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Abstract
Objective: To describe in-hospital and intensive care unit (ICU) case fatality ratios due to COVID-19 in four Brazilian state 

capitals, during the months of epidemic peaks and previous months. Methods: This was an ecological study using monthly 
data from the Influenza Epidemiological Surveillance Information System, between 2020-2021, in individuals aged 20 years 
or older. Case fatality ratio and mortality rate were estimated with 95% confidence intervals (95%CI). Results: In Manaus, the 
capital city of the state of Amazonas, ICU case fatality ratio among those >59 years old was lower in December/2020 (80.9%; 
95%CI 78.4;83.3) and during the peak in January/2021 (79.9%; 95%CI 77.4;82.5), compared to the peak in April/2020 (88.2%; 
95%CI 86.1;90.3). In São Paulo, the capital city of the state of São Paulo, Curitiba, the capital city of the state of Paraná, and 
Porto Alegre, the capital city of the state of Rio Grande do Sul, there was a decrease or stability in ICU and in-hospital case 
fatality ratio in January/2021, compared to the reference month in 2020. Conclusion: In January/2021, in-hospital and ICU 
case fatality ratios decreased or remained stable in the four state capitals, especially in Manaus, and during the epidemic peak 
with the prevalence of the Gamma variant.
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Introduction

As of October 2021, more than 4.9 million deaths 
due to COVID-19 had occurred worldwide, of which, 
more than 600,000 only in Brazil.1 More than half 
of the deaths in the country occurred in the first six 
months of 2021,1 when community transmission of the 
Gama variant achieved its highest levels and spread 
across South America.2

in four Brazilian state capitals, during the months of 
epidemic peaks and the previous months.

Methods

Study design

This was an ecological study, using data from 
hospitalizations due to severe acute respiratory 
syndrome (SARS) caused by the new coronavirus 
(COVID-19).13 The units of analysis were four Brazilian 
state capitals.

Study population

The population analyzed was comprised of the 
aggregates of hospital records for hospitalizations and 
deaths in four regional metropolises: Manaus (North 
region), São Paulo (Southeast region), Curitiba (South 
region) and Porto Alegre (South region).

Manaus was included in the study because it was 
the most affected capital by the epidemic, both in 
the first and second waves. There is evidence that the 
Gama variant spread rapidly in that capital, leading to 
a new and even more severe collapse of its healthcare 
system.4 São Paulo, Curitiba and Porto Alegre, which 
provide some of the best  high complexity healthcare 
services in the country,14 including significant ICU 
bed availability – compared to the North region, 
for example – were selected as 'control' because 
they experienced a decrease or stability related to 
the incidence of SARS in January 2021, compared 
to December 2020.15 This pattern of community 
transmission allowed not only the evaluation of in-
hospital case fatality ratio in a scenario of modest 
advances in the therapy and management of COVID-19 
cases, but also to find evidence that the Gama variant 
did not circulate intensively in those state capitals 
before February 2021.6,5

Authors' estimates took into consideration 
individuals aged 20 years or older, given the low 
COVID-19 mortality rate in those under this age.16 

Deaths that occurred in Manaus between January 13 
and 16, 2021 were excluded from the study in order 
to minimize distortions in case fatality ratio estimates: 
January 13 preceded the crisis of lack of medical 
oxygen in hospitals in Manaus, and it was the date 
when 110 victims of COVID-19 died, the highest daily 
number until then.17 January 14 was the date when 
the culmination of the crisis of medical oxygen supply 

Manaus, the capital city of Amazonas state, was 
the Brazilian epicenter of the epidemic during its first 
wave. The city was observed between April and May 
2020, and showed rapid and strong dissemination of 
the Gama variant during the second wave, in January 
2021, when about 1,700 people died due to COVID-19 
in the first 20 days of the year and at least 40 died due 
to lack of medical oxygen supply.3

Studies have indicated that variants of concern, 
such as Gamma,4,5 contribute to a rapid increase in the 
incidence of COVID-19, which may lead to overwhelmed 
healthcare system6 and, indirectly, increased case 
fatality ratio,7,8 given that the number of deaths due 
to the disease can achieve an exponential pattern. 
Variants such as Alpha, also with high transmission 
potential,9 could directly contribute to increased case 
fatality ratio,10 although this hypothesis has not been 
widely accepted.11

There are no published studies that have 
investigated whether there is an association between 
Gamma variant and higher in-hospital case fatality 
ratio. Although a recent analysis of the mortality 
profile, before and after the emergence of the Gamma 
variant in the state of Amazonas, suggests greater 
pathogenicity of this variant,12 but its results are still 
inconclusive.

This study aimed to describe hospital and intensive 
care unit (ICU) case fatality ratio due to COVID-19, 

Variants of concern, such as Gamma, 
contribute to a rapid increase in the incidence 
of COVID-19, which may lead to overwhelmed 
healthcare system and, indirectly, increased 
case fatality ratio, given that the number 
of deaths due to the disease can achieve an 
exponential pattern.
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took place; and the next two days, the only ones in the 
historical series with 125 or more deaths per day,17 
when many individuals were transferred to other 
regions in the country, given the chaotic situation in 
the local healthcare system.

Data sources and measurement

Data were obtained from the Influenza 
Epidemiological Surveillance Information System 
(SIVEP-Gripe).13 It is updated weekly and brings 
together all notifications from health facilities in the 
country. To minimize coverage and lag problems, data 
under scrutiny were retrieved more than 160 days after 
the end of the investigation period, on January 31, 2021.

In Brazil, notification of suspected or confirmed 
COVID-19 cases is mandatory. It is considered 
as 'hospitalization due to COVID-19' all hospital 
records with the final classification of SARS due to 
COVID-19, which is equivalent to cases with closure 
records based on laboratory, clinical-epidemiological, 
clinical or clinical-imaging criteria.13 All records were 
collected according to the place of residence and date 
of symptom onset. Demographic data result from 
estimates developed by the Ministry of Health.

The period from March to August 2020 was defined 
as the first wave of the epidemic, based on the indicator 
for incidence rate of SARS per 100,000 inhabitants, 
according to the date of symptom onset.15 In the time 
frame for the first wave, the incidence rate of SARS 
suddenly increased from March to the first half of April 
when it reached its peak. In May, there was an abrupt 
drop, followed by sustained stabilization in June and 
July, forming a kind of “valley” to separate the first 
from the second wave. August was highlighted by the 
beginning of the reversal of decrease in the incidence 
rate of SARS in Manaus.15

The time frame for the second wave, from September 
onwards, is characterized by a sustained (for more 
than six weeks in a row) and significant increase in the 
incidence rate of SARS, reaching its peak in January 
2021,15 without returning to the lowest values of the 
historical series ( June and July 2020),

We considered as case fatality indicators (i) the 
percentage of individuals who died among those 
hospitalized, in general, here called 'in-hospital 
case fatality ratio, and (ii) the percentage of those 
hospitalized in the ICU.

The aggregate data on hospitalization were 
stratified according to the following variables:

a) state capital (Manaus; São Paulo; Porto Alegre; 
Curitiba);

b) age group (in full years: 20 to 39; 40 to 59; 60 and 
older); and

c) periods (monthly aggregation: Mar./2020; 
Apr./2020; May/2020; Jul./2020; Jan./2021).

The study included two distinct periods. For Manaus, 
these periods were comprised of two consecutive 
months and, only one month, for the other state 
capitals. The first period for Manaus, March and April 
2020, represents the highest incidence rate of SARS 
during the first wave and there is no influence of the 
Gamma variant;15 the second period, December 2020 
and January 2021, represents the highest incidence 
rate of SARS and strong circulation of the Gamma 
variant during the second wave.15 For São Paulo, the 
selected periods were May 2020, the month with the 
highest incidence rate of SARS that year and there 
was no influence of the Gamma variant, and January 
2021, when the incidence rate of SARS showed signs 
of decrease, just before a significant increase.15 For 
Curitiba and Porto Alegre, the first period is related to 
July 2020 and the second to January 2021, according to 
the same criteria adopted for São Paulo.15

Data analysis

The calculation of the indicators was performed as 
follows:

a) In-hospital case fatality ratio
Numerator – number of deaths in hospital due 
to SARS caused by COVID-19, according to age 
groups, period, date of symptom onset and place 
of residence.
Denominator – total number of hospitalizations 
due to SARS caused by COVID-19, reported, 
according to age groups, period, date of symptom 
onset and place of residence.
Multiplication factor: 100

b) ICU case fatality ratio
Numerator – number of deaths reported in ICU 
due to SARS caused by COVID-19, according to age 
groups, period, date of symptom onset and place 
of residence.
Denominator – total number of hospitalizations 
reported in ICU due to SARS caused by COVID-19, 
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according to age groups, period, date of symptom 
onset and place of residence.
Multiplication factor: 100

c) Mortality rate due to SARS caused by COVID-19 in 
Manaus (per 100,000 inhabitants)
Numerator – number of reported deaths due to 
SARS caused by COVID-19 in Manaus, according 
to age groups, period and date of symptom onset.
Denominator - corrected population projection 
for the total number of residents in Manaus, 
according to age group and for the year 2020.
Multiplication factor: 100,000

d) Standardized mortality ratio due to SARS caused 
by COVID-19
Numerator – number of reported deaths due to 
SARS caused by COVID-19 in Manaus, according 
to age groups, period and date of symptom onset.
Denominator – number of reported deaths due to 
SARS caused by COVID-19, in Manaus, according 
to a given age group and date of symptom onset.
Multiplication factor: 100

Case fatality ratio estimates have been presented as 
percentages, with 95% confidence intervals (95%CI). 
CIs were estimated based on the percentile bootstrap, 
with 1,000 replications,18 avoiding negative values and 
loss of accuracy of interval estimates. Thus, case fatality 
assessments were performed through inspection of the 
lower and upper limits of the interval estimates.

To evaluate the evolution of the epidemic in 
Manaus, taking into consideration the low and 
irregular performance of notification of new cases 
in the state of Amazonas,19 mortality rates due to 
COVID-19 were estimated. These rates sought to 
correct part of the negative impact of the pandemic on 
the demographic composition of the local population 
in 2020,20 as long as the analyses performed included 
only January 2021. As such, the excess mortality was 
estimated based on the difference between observed 
mortality and expected mortality in each age group, 
according to previously published methods.16 Then, 
the surplus value was deducted from each of the 
population estimates of the Ministry of Health, 
achieving the corrected population estimate.

Mortality rates and standardized mortality ratios 
were also followed by their respective 95%CI. For the 
analyses, the R software, version 3.6.1, and RStudio, 
version 1.2.1335 (http://www.r-project.org) were used.

Ethical aspects

The study complied with the recommendations 
of the National Health Council (CNS). Resolution 
No. 466, of December 12, 2012, and its approval by a 
Human Research Ethics Committee was not necessary, 
due to the use of publicly available data.

Results

Manaus, during the first wave of the epidemic, 
reported 153 deaths due to COVID-19, being March 
2020, the date of the symptom onset, and the 
mortality rate was 10.4 (95%CI 8.9;12.2) per 100,000 
inhabitants. In April 2020, there were 1,584 deaths in 
the capital, according to the date of symptom onset, 
and the mortality rate was 108.2 (95%CI 103.0;113.6) 
per 100,000 inhabitants. During the second wave, in 
Manaus, 1,300 deaths were reported, and the date of 
symptom onset was December 2020, the mortality rate 
was 88.8 (95%CI 84.1;93.7) per 100,000 inhabitants. 
In January 2021, there were 3,148 deaths, according 
to the date of the symptom onset, and the mortality 
rate was 214.9 (95%CI 207.6;222.6) per 100,000 
inhabitants.

Figure 1 shows that in Manaus, regardless of month 
and age group, mortality rates were higher in those 
aged 60 years and older. In the months immediately 
preceding the collapse that occurred in both April 2020 
and January 2021, mortality rates were lower.

The ratio between total deaths in January 2021 
and April 2020 resulted in an excess deaths of 99.0% 
(95%CI 87.0;111.0) in January 2021.

In-hospital case fatality ratio (Table 1) and ICU case 
fatality ratio (Table 2) in Manaus, during the months 
of peaks of mortality in the first and second waves, were 
similar to individuals aged 20-39 and those aged 40-
59 years. Among the elderly – aged 60 years and older 
– in January 2021 (n=1,534), in-hospital case fatality 
ratio was lower compared to April 2020 (n=1,104): 
62.1% (95%CI 59.1;65.2) and 72.9% (95%CI 70.1;75.7), 
respectively. ICU case fatality ratio in January 2021 
(n=477) was also lower compared to April 2020 
(n=456): 78.5% (95%CI 76.0;80.9) and 88.4% (95%CI 
86.4;90.4), respectively.

In-hospital case fatality ratio in Manaus was lower 
during the months preceding the peaks of mortality in 
the first and second waves, as well as in December 2020 

http://www.r-project.org
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Figure 1 – Mortality rate due to COVID-19 with 95% confidence interval (95%CI), according to the month of symptom onset 
and age group, Manaus, Amazonas, Brazil, 2020-2021

Figure 2 – Case fatality ratio during hospitalization with 95% confidence interval (95%CI), according to the month of 
symptom onset and age group, Manaus, Amazonas, Brazil, 2020-2021
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Table 1 – Case fatality ratio during hospitalization, according to month of symptom onset and age group, in the Brazilian 
state capitals Manaus, São Paulo, Porto Alegre and Curitiba, 2020-2021

Age group (years) Deaths (n) Case fatality ratio (95%CI a) Deaths (n) Case fatality ratio (95%CI a)

Manaus

Apr./2020 Jan./2021

20-39 67 21.1 (18.6;23.7) 185 24.3 (21.7;27.0)

40-59 314 34,5 (31.5;37.5) 825 38.4 (35.3;41.6)

≥60 1,104 72.9 (70.1;75.7) 1,534 62.1 (59.1;65.2)

São Paulo

May/2020 Jan./2021

20-39 127 6.9 (5.3;8.5) 52 6.9 (5.3;8.6)

40-59 707 15.4 (13.2;17.7) 314 14.0 (11.8;16.2)

≥60 2,804 41.0 (37.9;44.2) 1,430 34.5 (31.5;37.5)

Porto Alegre

Jul./2020 Jan./2021

20-39 9 7.5 (5.8;9.2) 3 5.6 (4.1;7.0)

40-59 42 12.9 (10.8;15.1) 40 19.2 (16.7;21.8)

≥60 335 48.6 (45.5;51.7) 207 42.1 (38.9;45.0)

Curitiba

Jul./2020 Jan./2021

20-39 16 6.7 (5.1;8.2) 9 6.7 (5.1;8.3)

40-59 109 16.9 (14.6;19.3) 63 13.3 (11.2;15.4)

≥60 400 43.4 (40.3;46.6) 259 33.4 (30.4;36.4)

a) 95%CI: 95% confidence interval, based on percentile bootstrap.

in those aged 60 years and older, when compared to the 
case fatality ratio in March and April 2020 (Figure 2).

During the months preceding the peaks of mortality, 
in Manaus, both in the first and second waves, ICU 
case fatality ratio did not differ among age groups 
(Figure 3), except for those aged 20-39 years, with case 
fatality ratio ranging from 45.5% (95%CI 42.4;48.5) 
in March (n=5) to 56.5% (95%CI 53.3;59.7) in April 
2020 (n=39), and from 50.5% (95%CI 47.3;53.7) in 
December 2020 (n=49) to 57.2% (95%CI 54.1;60.4) 
in January 2021 (n=107). In those aged 60 years and 
older, ICU case fatality ratio was lower in January 2021 
(79.9%; 95%CI 77.4;82.5), compared to April 2020 
(88.2%; 95%CI 86.1;90.3).

In São Paulo, Porto Alegre and Curitiba, the pattern 
of in-hospital case fatality ratio was the same as 
that observed in Manaus (Table 1), with a decrease 
among those aged 60 years and older in January 2021.  
In São Paulo, case fatality ratio ranged from 41.0% 

(95%CI 37.9;44.2) in May 2020 (n=2,804) to 34.5% 
(95%CI 31.5;37.5) in January 2021 (n=1,430). In Porto 
Alegre, case fatality ratio ranged from 48.6% (95%CI 
45.5;51.7) in July 2020 (n=335) to 42.1% (95%CI 
38.9;45.0) in January 2021 (n=207). In Curitiba, case 
fatality ratio ranged from 43.4% (95%CI 40.3;46.6) 
in July 2020 (n=400) to 33.4% (95%CI 30.4;36.4) in 
January 2021 (n=259).

In São Paulo, ICU case fatality ratio was lower 
among the age groups 40-59 and 60 years and older, 
in January 2021 (Table 2); in Porto Alegre, it was lower 
among individuals aged 20-39 and higher in those aged  
40-59 years. In Curitiba, regardless of age group, the 
case fatality ratio due to COVID-19 among people in 
ICU were similar in July 2020 and January 2021.

Discussion

This is the first study aimed at describing hospital 
and ICU case fatality ratio due to COVID-19, in 
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scenarios with and without circulation of the Gamma 
variant. The results presented on in-hospital and ICU 
case fatality ratios in the four metropolises evaluated 
suggest that the collapse of the healthcare system in 
Manaus may have determined the increase in mortality 
rates due to COVID-19, a possible indirect consequence 
of the strong circulation of the Gamma variant.

In Manaus, the significant difference among the 
magnitude of mortality rates due to COVID-19 in 
the months preceding the collapse that occurred in 
both April 2020 and January 2021 suggests greater 
uncontrolled community transmission of SARS-
CoV-2 in December 2020, probably related to neglect 
of health measures by decision-makers and the 
general population, as well as the emergence of the 
variant of concern, Gamma, associated with increased 
transmissibility.3,4

In Manaus, the mortality rate was higher in January 
2021, and individuals aged 60 years and older were  

the most affected. This finding corroborates the 
results of previous studies in the literature on the 
subject, which also present higher mortality in the 
elderly.21 The significant increase in the mortality rate 
in January 2021, compared to April 2020, was more 
expressive in the age group 40-59 years, compared 
to the elderly, possibly related to the disproportionate 
excess mortality among those aged 60 years and older 
during the first wave. An analysis of the mortality 
profile, before and after the emergence of the Gamma 
variant in Amazonas, also found higher mortality 
rates due to COVID-19 in January 2021, especially in 
individuals aged 40 to 59 years.12

Among those who presented the first symptoms of the 
disease in January 2021, mortality was approximately 
twice higher than that observed in those who presented 
the first symptoms of COVID-19 in April 2020, showing 
exponential excess mortality during the second wave, 
in Manaus.

Table 2 – Case fatality ratio during hospitalization in intensive care unit (ICU), according to month of symptom onset and age 
group, in the Brazilian state capitals Manaus, São Paulo, Porto Alegre and Curitiba, 2020-2021

Age group (years) Deaths (n) Case fatality ratio (95%CI a) Deaths (n) Case fatality ratio (95%CI a)

Manaus

Apr./2020 Jan./2021

20-39 39 56.5 (53.4;59.7) 107 57.2 (54.0; 60.4)

40-59 169 69.5 (66.5;72.5) 400 63.8 (60.0; 66.8)

≥60 456 88.4 (86.4;90.4) 477 78.5 (76.0; 80.9)

São Paulo

May/2020 Jan./2021

20-39 87 18.8 (16.4;21.3) 37 14.4 (12.3;16.5)

40-59 462 37.2 (34.1;40.2) 240 29.1 (26.3;31.9)

≥60 1,596 64.6 (61.6;67.7) 898 53.5 (50.4;56.7)

Porto Alegre

Jul./2020 Jan./2021

20-39 8 40.0 (36.9;43.1) 2 8.3 (6.5;10.2)

40-59 35 33.7 (30.8;36.5) 32 42.1 (39.0;45.3)

≥60 224 69.6 (66.8;72.3) 158 66.9 (63.9;70.0)

Curitiba

Jul./2020 Jan./2021

20-39 12 18.2 (15.7;20.6) 6 17.1 (14.8;19.5)

40-59 85 42.5 (39.4;45.6) 49 47.1 (44.0;50.2)

≥60 266 66.8 (64.0;69.7) 152 65.8 (62.8;68.8)

a) 95%CI: 95% Confidence Interval, based on percentile bootstrap.
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In the capital city of Amazonas, both in-hospital 
and ICU case fatality ratios were similar to those aged 
20-39 years, in January 2021 and April 2020. However, 
it could be seen that, although there was no significant 
difference regarding in-hospital case fatality ratio, the 
specific estimates in the age groups 20-39 and 40-59 
years were higher in January 2021 when compared to 
those in April 2020, a pattern different from that of ICU 
case fatality ratio.

It is possible that in Manaus, the pattern of ICU 
case fatality ratio has not been replicated for the 
indicator of in-hospital case fatality ratio, given the 
differences in the rhythm and quantity of open beds 
in both situations: between December 10, 2020 and 
January 31, 2021, the number of hospital beds ranged 
from 32422 to 1,954,17 representing an increase of 
500%, while the number of ICU beds ranged from 
19322 to 691,17 that is, a smaller increase than that 
of hospital beds. Therefore, the significant increase 
in the number of hospital beds in Manaus may have 
limited not only the quantity of human resources 
available, but also the quality of care provided, as 
observed in other contexts.7,8

It is worth noting that, although in-hospital case 
fatality ratio patterns among the ages of 20-39 and 
40-59 years were similar in São Paulo, Porto Alegre 
and Curitiba, at different times of the epidemic, the 
percentages tended to be lower in January 2021, in 
general, which may be related to the lower severity 
of the epidemic in January 2021, compared to  
the most critical months of 2020. In addition, in-
hospital and ICU case fatality ratios were consistently 
and significantly lower in those capitals, compared 
to Manaus, a result possibly related to regional 
inequalities in access to healthcare, taking into 
consideration the Brazilian context.14,23

It is worth highlighting the fact that in-hospital 
case fatality ratio among those aged 60 years and older 
was lower in January 2021, regardless of the capital 
evaluated; and especially in Manaus, whose healthcare 
system had collapsed at that time, under strong 
pressure from the Gama variant.2-4 The decline in 
COVID-19 case fatality ratio among the elderly may be 
associated with greater health care adherence by this 
age group and/or lower exposure to the virus, given the 
strong impact of the pandemic on those aged 60 years 
and older in 2020, a cause of great concern.

Figure 3 – Case fatality ratio during hospitalization in intensive care unit (ICU) with 95% confidence interval (95%CI), 
according to the month of symptom onset and age group, Manaus, Amazonas, Brazil, 2020-2021
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In Manaus, ICU case fatality ratio was significantly 
lower in January 2021, when compared to April 2020, 
among those aged 60 years and older. In São Paulo, a 
consistent pattern of significant reduction in ICU case 
fatality ratio could be seen in January 2021, compared 
to May 2020. In Porto Alegre and Curitiba, in general, 
the pattern of ICU case fatality ratio was similar, 
regardless of the period evaluated.

With regard to Manaus, another fact highlighted in 
this study is related to both in-hospital and ICU case 
fatality ratio, where the consistently lower values in the 
months preceding the collapse that occurred during 
the first and second waves, suggests, as observed in 
other contexts, that the tendency of case fatality in 
individuals hospitalized due to COVID-19 was higher in 
periods when the healthcare system was overwhelmed 
or when it collapsed. 7,23-25

Regarding Manaus, both in-hospital and ICU 
case fatality ratios among those aged 40-59 and 60 
years or older were lower in December 2020, when 
compared to the ratios occurred in March and April 
2020, suggesting that case fatality ratio – even with 
the probable circulation of the Gamma variant 
since November 2020 and having reached around 
52.0% of the samples with genomic sequencing in 
December 202026 – would tend to be lower during 
the second wave, if the healthcare system saturation 
had not been so significant in January 2021, when 
85.0% of the samples with genomic sequencing 
were associated with the Gamma variant.26 This is a 
valid hypothesis, if we observe the reasonably lower 
pattern of in-hospital and ICU case fatality ratios 
in São Paulo, Curitiba and Porto Alegre in January 
2021, possibly influenced not only by the reduction 
in the pressure of community transmission of SARS-
COV-2 on health services, but also by the progress 
related to the therapy and clinical management of 
severe COVID-19, as observed worldwide.27

As limitations of the study, it is important to highlight 
its descriptive pattern and the absence of records with 
information on the etiological diagnosis of COVID-19 
attributed to the Gama variant, which would allow a 
detailed evaluation of case fatality ratio. Data coverage 
and quality may have been affected, given the pandemic 
moment, especially in Manaus, where the health 
system collapsed twice, leading not only to a possible 
reduction in the number of hospitalizations and deaths 
due to COVID-19, but also to less reliable records.28 

Moreover, each hospitalization record was counted as 
an independent admission, something that may not be 
always certain and safe taking into consideration that 
readmissions are possible, and the frequency of these 
readmissions is not necessarily constant.

This study has as a strong point the fact of having 
evaluated in-hospital case fatality ratio in Manaus, 
during the epidemic phases with and without strong 
circulation of the Gamma variant, as well as in 
metropolises little or barely affected by this variant. 
The exponential pattern of mortality, in December 
2020 and January 2021, not only reinforces that 
the Gamma variant may have begun to circulate in 
Manaus before December 2020, but also that its rapid 
dissemination may have indirectly contributed to the 
increase in mortality due to COVID-19. This result is 
in line with studies that have showed the increase in 
mortality associated with overwhelmed healthcare 
systems in different regions of the world,7,8 as well 
as recent notes from a panel of experts that make a 
possible association between the Gama variant and 
increase in hospital admissions, without confirmation 
of an increase in the severity of the disease or in risk 
of mortality.29,30

Taking into consideration the results presented, we 
suggest that the collapse of the healthcare system in 
Manaus may have determined the increase in mortality 
rates due to COVID-19, as a consequence of the strong 
circulation of the Gama variant, associated with higher 
transmissibility. It can be concluded that in January 
2021, in-hospital and ICU case fatality ratios decreased 
or remained stable in the four state capitals analyzed, 
especially in Manaus and during the epidemic peak 
with the prevalence of the Gama variant.
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