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Abstract

The current Ebola virus outbreak has highlighted the uncertainties surrounding many
aspects of Ebola virus virology, including routes of transmission. The scientific community
played a leading role during the outbreak—potentially, the largest of its kind—as many of
the questions surrounding ebolaviruses have only been interrogated in the laboratory. Sci-
entists provided an invaluable resource for clinicians, public health officials, policy makers,
and the lay public in understanding the progress of Ebola virus disease and the continuing
outbreak. Not all of the scientific communication, however, was accurate or effective. There
were multiple instances of published articles during the height of the outbreak containing
potentially misleading scientific language that spurred media overreaction and potentially
jeopardized preparedness and policy decisions at critical points. Here, we use articles
declaring the potential for airborne transmission of Ebola virus as a case study in the inaccu-
rate reporting of basic science, and we provide recommendations for improving the commu-
nication about unknown aspects of disease during public health crises.

Author Summary

Basic scientific research is now considered an integral component of the fight against emerg-
ing infectious diseases like Ebola virus. The recent Ebola outbreak, however, demonstrates
how the ineffective communication of basic science can stoke public panic more than it pro-
vides helpful tools to responders; basic science trades in probabilities and uncertainty, while
public communication tends to favor more categorical claims. Here, we discuss the ethics of
communicating scientific results, using, as a case study, the recent controversy over whether
basic life sciences research demonstrates that Ebola could become transmissible via airborne
respiratory droplet nuclei—popularly known as a virus becoming “airborne.” We show how
the science does not demonstrate this possibility, despite claims made in the popular and sci-
entific press. We then recommend that uncertain scientific results in the context of public
health crises ought to be communicated with humility, an emphasis on what is unknown,
and a clear outline of the kinds of evidence that would give proof to controversial claims.
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Introduction

The current Ebola virus disease (EVD) outbreak due to Ebola virus (EBOV) infection contin-
ues to affect the West African nations of Liberia, Sierra Leone, and Guinea. This outbreak has
highlighted the uncertainties surrounding many aspects of ebolavirus virology, including how
the virus is transmitted. High mortality and historical case fatality rates, combined with graphic
descriptions of the pathology of EVD caused by Ebola virus, have stoked public panic, and a
lack of available clinical and public health expertise in treating EVD has led the media to turn
to infectious disease scientists for information. This represents a significant involvement in
public health efforts by the virology and infectious disease community, on par with the severe
acute respiratory syndrome outbreak of 2002-2003 and the 2009 HIN1 influenza pandemic
[1,2].

A majority of the information presented to news sources has been accurate and factual,
helping to inform the public about EVD. However, a small subset of information discussed by
scientists has fanned flames of panic among the public, government officials, and policy
makers. As professionals with expertise and knowledge, scientists’ position of power over the
general public (and media) generates a responsibility to convey accurate information [3]. Par-
ticularly in areas of scientific inquiry that can be reasonably expected to create a significant
public panic—such as commentary on the spread of EVD—scientists must take extra care to
convey the radical uncertainty that often surrounds knowledge of emerging infectious diseases.

“Airborne” Ebola: Potential Pandemic or Tempest in a Teacup?

A particularly concerning lapse in accurate reporting lies in EBOV’s transmission. In Septem-
ber 2014, an op-ed piece published in the New York Times (NYT), titled “What We're Afraid to
Say About Ebola,” [4] asserted that the virology community writ large was “loath to discuss
openly but are definitely considering in private: that an Ebola virus could mutate to become
transmissible through the air.” Recent studies have examined the mutation rate of the outbreak
and determined that the current strains do not have increased rates of mutation compared to
previous outbreaks and that these mutations have no apparent effect on virulence [5-7]. The
claims of the op—ed were repeated in February 2015: an article published in the journal mBio
[8] provided a thorough review of the questions still remaining for the current EBOV outbreak.
Toward the conclusion of the article, the authors state:

It is very likely that at least some degree of Ebola virus transmission currently occurs via
infectious aerosols generated from the gastrointestinal tract, the respiratory tract, or medical
procedures, although this has been difficult to definitively demonstrate or rule out, since
those exposed to infectious aerosols also are most likely to be in close proximity to and in
direct contact with an infected case [8].

Both articles were syndicated widely, with the NYT piece being covered internationally [9-
11] and the mBio article receiving extensive coverage within the United States [12-14]. While a
number of agencies questioned and critiqued the claims [15,16], large media outlets circulated
the claims of the op-ed and paper with little to no accompanying criticism.

The mBio article, in particular, draws conclusions that eschew distinctions between aerosol-
ized droplets and airborne droplet nuclei, to dramatic effect. Aerosol transmission involves any
transmission mediated by aerosol droplets. Droplets are typically large in size (>5 um) and
cannot travel beyond the immediate vicinity of an infected individual, and they typically are
only present in the later stages of EVD [17]. EBOV aerosol transmission is not a given, how-
ever, with studies in animal models providing conflicting evidence about the likelihood of
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transmission [18-20]. Even less can be said about the airborne transmission of EBOV between
humans—that is, transmission that involves droplet nuclei (<5 pm) that can remain suspended
in the air for prolonged durations. To date, there have been no studies conclusively demon-
strating EBOV aerosol transmission. This is an obvious knowledge gap that needs to become
an investigative priority for future response efforts.

Osterholm et al. note these distinctions in the body of their review, yet their conclusions do
not match the nuances of aerosol transmission. Moreover, a key claim of theirs—that there is
a series of unexplained transmission events in the epidemiological data collected on Ebola
virus—does not entail conclusive evidence of novel transmission. There are a number of other
plausible reasons for these unexplained events; the most obvious of these is that a self-report of
contact history can be unreliable. We don’t discount the importance of these points in the con-
text of a scientific review; rather, the reasons for questioning EBOV’s transmission mechanisms
do not entail the claim that airborne transmission of aerosolized respiratory droplets is likely
(or worth considering yet as a matter of public policy).

While the science supporting or refuting the aerosol transmission of EBOV remains unclear,
the word “aerosol” carries significant weight in public discourse. It is far from clear whether
media coverage of these articles has articulated the speculative nature of the claims made by
Osterholm et al. Moreover, attempts to push back against these claims after the fact are likely
to be met with suspicion; public trust in science is at an all-time low [21,22]. Given what “aero-
sol” means to members of the public without an infectious disease background, merely suggest-
ing aerosol spread as a route of EBOV transmission without further definition is misleading.

To date, evaluations of the effectiveness of scientific communication during the current
EBOV outbreak have been focused on the larger organizations (e.g., WHO, the Centers for Dis-
ease Control and Prevention [CDC], etc.) and their shortcomings [23]. However, the basic sci-
ence community has had a large input into the public discussion surrounding EBOV. The lay
public, policy makers, and officials all turn to basic scientists at times of uncertainty, and that
creates a difficult situation that should be managed with caution.

Managing Uncertainty

Matters of uncertainty are particularly fraught for scientific communication. Low probability
events—or even logically or biologically possible events that cannot have probabilities assigned
to them, such as a change of EBOV’s transmission characteristics—are likely to cause confu-
sion and panic. There is a well-established literature on the psychology of human decision-
making, suggesting that humans assign higher subjective probabilities to events of great signifi-
cance [24]. In these circumstances, possibilities become probabilities, and probabilities become
likelihoods.

The upshot of this is clear. Simply articulating that we should not assume that an event
won’t happen becomes a tacit endorsement that the event could happen, along with all the psy-
chological baggage that entails. The startling panic that has occurred in the context of the cur-
rent Ebola virus disease outbreak is evidence of what does happen when the mere possibility of
something occurring provokes a disproportionate response.

The responsibility to communicate well can be derived from a number of sources; for our
purposes, the central concern is the vulnerability of others to misunderstandings brought
about by an improper communication of risk. Scientists, particularly in infectious disease, gen-
erate claims and evidence that are probabilistic in nature. Those scientists, presumably, have
gained the skills to interpret scientific evidence and understand what the information does—
and doesn’t—tell us about the world. These skills, when applied to a broad public forum, gener-
ate a responsibility for scientists to do their part to prevent misinformation from spreading;
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unfortunately, they can do as much harm as good without responsible communication
practices.

Moving Forward

When communicating more broadly—and in a world of open-source publications, “broadly”
should be taken as a given—different strategies are required to discharge the responsibility to
communicate accurately. The first is epistemic humility: probabilistic claims should be couched
in terms that emphasize the risks of false-positives and false negatives. This is particularly
important when we are unable to determine the likelihood of our claims being right—or
wrong. When there are no probabilities to assign, this lack of knowledge should be
emphasized.

Second, language should be chosen to demonstrate relative, rather than absolute, credence
in certain claims. In the context of the mBio paper, it would be more useful to make claims
about the likelihood that unexplained transmissions were due to errors in reporting, or recall,
rather than a new mode of transmission. It is true that we can’t demonstrate that these trans-
missions weren’t airborne, but it is likely that we can make a partial ordering of scenarios and
identify airborne transmission from within a range of possibilities.

Fortunately, the current EBOV outbreak has not threatened the target audience of these
opinions (e.g., United States, Canada, and Mexico), thus limiting the political will to engage in
expensive or controversial (e.g., enforced quarantine) public health practices in the name of
combating an airborne EBOV. Nonetheless, these commentaries have tremendous potential to
impact public health policy and emergency planning moving forward. The potential of EBOV
spread via aerosol routes drastically changes health care and public health interventions.

The impact of an airborne EBOV on public health and clinical medicine would entail large
structural changes in contact tracing, the use of PPE, and patient isolation. It could also deter
people from seeking medical treatment due to concerns about increased transmissibility, which
would disrupt efforts to diagnose and treat infected individuals early. Our best response to an
Ebola virus outbreak involves rapid contact tracing; a decrease in help-seeking behavior could
fuel an outbreak if transmission chains are hidden from public health authorities. Given the
immense costs and the possibility of public panic, it is imperative that more research is done
before decisions are made. Until then, the life sciences must ensure that when public statements
are made to the media, policy makers, and the general public, the most accurate depiction of
scientific knowledge—including uncertainty—is conveyed. The potential impact of the Ebola
virus transmission articles that we’ve discussed is illustrated by the public panic that surrounds
the articles and the Ebola virus disease more generally. It is up to the scientific community as a
whole to ensure that science drives discussions of emerging infectious disease and outbreak
management in the future, and that it does so responsibly.

Acknowledgments

The conclusions and opinions presented here are those of the authors and are not the official
policy of the National Research Council, DTRA, ECBC, the US Army, or the US Government.
Information in this report is cleared for public release, and distribution is unlimited. The
authors thank two anonymous reviewers and the editorial staff at PLOS Pathogens for their
helpful comments on earlier revisions of this paper.

References
1. Drazen JM, Campion EW (2003) SARS, the Internet, and the Journal. N Engl J Med 348: 2029. PMID:
12748319

PLOS Pathogens | DOI:10.1371/journal.ppat.1005097 October 29, 2015 4/5


http://www.ncbi.nlm.nih.gov/pubmed/12748319

@’PLOS | PATHOGENS

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

Arguin PM, Navin AW, Steele SF, Weld LH, Kozarsky PE (2004) Health communication during SARS.
Emerg Infect Dis 10: 377-380. PMID: 15030717

Evans NG (2010) Speak No Evil: Scientists, Responsibility, and the Public Understanding of Science.
Nanoethics 4:215-220.

Osterholm MT (2014) What We're Afraid to Say About Ebola. New York Times. http://www.nytimes.
com/2014/09/12/opinion/what-were-afraid-to-say-about-ebola.html?_r=0.

Hoenen T, Safronetz D, Groseth A, Wollenberg KR, Koita OA, et al. (2015) Virology. Mutation rate and
genotype variation of Ebola virus from Mali case sequences. Science 348: 117—119. doi: 10.1126/
science.aaa5646 PMID: 25814067

Kugelman JR, Wiley MR, Mate S, Ladner JT, Beitzel B, et al. (2015) Monitoring of Ebola Virus Makona
Evolution through Establishment of Advanced Genomic Capability in Liberia. Emerg Infect Dis 21:
1135-1143. doi: 10.3201/eid2107.150522 PMID: 26079255

Park DJ, Dudas G, Wohl S, Goba A, Whitmer SLM, et al. (2015) Ebola Virus Epidemiology, Transmis-
sion, and Evolution during Seven Months in Sierra Leone. Cell 161: 1516—1526. doi: 10.1016/j.cell.
2015.06.007 PMID: 26091036

Osterholm MT, Moore KA, Kelley NS, Brosseau LM, Wong G, et al. (2015) Transmission of ebola
viruses: what we know and what we do not know. MBio 6(2): €00137-15. doi: 10.1128/mBio.00137-15
PMID: 25698835

Larimer S (2014) What can we say about Ebola? (without starting a panic or making everyone mad).
Washington Post. http://www.washingtonpost.com/news/to-your-health/wp/2014/09/17/what-can-we-
say-about-ebola-without-starting-a-panic-or-making-everyone-mad/.

Parry L (2014) “Real risk” Ebola virus will mutate to become an AIRBORNE disease, expert warns.
Daily Mail. http://www.dailymail.co.uk/health/article-2753421/Real-risk-Ebola-virus-mutate-
AIRBORNE-disease-expert-warns.html.

Cohen E (2014) Ebola in the air? A nightmare that could happen. CNN. http://www.cnn.com/2014/09/
12/health/ebola-airborne/.

Bernstein L (2015) Limited airborne transmission of Ebola is “very likely,” new analysis says. Washing-
ton Post. http://www.washingtonpost.com/news/to-your-health/wp/2015/02/19/limited-airborne-
transmission-of-ebola-is-likely-new-study-says/.

Pompi J (2015) Limited airborne transmission of Ebola “very likely,” analysis finds. Washington Times.
http://www.washingtontimes.com/news/2015/feb/19/ebola-limited-airborne-transmission-very-likely-
an/.

Greenberg J (2015) Does new research say Ebola is airborne? Tampa Bay Times, PunditFact. http:/
www.politifact.com/punditfact/article/2015/feb/24/does-new-research-say-ebola-airborne/.

Zimmer C (2015) Is It Worth Imagining Airborne Ebola? National Geographic Magazine, The Loom.
http://phenomena.nationalgeographic.com/2015/02/22/is-it-worth-imagining-airborne-ebola/.

Ruble K (2015) No, A New Scientific Report Does Not Say That Ebola Is Now Airborne. Vice. hitps://
news.vice.com/article/no-a-new-scientific-report-does-not-say-that-ebola-is-now-airborne.

Siegel J, Rhinehart E, Jackson M, HICPAC (2007) 2007 Guideline for Isolation Precautions: Preventing
Transmission of Infectious Agents in Healthcare Settings. 17-20 p. http://www.cdc.gov/hicpac/pdf/
isolation/Isolation2007.pdf.

Weingartl HM, Embury-Hyatt C, Nfon C, Leung A, Smith G, et al. (2012) Transmission of Ebola virus
from pigs to non-human primates. Sci Rep 2: 811. doi: 10.1038/srep00811 PMID: 23155478

Alimonti J, Leung A, Jones S, Gren J, Qiu X, et al. (2014) Evaluation of transmission risks associated
with in vivo replication of several high containment pathogens in a biosafety level 4 laboratory. Sci Rep
4:5824. doi: 10.1038/srep05824 PMID: 25059478

Wong G, Qiu X, Richardson JS, Cutts T, Collignon B, et al. (2015) Ebola virus transmission in guinea
pigs. J Virol 89:1314—-1323. doi: 10.1128/JVI1.02836-14 PMID: 25392221

Fiske ST, Dupree C (2014) Gaining trust as well as respect in communicating to motivated audiences
about science topics. Proc Natl Acad Sci 111: 13593—-13597. doi: 10.1073/pnas.1317505111 PMID:
25225372

Fischhoff B, Davis AL (2014) Communicating scientific uncertainty. Proc Natl Acad Sci 111: 13664—
13671.doi: 10.1073/pnas.1317504111 PMID: 25225390

Rosenbaum L (2015) Communicating uncertainty—Ebola, public health, and the scientific process. N
Engl J Med 372: 7-9. doi: 10.1056/NEJMp1413816 PMID: 25394322

Smithson M (2013) Unknowns in Dual-Use Dilemmas. In: Selgelid MJ, Rappert B, editors. On the Dual
Uses of Science and Ethics. Canberra: ANU E Press. pp. 165-184.

PLOS Pathogens | DOI:10.1371/journal.ppat.1005097 October 29, 2015 5/5


http://www.ncbi.nlm.nih.gov/pubmed/15030717
http://www.nytimes.com/2014/09/12/opinion/what-were-afraid-to-say-about-ebola.html?_r=0
http://www.nytimes.com/2014/09/12/opinion/what-were-afraid-to-say-about-ebola.html?_r=0
http://dx.doi.org/10.1126/science.aaa5646
http://dx.doi.org/10.1126/science.aaa5646
http://www.ncbi.nlm.nih.gov/pubmed/25814067
http://dx.doi.org/10.3201/eid2107.150522
http://www.ncbi.nlm.nih.gov/pubmed/26079255
http://dx.doi.org/10.1016/j.cell.2015.06.007
http://dx.doi.org/10.1016/j.cell.2015.06.007
http://www.ncbi.nlm.nih.gov/pubmed/26091036
http://dx.doi.org/10.1128/mBio.00137-15
http://www.ncbi.nlm.nih.gov/pubmed/25698835
http://www.washingtonpost.com/news/to-your-health/wp/2014/09/17/what-can-we-say-about-ebola-without-starting-a-panic-or-making-everyone-mad/
http://www.washingtonpost.com/news/to-your-health/wp/2014/09/17/what-can-we-say-about-ebola-without-starting-a-panic-or-making-everyone-mad/
http://www.dailymail.co.uk/health/article-2753421/Real-risk-Ebola-virus-mutate-AIRBORNE-disease-expert-warns.html
http://www.dailymail.co.uk/health/article-2753421/Real-risk-Ebola-virus-mutate-AIRBORNE-disease-expert-warns.html
http://www.cnn.com/2014/09/12/health/ebola-airborne/
http://www.cnn.com/2014/09/12/health/ebola-airborne/
http://www.washingtonpost.com/news/to-your-health/wp/2015/02/19/limited-airborne-transmission-of-ebola-is-likely-new-study-says/
http://www.washingtonpost.com/news/to-your-health/wp/2015/02/19/limited-airborne-transmission-of-ebola-is-likely-new-study-says/
http://www.washingtontimes.com/news/2015/feb/19/ebola-limited-airborne-transmission-very-likely-an/
http://www.washingtontimes.com/news/2015/feb/19/ebola-limited-airborne-transmission-very-likely-an/
http://www.politifact.com/punditfact/article/2015/feb/24/does-new-research-say-ebola-airborne/
http://www.politifact.com/punditfact/article/2015/feb/24/does-new-research-say-ebola-airborne/
http://phenomena.nationalgeographic.com/2015/02/22/is-it-worth-imagining-airborne-ebola/
https://news.vice.com/article/no-a-new-scientific-report-does-not-say-that-ebola-is-now-airborne
https://news.vice.com/article/no-a-new-scientific-report-does-not-say-that-ebola-is-now-airborne
http://www.cdc.gov/hicpac/pdf/isolation/Isolation2007.pdf
http://www.cdc.gov/hicpac/pdf/isolation/Isolation2007.pdf
http://dx.doi.org/10.1038/srep00811
http://www.ncbi.nlm.nih.gov/pubmed/23155478
http://dx.doi.org/10.1038/srep05824
http://www.ncbi.nlm.nih.gov/pubmed/25059478
http://dx.doi.org/10.1128/JVI.02836-14
http://www.ncbi.nlm.nih.gov/pubmed/25392221
http://dx.doi.org/10.1073/pnas.1317505111
http://www.ncbi.nlm.nih.gov/pubmed/25225372
http://dx.doi.org/10.1073/pnas.1317504111
http://www.ncbi.nlm.nih.gov/pubmed/25225390
http://dx.doi.org/10.1056/NEJMp1413816
http://www.ncbi.nlm.nih.gov/pubmed/25394322

