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Abstract

Tendentious projections about COVID-19 in Brazil provided an appealing excuse for individuals and decision-makers to
justify poor choices during a critical phase of the pandemic. The erroneous results likely contributed to premature resumption
of in-person school classes and easing of restrictions on social contact, favoring the resurgence of COVID-19. In Manaus,
the largest city in the Amazon region, the COVID-19 pandemic did not end in 2020 of its own accord, but rather rebounded

in a disastrous second wave of the disease.
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Non-pharmacological measures such as social confinement
have played an important role in containing the COVID-
19 pandemic throughout the world, especially prior to the
availability of vaccines. The early ending of these measures
has always carried the risk of a new resurgence of cases [1].
Brazil had one of the world’s worst records in handling the
COVID-19 pandemic, as clearly shown by the 1079-page
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report of the parliamentary commission of inquiry of Bra-
zil’s Federal Senate, released in October 2022 [2]. At the
time of the report, Brazil had 2.7% of the world’s popula-
tion yet accounted for 12.3% of the deaths from COVID-19.
Manaus, a city of 2.2 million in Brazil’s Amazon region,
gained notoriety for being the world’s first city to bury is
COVID-19 dead in mass graves during the first wave of the
pandemic in April and May 2020 and then for the specter of
people dying in hospitals for lack of oxygen during the sec-
ond wave in January 2021 (Fig. 1). Manaus had one of the
worst responses to the COVID-19 pandemic, resulting in a
catastrophic second wave in January 2021 that collapsed the
health and funeral systems [3, 4]. Despite warnings in scien-
tific journals [5], theories that have never been published any
specialized journal were widely disseminated by the media
and supported political decisions to increased urban mobility
and the end of social confinement [3, 4].

This tragic outcome was the result of COVID denialism
and associated resistance to social distancing measures, both
by individuals and by political leaders. Similar resistance to
vaccines after they became available in 2021 would further
worsen the pandemic’s toll in Brazil. President Jair Bolson-
aro and his 2019-2022 administration were responsible for
misguided policies and a discourse promoting resistance to
effective measures to contain the pandemic [2]. Bolsona-
ro’s actions are credited with at least half a million COVID
deaths—75% of Brazil’s total by November 2022 [6, 7].
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Fig. 1 a Violet (black) indicates
the projected (observed) deaths a

to Manaus. b Shows the com-
munity use of public transport
(busses) in Manaus, compared
to the February 2020 baseline. b‘
(Data: Ferrante et al. [3])
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COVID denialism, a hallmark of President Bolsonaro’s
discourse, was (and still is) strong in Manaus. An indication
is provided by the runoff election in October 2022, when
61.3% of the votes for president were for Bolsonaro, the 8th
highest among Brazil’s 26 state capitals, and both candidates
for governor of the state of Amazonas were Bolsonaro sup-
porters. This backdrop reflects the dominant cause of the
tragic events in Manaus (and throughout Brazil) stemming
from premature reopening of schools and general relaxing of
social isolation [3, 4]. A contribution to this outcome came
from arguments based on the erroneous suggestion that the
pandemic was going to disappear of its own accord.

In May 2020, a hypothesis that the pandemic in Manaus
was entering its “last phase” was argued in the 10th news-
letter of the Atlas ODS Amazonas group, with the title “De
Epicentro a Redengdo: Por que Manaus serd a primeira
cidade brasileira a vencer a pandemia de COVID-19”
(“From Epicenter to Redemption: Why Manaus will be
the first city to beat the COVID-19 pandemic”) [8]. The
newsletter published by the ODS Amazonas group was cre-
ated by the first author of the publication and was widely
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disseminated online through the Federal University of Ama-
zonas (UFAM) website, making it accessible to the entire
population of Manaus, including decision-makers and the
media. The newsletter in which the information was pub-
lished is not a scientific journal and is not peer-reviewed.
National television networks reported the results as being
from a research study indicating that Manaus had entered the
final phase of the pandemic (e.g., Jornal da Record [9] and
Rede Globo de Televisdo [10]), while some national media
reported the same findings together with the fact that these
results were questioned by researchers in the area (e.g., Jor-
nal da Globo [11] and Maisonnave [12]). Local television in
Manaus reported that the reduction in deaths was due to the
incidence of a version of the virus that would be less aggres-
sive (TV A Critica, 2020) [13]. According to the newslet-
ter, the reduction in hospitalizations and deaths related to
COVID-19 in Manaus in early June 2020 was due to coevo-
lutionary mechanisms of the host-pathogen relationship and
certain trade-offs, such as one between virulence and trans-
mission [8]. Here we show that these claims are implausible
and lack the necessary support from the scientific literature
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and that a rhetoric based on bad science supported the end
of social isolation.

Coevolution is the mechanism whereby two or more spe-
cies reciprocally affect each other’s evolution through the
process of natural selection [14]. The Atlas ODS Amazonas
newsletter argued that “the reductions in severe cases (hospi-
talizations) and deaths (lethality) [...] must be attributed to
complex coevolutionary mechanisms of the host-pathogen
relationship” [8]. However, a coevolutionary process involv-
ing the human species would presuppose the occurrence of
a process of natural selection in the human species, which
would only be plausible on a timescale of many decades
and is thus unrealistic in the case of the new coronavirus
SARS-CoV-2.

The newsletter went on to argue that these supposed
coevolutionary mechanisms “result from the existence of
a ‘trade-off’ between virulence and transmission and other
potential trade-offs, such as between virulence and recovery
or between transmission and recovery that have been and
continue to be critically underestimated in studies on this
and other epidemics and pandemics” [8]. Theories suggest-
ing a virulence-transmission trade-off and other trade-offs
exist in the scientific literature, but the empirical evidence
so far is only partial [14]. In particular, the occurrence of a
trade-off between SARS-CoV-2 virulence and transmission
is a hypothesis without any evidence in the scientific litera-
ture. Indeed, it is likely that no such trade-off had occurred
by June 2020, given the relatively low lethality rate due to
infection by the SARS-CoV-2 virus (estimated at around
1%), making it highly questionable that a significant benefit
would accrue to the virus if this lethality were to be further

Fig.2 a This is Figure 1 in Pereira et al. [18]. The graphs of the
cumulative number of COVID-19 deaths for Boa Vista, Macapa, Rio
Branco, and Porto Velho indicate a tendency for the curve to con-
tinue rising, but a gray trend line was added that induces readers to
think that the curves will automatically plateau. b This is Fig. 2 in

reduced [15]. On the contrary, a process of indirect selec-
tion for higher virulence might have been occurring [15].
It would not be possible to affirm the existence of such a
virulence-transmission trade-off without a genetic analysis
that demonstrates the existence of a new lineage of the virus
in Manaus at that time, and there was no evidence to that
effect in the scientific literature. A review at that time con-
cluded that it would have been too early for evolutionary
processes to have reduced the pathogenicity of the virus in
the COVID-19 epidemic [15].

Contrary to the newsletter’s assertion that Manaus was
entering the last phase of the pandemic in early June 2020,
the evidence from two studies by authors of the current
paper pointed to a second wave of SARS-CoV-2 infections
[5, 16]. Epidemiological data at that time suggested that no
European country had seen high enough infection rates to
prevent a second wave of transmission if behavioral controls
or precautions were to be relaxed without compensatory
measures being implemented [17].

On 11 June 2020, the Atlas ODS Amazonas research
group published another newsletter [18]. The first figure
in the newsletter (reproduced here as Fig. 2) illustrates the
result of the logistic equation fitted to the official daily count
of deaths from COVID-19 in six state capitals in Brazil’s
Amazon region. The logistic equation was originally formu-
lated by Verhulst [19] and later independently formulated by
Pearl and Reed [20], in both cases to describe human popu-
lation growth. The equation’s assumptions make its appli-
cation extremely limited (see review in Fearnside, 1986)
[21]. Nevertheless, especially in the decade after Pearl and
Reed’s [20] paper, the logistic equation was applied to a
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Pereira et al. [18]. The authors use the figure to state that the number
of daily deaths was slowing in the cities of Belém and Manaus. How-
ever, since the y-axis has a logarithmic scale, a decrease in the slope
of the death curve does not necessarily mean that the number of daily
deaths is slowing
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wide variety of biological and social phenomena for which
its predictions are invalid [22]. Logistic growth is not a uni-
versal law that allows curve fitting to predict the future.

The graphs in Fig. 2a reveal the fragility of the conclusion
that the pandemic in Manaus had ended around June 2020.
First, it is well known that there was substantial under-report-
ing of cases and deaths [4, 23]. Because the number of tests
in the country as a whole was relatively small, many people
developed symptoms and died without being tested. Those
who died outside of hospitals were especially likely to not be
officially diagnosed and recorded as COVID-19 deaths. Nei-
ther the number of cases nor the number of deaths in Brazil
had a reliable source, and any scientific study based on these
numbers should have included a methodology that allows
numerical estimation of this under-reporting, which does
not appear to have been done for the results presented in the
newsletter.

A second point to note is that various other curves from
epidemiological models could be fitted to the data presented
in the graphs, but the logistic equation used to generate the
gray curves in the graphs do not consider key predictive
variables for contact epidemics, such as reinfection rates or
increased urban mobility [3, 4], which makes the logistic
equation an inadequate analysis.

Moreover, the way in which the gray curves are presented,
with a relatively wide line concealing the tops of the bars,
could lead readers to conclude that the equation fits the daily
death-count data better than it does. This could lead read-
ers to believe that future deaths would follow the logistic
extrapolation, for which the authors provide no evidence. In
fact, the data for many of the municipalities (counties) had an
increasing pattern. The authors claimed that it was possible
to deduce from these data the order in which the cities in the
study would be able to control the epidemic. However, it is not
possible to arrive at conclusions on controlling the epidemic
unless the authors can exclude the risk of further waves of
infection, which was not argued. Statements suggesting that
the epidemic was ending could be expected to lead to wrong
decisions both at the personal level and at the level of govern-
ment policy.

The second newsletter [18] contains another figure, repro-
duced in Fig. 2b. However, since the y-axis is on a logarith-
mic scale, the meaning of the shapes of the curves can be
deceptive for many readers. A straight line indicates exponen-
tial growth, and the slopes of the curves will decrease even
when cumulative deaths are increasing at a constant rate. In
other words, a decrease in the slope of the death curve when
plotted on a logarithmic scale does not necessarily mean that
the number of daily deaths is actually slowing down.

Daily deaths in Manaus did, in fact, decrease as a result
of social-isolation measures in the final months of the time
series considered by the Atlas ODS group in their curve-
fitting analysis, but this did not mean that the pandemic had
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ended and that isolation could be relaxed without conse-
quences, especially at that time when vaccination was not
available. The authors of the present paper had predicted
a second wave of the pandemic in Manaus [5] based on
accepted epidemiological modeling practices [3, 4, 24], and
this prediction was borne out by subsequent tragic events. A
number of elements were related to the increase in the lethal-
ity of COVID-19 in Manaus, including regional inequalities
in access to health services; the collapse of the hospital net-
work; misinformation; and negligence of political agents and
the general population in the adoption of sanitary measures
[3-5, 23, 25].

News of studies that implied that the epidemic had
been “beaten” and was drawing to a close was welcome
in Manaus and gave local authorities and lobbying groups
a justification for relaxing social isolation. The closure
of the city’s COVID-19 field hospital and the opening of
retail stores were presented by the media together with
the results from the Atlas ODS newsletter projecting the
imminent end to the pandemic in Manaus [26]. Ironically,
the Atlas ODS group did not advocate early relaxation
of social-distancing restrictions and was a target of those
opposing restrictions (e.g., Santos [27]). In light of the
subsequent development of the pandemic in Manaus, it
is now possible to affirm that such lifting of isolation
requirements contributed to the more than of 450 thou-
sand deaths in Brazil (in addition to deaths elsewhere)
subsequent to the gamma variant (P.1) first appearing in
Manaus, with this variant being responsible for two thirds
of COVID-19 deaths in the country [4, 28].

On a national level, on 23 June 2020 President Bolsonaro’s
minister of health (General Eduardo Pazuello) presented the
graphs from the Atlas ODS newsletter (Fig. 2) to the National
Congress in a session of the Mixed Commission for Accom-
panying the Coronavirus, claiming that the data showed that
“the tendency is normalcy” and “the curve is almost zero” [29].
This belief may have contributed to the disastrous nature of the
Bolsonaro administration’s handling of the pandemic through-
out Brazil [2].

Public health information played an important role in influ-
encing collective and individual actions seeking protection
from the COVID-19 pandemic [30]. It is important to note
that misinformation has been used to justify the lack of imple-
mentation of restrictive measures to contain the advance of
COVID-19 in different places in the world [31-33]. Moreover,
questionable news sources have affected the population more
strongly in different parts of the world than reliable ones, thus
leading to higher indices of community transmission [32, 33].

Monitoring and early action to contain COVID-19 or any
other zoonosis is essential to stop a pandemic [34]. Inad-
equate monitoring or unfounded theories about the remis-
sion of an epidemic can be catastrophic, as in the case of
Manaus. We believe that questionable scientific practices
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contributed to the high number of deaths during the pan-
demic in Manaus, and, in our view, this could have been
avoided, or at least mitigated, by adopting two rather sim-
ple guiding principles: (1) sensitive scientific hypotheses
should be published in indexed scientific journals; and
(2) when reporting on scientific literature, media outlets
should seek guidance from scientists who can help dis-
tinguishing between reliable journals and gray literature.
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