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Brazil is a country of continental dimensions, where many smaller countries would fit. In addition to
demographic, socioeconomic, and cultural differences, hospital infrastructure and healthcare varies
across all 27 federative units. Therefore, the evolution of COVID-19 pandemic did not manifest itself
in a homogeneous and predictable trend across the nation. In late 2020 and early 2021, new waves
of the COVID-19 outbreak have caused an unprecedented sanitary collapse in Brazil. Unlike the first
COVID-19 wave, in subsequent waves, preliminary evidence has pointed to an increase in the daily
reported cases among younger people being hospitalized, overloading the healthcare system. In
this comprehensive retrospective cohort study, confirmed cases of hospitalization, ICU admission,
IMV requirement and in-hospital death from Brazilian COVID-19 patients throughout 2020 until the
beginning of 2021 were analyzed through a spatio-temporal study for patients aged 20-59 years. All
Brazilian federative units had their data disaggregated in six periods of ten epidemiological weeks
each. We found that there is a wide variation in the waves dynamic due to SARS-CoV-2 infection,
both in the first and in subsequent outbreaks in different federative units over the analyzed periods.
As aresult, atypical waves can be seen in the Brazil data as a whole. The analysis showed that Brazil
is experiencing a numerical explosion of hospitalizations and deaths for patients aged 20-59 years,
especially in the state of Sdo Paulo, with a similar proportion of hospitalizations for this age group but
higher proportion of deaths compared to the first wave.

COVID-19, a highly infectious disease caused by the SARS-CoV-2 virus, has become an unprecedented global
threat in the contemporary history of the worldwide population. The initial epidemic in Wuhan (China), in
December 2019, spread and reached most nations, becoming a pandemic of difficult containment'. Many coun-
tries seriously affected by the COVID-19 pandemic are facing a second wave due to the continued transmission
of SARS-CoV-2. Like many countries, Brazil experienced a first COVID-19 wave that started in March 2020. The
first COVID-19 cases in Brazil emerged in Amazonas and Sao Paulo, two states that host important international
airports. After the first SARS-CoV-2 dissemination wave across the country, continuous transmission generated
subsequent waves that, so far, have not been contained.

In Brazil, testing of infected people and contact tracking have been poorly implemented, making “Non-
Pharmaceutical Interventions” (NPIs) the main measures for to mitigate or suppress transmission during the
first wave. However, prolonged NPIs have a direct impact on economic and social dimensions of the population,
leading to reduced adherence to measures and causing the COVID-19 recrudescence.

Another factor that may contribute to the occurrence of new outbreaks is the SARS-CoV-2 variants emer-
gence. Indeed, the emergence of the second wave in the United Kingdom (UK) was due to “Variant of Concern”
(VOC) 202012/01 (lineage B.1.1.7), detected in September 2020, which is more transmissible? and causes more
severe illness’. This variant became the dominant lineage in the UK and has spread to many countries. In Brazil,
a new SARS-CoV-2 variant B.1.1.28.1 (named P.1) was detected in the Amazonas State on January 12, 2021,
being classified as VOC due to several important mutations and higher transmissibility*>.
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P.1 quickly became the dominant variant and probably responsible for the second wave that emerged in mid-
December 2020 in Amazonas®. Recent study on the detection of VOCs through a mutation common to three
variants (P.1 in the Amazonas, B.1.1.7, in the United Kingdom and B.1.351, in South Africa) found the presence
of the variant in several Brazilian states, possibly with a prevalence of P.1°.

Brazil is a country of continental dimensions, almost corresponding to the territory of the USA or Europe’,
divided into 27 federative units (26 states and the Federal District) (Fig. S2). With these characteristics, Brazil
has showed significant differences regarding to demographic, socioeconomic and cultural factors. In addition,
hospital infrastructure and healthcare is varied across all 27 federative units, despite the existence of the Unified
Health System (Sistema Unico de Satide—SUS)® which guarantees full, universal and free access for the Brazilian
population. In this context, the evolution of COVID-19 pandemic did not manifest itself in a homogeneous and
predictable trend across the nation®. Studies covering the first COVID-19 wave showed that the disease affects
the Brazilian population unevenly, with the mortality of hospitalized COVID-19 patients being higher in the
North and Northeast region'®!’.

Extensive literature has shown that older age and to have comorbidities, such as heart disease, diabetes,
chronic lung disease and obesity contribute to a more severe disease outcome!?>"14. We also observed the same in
a comprehensive retrospective study involving patients affected by COVID-19 during the first wave in Brazil''.
Importantly, elderly represent the population at high lethality risk, while, younger people account for the majority
population with the greatest potential for transmission of SARS-CoV-2. According to IBGE", the working age
population (15-64 years old) consists of 69.3% in Brazil (Fig. S3). Working activities between 15 and 18 years
old are only allowed as apprentice. Unlike the first COVID-19 wave in Brazil, in subsequent waves, preliminary
evidence has pointed to an increase in the cases number of younger people being hospitalized, overloading the
healthcare system'. Factors such as reduced adherence to non-pharmaceutical interventions and the emergence
of the new variant P.1, more transmissible, are possibly contributing to the current uncontrolled outbreaks in
Brazil and changing the age profile of hospitalized patients.

In a preliminary analysis, we observed that in the second COVID-19 wave in the Amazonas state there was
an increase in the total number of hospitalizations, Intensive Care Unit (ICU) admission, Invasive Mechanical
Ventilation (IMV) requirement and in-hospital deaths compared to the first wave. In addition, there was a signifi-
cant increase in ICU admission, IMV need and mortality of patients aged 20-59 years old"”. The second outbreak
coincided with the P.1 variant emergence, which was not successfully contained and is now being detected in
samples from patients in several Brazilian states. Thus, a spatio-temporal evolution can reveal the nationwide
scenario and contribute to the implementation of more restrictive and efficient measures where there is greater
vulnerability while there is a COVID-19 vaccines shortage.

Methods

Data. We developed a retrospective cohort study analyzing data from epidemiological week 2020-8 to 2021-
14, reported in SIVEP-Gripe'® (Influenza Epidemiological Surveillance Information System maintained by the
Ministry of Health of Brazil). Data was accessed on May 13th, 2021. The Brazilian Severe Acute Respiratory
Illness (SARI) database contains individual information of patients hospitalized due to SARI caused by differ-
ent agents as SARS-CoV-2, Influenza, Adenovirus, among others. The data was extracted to select COVID-19
patients confirmed through laboratorial tests performed by molecular (RT-PCR) or immunological diagnostic
(screening for antibodies or antigens). The STROBE checklist was followed for all study procedures®.

Here we aim to verify the vulnerability of Brazilian individuals aged 20-59 years, hereinafter named working
age adults, for unfavorable outcomes: ICU admission, IMV requirement and in-hospital death. Therefore, infor-
mation regarding hospitalization (n = 507,631), ICU admission (n = 147,195), IMV requirement (n = 74,580)
and in-hospital death (n = 96,994) in the 27 federative units of Brazil was retrieved. It is important to highlight
that until week 2021-14, there was no vaccination for 20-59 years, even those with comorbidities. By April 10th,
2021 (week 2021-14), only 11% of the population had received the first dose and 3.3% the second dose of vaccine
in Brazil, giving priority to the elderly and health professionals®. Figure S1 presents a diagram of SIVEP-Gripe
data used in this study.

Variables and statistical analysis. The variables used in this study are classified accordingly: categorical
binary variables (cure/death, ICU admission, IMV requirement), categorical ordinal variable (age group), and
categorical nominal variable (Brazilian federative unit). Descriptive statistics are used to provide the features of
the data in study.

Aiming to reveal the dynamics of COVID-19, we have analyzed data by six periods of 10 weeks, named T1
to T6. Periods comprised the epidemiological weeks (EW) of the onset of symptoms in the patients as follows.
T1: EW 2020-8 to 2020-17 (February, 16th to April, 25th), T2: EW 2020-18 to 2020-27 (April, 26th to July, 4th),
T3: EW 2020-28 to 2020-37 (July, 5th to September, 12th), T4: EW 2020-38 to 2020-47 (September, 13th to
November, 21st), T5: EW 2020-48 to 2021-4 (November, 22nd to January, 30th) and T6: EW 2021-5 to 2021-14
(January, 31st to April 10th).

Besides absolute numbers, we used proportions to analyze the data. The hospitalization percentage of patients
aged 20-59 is given considering all other age groups. The other proportions are given specifically for the 20-59
age group. The proportion of patients requiring ICU and IMV were calculated based on the total patients owning
such information in the database. Therefore, each variable presents a different # value.

In-hospital Case Fatality Rate (hCFR) is given as the number of deaths by the number of hospitalized patients
with closed outcome (cure or death) in the given period.

In order to compare the studied periods, we have calculated a test of statistical significance (chi-square)?!
and Risk Ratios (RR) with 95% Confidence Interval (CI) to measure the strength of association®?. The Pearson
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Figure 1. Time series of confirmed cases for hospitalizations, deaths, ICU admission and IMV requirement
in Brazil. The horizontal axis (x-axis) refers to the epidemiological weeks according to the onset of symptoms.
Timeline was divided into six periods of 10 weeks each, from epidemiological week 2020-8 to 2021-14.

correlation coeflicient was used to compare two variables along the time series data. All analyses were performed
using Python (version 3.7.10), the statistical package scipy (version 1.4.1) and the epidemiological package
epipy (version 0.0.2.1). P-values < 0.05 were considered statistically significant.

Ethics statement. This retrospective study is based on a publicly available database and did not directly
involve patients; it did not require approval by an ethics committee.

Results

Brazil has faced a new COVID-19 outbreak more devastating than the beginning of the pandemic, with hospitals
under increasing pressure due to the high number of hospitalizations. ICU admission, IMV requirement and
in-hospital deaths also follow this trend (Fig. 1). However, the macro-level does not reflect the differences in the
federative units, whose territorial dimensions and demographic, socioeconomic and cultural characteristics are
variable. The outbreaks desynchronization among the federative units generated atypical waves in Brazil (Fig. 2),
seeming to have been hit by multiple waves, unlike many countries that have showed well-defined waves. Due
to its continental dimension, Brazil has failed to flatten the curves of new cases adequately.

Indeed, the COVID-19 pandemic in Brazil has been characterized by atypical waves resulting from subsequent
outbreaks that are occurring after the initial wave, which peaked in July 2020. The beginning and the evolution
pattern of the first wave varied among Brazilian regions (Fig. S2), so that the initial peaks of hospitalization in
each region were in AM/PA in the North, SP/R] in the Southeast, MA/CE in the Northeast, PR in the South and
MT in the Midwest (Fig. 2).

In this context, we provide a spatio-temporal evolution of confirmed cases for hospitalization, ICU admission,
IMYV requirement and in-hospital mortality from Brazilian COVID-19 patients according to the 27 Brazilian
federative units and epidemiological weeks from 2020-8 until 2021-14 (periods T1 to T6). First, the data was
disaggregated into different age groups (Fig. 1), because our goal is to reveal the vulnerability of working age
adults (patients aged 20-59 years old). Afterwards, we estimated the percentages of hospitalization, ICU admis-
sion, IMV requirement and in-hospital hCFR of COVID-19 working age adults. We also calculated the risk ratios
in order to compare the different periods/waves of the pandemic in Brazil.

The general analysis of the number of cases of hospitalization, ICU admission, IMV requirement, and in-
hospital deaths of COVID-19 patients aged 20-59 years shows two distinct clusters (see Fig. 2). The first is formed
by most federative units (AC, AL, AP, BA, CE, ES, MA, MT, PA, PB, PE, PI, R], RN, RO, RR, SE, SP), where the
case peaks occurred in T2 and T6 periods, and the second, consists of eight federative units, where the peaks
were in T3 and T6 (DE, GO, MG, MS, PR, RS, SC and TO). Importantly, the Amazonas state (AM) is the only
one where case peaks occurred in T1 and T5, showing the early occurrence of the second wave.
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Figure 3. Hospitalization of patients aged 20-59 years among all age groups per considered period
(n = 507, 631). Federative units showing proportions > 2.5 were highlighted while ‘others’ accounts for the
grouping of those presenting a proportion < 2.5.

Hospitalization. Our study revealed that hospitalized COVID-19 patients aged 20-59 years in the analyzed
periods varies between 40 and 50% of the cases (Fig. 3, Table S1). T1 accounts for the beginning of the disease
evolution in the country and presents the smallest absolute number of cases. Thus, taking the T2 period as a ref-
erence (period when the first infection cases peak occurred in most federative units), we have a slight reduction
of the hospitalization risk for patients aged 20-59 in: T3 (RR = 0.94; 95% CI = [0.94,0.95]; p < 0.001), T4 (RR =
0.95;95% CI = [0.94,0.96]; p < 0.001), and T5 (RR =0.91; 95% CI = [0.91,0.92]; p < 0.001). The risk is increased
in T6 (RR = 1.10; 95% CI = [1.09,1.10]; p < 0.001), when a second wave hit Brazil.

Considering absolute numbers, it can be seen a decrease in the number of hospitalization cases in T3
(—19.8%), T4 (— 44.1%) and T5 (- 6.94%), compared to T2. In T6, the second wave peak, there was an increase
of 109.8% in cases of hospitalization compared to the T2 period, for patients aged 20-59 years.

Among the main federative units that contributed to the high percentages of hospitalization, the highest
occurrence of cases appears in the SP, varying from 11.9 to 21.4% depending on the period (Fig. 3). It is impor-
tant to point out that SP also has the highest population among the Brazilian federative units (see Fig. S3).
Therefore, over time, the hospitalization percentage did not present a high variation regarding this age group,
although there has been an explosion of hospitalization cases of working age adults in absolute numbers in the
last analyzed period.

Intensive care unit admission. ICU admission percentages for working age adults did not vary signifi-
cantly (& 30—35% of hospitalized patients) over the analyzed periods (Fig. 4, Table S2), with risk ratios varying
from 1.02 to 1.12, when comparing periods T3, T4, T5 and T6 to T2. However, in absolute numbers there was
a significant increase in the requirement, with the predominance in Sao Paulo, where a bigger number of hos-
pitalizations occurred. An increase of & 283% for ICU admission is observed in T6 compared to T4, the period
with the lowest ICU admission.

The correlation coefficient between the number of cases of hospitalization and ICU admission in the major
of federative units (23 out of 27) was > 0.90 (p < 0.001), demonstrating that the increase in the number of
hospitalizations due to the COVID-19 can lead to the collapse of the health system, especially in localities with
limited resources.

It is important to note the variation in the ICU admission proportions of different federative units, accord-
ing to the periods. It can be attributed to the behaviour of desynchronized peaks among the units. For instance,
Amazonas, whose case peaks occurred at T1 and T5, presented a high demand for ICU during such periods,
despite its low density population (Fig. S3). This shows that a larger population size is not the only factor that
worsens its number of cases. Federative units of the second cluster, whose hospitalization first peak occurred
later (T3), and were hit by a second wave in T6, also showed a significant increase in working age adults ICU
admission during those periods (DF, GO, MG, PR, RS, for instance).

Invasive mechanical ventilation requirement. In contrast to ICU admission, IMV requirement varied
significantly in the analyzed periods (Fig. 5, Table S3), from 12.6% (T4) to 20.4% (T6). Moreover, numerically,
5,527 patients aged 20-59 years required IMV at T4, whereas in T6 this number increased to 33,506 patients. The
risk ratio for IMV requirement in T6 compared to T4 was RR = 1.61 (95% CI = [0.87,0.91]; p < 0.001).
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Figure 4. ICU admission for patients aged 20-59 years per considered period (n = 147,195). Federative units
showing proportions > 1.4 were highlighted while ‘others’ accounts for the grouping of those presenting a
proportion < 1.4.
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Figure 5. IMV requirement for patients aged 20-59 years per considered period (n = 74,580). Federative
units showing proportions > 0.9 were highlighted while ‘others’ accounts for the grouping of those presenting a
proportion < 0.9.

Taking the T2 period as a reference, we have a reduction of the IMV requirement risk for patients aged 20-59
in: T3 (RR = 0.89; 95% CI = [0.87,0.91]; p < 0.001), T4 (RR = 0.78; 95% CI = [0.76,0.81]; p < 0.001),and T5 (RR
=0.90; 95% CI = [0.88,0.92]; p < 0.001). The risk is increased in T6 (RR = 1.26; 95% CI = [1.24,1.29]; p < 0.001),
during the second wave in Brazil.

In all periods, there is a predominance of cases in Sdo Paulo, following the highest number of hospitalizations
and ICU admission, as already reported. It is important to point out that different federative units contributed
to the raise in IMV requirement during each period. For instance, during T1 and T2, Sdo Paulo, Rio de Janeiro
and Ceara present the main proportions, while at T6 they were Sdo Paulo, Rio Grande do Sul, Minas Gerais and
Parand. Therefore, there is a large variation when analyzing the risk ratio across the country, according to when
each place has been hit by the atypical waves in Brazil.
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Figure 6. In-hospital deaths for patients aged 20-59 years with closed outcome (cure or death) per considered
period (n = 96,994). Federative units showing proportions > 1.3 were highlighted while ‘others’ accounts for the
grouping of those presenting a proportion < 1.3.

In-hospital deaths. Inorder to estimate in-hospital deaths among hospitalized working age adults, we used
case fatality rate. The hCFR varied significantly among the analyzed periods (Fig. 6, Table S4). The highest hCFR
in T2 is given in Sao Paulo, Rio de Janeiro, Ceara and Pernambuco states, while at T6 accounts for Sdo Paulo,
Minas Gerais and Rio Grande do Sul, accompanying the increase in the number of hospitalization cases in these
states in such periods, respectively. Amazonas state shows a significant proportion of deaths during T1 and T5.

There was a substantial increase in mortality in absolute numbers as well as in the percentages, mainly in
T5 (13,892 deaths; 19.0%) and T6 (42,999 deaths; 28.6%) compared to T4 (6,519 deaths; 14.8%). The risk ratios
for such periods were RR(T5/T4) = 1.29 (95% CI = [1.26,1.32]; p < 0.001 and RR(T6/T4) = 1.94 (95% CI =
[1.89,1.99]; p < 0.001). The lowest value (14.8%) was observed in the T4 period, which preceded the appear-
ance of the second wave of COVID-19 in Brazil. A significant increase in the hCFR of working age adults is
then observed in the subsequent periods, which coincides with the variant P.1 emergence and its spread to
several Brazilian states, specially in GO, MG, PR, RS and SC. Importantly, the increased hCFR in Amazonas at
T5 coincides with the emergence of variant P.1 in the state. In summary, the proportions of in-hospital deaths
varied among different states as well as in the different periods of the COVID-19 pandemic in Brazil, with a
predominance of the Sio Paulo state.

Fatality risk ratio of COVID-19 patients aged 20-59 years in the last wave vs. the first
wave. Finally, we analyzed the fatality risk ratio for COVID-19 patients aged 20-59 years in the second wave
relative to the first for a set of key states that showed greater prominence in previous analyzes. Table S5 sum-
marizes the risk ratio for those states, showing an increased risk ratio for all of them. Importantly, the highest
risk was observed in Rio Grande do Sul (RR = 2.10; 95% CI = [1.94,2.26]; p < 0.001) and the lowest risks were
observed in Amazonas (RR = 1.16; 95% CI = [1.07,1.26]; p < 0.001) and Rio de Janeiro (RR = 1.17; 95% CI
= [1.11,1.22]; p < 0.001). However, these lower RRs are due to the high case fatality rate in the first outbreak
(hCFR = 30.94% in Amazonas; hCFR = 30.04% in Rio de Janeiro), which remained high in the last outbreak
(hCFR = 35.99% in Amazonas; hCFR = 35.05%).

Important remarks. Overall, the least critical period of the Brazil COVID-19 pandemic for patients aged
20-59 years was in the T4 period, when there were fewer cases of hospitalization (Fig. 3), IMV requirement
(Fig. 5) and in-hospital deaths (Fig. 6), although the ICU admission (Fig. 4) remained at & 30%. Conversely, the
most critical period is the last one (T6), with an explosion in the number of cases of hospitalization, deaths, and
demand for ICU and IMV among working age adults. Importantly, as of April 10th, 2021, the last day of analyzed
data, Brazil had accumulated more than 13 million cases and approximately 345,000 deaths due to COVID-19,
an increase of more than 70% since December 31st, 2020.

Discussion

The first wave of an epidemic is due to its onset and expansion driven by community transmission, the duration
of which depends on containment measures. In the first pandemic wave of COVID-19, NPIs played a significant
role in flattening the curve, in the absence of pharmacological interventions such as specific drugs for treat-
ment and vaccines. The relaxation regarding to NPIs due to returning to economic and social activities and the
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insufficiency in achieving herd immunity caused COVID-19 subsequent outbreaks. Several countries have faced
a second wave since October 2020. In addition, the new variants emergence has affected some regions such as
the UK, Brazil and South Africa.

It is important to highlight that the first outbreak in the Amazonas state started in March, 2020 and peaked
in early May, 2020 and, the second, in mid-December, 2020 and extended during the month of January, 2021%.
Our epidemiological data also indicate the main Amazonas outbreaks in those periods. Therefore, we compared
T1 and T5 periods specifically for this state. The data from the other federative units were analyzed according
to the two clusters we identified.

The P.1 variant was initially identified in Japan in travelers returning from Brazil in January 2021%*. A sub-
sequent study showed that P.1 was already circulating since December 2020 in Manaus®. Amazonas state health
system collapsed in January 2021, with a lack of medicinal oxygen to supply the high demand of patients with
COVID-19 requiring mechanical ventilation. In this emergency, several patients were transferred to other Bra-
zilian states?®, which may have contributed to the spread of the P.1 variant in the national territory. Variant P.1
has been identified in samples collected in January/February 2021(out and inpatients) in the Rio Grande do Sul
state, and coincides with an increase in COVID-19 severe cases®. A preliminary study carried out with patients
from the Parana state has indicated a significant increase in case fatality rates in young and middle-aged adults
in February 2021, corresponding to the spreading period of P.1 variant in the country?’. These findings show
that the variant P.1 spread rapidly across Brazilian territory and may be one of the factors responsible for the
high hospitalization and mortality of younger people. Among the main states with high hCFR proportion in the
T6 period, variant P.1 was detected in Minas Gerais, Parand, Rio Grande do Sul, Santa Catarina and Sao Paulo
states in that period®?. In fact, Brazil is experiencing a numerical explosion of hospitalizations and deaths by
COVID-19 in the 20-59 years age group, especially in the state of Sdo Paulo, with a similar proportion of hos-
pitalizations but higher proportion of deaths compared to the first wave. Unlike other countries, we had already
seen a high proportion of hospitalization (47.07%) and lethality (23.0%) among working age adults (20-59 years)
during the first wave!l.

Importantly, proportionally Sdo Paulo state has contributed to the high hospitalization of working age adults
and with the worst percentages of ICU admission, IMV requirement and hCFR. It should be considered that
Sao Paulo is the most populous state in Brazil with an estimated population of nearly 27 million people aged
20-59 years in 2020%. A recent study showed that of the 52 sequenced samples from COVID-19 patients in the
Séo Paulo city, 84.4% were P.1 variant, that is more transmissible and infectious®®. Also taking into account that
Séo Paulo state has a population of & 70% in working age, these factors could justify the results obtained for the
age group of 20-59 years in the state, since they are numerically majority and more exposed to coronavirus due
to economic needs.

In the second wave, it was expected that there would be better capacity to manage the problem with the
lessons learned during the first wave and better resources to treat patients. However, with the increase in the
infected people number and requiring ICU and IMV resources, the mortality also increased in many countries
during the second wave®.

The data regarding to hCFR suggest that there are one or more factors influencing the high rate in T5 and T6
periods. In this context, we can attribute this finding to several factors such as the restrictive measures reduction
due to economic and social needs, relaxation regarding to personal care (wearing masks, physical distancing,
and hand hygiene), the high demand for healthcare that supplanted the Brazilian system capacity, the variant
P.1 emergence in various states or even the delay in seeking medical care by younger people. All of these factors,
can be closely related making the reduction of hospitalization cases and deaths by COVID-19 a difficult problem
to be overcome in Brazil.

Regarding the fatality risk ratio for COVID-19 patients aged 20-59 years in the second wave relative to the
first wave, the risk was of more than 1.5x in Minas Gerais, Parana, Rio Grande Sul, Santa Catarina and Sao Paulo
(states where P.1 was detected in T6 period). Besides the P.1 variant, Amazonas was affected by a lack of medicinal
oxygen, which may have led to an increase in the mortality of hospitalized working age adults.

In summary, our study indicates that the atypical waves of the COVID-19 pandemic seen in Brazil are due
to the desynchronization of the outbreaks that occurred in the different federal units of the country. This desyn-
chronization is reflected in the number of cases of hospitalization, ICU admission, IMV requirement and deaths.
Time series analyzes of hospitalized COVID-19 patients aged 20-59 years showed variations in hospitalization,
IMYV requirement and hCFR in the different periods, except for ICU admission which was & 30% in all periods.
The parameters analyzed in the different periods also showed variations among states, with Sao Paulo being
highlighted for the highest percentages in all periods.

We acknowledge some limitations in our study. First, the SIVEP-Gripe database contains only individual
information of hospitalized severe acute respiratory illness patients, not informing the daily number of infec-
tion cases in each federative unit and the respective outcomes. Therefore, we limit ourselves to analyzing data
from hospitalized patients. Second, we include all patients who have been diagnosed for COVID-19 by different
methods and not just by RT-PCR, since the immunological diagnosis is predominant in several federative units,
due to the difficulties of carrying out tests that are more expensive. Third, we did not investigate the causes of
increased hospitalization and mortality for COVID-19 patients aged 20-59 years, since this was not the main
objective of the study and, in addition, there is not enough data to prove, for example, higher variant P.1 lethality.

Due to the limited vaccines availability, the vast majority of countries initially chose to vaccinate the elderly,
who are more susceptible to severe COVID-19. Therefore, while there is not enough vaccine for everyone, NPIs
are extremely important to contain the infection and spread of the disease among working age adults, who are
more exposed mainly due to work and economic needs.

At the time of preparation of this report, there is a forecast of a third wave in the Amazonas state, which
serves as an alert for the entire country. Cases number stabilization at high levels, as we have seen in this second
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wave with &~ 2000 deaths/day, can drive a third wave even more disastrous in Brazil and hit the younger age
group more severely.

Conclusion

Our study have shown the origin of atypical waves of the pandemic COVID-19 in aggregate data from all over
Brazil, whose continental dimensions make it a country with different characteristics from the others. In addition,
we have showed that the resurgence of COVID-19 outbreaks, with a high number of new cases, has significantly
affected working age adults in several regions of the country. A comprehensive view of the hospitalized COVID-
19 patients fatality rates in the 20-59 age group, indicated significant variations in the analyzed periods and in
the different federative units in Brazil.

Opverall, in the period January-February 2021, there was an increase in hospitalization and death cases for
working age adults. Thus, our study confirms the preliminary evidence of a significant increase in cases of hos-
pitalization, ICU admission, IMV requirement and deaths of younger COVID-19 patients.

The pandemic evolution across the country is variable due to the adoption of different public policies in
Brazilian states. Prevention strategies through NPIs, especially among working age adults, while there are not
enough vaccines is of the extreme importance to prevent the new VOCs emergence and spread. Due to the limited
availability of vaccines, the vast majority of countries initially chose to vaccinate the elderly population, who
are more susceptible to severe COVID-19. However, our analysis indicate the need to focus on the younger age
group, which must also be preserved, as it represents the productive force of each country, beyond the universal
right of everyone to access the COVID-19 vaccine.

In summary, the study warns health managers to pay special attention to cases of COVID-19 working age
adult patients in states with larger populations, as the health system is at risk of collapsing.

Data availability
The data used in this work is publicly available'®.
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