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Abstract

In January 2021, oxygen supplies in the Amazon region’s largest city were allowed to run out at the peak of the second wave
of the COVID-19 epidemic, shocking the world as hospital patients expired for lack of this basic medical resource in Manaus,
which during the first COVID-19 wave had become the world’s first city to bury its dead in mass graves. Brazil’s authori-
ties used this tragedy to further a political agenda that implies enormous environmental and human-rights consequences.
Transport of oxygen was used to promote building a road that, together with its planned side roads, would give deforesters
access to much of what remains of Brazil’s Amazon Forest. Here, we demonstrate that the logistical strategy adopted by the
Jair Bolsonaro administration’s Ministries of Health and Infrastructure to bring oxygen to Manaus was the worst possible
choice, and the foreseeable delay in the arrival of oxygen cost hundreds of lives. Rather than sending trucks to carry oxygen
on the nearly impassible Highway BR-319 during the rainy season, the most appropriate transport option was barges on the
Madeira River. As oxygen supplies dwindled in Manaus, the families of wealthier COVID-19 victims scrambled to buy the
few remaining cylinders at prices out of reach for those in poorer (and often ethnically distinct) economic strata. Ethnic health
disparities are aggravated by both the direct consequences of the oxygen crisis and, on the longer term, by the consequences
of the highway project that political use of the crisis materially advanced.
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Manaus, the largest city in Brazil’s Legal Amazon region,
experienced a second wave of COVID-19 that began in
October 2020 and peaked in January 2021 (Fig. 1), causing
the collapse of the city’s health and funeral systems [1].
The city was classified as one of the global epicenters of
the COVID-19 pandemic [2], mainly because of the high
community transmission of SARS-CoV-2 (which causes
COVID-19), and Manaus gave rise to the Gamma (P1)
variant that was responsible for two-thirds of deaths from
COVID-19 in Brazil [1, 2]. Manaus is the capital of the
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state of Amazonas, which encompasses roughly one-third
of the Legal Amazon region, and the impacts of the Manaus
oxygen crisis had a wide geographical reach because all of
the state’s intensive care units were located in Manaus [3].
Local politicians (falsely) blamed the second wave of
COVID-19 on the emergence of the Gamma (P1) variant
[1, 2]. However, studies have shown that the second wave
of COVID-19 in Manaus was not generated by the Gamma
variant [1, 4], which emerged after the second wave of
COVID-19 had already begun: the Gamma variant appeared
in Manaus in early November 2020 and became prevalent
in January 2021. The second wave was generated by high
community transmission, especially due to the 24 September
2020 return to school without vaccination [1, 3, 4].
Politicians also (falsely) blamed the Manaus oxygen cri-
sis on the lack of reconstruction of Highway BR-319 [2], a
highway that was built in 1972-1973, abandoned in 1988,
and “maintained” since 2015, but not “reconstructed” as
a new highway on the same route connecting Manaus to
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Fig.1 Overview of the first and second waves of COVID-19 in
Manaus, state of Amazonas. (1) The first warning of the risk of sec-
ond wave and the need to maintain precautions was given in a tech-
nical note requested by the MP-AM. (2) Warning in the Journal

Brazil’s major population centers. Overestimation of the
immunity of the population of Manaus through previous
contact with SARS-CoV-2 [4], together with the progressive
loss of immunity after exposure [1, 5], contributed greatly
to the second wave of COVID-19. The excuse for the lack
of oxygen as a result of the absence of reconstructing High-
way BR-319 is not plausible because a warning that Manaus
would experience a second wave had been given more than
6 months in advance through a technical note prepared at
the request of the Public Ministry of the State of Amazonas
(MP-AM) [6] (Fig. 1). The warning also had wide national
coverage, being reported in Brazil’s most highly viewed tel-
evision newscast (Jornal Nacional), where it was pointed
out that the second wave of COVID-19 would be much more
severe than the first wave [7]. Five months before the second
wave in Manaus, a third warning from the same group of
researchers was published in the journal Nature Medicine,
with wide media coverage in Brazil [3]. A fourth warn-
ing was given on 24 September 2020 in a public hearing
held at the Legislative Assembly of the State of Amazonas
(ALEAM) [8].

Given that the second wave of COVID-19 in Amazonas caused
a general lack of oxygen and medical supplies in the state capital,
which resulted in hundreds of deaths [1, 2], the present study aims
to evaluate the best logistical route for the transport of oxygen and
medical supplies to the state capital, which is located in the central
Amazon, optimizing accessibility, costs, and transportation time
to better serve the population during a crisis. We also assess the
choice of route used for oxygen transport during the second wave
of COVID-19.

Until the second wave reached its peak, the health institu-
tions of the federal and Amazonas state governments denied
that a second wave would occur in Manaus [9]. During this
peak, even the director of the Health Surveillance Foun-
dation of Amazonas died from COVID-19, despite never
acknowledging the warnings from researchers [10]. Federal
authorities, such as the Minister of Health (Eduardo Pazue-
llo), tried to justify the lack of preparations by claiming
that an increase in COVID-19 cases could not be predicted
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Nacional newscast. (3) Warning via publication in Nature Medicine.
(4) Warning at the Legislative Assembly of the State of Amazonas
(ALEAM)

[11]. This is untrue, as shown by the various warnings from
researchers. It is clear that the authorities in Manaus were
aware of the risk of a second wave of COVID-19.

After the explosion of cases of COVID-19 and the
beginning of the oxygen crisis in Manaus [1, 2], a post was
released on the Twitter account of the Ministry of Infrastruc-
ture announcing an emergency route along Highway BR-319
to “facilitate” the transport of oxygen to Manaus during the
crisis (Fig. 2). However, the Amazonas state government had
known since November 2020 that oxygen in Manaus would
be insufficient [12]. The then-Minister of Health (Eduardo
Pazuello) also learned that there would be a lack of oxy-
gen in Manaus several days before the critical phase of the
second wave of COVID-19 [13]. Many people did not have
access to oxygen in Manaus for a period of more than a week
due to the high prices of the few cylinders that were left in
the city, which increased public health disparities in the state
of Amazonas in this period, with only the wealthiest classes
having access to oxygen in practice.

The logistics for bringing oxygen to Manaus during the sec-
ond wave of COVID-19 were the joint responsibility of the Min-
istry of Health (under Eduardo Pazuello) and the Ministry of
Infrastructure (under Tarcisio de Freitas). The Ministry of Infra-
structure’s publicizing Highway BR-319 as the strategic route
to bring oxygen to Manaus (Fig. 2) was seen by supporters of
President Bolsonaro as an action that would “save lives” and
would demonstrate the government’s concern during the crisis.
However, the convoy of oxygen trucks heading to Manaus under
the responsibility of the Ministry of Infrastructure’s National
Department of Transport Infrastructure (DNIT) got stuck in the
mud on Highway BR-319, a route widely known for its quag-
mires at this time of year (the rainy season) [14].

The Twitter announcement by the Ministry of Infrastruc-
ture stated that the land route to take oxygen to Manaus from
Porto Velho on Highway BR-319 would take approximately
30 h, while an alternative route by barge from Belém to
Manaus would take 6 to 7 days (Fig. 2). However, the alter-
native route by barge should instead be along the Madeira
River, which runs parallel to Highway BR-319 and connects
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Manaus to Porto Velho, the city from which the oxygen left
for Manaus via the highway. The route that the Ministry of
Infrastructure claimed to be the alternative to BR-319 was
from the more-distant city of Belém and required navigation
against the flow of the Amazon River, such that it would take
much longer than descending the Madeira River (Fig. 3).
The trip using the route adopted by the Ministries of
Infrastructure and Health lasted three times longer than
the planned 30 h, and the oxygen convoy finally arrived in
Manaus after 96 h (Table 1). Studies on the economic fea-
sibility of transporting cargo to the state of Amazonas have
concluded that, even if the highway were reconstructed and

Trajeto rodoviario entre Porto Velho/RO e
Manaus/AM tem duracdo aproximada de 30 horas
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de carga, por hidrovia, levaria entre 6 e 7 dias para
sair de Belém/PA e chegar a Manaus/AM
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paved, transport via Highway BR-319 would be also much
more expensive than river transport [15, 16]. A comparison
of oxygen transport by different modes based on travel time,
route trafficability, and cost (Table 1) shows that the oxygen
crisis in Manaus was exacerbated by the choice of the trans-
port route made by the two ministries. The routes adopted
were both the most expensive and the most time-consuming
(Table 1). Given the urgent need for oxygen in January 2021,
it would have made much more sense to use air transport
with aircraft from the Brazilian Air Force (FAB), and it is
not justified to relate the oxygen crisis in Manaus to the
absence of Highway BR-319.
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Fig.3 Map of the Brazilian Amazon region with the three routes for transporting oxygen to Manaus. Red line, Madeira River; purple line, Ama-

zon River; orange line, Highway BR-319
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Table 1 Comparison of modes for transporting oxygen to Manaus in the crisis generated by the second wave of COVID-19

Mode of transport Vehicle Actual or estimated travel ~ Trafficability of the route Shipping cost
time during the oxygen crisis in
Manaus
Highway BR-319 6 trucks 4 days (96 h) Impassable Estimated value for ship-
ping only 1.7 million
reais®*
Barges on the Madeira Conventional pusher tug- 75h Clear traffic 7 to 14 thousand reais
River* (routine trips boat with 350 to 420 HP
with shared transport of and a 5.39 reverser
products)
Barges on the Madeira Conventional pusher tug- 75h Clear traffic 150 thousand reais

River* (emergency trip
for oxygen only)

Barges on the Madeira
River* (emergency trip
for oxygen only)

boat with 350 to 420 HP
and a 5.39 reverser

Power pusher tugboat with
600 to 830 HP and a 5.39
reverser

30-52 h depending on draft Clear traffic

and sailing conditions

195 thousand reais

*Data quoted by shipping companies. The time of 96 h via Highway BR-319 was the duration of the oxygen transfer from Porto Velho to
Manaus during the second wave of COVID-19 carried out by the Ministry of Health and by DNIT in the Ministry of Infrastructure. **Total
value of transport and oxygen informed by Ministry of Health = 2,767,284.32 reais; Value of one cubic meter of liquid oxygen during the pan-

demic = 6.50 reais, total by 160 thousand cubic meters = 1.04 million reais.

Under normal navigation conditions, considering the draft of
the Madeira River at Porto Velho (Departure) and the draft of the
Madeira River at its confluence with the Amazon River (Entrance
to the Amazon River bound for Manaus) and a river pilot with solid
knowledge of the river, it was estimated that, with the engine work-
ing at 1500 to 1800 RPM, the trip would take from 30 to 52 h of
travel without interruption. Altimetric surveys using satellite images
of water levels in the Madeira River [17, 18] demonstrate that the
river was in one of its best periods for trafficability (Fig. 4), unlike
Highway BR-319, which had a large number of mud holes due to
the large volume of rainfall at that time of year [14].

The Manaus Oxygen Crisis as a Windfall
for Promoting a Highway Project
that Increases Health Disparities

Reconstructing Highway BR-319 was a campaign prom-
ise of Jair Bolsonaro as a presidential candidate in 2018
(and also in 2022), and, when he took office in 2019, he
chose his ministers based on his ideological agenda [19].
President Bolsonaro repeatedly claimed that his Minis-
ter of Health at the time of the oxygen crisis (Eduardo
Pazuello) was an expert in “logistics,” but Pazuello has
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Fig. 4 Water levels in the Madeira River (Data: [18]). The red asterisk marks the oxygen crisis in Manaus
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no training in this area [20]. The president claimed that
all his ministers were chosen based on “technical” cri-
teria, including the Minister of Infrastructure (Tarcisio
de Freitas) [21]. The then Minister of Health (Eduardo
Pazuello) did not provide the oxygen in a timely man-
ner, as concluded by the report of the Parliamentary
Commission of Inquiry (CPI) that evaluated the negli-
gence of the federal government in the COVID-19 pan-
demic [11]. Given that Minister Pazuello summarized
his role in the government by stating that the president
“commands” and he “obeys” [22], it may be that there
was also negligence on the part of President Bolsonaro
for the choice of the slower and more expensive means
to transport oxygen to Manaus. Negligence lawsuits
against then Minister of Health Pazuello (who was a
general on active duty in the Army) by the Brazilian
Army were placed under 100-year secrecy, such that the
expenditure of public funds on this action has not been
revealed [23]. Through Brazil’s access-to-information
law, we requested access to this confidential information
from the Ministry of Health and DNIT-AM (the agency
responsible for Highway BR-319 at the time of the oxy-
gen collapse). The Ministry of Health informed us that
the oxygen and its transport along the BR-319 highway
cost 2,767,284.32 reais. Based on publicly available
price quotes for oxygen during the pandemic (R$6.50/
m3) [24], the 160,000 cubic meters of liquid oxygen sent
to Manaus [25] can be estimated at 1,040,000 reais. This
means that the transport via BR-319 cost more than 1.5
million reais more than transport on the Madeira River
(Table 1), which was also the fastest mode of trans-
port. It is noteworthy that the vice president of Brazil
and head of the Amazon Council (General Hamilton
Mourio) had promised that he would eat the beret from
his military uniform if Highway BR-319 were not paved
before the end of President Bolsonaro’s term in office
[26]. The mayor of Manaus (David Almeida) also seized
on the oxygen crisis as an opportunity to promote the
highway, a project whose priority derives not from any
economic rationale but rather from its role in winning
votes in Manaus [27].

The operation to drive the trucks transporting oxygen
via BR-319, including the use of a bulldozer to tow them
through mud holes [14, 27], should not be seen as a heroic
strategy or a demonstration of the isolation of the region,
but rather as a negligent action with respect to the health
needs of the population at that time and an attempt to lobby
for a road that rips through the Amazon rainforest and that is
unfeasible both economically [15, 16] and environmentally
[28-31], in addition to violating the rights of indigenous
peoples [30-33]. A federal judge in Brasilia (I'talo Fiora-
vanti Sabo Mendes) used the oxygen crisis in Manaus as a
legal argument to allow the public hearings in the licensing

process to proceed when COVID-19 prevented the partici-
pation of indigenous peoples [34]. This argument is false,
as shown by this study. It is necessary to revoke the public
hearings held by the Brazilian Institute for the Environment
and Renewable Natural Resources (IBAMA) to approve the
preliminary license for reconstructing Highway BR-319
because the need for participation of the indigenous peoples
impacted by the project was ignored [32].

We would encourage the Federal Public Ministry to
consider representations against former Minister Eduardo
Pazuello, former Minister Tarcisio de Freitas, and former
President Jair Messias Bolsonaro for omission during the
oxygen crisis in Manaus at the same time that they used
the crisis to promote a campaign promise by President Bol-
sonaro [31]. Given that a court decision used a false tech-
nical basis [34] to justify allowing IBAMA to hold public
hearings on the environmental studies for Highway BR-319
in the middle of the pandemic, jeopardizing the future of
the more than 18,000 impacted indigenous people [32], it
is recommended that the public hearings that have already
been held be revoked immediately. In addition, a technical
document requested by the Federal Public Ministry from
the National Institute for Research in the Amazon pointed
out that the environmental studies for the middle section of
Highway BR-319 are insufficient, requiring further studies
[35]. This adds to the evidence that the public hearings car-
ried out by IBAMA as part of the licensing process did not
follow all the legal requirements determined by Brazilian
environmental legislation. The presidential administration
of Jair Bolsonaro dismantled the environmental licensing
process in Brazil [36, 37] and, specifically in the case of
Highway BR-319, disregarded court decisions that had
determined the need for additional environmental studies
and for consultation with indigenous peoples [28].

Acceleration of the Highway BR-319 project during the
pandemic led to the spread of the coronavirus in indigenous
villages near the highway [31]. Indigenous peoples were the
group most affected by the COVID-19 pandemic in Bra-
zil [2, 38]. This is because indigenous peoples are part of
the risk group for COVID-19 due to genetic factors and the
social and economic vulnerabilities of communities [3, 5,
39]. COVID-19 is especially lethal for these peoples, as it
mainly affects the elderly people who are responsible for the
oral transmission of the group’s traditions. Contamination
of an indigenous community by COVID-19 can decimate an
entire culture due to the death of elders or cacigues (heads of
communities) [3]. Maintenance of traffic along the Madeira
River rather than along Highway BR-319 would help to pre-
serve ethnic groups of traditional peoples in the Amazon,
since Highway BR-319 has been found to increase health
disparities to the detriment of the most vulnerable ethnic
groups.
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Risk of New Pandemics

Appropriate routes for the transport of oxygen and other
medical supplies need to be established at this time for the
Amazon region because the region is the most susceptible
in Brazil to the emergence of a new pandemic [40]. This
may occur due to the growing environmental degradation in
the region, which leads to zoonotic leaps with the potential
to provoke new pandemics [40-42]. Deforestation result-
ing from reconstructing Highway BR-319 is likely to cause
an expansion to the central Amazon of climate anomalies
already registered in the “arc of deforestation” [43], which
would further degrade the forest and increase the risk of the
emergence of a new pandemic in this area.

This adds to the concerns surrounding the extraordinary
potential for degradation generated by Highway BR-319
[28-31] and reinforces the importance of the Madeira
River as the main route to Manaus. The mayors of several
municipalities in the interior of Amazonas have falsely
argued that the lack of trafficability on Highway BR-319
increases disparities in public health in the state, and politi-
cians in Manaus have claimed that the highway is neces-
sary to supply fuel and goods and to transport people who
need to travel for medical care [44]. However, the potential
of BR-319 to increase health disparities is also shown by
the relation of this highway to malaria in the municipali-
ties (counties) it bisects, such as Manicoré, where there is
a strong relationship between environmental degradation
(increased deforestation) and the increase in malaria in the
municipality (Fig. 5). Transport of fuel and other goods is
more feasible by means of barges on the Madeira River than
by BR-319 [15, 16 and Table 1]. Transport of patients to
hospitals would, indeed, be facilitated by the highway, but
this in no way justifies the reconstruction project because
improving the health of the population in the interior of
Amazonia would be much better served by investing the
funds intended for the highway in building and staffing
health clinics throughout the interior, rather than benefit-
ting the lucky few along the highway route at a high cost.

Warnings like the present one of the zoonotic jumps with
risk of a new pandemics from environmental degradation
and deforestation are often unheeded, as the case for warn-
ings of the COVID-19 pandemic a year before it emerged,
with the identification of coronaviruses in bats in the Wuhan
region of China [45]. Because the Amazon is one of the
world’s largest reservoirs of zoonoses [42], a new global
public health crisis arising in the Amazon would be poten-
tially even more significant than the one that occurred in
China. The increase in endemic diseases due to environmen-
tal degradation in the Highway BR-319 area is a bioindicator
of an imminent zoonotic risk (Fig. 5). These indicators must
be considered by the environment agencies that will decide
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on licensing the BR-319 reconstruction project. The environ-
mental risk to public health is one of the factors contributing
to the environmental unfeasibility of the enterprise.

Ignoring epidemiological alerts led to the catastrophic
second wave of COVID-19 in January 2021 (Fig. 1), and
the zoonotic risks of reconstructing Highway BR-319 are
great given the large zoonotic stock present in the Amazon
rainforest [40, 42]. Ignoring scientific studies has cost lives
in Brazil [46], and decision-makers cannot escape account-
ability when ignoring the warnings of scientists results in
catastrophes. Highway BR-319 has been shown to be unfea-
sible both economically ([15, 16] and Fig. 2) and environ-
mentally [29-31], and it is also damaging from a public
health perspective.

Conclusion

We conclude that the Manaus oxygen crisis was used to
promote the proposed reconstruction of Highway BR-319,
a project with tremendous environmental and human conse-
quences that include health impacts on indigenous peoples
and increased risk of new pandemics. The political use of the
oxygen crisis increased public health disparities in Brazil’s
state of Amazonas, especially by impacting the health of
indigenous peoples—the most vulnerable ethnic group. The
choice of BR-319 as the route to bring oxygen to Manaus
cost hundreds of lives and aggravated health disparities in
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Amazonia’s largest city. It was clear at the time that the best
route for transporting oxygen and other medical supplies
to Manaus was not BR-319, but rather by waterway on the
Madeira River. Our results also indicate that reconstructing
Highway BR-319 would increase disparities in public health
and that just the maintenance project for the current highway
has led to an increased number of cases of endemic dis-
eases, such as malaria. Reconstructing BR-319 would also
increase the risk of zoonotic jumps that could give rise to
new pandemics. This adds to the many impacts suggesting
that Brazil’s environmental agencies would be well advised
to stop the proposed reconstruction project.
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