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Internet Searches for Unproven COVID-19 Therapies
in the United States

There are no highly effective prescription drug therapies sup-
ported by any reliable evidence for the ongoing coronavirus
disease 2019 (COVID-19) pandemic of severe acute respira-
tory syndrome coronavirus 2. However, fears among the pub-
= lic canlead to searches for un-
proven therapies. Therefore,
when several high-profile fig-
ures, including entrepreneur Elon Musk and President Don-
ald Trump, endorsed the use of chloroquine, a malarial pro-
phylaxis drug, and hydroxychloroquine (with the antibiotic
azithromycin), alupus and rheumatoid arthritis treatment, to
treat COVID-19, it drew massive public attention that could
shape individual decision-making.

This attention is especially troublesome because
chloroquine and hydroxychloroquine (1) are thus far only
known to inhibit severe acute respiratory syndrome
coronavirus 2 in vitro,! (2) have potential cardiovascular
toxic effects,? and (3) can be confused with commercially
available chloroquine-containing products, such as
aquarium cleaner. Poisonings, including 1 fatality, attributed
to persons taking chloroquine to prevent or treat COVID-19
without the supervision of a licensed physician have
already been reported.® To better understand the scope
of demand for these drugs, we examined internet searches
indicative of shopping for chloroquine and hydroxy-
chloroquine.*
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Methods | The fractions of Google searches (http://google.com/
trends) originating from the United States that included the
terms buy, order, Amazon, eBay, or Walmart (the latter being
the top 3 e-commerce companies) in combination with
chloroquine or hydroxychloroquine per 10 million total searches
were monitored. Raw search volumes were inferred using
Comscore estimates (https://comscore.com).

We examined daily searches from February 1, 2020, to
March 29, 2020, using the date Musk endorsed the drugs
on March 16 as the cut point for when knowledge of using
chloroquine and hydroxychloroquine became widespread
to compare observed search volumes with expected
search volumes. We evaluated 2 postperiods of interest:
(1) all days after March 16 (the entire period, including when
President Trump first endorsed these drugs on March 19)
and (2) all days after March 22 (when news reports on
chloroquine-related poisonings were published). Expected
volumes were calculated using Hyndman and Khandakar’s
algorithm,> and the ratio of observed and counterfactual
volumes with bootstrap confidence intervals were com-
puted using R Software, version3.6.3 (R Foundation for Sta-
tistical Computing).
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Results | The query fraction (QF) of Google searches per 10 mil-
lion for purchasing chloroquine on February 1, March 16, March
22, and March 29 were 4.78 (equivalent to 542 estimated
searches), 26.90 (3052 estimated searches), 66.16 (7506 esti-
mated searches), and 19.19 (2177 estimated searches), respec-
tively. The QFs for purchasing hydroxychloroquine on Febru-
ary 1, March 16, March 22, and March 29 were 4.35 (494
estimated searches), 7.68 (871 estimated searches), 79.37 (9006
estimated searches), and 31.95 (3625 estimated searches), re-
spectively. Queries for purchasing chloroquine were 442% (95%
CL, 215%-1220%) higher following high-profile claims that these
drugs were effective COVID-19 therapies (Figure 1). Similarly,
searches for purchasing hydroxychloroquine were 1389% (95%
CI, 779%-2021%) higher (Figure 2). The first and largest spike
in searches corresponded directly with Musk’s tweet and
Trump’s first televised endorsements, respectively, with the
latter occurring on March 19 (chloroquine QF, 249.58 [28 319
estimated searches]; and hydroxychloroquine QF, 179.00
[20 311 estimated searches]). These changes represent about
93 000 and 96 000 more searches than expected for chloro-
quine and hydroxychloroquine, respectively, with 216 000 total
searches for both drugs over just 14 days.

Following news reports of the first fatal poisoning, searches
to buy chloroquine or hydroxychloroquine remained substan-
tially above expected levels at 212% (95% CI, 66%-1098%) and
1167% (95% CI, 628%-1741%) higher, respectively.

Discussion | Demand for chloroquine and hydroxychloroquine
increased substantially following endorsements by high-
profile figures and remained high even after a death attribut-
able to chloroquine-containing products was reported. In times
of public health crises, therapies not supported by adequate
evidence—such as would lead to US Food and Drug Adminis-
tration approval—should not be touted by public figures. En-
dorsements can lead to unsupervised use of the products with
dangerous consequences to the people who take them, and
hoarding of these medications can result in shortages for those
who require them for legitimate health reasons. These nega-
tive consequences are magnified in this circumstance be-
cause chloroquine-containing products are commercially avail-
able to the public through such sites as Amazon.

Findings about the clinical efficacy of chloroquine and hy-
droxychloroquine were inconclusive at the time these drugs
were promoted.® Until such time as these or other drugs are
found to be effective for COVID-19 treatment, regulatory agen-
cies and public-facing companies should be actively mitigat-
ing the negative consequences of this misinformation. The US
Food and Drug Administration should warn the public against
procuring unapproved therapies unless prescribed. Google re-
sponded to COVID-19 by integrating an educational website into
search results related to the outbreak, and this could be ex-
panded to include searches for unapproved COVID-19 thera-
pies. Similarly, retailers must establish warnings or withhold
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Figure 1. Internet Searches for Purchasing Chloroquine
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Queries included chloroquine in combination with buy, order, Amazon, eBay, or
Walmart (the latter being the top 3 e-commerce companies). The first dotted
vertical line corresponds to entrepreneur Elon Musk's tweet on March 16, the

second corresponds to President Donald Trump's endorsement on March 19,
and the third corresponds to the first reported chloroquine poisoning on March
23.

Figure 2. Internet Searches for Purchasing Hydroxychloroquine
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Queries included hydroxychloroquine in combination with buy, order, Amazon,
eBay, or Walmart (the latter being top 3 e-commerce companies). The first
dotted vertical line corresponds to entrepreneur Elon Musk’s tweet on March

16, the second corresponds to President Donald Trump's endorsement on
March 19, and the third corresponds to the first reported chloroquine poisoning
on March 23.

products that might be linked to use for COVID-19 treatment,
as was exemplified by eBay’s removing chloroquine sales from
its site.

Additional surveillance will clarify this study’s findings,
including estimating the number of sales of chloroquine-
containing products. Nonetheless, the present analysis sug-
gests that in times of public health crises, demand for un-
proven and potentially hazardous COVID-19 treatments is
massively increased by endorsements. Public health leaders,
regulatory agencies, media, and retailers must amplify accu-
rate information.
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Editor's Note

The Risks of Prescribing Hydroxychloroquine

for Treatment of COVID-19—First, Do No Harm

On March 21, 2020, President Donald Trump tweeted that hy-
droxychloroquine and azithromycin have “areal chance to be
one of the biggest game changers in the history of medicine.”!
The president later said of hydroxychloroquine, “What do you
have to lose? I’ll say it again: What do you have to lose?
Take it.”?

Although the president acknowledged that physicians
should be involved in the decision to use these medications,
the message to patients with coronavirus disease 2019
(COVID-19), and people worried about becoming infected, was
clear. Within days, a man in Arizona died after ingesting a
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chloroquine-containing aquarium product that did not re-
quire a prescription.? Federal regulators facilitated use of pre-
scription hydroxychloroquine and chloroquine by immedi-
ately issuing an Emergency Use Authorization.

One way of quantifying the influence of these high-
profile statements is to examine internet search behaviors. In
this issue of JAMA Internal Medicine, Liu and colleagues® ex-
amined internet searches for purchasing chloroquine or hy-
droxychloroquine online. From March 16 to 29, 2020, searches
increased 442% and 1389% for chloroquine and hydroxychlo-
roquine, respectively, compared with the preceding 6 weeks.

Although testing of hydroxychloroquine for treatment of
COVID-19 is underway, available data do not support its wide-
spread use. The study” referenced by President Trump may
have methodologic flaws. A small randomized trial suggest-
ing benefit was unblinded, and some patients received con-
comitant steroids or antivirals.® Nevertheless, some physi-
cians have begun prescribing hydroxychloroquine widely,
which prompted at least 12 states to pass emergency prescrib-
ing restrictions.

The potential harms are substantial. Hydroxychloro-
quine is QT prolonging, which poses a risk of sudden cardiac
death in certain populations. People with autoimmune con-
ditions, disproportionately women and people of color, could
face disease flares owing to medication shortages.” The bur-
den may fall hardest on the most vulnerable; low-income pa-
tients worldwide could be the first to lose access to hydroxy-
chloroquine therapy.

Given the toll of COVID-19, the pressure to do something
is enormous and understandable. But that must not prompt
clinicians to jettison the tenets of evidence-based medicine and
the admonition to do no harm. As health care providers, we
should inform patients about the evidence behind experimen-
tal therapies, work to enroll patients in randomized clinical
trials, and consider the needs of patients without COVID-19 who
may be affected by drug shortages. It is vital that we do not
give in to nonevidence-based calls to embrace unproven thera-
pies. Although we may be tempted to bypass enduring prin-
ciplesin this time of uncertainty and fear, the best way to pro-
tect patients is to stay grounded in evidence and to fight
misinformation.

Colette DeJong, MD
Robert M. Wachter, MD

Author Affiliations: Department of Medicine, University of California, San
Francisco.

Published Online: April 29, 2020. doi:10.1001/jamainternmed.2020.1853

Corresponding Author: Robert M. Wachter, MD, Department of Medicine,
University of California, San Francisco, 533 Parnassus Ave, San Francisco, CA
94143 (robert.wachter@ucsf.edu).

Conflict of Interest Disclosures: None reported.

1. @realDonaldTrump. HYDROXYCHLOROQUINE & AZITHROMYCIN, taken
together, have a real chance to be one of the biggest game changers in the
history of medicine. The FDA has moved mountains - Thank You! Hopefully they
will BOTH (H works better with A, International Journal of Antimicrobial
Agents)... March 21, 2020. Accessed April 17, 2020. https://twitter.com/
realdonaldtrump/status/1241367239900778501?lang=en

2. The White House. Remarks by President Trump, Vice President Pence, and
members of the Coronavirus Task Force in press briefing. April 5, 2020.

jamainternalmedicine.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University of York User on 06/09/2021


mailto:ayers.john.w@gmail.com
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.1764?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.1764
https://dx.doi.org/10.1038/s41421-020-0156-0
https://dx.doi.org/10.1016/S1473-3099(07)70187-1
https://www.nytimes.com/2020/03/24/us/chloroquine-poisoning-coronavirus.html
https://www.nytimes.com/2020/03/24/us/chloroquine-poisoning-coronavirus.html
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2014.1505?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.1764
https://dx.doi.org/10.18637/jss.v027.i03
https://dx.doi.org/10.7326/M20-1334
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.1853?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.1853
mailto:robert.wachter@ucsf.edu
https://twitter.com/realdonaldtrump/status/1241367239900778501?lang=en
https://twitter.com/realdonaldtrump/status/1241367239900778501?lang=en
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.1853

Accessed April 21, 2020. https://www.whitehouse.gov/briefings-statements/
remarks-president-trump-vice-president-pence-members-coronavirus-task-
force-press-briefing-19/

3. Vigdor N. Man fatally poisons himself while self-medicating for coronavirus,
doctor says. New York Times. March 24, 2020. Accessed April 17, 2020.
https://www.nytimes.com/2020/03/24/us/chloroquine-poisoning-coronavirus.
html.

4. Liu M, Caputi TL, Drezde M, Kesselheim AS, Ayers JW. Internet searches for
unproven COVID-19 therapies in the United States. JAMA Intern Med. Published
online April 29, 2020. doi:10.1001/jamainternmed.2020.1764

5. International Society of Antimicrobial Chemotherapy. Statement on IJAA
paper. April 3,2020. Accessed April 10, 2020. http://www.isac.world/news-and-
publications/official-isac-statement

6. ChenZ, HuJ, Zhang Z, et al Efficacy of hydroxychloroquine in patients with
COVID-19: results of a randomized clinical trial. Preprint. Posted online April 10,
2020. medRxiv. doi:10.1101/2020.03.22.20040758

7. Marsh T. Live updates: which drugs are in shortage because of COVID-19?
GoodRx website. Accessed April 13, 2020. https://www.goodrx.com/blog/
covid-19-drug-shortages-updates/.

Change in Traffic Fatality Rates in the First 4 States

to Legalize Recreational Marijuana

Marijuana use impairs driving,! but researchers have not yet
conclusively determined if a state’s legalizing recreational mari-
juana is associated with traffic fatality rates. Two early stud-
ies reported no significant change in roadway deaths follow-
= ing legalization in Colorado
and Washington,?* whereasa

Invited Commentary - ;
study including Oregon re-

page 1068

= ported a temporary increase.*
. A more recent study, includ-
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ing 2017 data, found a statis-
tically significant increase in fatal crashes only after commer-
cial stores opened, suggesting that the effect of legalization may
take more time to observe.®

Following the recent release of 2018 roadway fatality re-
ports by the US Department of Transportation, we analyzed
data from more states over a longer period of commercial sales
to get a better understanding of the relationship between le-
galization of recreational marijuana and traffic fatalities.
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Methods | Traffic fatality rates were obtained from the Na-
tional Highway Traffic Safety Administration’s Fatality Analy-
sis Reporting System.® The first 4 states to legalize recre-
ational marijuana (Colorado, Washington, Oregon, and Alaska)
comprised the experimental group. These states are the only
ones for which there are at least 2 full years of traffic fatality
data available following the opening of retail stores. All 20
states that did not legalize recreational or medical marijuana
as of the beginning of 2018 served as controls.

First, parallel fatality trends in both groups of states during
the 18 years preceding legalization were confirmed by graphing
and inspecting the data. Then, we performed a difference-in-
difference analysis with a random effects model to compare the
change in traffic fatality rates between the 2 groups from the prel-
egalization to the postcommercialization period. The prelegal-
ization panel data were from the 5 years preceding legalization
in any state (2008-2012), and the postcommercialization data
were from the years that included commercial sales in all 4 ex-
perimental states (2016-2018). Unemployment rate, maximum
speed limit, and presence of a primary seatbelt law were in-
cluded as covariates. We calculated our estimates using the xtreg
function in Stata MP statistical software (version 16.0, Stata-
Corp). Robust standard errors were used to generate confi-
dence intervals. Data were analyzed from December 22, 2019 to
February 29, 2020. Because the study used deidentified pub-
licly available data, no review board approval was needed.

Results | The changes in fatality rates for the control group and
each experimental state are displayed in the Figure. Our unad-
justed difference-in-difference analysis showed an increase of
2.1(95% CI, 1.2-2.9; P < .001) traffic fatalities per billion vehicle
miles traveled (BVMT) in experimental states relative to con-
trol states in the postcommercialization study period. Includ-
ing covariates, the increase was 2.1(95% CI, 1.3-3.0; P < .001) traf-
fic fatalities per BVMT.

Discussion | By analyzing additional experimental states over
a more recent time period, we have provided additional data

Figure. Change in Traffic Fatality Rate From 2008
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