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The Nossa Senhora Aparecida cemetery in Manaus, Brazil, where many COVID-19 victims are buried. The
city’s clinical trial with chloroquine started in late March, when cases had begun to explode. MICHAEL
DANTAS/AFP VIA GETTY IMAGES
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Now that several big trials have shown disappointing results, hope has faded that
chloroquine or hydroxychloroquine might be miracle drugs against COVID-19. But for one
group of researchers in Brazil, the story is far from over.

In April, a team led by Marcus Lacerda, a clinical researcher at the Heitor Vieira Dourado
Tropical Medicine Foundation in Manaus, Brazil, published a study showing chloroquine can
increase mortality in COVID-19 patients. Since then, they have been accused of poisoning
their patients with a high dose of chloroquine just to give the drug—praised by U.S.
President Donald Trump and his Brazilian counterpart Jair Bolsonaro—a bad name. Social
media attacks, defamatory articles, death threats, and even a legal inquiry into the group’s
work have left Lacerda and his team stressed and exhausted.
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“dangerous and definitely too high,” says Peter Kremsner of the University of Tiibingen in
Germany, who is using far lower doses in two trials of hydroxychloroquine. Others say
Lacerda and his colleagues took a calculated risk at a time when the optimal dose for
SARS-CoV-2, the virus that causes COVID-19, was still under debate. “It's clearer now that

you wouldn’t have gone for that dose,” says Nicholas White, a veteran malaria researcher at
Mahidol University in Bangkok who helped design the Recovery trial in the United Kingdom,

which included a hydroxychloroquine arm. “But at that time, | think it was a legitimate
choice.”

‘Left-wing medical activists’

Lacerda started the trial in late March, at a time when coronavirus cases in Manaus were
growing explosively and scientists had promising results from chloroquine and
hydroxycholoroquine in test tube studies and small, nonrandomized clinical studies.
(Lacerda chose chloroquine because it's widely available as a malaria treatment in Brazil.)
The plan was to recruit 440 patients and give half of them 600 milligrams (mg) of
chloroquine twice a day over a 10-day period—a total of 12 grams. The other half received
900 mg for 1 day followed by 450 mg for 4 days, a total of 2.7 grams.

When the trial’'s independent data safety monitoring team saw the number of deaths in the
high-dose group rise rapidly, they alerted the researchers and asked for that arm to be
stopped. Of 81 patients enrolled at the time, seven in the high-dose group had died, versus
four in the low-dose group. By the times the results were published, those numbers had
risen to 16 and six, respectively. Two patients from the high-dose group developed
dangerous cardiac arrhythmias before death, a known side effect from chloroquine, and
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That put clinical researchers in a tricky position, White says. Go too low and you might miss

the lifesaving activity of the drug. Go too high and you might endanger your patients.
Climate change is triggering more
Lacerda went very high. The 12 grams given to participants in his high-dose arm lightning strikes in the Arctic
approached two times what was used in Recovery trial, which didn't show a benefit from
hydroxychloroquine, and in the World Health Organization’s Solidarity trial, which didn’t see
a benefit either and ended its hydroxychloroquine arm on Wednesday. At least two
hydroxychloroquine trials—one of 150 patients in Shanghai and a study at the University of

Pennsylvania—went slightly over Lacerda’s total, but most studies used far less.

By Sofia Moutinho | Apr. 7,2021

Tropical forest destruction
increases, despite the pandemic

By Sofia Moutinho | Mar. 31, 2021

Pesticide-blocking gene
transferred from plants to animals

By Sofia Moutinho | Mar. 26, 2021

The participants in Lacerda'’s trial were also given two to three other medications, including
azithromycin, which shares chloroquine’s propensity to cause heart problems. It's hard to

evaluate just how harmful the high-chloroquine doses may have been, says James Watson
of Mahidol University, who has attempted to model the toxicity of various dosing regimens.

“I'm sure that it's going to be a very nice scientific discussion,” Lacerda says, adding that the
criticisms of the high dose didn’t start until politics got involved. “Some people will be
against that dose, some people will be in favor of that dose, and, unfortunately, | was the
one who had the bad luck to be the first one to try the high dose. | probably will have to pay
the price for that forever.”

White maintains Lacerda and his team made a reasonable choice at the time of their trial.
But Kremsner says both Recovery and Lacerda’s trial were “a dangerous undertaking.” Two
trials in Germany he leads—one in hospitalized patients and one in milder cases at home—
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monitoring plan,” Boulware says. “There was a monitoring plan, they did stop the trial early,
and they didn't hide their results—they published them to try to warn others.”

Intense strain

Part of Lacerda’s problem is that he appeared unaware that the dose was very high. In the
preprint, the team justified the high dose in part by pointing to an expert consensus coming
from Guangdong province in China that recommended using 500 mg of chloroquine
phosphate twice daily—seemingly in the same ballpark as the 600 mg the Brazilian team
used. Lacerda also discussed the consensus in the New York Times story and again in a 20
April written statement defending his study.

But the comparison was off. A dose of chloroquine base, the nomenclature used by
Lacerda, is 67% more potent than an equal dose of cloroquine phosphate, which the
Chinese authors used. Lacerda said the mistake came when writing the preprint, after the
trial was completed. He says the team did a wide literature review before making its dose
decision and that the Guangdong dose was just one factor in their choice. Lacerda is still
under intense strain from the fallout. “It's a nightmare,” he told Science in a video call. For
weeks he hasn't been able to stop worrying that “my whole career is gone” or agonizing over
the death threats against his family. “The day someone tells in your social media, that
they're going to kill your children to make you suffer the way you made other people suffer,
you will understand what I've been through,” he says.

With reporting by Kai Kupferschmidt.
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