientific and medical community learn how to better address this; it is
hoped that the methodology in this work can help towards assuaging some fears and doubt
those subjected to ostensibly convincing conspiratorial narratives may experience, serving as
riposte to common misguided narratives.

Ultimately however, a serious conversation about how we address the dominance of med-
ico-scientific conspiracy theories is urgently required. The COVID-19 crisis has laid bare the
weaknesses in our system, and our inability to respond robustly to disinformation. Emerging
evidence suggests that we can be immunised against certain forms of falsehood, provided this
intervention comes before exposure [66]. Such an endeavour demands we embrace informa-
tion hygiene as a society [56], encouraging people to treat all information as potentially patho-
genic before they accept or propagate it. The potentially negative influence of social media
companies on public understanding of science and medicine demands immediate investigation
and further research too [56]. In the interim, it is vital that physicians and scientists begin to
address the odious influence of disinformation, before it undermines the vast strides we have
made in the centuries since the enlightenment. Our future well-being is dependent upon it.

Supporting information

S1 File. Source estimates. Sources for estimates in Table 2.
(XLSX)

Author Contributions

Conceptualization: David Robert Grimes.

PLOS ONE | https://doi.org/10.1371/journal.pone.0245900 March 12, 2021 13/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245900.s001
https://doi.org/10.1371/journal.pone.0245900

PLOS ONE

Medical disinformation and the unviable nature of COVID-19 conspiracy theories

Data curation: David Robert Grimes.

Formal analysis: David Robert Grimes.

Funding acquisition: David Robert Grimes.

Investigation: David Robert Grimes.

Methodology: David Robert Grimes.

Writing - original draft: David Robert Grimes.

Writing - review & editing: David Robert Grimes.

References

1.

10.

11.

12

13.

14.
15.

16.

17.

18.

Poland GA, Jacobson RM, et al. The age-old struggle against the antivaccinationists. N Engl J Med.
2011; 364(2):97-9. https://doi.org/10.1056/NEJMp1010594 PMID: 21226573

Jacobson RM, Targonski PV, Poland GA. A taxonomy of reasoning flaws in the anti-vaccine movement.
Vaccine. 2007; 25(16):3146-3152. https://doi.org/10.1016/j.vaccine.2007.01.046 PMID: 17292515

Goertzel T. Conspiracy theories in science: Conspiracy theories that target specific research can have
serious consequences for public health and environmental policies. EMBO reports. 2010; 11(7):493—
499. https://doi.org/10.1038/embor.2010.84 PMID: 20539311

Jolley D, Douglas KM. The effects of anti-vaccine conspiracy theories on vaccination intentions. PloS
one. 2014; 9(2):e89177. https://doi.org/10.1371/journal.pone.0089177 PMID: 24586574

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. Vaccine. 2012; 30(25):3778-3789. https://doi.
org/10.1016/j.vaccine.2011.11.112 PMID: 22172504

Regelson W. The’Grand Conspiracy’Against the Cancer Cure. JAMA. 1980; 243(4):337-339. https://
doi.org/10.1001/jama.1980.03300300015016 PMID: 6985983

CASSILETH BR, Lusk EJ, Strouse TB, Bodenheimer BJ. Contemporary unorthodox treatments in can-
cer medicine: A study of patients, treatments, and practitioners; 1984.

Grimes DR, Brennan LJ, O’'Connor R. Establishing a taxonomy of potential hazards associated with
communicating medical science in the age of disinformation. BMJ open. 2020; 10(7):e035626. https://
doi.org/10.1136/bmjopen-2019-035626 PMID: 32624466

Vosoughi S, Roy D, Aral S. The spread of true and false news online. Science. 2018; 359(6380):1146—
1151. https://doi.org/10.1126/science.aap9559 PMID: 29590045

Johnson SB, Park HS, Gross CP, James BY. Complementary medicine, refusal of conventional cancer
therapy, and survival among patients with curable cancers. JAMA oncology. 2018; 4(10):1375-1381.
https://doi.org/10.1001/jamaoncol.2018.2487 PMID: 30027204

Dubé E, Laberge C, Guay M, Bramadat P, Roy R, Bettinger JA. Vaccine hesitancy: an overview.
Human vaccines & immunotherapeutics. 2013; 9(8):1763—-1773. https://doi.org/10.4161/hv.24657
PMID: 23584253

MacDonald NE, et al. Vaccine hesitancy: Definition, scope and determinants. Vaccine. 2015; 33
(34):4161-4164. hitps://doi.org/10.1016/j.vaccine.2015.04.036 PMID: 25896383

Jarrett C, Wilson R, O’Leary M, Eckersberger E, Larson HJ, et al. Strategies for addressing vaccine
hesitancy—A systematic review. Vaccine. 2015; 33(34):4180—4190. https://doi.org/10.1016/j.vaccine.
2015.04.040 PMID: 25896377

de Figueiredo A, Karafillakis E, Larson H. State of Vaccine Confidence in the EU+ UK.

Lazarus JV, Ratzan SC, Palayew A, Gostin LO, Larson HJ, Rabin K, et al. A global survey of potential
acceptance of a COVID-19 vaccine. Nature medicine. 2020; p. 1—4. https://doi.org/10.1038/s41591-
020-1124-9 PMID: 33082575

Fazio LK, Brashier NM, Payne BK, Marsh EJ. Knowledge does not protect against illusory truth. Journal
of Experimental Psychology: General. 2015; 144(5):993. https://doi.org/10.1037/xge0000098

Wang WC, Brashier NM, Wing EA, Marsh EJ, Cabeza R. On known unknowns: Fluency and the neural
mechanisms of illusory truth. Journal of cognitive neuroscience. 2016; 28(5):739-746. https://doi.org/
10.1162/jocn_a_00923 PMID: 26765947

Brashier NM, Eliseev ED, Marsh EJ. An initial accuracy focus prevents illusory truth. Cognition. 2020;
194:104054. https://doi.org/10.1016/j.cognition.2019.104054 PMID: 31473395

PLOS ONE | https://doi.org/10.1371/journal.pone.0245900 March 12, 2021 14/17


https://doi.org/10.1056/NEJMp1010594
http://www.ncbi.nlm.nih.gov/pubmed/21226573
https://doi.org/10.1016/j.vaccine.2007.01.046
http://www.ncbi.nlm.nih.gov/pubmed/17292515
https://doi.org/10.1038/embor.2010.84
http://www.ncbi.nlm.nih.gov/pubmed/20539311
https://doi.org/10.1371/journal.pone.0089177
http://www.ncbi.nlm.nih.gov/pubmed/24586574
https://doi.org/10.1016/j.vaccine.2011.11.112
https://doi.org/10.1016/j.vaccine.2011.11.112
http://www.ncbi.nlm.nih.gov/pubmed/22172504
https://doi.org/10.1001/jama.1980.03300300015016
https://doi.org/10.1001/jama.1980.03300300015016
http://www.ncbi.nlm.nih.gov/pubmed/6985983
https://doi.org/10.1136/bmjopen-2019-035626
https://doi.org/10.1136/bmjopen-2019-035626
http://www.ncbi.nlm.nih.gov/pubmed/32624466
https://doi.org/10.1126/science.aap9559
http://www.ncbi.nlm.nih.gov/pubmed/29590045
https://doi.org/10.1001/jamaoncol.2018.2487
http://www.ncbi.nlm.nih.gov/pubmed/30027204
https://doi.org/10.4161/hv.24657
http://www.ncbi.nlm.nih.gov/pubmed/23584253
https://doi.org/10.1016/j.vaccine.2015.04.036
http://www.ncbi.nlm.nih.gov/pubmed/25896383
https://doi.org/10.1016/j.vaccine.2015.04.040
https://doi.org/10.1016/j.vaccine.2015.04.040
http://www.ncbi.nlm.nih.gov/pubmed/25896377
https://doi.org/10.1038/s41591-020-1124-9
https://doi.org/10.1038/s41591-020-1124-9
http://www.ncbi.nlm.nih.gov/pubmed/33082575
https://doi.org/10.1037/xge0000098
https://doi.org/10.1162/jocn_a_00923
https://doi.org/10.1162/jocn_a_00923
http://www.ncbi.nlm.nih.gov/pubmed/26765947
https://doi.org/10.1016/j.cognition.2019.104054
http://www.ncbi.nlm.nih.gov/pubmed/31473395
https://doi.org/10.1371/journal.pone.0245900

PLOS ONE

Medical disinformation and the unviable nature of COVID-19 conspiracy theories

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

Folkes VS. The availability heuristic and perceived risk. Journal of Consumer research. 1988; 15(1):13—
23. https://doi.org/10.1086/209141

Tversky A, Kahneman D. Availability: A heuristic for judging frequency and probability. Cognitive psy-
chology. 1973; 5(2):207-232. https://doi.org/10.1016/0010-0285(73)90033-9

Hoeken H. Anecdotal, statistical, and causal evidence: Their perceived and actual persuasiveness.
Argumentation. 2001; 15(4):425-437. https://doi.org/10.1023/A:1012075630523

Grimes DR. A dangerous balancing act: On matters of science, a well-meaning desire to present all
views equally can be an Trojan horse for damaging falsehoods. EMBO reports. 2019; 20(8):e48706.
https://doi.org/10.15252/embr.201948706 PMID: 31286661

Douglas KM, Sutton RM, Cichocka A. The psychology of conspiracy theories. Current directions in psy-
chological science. 2017; 26(6):538-542. https://doi.org/10.1177/0963721417718261 PMID: 29276345

Swami V, Pietschnig J, Tran US, Nader IW, Stieger S, Voracek M. Lunar lies: The impact of informa-
tional framing and individual differences in shaping conspiracist beliefs about the moon landings.
Applied Cognitive Psychology. 2013; 27(1):71-80. hitps://doi.org/10.1002/acp.2873

Bale JM. Political paranoia v. political realism: On distinguishing between bogus conspiracy theories
and genuine conspiratorial politics. Patterns of Prejudice. 2007; 41(1):45-60. https://doi.org/10.1080/
00313220601118751

van Prooijen JW, Acker M. The influence of control on belief in conspiracy theories: Conceptual and
applied extensions. Applied Cognitive Psychology. 2015; 29(5):753-761. https://doi.org/10.1002/acp.
3161

Stojanov A, Halberstadt J. Does lack of control lead to conspiracy beliefs? A meta-analysis. European
Journal of Social Psychology. 2020; 50(5):955-968. https://doi.org/10.1002/ejsp.2690

Rosenthal S, Weiss TW, Zimet GD, Ma L, Good M, Vichnin M. Predictors of HPV vaccine uptake
among women aged 19-26: importance of a physician’s recommendation. Vaccine. 2011; 29(5):890—
895. https://doi.org/10.1016/j.vaccine.2009.12.063 PMID: 20056186

Gargano LM, Herbert NL, Painter JE, Sales JM, Morfaw C, Rask K, et al. Impact of a physician recom-
mendation and parental immunization attitudes on receipt or intention to receive adolescent vaccines.
Human vaccines & immunotherapeutics. 2013; 9(12):2627-2633. https://doi.org/10.4161/hv.25823
PMID: 23883781

Prue G, Grimes D, Baker P, Lawler M. Access to HPV vaccination for boys in the United Kingdom. Med-
icine Access @ Point of Care. 2018; 2:2399202618799691. https://doi.org/10.1177/2399202618799691

The European Commission. Tackling COVID-19 disinformation—Getting the facts right. The European
Commission; 2020.

AP. Russia used English-language sites to spread Covid-19 disinformation, US officials say; 2020.
Available from: https://www.theguardian.com/us-news/2020/jul/28/russia-covid-19-disinformation-
websites-us-intelligence.

Wood MJ, Douglas KM, Sutton RM. Dead and alive: Beliefs in contradictory conspiracy theories. Social
psychological and personality science. 2012; 3(6):767—773. https://doi.org/10.1177/
1948550611434786

Grimes DR, Bishop DV. Distinguishing polemic from commentary in science: Some guidelines illus-
trated with the case of Sage and Burgio (2017). Child development. 2018; 89(1):141-147. https://doi.
org/10.1111/cdev.13013 PMID: 29266222

Mitchell A, Jurkowitz M, Oliphant J, Shearer E. Three months in, many Americans see exaggeration,
conspiracy theories, and partisanship in COVID-19 news: Pew Research Center[updated 6/29/2020;
2020.

Romer D, Jamieson KH. Conspiracy theories as barriers to controlling the spread of COVID-19in
the US. Social Science & Medicine. 2020; 263:113356. https://doi.org/10.1016/j.socscimed.2020.
113356

Allington D, Duffy B, Wessely S, Dhavan N, Rubin J. Health-protective behaviour, social media usage
and conspiracy belief during the COVID-19 public health emergency. Psychological medicine. 2020; p.
1-7. https://doi.org/10.1017/S003329172000224 X PMID: 32513320

research E. The Essential Report, May 2020, Australia; 2020.

Freeman D, Waite F, Rosebrock L, Petit A, Causier C, East A, et al. Coronavirus conspiracy beliefs,
mistrust, and compliance with government guidelines in England. Psychological Medicine. 2020; p. 1—
30. https://doi.org/10.1017/S0033291720001890 PMID: 32436485

Roozenbeek J, Schneider CR, Dryhurst S, Kerr J, Freeman AL, Recchia G, et al. Susceptibility to misin-
formation about COVID-19 around the world. Royal Society open science. 2020; 7(10):201199. https://
doi.org/10.1098/rso0s.201199 PMID: 33204475

PLOS ONE | https://doi.org/10.1371/journal.pone.0245900 March 12, 2021 15/17


https://doi.org/10.1086/209141
https://doi.org/10.1016/0010-0285(73)90033-9
https://doi.org/10.1023/A:1012075630523
https://doi.org/10.15252/embr.201948706
http://www.ncbi.nlm.nih.gov/pubmed/31286661
https://doi.org/10.1177/0963721417718261
http://www.ncbi.nlm.nih.gov/pubmed/29276345
https://doi.org/10.1002/acp.2873
https://doi.org/10.1080/00313220601118751
https://doi.org/10.1080/00313220601118751
https://doi.org/10.1002/acp.3161
https://doi.org/10.1002/acp.3161
https://doi.org/10.1002/ejsp.2690
https://doi.org/10.1016/j.vaccine.2009.12.063
http://www.ncbi.nlm.nih.gov/pubmed/20056186
https://doi.org/10.4161/hv.25823
http://www.ncbi.nlm.nih.gov/pubmed/23883781
https://doi.org/10.1177/2399202618799691
https://www.theguardian.com/us-news/2020/jul/28/russia-covid-19-disinformation-websites-us-intelligence
https://www.theguardian.com/us-news/2020/jul/28/russia-covid-19-disinformation-websites-us-intelligence
https://doi.org/10.1177/1948550611434786
https://doi.org/10.1177/1948550611434786
https://doi.org/10.1111/cdev.13013
https://doi.org/10.1111/cdev.13013
http://www.ncbi.nlm.nih.gov/pubmed/29266222
https://doi.org/10.1016/j.socscimed.2020.113356
https://doi.org/10.1016/j.socscimed.2020.113356
https://doi.org/10.1017/S003329172000224X
http://www.ncbi.nlm.nih.gov/pubmed/32513320
https://doi.org/10.1017/S0033291720001890
http://www.ncbi.nlm.nih.gov/pubmed/32436485
https://doi.org/10.1098/rsos.201199
https://doi.org/10.1098/rsos.201199
http://www.ncbi.nlm.nih.gov/pubmed/33204475
https://doi.org/10.1371/journal.pone.0245900

PLOS ONE

Medical disinformation and the unviable nature of COVID-19 conspiracy theories

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.
60.
61.

62.

63.

64.

Nyhan B, Reifler J, Richey S, Freed GL. Effective messages in vaccine promotion: a randomized trial.
Pediatrics. 2014; 133(4):e835—-e842. https://doi.org/10.1542/peds.2013-2365 PMID: 24590751

Grimes DR. On the viability of conspiratorial beliefs. PLoS One. 2016; 11(1):e0147905. https://doi.org/
10.1371/journal.pone.0147905 PMID: 26812482

Grimes DR. Correction: On the viability of conspiratorial beliefs. PLoS one. 2016; 11(3):e0151003.
https://doi.org/10.1371/journal.pone.0151003 PMID: 26930072

Chen Q, Allot A, Lu Z. Keep up with the latest coronavirus research. Natur. 2020; 579(7798):193—-193.
https://doi.org/10.1038/d41586-020-00694-1 PMID: 32157233

Grimes DR. The Irrational Ape: why flawed logic puts us all at risk and how critical thinking can save the
world. 1sted. Simon & Schuster; 2019.

Grimes DR. A dangerous balancing act: On matters of science, a well-meaning desire to present all
views equally can be an Trojan horse for damaging falsehoods. EMBO reports. 2019; 20(8):e48706.
https://doi.org/10.15252/embr.201948706 PMID: 31286661

loannidis JP. Why most published research findings are false. PLoS medicine. 2005; 2(8):e124. https://
doi.org/10.1371/journal.pmed.0020124 PMID: 16060722

Smaldino PE, McElreath R. The natural selection of bad science. Royal Society open science. 2016;
3(9):160384. https://doi.org/10.1098/rso0s.160384 PMID: 27703703

Grimes DR, Bauch CT, loannidis JP. Modelling science trustworthiness under publish or perish pres-
sure. Royal Society Open Science. 2018; 5(1):171511. https://doi.org/10.1098/rsos.171511 PMID:
29410855

Lewandowsky S, Oberauer K, Gignac GE. NASA faked the moon landing—therefore, (climate) science
is a hoax: An anatomy of the motivated rejection of science. Psychological science. 2013; 24(5):622—
633. https://doi.org/10.1177/0956797612457686 PMID: 23531484

McCright AM, Dunlap RE. Cool dudes: The denial of climate change among conservative white males
in the United States. Global environmental change. 2011; 21(4):1163—1172. https://doi.org/10.1016/j.
gloenvcha.2011.06.003

Poortinga W, Spence A, Whitmarsh L, Capstick S, Pidgeon NF. Uncertain climate: An investigation into
public scepticism about anthropogenic climate change. Global environmental change. 2011; 21
(3):1015-1024. https://doi.org/10.1016/j.gloenvcha.2011.03.001

Kahan DM, Peters E, Dawson E, Slovic P. Motivated numeracy and enlightened self-government.
Behavioural Public Policy. 2013; 1:54—86. https://doi.org/10.1017/bpp.2016.2

Kahan DM, Braman D, Cohen GL, Gastil J, Slovic P. Who fears the HPV vaccine, who doesn’t, and
why? An experimental study of the mechanisms of cultural cognition. Law and human behavior. 2010;
34(6):501-516. https://doi.org/10.1007/s10979-009-9201-0 PMID: 20076997

Broad WJ. Your 5G Phone Won’t Hurt You. But Russia Wants You to Think Otherwise.; 2019. Available
from: https://www.nytimes.com/2019/05/12/science/5g-phone-safety-health-russia.html.

Grimes DR. Health Disinformation and social media: The crucial role of information hygiene in mitigating
conspiracy theory and infodemics. EMBO reports 2020; 21(11), e51819 https://doi.org/10.15252/embr.
202051819 PMID: 33155436

Rabin R. and Cameron C., 2020. Trump Falsely Claims ‘99 Percent’ of Virus Cases Are ‘Totally Harm-
less’. The New York Times, [online] Available at: https://www.nytimes.com/2020/07/05/us/politics/
trump-coronavirus-factcheck.html [Accessed 2 March 2021].

Facher, L., 2020. Fact-checking Trump’s optimistic hydroxychloroquine claims. [online] Statnews.com.

Available at: https://www.statnews.com/2020/04/06/trump-hydroxychloroquine-fact-check/ [Accessed
2 March 2021].

Zaller JR, et al. The nature and origins of mass opinion. Cambridge university press; 1992.

Imhoff R, Lamberty PK. Too special to be duped: Need for uniqueness motivates conspiracy beliefs.
European Journal of Social Psychology. 2017; 47(6):724—734. https://doi.org/10.1002/ejsp.2265
ALLEMANDOU S. France’s anti-maskers: the faces behind the movement; 2020. Available from:
https://www.france24.com/en/20201009-french-anti-maskers-who-is-behind-this-divergent-movement.

Uscinski JE, Klofstad C, Atkinson MD. What drives conspiratorial beliefs? The role of informational cues
and predispositions. Political Research Quarterly. 2016; 69(1):57—-71. https://doi.org/10.1177/
1065912915621621

Uscinski JE, Enders AM, Klofstad C, Seelig M, Funchion J, Everett C, et al. Why do people believe
COVID-19 conspiracy theories? Harvard Kennedy School Misinformation Review. 2020; 1(3).

Motta M, Callaghan T, Sylvester S. Knowing less but presuming more: Dunning-Kruger effects and the
endorsement of anti-vaccine policy attitudes. Social Science & Medicine. 2018; 211:274-281. https://
doi.org/10.1016/j.socscimed.2018.06.032 PMID: 29966822

PLOS ONE | https://doi.org/10.1371/journal.pone.0245900 March 12, 2021 16/17


https://doi.org/10.1542/peds.2013-2365
http://www.ncbi.nlm.nih.gov/pubmed/24590751
https://doi.org/10.1371/journal.pone.0147905
https://doi.org/10.1371/journal.pone.0147905
http://www.ncbi.nlm.nih.gov/pubmed/26812482
https://doi.org/10.1371/journal.pone.0151003
http://www.ncbi.nlm.nih.gov/pubmed/26930072
https://doi.org/10.1038/d41586-020-00694-1
http://www.ncbi.nlm.nih.gov/pubmed/32157233
https://doi.org/10.15252/embr.201948706
http://www.ncbi.nlm.nih.gov/pubmed/31286661
https://doi.org/10.1371/journal.pmed.0020124
https://doi.org/10.1371/journal.pmed.0020124
http://www.ncbi.nlm.nih.gov/pubmed/16060722
https://doi.org/10.1098/rsos.160384
http://www.ncbi.nlm.nih.gov/pubmed/27703703
https://doi.org/10.1098/rsos.171511
http://www.ncbi.nlm.nih.gov/pubmed/29410855
https://doi.org/10.1177/0956797612457686
http://www.ncbi.nlm.nih.gov/pubmed/23531484
https://doi.org/10.1016/j.gloenvcha.2011.06.003
https://doi.org/10.1016/j.gloenvcha.2011.06.003
https://doi.org/10.1016/j.gloenvcha.2011.03.001
https://doi.org/10.1017/bpp.2016.2
https://doi.org/10.1007/s10979-009-9201-0
http://www.ncbi.nlm.nih.gov/pubmed/20076997
https://www.nytimes.com/2019/05/12/science/5g-phone-safety-health-russia.html
https://doi.org/10.15252/embr.202051819
https://doi.org/10.15252/embr.202051819
http://www.ncbi.nlm.nih.gov/pubmed/33155436
https://www.nytimes.com/2020/07/05/us/politics/trump-coronavirus-factcheck.html
https://www.nytimes.com/2020/07/05/us/politics/trump-coronavirus-factcheck.html
https://www.statnews.com/2020/04/06/trump-hydroxychloroquine-fact-check/
https://doi.org/10.1002/ejsp.2265
https://www.france24.com/en/20201009-french-anti-maskers-who-is-behind-this-divergent-movement
https://doi.org/10.1177/1065912915621621
https://doi.org/10.1177/1065912915621621
https://doi.org/10.1016/j.socscimed.2018.06.032
https://doi.org/10.1016/j.socscimed.2018.06.032
http://www.ncbi.nlm.nih.gov/pubmed/29966822
https://doi.org/10.1371/journal.pone.0245900

PLOS ONE Medical disinformation and the unviable nature of COVID-19 conspiracy theories

65. Krugerd, Dunning D. Unskilled and unaware of it: how difficulties in recognizing one’s own incompe-
tence lead to inflated self-assessments. Journal of personality and social psychology. 1999; 77(6):1121.
https://doi.org/10.1037/0022-3514.77.6.1121 PMID: 10626367

66. Jolley D, Douglas KM. Prevention is better than cure: Addressing anti-vaccine conspiracy theories.
Journal of Applied Social Psychology. 2017; 47(8):459-469. https://doi.org/10.1111/jasp.12453

PLOS ONE | https://doi.org/10.1371/journal.pone.0245900 March 12, 2021 17/17


https://doi.org/10.1037/0022-3514.77.6.1121
http://www.ncbi.nlm.nih.gov/pubmed/10626367
https://doi.org/10.1111/jasp.12453
https://doi.org/10.1371/journal.pone.0245900

