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1  | INTRODUC TION

Since China began communicating deaths due to an unknown pneu-
monia in late December 2019, an outbreak of a new virus identified 
as SARS-CoV-2 has been in course. On March 16th, the first death by 
COVID-19 was reported in Brazil. Currently (October 26th), 157.226 
official deaths and 5.395.920 confirmed SARS-CoV-2 infections have 
been reported (Worldometer, 2020). Brazil has 211 million inhabi-
tants, corresponding to 2.7% of the world population. However, more 
than 13% of worldwide COVID-19 cases and deaths are concentrated 
in Brazil. Almost half (45%) of the officially reported COVID-19 deaths 
are concentrated in the southeast region of Brazil, mainly in the states 
of São Paulo and Rio de Janeiro (Oliveira et al., 2020; SUS, 2020; 

Xavier et al., 2020). Minas Gerais is the largest southeast state, lo-
cated in the richest Brazilian region, with high connectivity by roads to 
other states and a large flux of goods and persons. It has an extension 
of 586,528 km2 and 21 million people on average, similar to Ukraine, 
France and Spain. Nevertheless, according to official sources, it ac-
cumulates less than 8.800 deaths (SUS, 2020). The aforementioned 
state plays an important role due to its agribusiness and mining in-
dustry impacting strongly on the national economy under a pandemic 
scenario, leading to cost lives and business decrease. Test coverage 
is 5.45 tests per 1.000 inhabitants (considering serological and PCR 
tests), the second smallest among Brazilian states (Ariadne, 2020). 
The social distancing percentage in Minas Gerais dropped from about 
53% in the last week of March to around 38% in the last week of 
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October (InLoco, 2020). In a scenario of a large population, intense 
human fluxes, and decrease in social distancing, the low coverage of 
COVID-19 testing represents the jeopardy of such striking underesti-
mated deaths reported by governmental sources.

As the number of COVID-19 patients is increasing dramatically 
(Han et al., 2020), it is crucial to triage and evaluate confirmed in-
fected/death cases. There is evidence suggesting that infected but 
asymptomatic people are still able to infect others (Day, 2020) and 
SARS-CoV-2 transmission from these cases has already been ob-
served (Rothe et al., 2020; Tong et al., 2020). Likewise, superspread-
ing events (SSEs), which are associated with both explosive growths 
early in an outbreak and sustained transmission in later stages, have 
been reported (Frieden & Lee, 2020), leading to higher mortality. 
Simulation makes available rapid estimation of the infections course, 
providing quantification and understanding of the spatiotemporal 
outbreak spreading (Siettos & Russo, 2013). In this context, correct 
assessments of cases in a target population, as well as the trend of 
infections/deaths, provide important insights which might guide au-
thorities when making decisions (Nishiura et al., 2020).

Public data from the Registry Office (RO) (Cartorio, 2020) have 
pointed out 1.654 excess deaths due to severe acute respiratory syn-
drome (SARS) and COVID-19 in 2020 in Minas Gerais compared to 
the same period in 2019 (January 1st to July 1st). It represents 115% 
of the COVID-19 official deaths informed by the State Surveillance 
Service, indicating potential excess deaths attributable to sub-noti-
fied COVID-19 deaths. The standard approach to calculate the ex-
pected number of deaths, in the absence of a given event of interest, 
uses the previous year's historical all-deaths data for the same time-
line as baseline reference (Nogueira et al., 2005). However, current 
social distancing and isolation are not comparable with any historical 
mortality rate reported so far, and therefore, this approach does not 
reflect the expected excess mortality presently observed. The aim of 
this study was to analyse and consider other criteria for better esti-
mating deaths, infected cases and high mortality due to COVID-19, 
comparing its geographic distribution as well as its impact in differ-
ent ethnic groups in Minas Gerais.

2  | MATERIAL AND METHODS

Our study collected and analysed Brazilian public datasets of COVID-
19, only. The use of anonymized public data dismissed the need of 
ethical committee approval. Data were evaluated from January 1st 
to July 17th of 2020, based on governmental cases and mortality re-
ports (SUS, 2020), as well as daily mortality available in the RO Portal 
(Cartorio, 2020). We herein compared different mortality causes to 
obtain those not affected by social distancing and economic activity 
reduction. Excess mortality is calculated by the difference between 
COVID-19 and other mortality causes in 2020 regarding the same 
timeline in 2019. To model the timeline of each data set and to pre-
dict future behaviour, a simple and very intuitive model based on the 
Gompertz function (Tjørve & Tjørve, 2017) was used. This model has 
been successfully used to model COVID-19 mortality in China and 

other countries (Catala et al., 2020; Yang et al., 2020). It considers 
that the time evolution of the population (deaths and infected cases) 
can be simulated by re-parametrized Gompertz functions (Tjørve & 
Tjørve, 2017) given by:

where N(t) is the cumulative number of deaths or infected cases at 
a given time t, Nmax is the maximum number of deaths or infected 
cases, r characterizes the growth rate, and Ti is the time at the in-
flection point of the curve. The daily deaths or infected cases toll 
corresponds to the first-time derivative of N(t). In this case, the pa-
rameter Ti corresponds to the moment the curve peaks, and Nmax × r 
characterizes the curve maximum.

Depending on the characteristics of the data set, the sum of 
two Gompertz functions might be needed. This will be indicated by 
the analysis of each data set. The six tables that summarize the val-
ues and errors of the fitting parameters obtained from the fitting 
of the model to the data presented in each figure are described in 
Appendix S1 section.

3  | RESULTS

The officially reported COVID-19 cases and deaths timeline are 
shown in Figure 1. Considering the total of inhabitants, the num-
ber of cases and deaths can be considered small. However, after 
saturation of daily cases in the third week of April, a new rise in 
the curve of infected cases at the end of April can be observed. 
The same behaviour was observed in the curve of deaths about 
25 days later. Possibly, these growths could be attributed to 
the Social Distance Index, shown in Figure 1c. During this pe-
riod, infections and deaths increased; meanwhile, a decline in 
social isolation was observed. A sum of two Gonpertz functions 
was necessary to appropriately fit both datasets over the whole 
timeline. The fitted curves have been extended to show the ten-
dency to saturation of the number of infection cases and deaths 
by the end of the year. This model predicts a total number of 
1.182.657 infected people and 15.703 deaths. The daily pro-
jected cases and death curves (first derivatives of the fit curves) 
clearly show the initial saturation of cases and deaths curves, 
followed by a strong and broad peak. The advantage of using 
the daily projected cases and death curves is to avoid strong 
oscillations (with approximately a 7-day period) present in the 
daily reported new deaths and infected cases data. This model 
projects a peak of 102 daily deaths on September 8th, while 
the infected cases peak of 6.047 daily cases will be reached 
on September 30th. The case fatality rate (CFR) was calculated 
as the ratio between the cumulative number of deaths and the 
cumulative number of infected cases. The evolution of social 
distancing (InLoco, 2020) is shown in Figure 1(c). Our model 
describes well the pandemic evolution, nowcasts and forecasts. 
However, due to its simplicity, the total number of projected 

(1)N ( t ) = Nmax ⋅ exp{ −exp[ − r ( t − Ti ) ] }
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deaths and infected cases should be considered cautiously and 
depends on the evolution of social distancing. The values of the 
fitted parameters are shown in the Appendix S1.

Another scenario arises when the excess of deaths during the 
COVID-19 pandemic is considered. The standard approach to cal-
culate excess mortality uses the previous year's historical all-deaths 
data as reference (Nogueira et al., 2005). However, in the current 
pandemic, with social distancing and closing of non-essential eco-
nomic activities, the situation is not comparable with any previously 
historical mortality series reported so far. The total deaths in Minas 
Gerais between 2008 and 2014 increased 21% and then varied sig-
nificantly between 2015 and 2018 (18% of variation), making the use 
of any kind of historical series unapproachable. In addition, transport 
accidents and deaths by assaults two of the most important mortal-
ity causes in Minas Gerais should heavily decrease during this period 
because of the reasons mentioned above.

Figure 2 shows a comparison between the different causes of 
death between 2019 (dashed lines) and 2020 (solid lines) in Minas 
Gerais (Cartorio, 2020). It is worthy to note that until the 14th epi-
demiologic week of 2020, when the epidemic of COVID-19 started 
in Minas Gerais, the weekly number of deaths for all causes in 2020 
oscillated similarly to the ones observed in 2019. However, beyond 
that week most of the 2020 causes of deaths, except for SARS, fall 
systematically below the values of 2019, probably as an effect of 
social distancing measurements. We interpret the sharp drop after 
week 25th, marked by a grey area, as a four to five weeks delay to 
update the RO database. Therefore, to calculate the excess deaths 
in 2020 regarding data from 2019, we should consider only until the 
25th epidemiologic week of 2020 and only COVID-19 and SARS 
death causes. This excess is calculated as follows: from the total 
number of deaths caused by COVID-19 plus SARS in 2020, the num-
ber of deaths caused by SARS in 2019 is subtracted. We assumed 
that all other causes of death were affected by social distancing and 
decreased economic activities and were therefore not considered in 
the excess deaths’ calculation.

The excess deaths (open black squares) calculated accord-
ing to the above developed methodology is presented in Figure 3. 
Since data have been harvested from 2 different public platforms 
(Cartorio, 2020; SUS, 2020), the reported deaths by COVID-19 in 

F I G U R E  1   Time evolution of (a) the governmental infected 
cases reported (open black squares), (b) deaths (open red circles) 
and (c) social distancing (blue solid line) related to COVID-19 in 
Minas Gerais, Brazil. The solid black and red lines in (a) and (b) 
correspond to the fit of the model to the reported data. Dash 
dot lines in (a) correspond to the projected daily number of 
infection cases (black line) and deaths (red line). The dash line in (b) 
corresponds to the projected case fatality rate (CFR) [Colour figure 
can be viewed at wileyonlinelibrary.com]

F I G U R E  2   Comparison between the 
weekly number of deaths from all causes 
during the first 29 epidemiologic weeks 
of 2020 (solid lines) regarding the same 
period in 2019 (dashed lines). The vertical 
dotted line marks the COVID-19 epidemic 
starting in Minas Gerais. The grey area 
represents the time delay to update the 
RO database [Colour figure can be viewed 
at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
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both platforms have also been plotted. Both platforms use different 
approaches to compile the number of deaths caused by COVID-19. 
Whereas the governmental data (open red circles) are collected by 
reports from health surveillance, RO collects the number of deaths 
(open blue triangles and open black squares) from registered death 
certificates. Therefore, not only the number of deaths attributed to 
COVID-19 will be different, but also the time delay in updating both 

databases. The sum of two Gompertz functions was used to well 
fit all datasets. The values of the fitted parameters can be found in 
the Appendix S1. The excess deaths curve modelling predicts a peak 
of 135 daily deaths on September 22nd, two weeks later, and 32% 
higher than that predicted by the governmental data. The difference 
between the RO and the governmental data is due to COVID-19 
deaths sub-notification. The upper bound of the sub-notification 

F I G U R E  3   (a) Time evolution of 
excess of deaths (open black squares), 
RO COVID-19 related deaths (open blue 
triangles) and governmental COVID-19 
deaths (open red circles). Solid lines 
correspond to the best fit of the model 
to the data sets (see text for details). (b) 
Calculated variation of the upper (red line) 
and lower (green line) bounds of the sub-
notification along 2020 [Colour figure can 
be viewed at wileyonlinelibrary.com]

F I G U R E  4   (a) Weekly evolution of 
the cumulative number of SARS cases 
in 2020 (open black squares) compared 
to 2019 (open red diamonds). Black 
and red lines correspond to the best fit 
of the model to the data sets (see text 
for details). (b) Calculated excess of 
COVID-19 cases (open green stars) and 
COVID-19 governmental reports (open 
blue triangles). Green and blue lines 
correspond to the best fit of the model 
to the data sets. (c) Calculated sub-
notification of COVID-19 cases (black line) 
and CFR upper bound (red line) [Colour 
figure can be viewed at wileyonlinelibrary.
com]

www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
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can be estimated by the difference between excess deaths and 
the governmental reported deaths, while the lower bound of the 
sub-notification can be estimated by the difference between RO and 
governmental reported deaths. The time evolution of the sub-notifi-
cation is shown in Figure 3(b).

As shown above, untested COVID-19 deaths can be errone-
ously diagnosed and reported as SARS deaths. We suppose the 
same problem is happening for the diagnosis of moderate infec-
tion cases. We consider as moderate infection cases those that 
were erroneously diagnosed as SARS cases but did not result in 
death. Therefore, the same methodology applied to estimate the 
sub-notification of COVID-19 deaths will be used to estimate 
the sub-notification of COVID-19 moderate cases. Figure 4 (a) 
shows the evolution of cumulative weekly SARS cases (Infogripe, 
2020) in 2020 (black solid squares) and 2019 (red solid circles). 
Interestingly, during the first 9 weeks of the year, the number of 
cases reported in 2020 and 2019 were similar. However, as soon 
as the COVID-19 epidemic started in Minas Gerais, end of week 
9th, the number of SARS in 2020 cases heavily increased com-
pared to 2019. Since there were no reported additional epidem-
ics related to respiratory symptoms apart from COVID-19 as well 
as those of every year, we interpret that difference as non-diag-
nosed cases of COVID-19.

Figure 4(b) shows the evolution of COVID-19 excess cases (green 
open stars), calculated as the difference between SARS and COVID-
19 cases in 2020 related to 2019 SARS cases. For comparison, the 
cumulative weekly number of reported COVID-19 cases (blue open 
triangle) is also plotted. The excess COVID-19 cases data set has 
been well fitted by the sum of two Gompertz functions (red solid 
line). The officially reported COVID-19 cases data have also been 

well fitted by a sum of two Gompertz functions (blue solid line). The 
fitted parameter values are shown in the Appendix S1.

The sub-notification of COVID-19 cases upper bound can be cal-
culated now as the difference between the excess cases and gov-
ernmental reported cases and is shown in Figure 4(c). An estimation 
of CFR upper bound can now be obtained considering the excess 
of deaths and the excess of infected cases, as shown in Figure 4(c).

Ethnic discrepancies impact healthcare access in Minas Gerais 
where self-declared black and brown-skinned people have lower in-
comes and less access to health assistance than self-declared white 
people (IBGE, 2020). Herein, we include the impact of COVID-19 in 
both ethnics separating the data presented in Figure 1 by self-de-
clared skin colour or ethnicity of the patients. We have considered as 
black patients the sum of all self-declared black and brown-skinned 
patients, while white patients correspond to self-declared white 
only. To calculate the percentage of cases and deaths from black 
persons, we have also considered patients that were not classified 
in both groups. In this case, the availability of data separated by 
self-declared skin colour was restricted up to June 24th.

Figure 5(a) shows the cumulative number of infected cases evo-
lution, separated by black (open black squares) and white patients 
(open blue circles). A small increase of cases of black patients can 
be observed. The modelling of the data sets (solid lines) predicts an 
increase of such difference towards the end of the year. The per-
centage progression of infected black patients (regarding the overall 
patients), as calculated from the modelling results, is shown by the 
dashed red line. This number oscillates between 60% and 55% from 
the beginning of the epidemic towards the end of 2020.

The cumulative deaths progression is shown in Figure 5(b). A 
small increase of deaths among black patients (open black squares) 
can be observed in recent days. The modelling of the data sets (solid 

F I G U R E  5   (a) Daily evolution of the cumulative number of COVID-19 cases in black (open black squares) and white patients (open blue 
circles). The solid lines correspond to the best fit of the model to the data sets (see text for details). The dashed line corresponds to the 
percentage of cases in black patients. (b) Daily evolution of the cumulative number of deaths from COVID-19 in black (open black squares) 
and white patients (open blue circles). The solid lines correspond to the best fit of the model to the datasets (see text for details). The dashed 
line corresponds to the percentage of deaths in black patients. (c) Calculated CFR values in black (black line) and white (blue line) patients, 
using the data presented in (a) and (b) [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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lines) also predicts an increase of such difference towards the end of 
the year. The percentage change in deaths in black patients (regard-
ing the overall number of patients), as calculated from the model-
ling results, is shown by the dashed red line. This number rises from 
around 27% at the beginning of the epidemic to a saturation of about 
54% at the end of 2020.

The CFR of both populations can be calculated from these mod-
elled results. Figure 5(c) shows the timeline of CFR for each popu-
lation. As can be seen, a saturation of about 4.5% for black patients 
was predicted while for white patients, an increase of 8.2% was cal-
culated towards the end of 2020.

Demography has been also impacting COVID-19 pandemic in 
Minas Gerais. Then, in Figure 6 we demonstrate the number of cases 
and deaths (same data as in Figure 5) per 100.000 inhabitants sepa-
rated by municipality and self-declared skin colour.

Interestingly, the distribution of cases and deaths is non-uniform 
across the state. There are municipalities with a higher number of 
cases and a lower number of deaths. Most cases and deaths per 
100.000 inhabitants are not only concentrated in the capital, but in 
cities closer to the state borders with interstate connexions. There 
are also strong differences in locations with more cases and deaths 
in black and white patients. The number of cases and deaths in black 

F I G U R E  6   Geographic distribution 
of all municipalities of Minas Gerais 
informing (a) cases of COVID-19, (b) 
deaths from COVID-19, (c) cases white 
patients, (d) deaths of white patients, 
(e) cases of black patients, (f) deaths of 
black patients. Maps (g) and (h) show 
the distribution of white and black 
inhabitants, respectively. All data have 
been normalized per 100.000 inhabitants 
[Colour figure can be viewed at 
wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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patients is somehow better distributed along the territory, with a 
large incidence in the northern half. However, the cases and deaths 
in white patients are concentrated in the southern half, which is eco-
nomically more developed and populated.

4  | DISCUSSION

Notably, the epidemiologic picture is changing daily. While Brazil is 
facing a challenging scenario, especially considering people under 
social vulnerability, mostly blacks, other countries in Africa are 
predicted to be significantly affected by the ongoing COVID-19 
outbreak (Lone & Ahmad, 2020). A pandemic status like the one 
we are experiencing brings lots of concerns. The clinical and labo-
ratory characteristics of Covid-19 are non-specific and similar to 
other viral infections, particularly respiratory diseases (Prasitsirikul 
et al., 2020). As the number of COVID-19 patients is increasing dra-
matically (Han et al., 2020), it is crucial to predict the number of 
infected cases and deaths considering local health assistance avail-
ability. The real number of COVID-19 infected cases is difficult, if 
not impossible, to obtain since most of the patients presenting mild 
symptoms are not accounted for. However, the number of patients 
that present moderate or acute symptoms is particularly important 
and possible to be estimated. They are the ones that will need sus-
tained medical attention in hospitals and will potentially overburden 
the health system.

Several diseases can vary from fully asymptomatic to severe 
symptoms until clinical intervention, demanding for hospitaliza-
tion and leading to death, which demonstrates the importance of 
the measurements of the case fatality ratio (CFR) to understand 
epidemic dynamics and disease burden (Cauchemez et al., 2019).
The initial saturation of the number of infected cases observed 
throughout the third week of April in Figure 1(a), particularly vis-
ible in the curves of daily projected cases and deaths, is due to 
the reduction of social distancing. The social distancing index was 
about 30% before the COVID-19 epidemic started in the state, 
then, it rapidly peaked at about 53% just before the first re-
ported death. However, the continuous social distancing decrease 
until now (~38%) has produced a new rise in infected cases and 
deaths, clearly observed in the curves of daily projected cases 
and deaths. The CFR calculated from governmental data and plot-
ted in Figure 1 (b) increased from 1% to 4.2% at the end of April, 
when it slowly decreased to 2.1% in the second week of July. The 
model predicts a further decrease to about 1.5% until the end of 
the year. In comparison, in the second week of July, Brazil exhib-
ited a CFR = 3.8% and that rate varied between 16.8% and 2.3% 
among the ten countries with the largest reported COVID-19 dis-
ease (SUS, 2020). This rate is calculated considering the tested 
infection cases and deaths only, mainly of hospitalized patients. 
Therefore, it should be considered biased, non-realistic, and not 
necessarily an upper limit.

COVID-19 epidemic significantly increased the mortality rate in 
2020. Nevertheless, the number of deaths by other causes should 

decrease due to social distancing and the closing of non-essential 
economic activities. Deaths caused by transport accidents and as-
saults were responsible for 52% of all deaths in Minas Gerais in 2018 
(DATASUS, 2020), percentage that should heavily decrease due to 
the cited reasons. Deaths related to complications in hospital inter-
ventions, which are now postponed due to the epidemic, are also 
expected to decrease. In the same way, the decrease in the eco-
nomic activities should reduce the number of deaths related to work 
accidents. Those reductions are clearly visible from the start of the 
COVID-19 epidemic in Figure 2, except for SARS- and COVID-19-
related deaths.

We interpret the rise of SARS-related deaths as an excess mor-
tality not explained by the officially COVID-19 deaths reported in 
2020. The governmental number of deaths is even considerably 
lower than that reported by the registry office. The projected 
COVID-19 sub-notification of deaths shows stabilization until the 
end of the year with a lower bound of about 30% and upper bound of 
about 57%, regarding governmental data. These numbers can be af-
fected by a reduction of the social distancing index which as shown 
in Figure 1(c), has been continuously decreasing since the epidemic 
started in Minas Gerais.

The same methodology applied to estimate a more realistic 
number of deaths can also be applied to retrieve a more realistic 
estimate of COVID-19-infected cases, as shown in Figure 4(a) and 
4(b). Our methodology indicates that in the 28th epidemiological 
week of 2020, the excess of moderate and severe infection cases 
was approximately 25% higher than the officially reported number, 
with a prevalence of 2.6%, leading to a projected sub-notification 
of around 42% by the end of the year. A recent survey of COVID-
19-infected cases (Hallari et al., 2020) reported a prevalence of 
0.4%, with 95% CI between 0.2% and 0.7%, in the southeast region 
of Brazil. This number is 13 times lower than the value found in our 
study. Once calculated the excess of deaths and cases, a more re-
alistic CFR was also calculated. This rate increased from about 11% 
in week 13th to around 32% in week 18th and decreased to a sat-
uration of around 2.4% at the end of 2020. It is important to note 
that this CFR, calculated with more realistic data (excess of deaths 
and excess cases data), actually represents an upper limit. Another 
work based on reported cases suggests that in Minas Gerais, the 
number of cases and deaths has been stated only in a subset of the 
overall population, while SARS-CoV-2 appears widely dispersed in 
other states in the southeast region (Xavier et al., 2020). A recent 
estimation of the total number of COVID-19-infected people in the 
state capital (city of Belo Horizonte) indicates a number 75 times 
larger than the official one (Aguas, 2020). Applying this factor to 
the whole state and considering the excess of deaths calculated by 
our methodology, we can estimate a CFR lower bound of 0.03% by 
the end of the year.

Social inequalities in Brazil are intrinsically associated with 
ethnicities where most black people are among the poorest. A 
considerable number amount of black people lives in crowded 
communities, with reduced access to health care. Noticeably, 
according to the Brazilian Institute of Geographic and Statistics 
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(IBGE, 2020), Minas Gerais has 60% of the population self-declared 
black, against 39.7% of self-declared white persons and 72% of 
black persons are also in the group with 10% lower incomes. The 
data presented in Figure 5 show that 60% of COVID-19 cases are 
in black patients, fitting the demographic profile. Nonetheless, in 
the second half of April, only 55% of deaths corresponded to black 
patients, which is 5% below the demographic profile. Therefore, 
we understand that SARS-CoV-2 does not affect differently 
black and white populations in Minas Gerais. For unknown rea-
sons, deaths among black patients are 5% lower than expected. 
A recent study suggests that a certain degree of cross protection 
can exist from previous infection by another coronavirus (Grifoni 
et al., 2020). We speculate that the self-declared black popula-
tion can be partially protected, due to being previously infected 
by another coronavirus. However, further studies are necessary to 
understand this discrepancy.

The geographic distribution of cases and deaths in Minas 
Gerais is also notable. The distributions throughout the state 
are non-uniform, demonstrating high incidence in large urban 
cores, with several municipalities showing a considerable num-
ber of cases and a reduced number of deaths. The large number 
of deaths seems to be concentrated not only in the capital, but 
also in cities closer to the state borders. The geographical dis-
tribution of cases and deaths in white and black patients follows 
the geographical distribution of both populations in the state, 
where the white population is concentrate in the southwest and 
richer region of the state, while the black population is more 
concentrated in the northeast and poorer portion of the state. 
Comparing the geographical distribution of cases and deaths, 
Figure S1 data suggest that there were more infected persons 
among black men than white men and more deaths among black 
men than among black women. It is striking that even knowing 
that most of the black population lives in the lowest Human 
Development Index (HDI) regions of the state, our calculated 
CRF for black patients was 3.7% points lower than for white 
patients.

Mathematical modelling is necessary to predict the behaviour 
of epidemic variables and to assist authorities in appropriate poli-
cies. Several mathematical models have been used to assess deaths 
and infected cases such as outbreak analytics (Polonsky et al., 2019), 
data-driven (Ranjan, 2020), stochastic simulations of early outbreak 
trajectories (Riou & Althaus, 2020), susceptible (S), asymptomatic in-
fected (A), symptomatic infected (I), or recovered (R) individuals (SAIR) 
(Monteiro, 2020) and the spatiotemporal dynamics of a spread apply-
ing machine learning (Science et al., 2020; Siettos & Russo, 2013). We 
applied the Gompertz function and showed how this simple technique 
can considerably contribute to the analyses of epidemiological data 
collected during COVID-19 pandemic. Herein, we used a proved, sim-
pler and intuitive mathematical model that successfully demonstrated 
our results. This model well reproduced the time evolution data, how-
ever, has been reported to have systematically overestimated the 
COVID-19-related prediction in China (Yang et al., 2020). Uncertainties 
are also present in the used data from public resources, mainly due to 

collection efficiency and update delays. Therefore, caution is required 
in the consideration of the absolute predicted number of deaths and 
cases.

COVID-19 cases increase several folds every 24 hr. The increas-
ing number of patients and victims makes it even difficult to maintain 
a real-time track of the numbers, also due to notification delays and 
updates of the public databases. In countries with severe inequalities, 
such as Brazil, a considerable part of patients receives suboptimal 
attention in the public health system (Villela, 2020). Between the 
Influenza virus subtype (H1N1) pandemic (2009) and COVID-19, Brazil 
lost about 34.500 hospital beds (Marson & Ortega, 2020) impairing 
access of the more vulnerable populations to health assistance.

Notwithstanding, national and regional priorities need to be iden-
tified considering the rational use of limited healthcare resources. The 
resume of non-essential economic activities as well as changes in social 
distancing drastically alters the epidemic evolution. The social distanc-
ing index has dropped below the 40% level since June in Minas Gerais, 
approaching the pre-epidemic baseline, accompanied by an increase 
of 163% in the number of infected cases and 172% in the number of 
deaths, reported by governmental agencies, just in the first half of July. 
Of course, it is expected that, with improved testing coverage, more 
cases of COVID-19 will be detected and the clearest picture of the dis-
ease burden in Minas Gerais will become evident.

5  | CONCLUSIONS

By analysing the evolution of the COVID-19 epidemic in Minas 
Gerais, Brazil, we showed the importance of considering sub-noti-
fication not only of deaths but also of infection cases. It was shown 
that the largely used criteria of a historical all-deaths series did not 
work in this case, where most of the deaths are associated with 
causes that should decrease under social distancing and reduction 
of economic activities. Other criteria for better estimating deaths, 
infected cases and high mortality rate during the pandemic in Minas 
Gerais, discussing possible contributions and their implications, 
were then presented. It is shown that the excess deaths and infected 
cases are related to the strong increase of SARS deaths and cases 
reported in 2020 compared to 2019. A new methodology to esti-
mate excess deaths and cases was developed. A quite simple and 
intuitive model based on the Gompertz function was also used to 
well fit the data and to predict the evolution of the epidemic. Based 
on these analyses, an excess of 21.638 deaths and 557.216 infected 
cases is predicted until the end of 2020, with an upper bound of the 
case fatality rate of around 2.4% and a prevalence of 2.6%. The im-
portance of ethnic and geographical distribution of cases and deaths 
is demonstrated, and the discrepancies between cases and deaths 
in black and white patients are discussed. Government and private 
organizations need to work together to increase public awareness, 
stimulate social distancing and keep a surface disinfection routine 
to curb the viral infection, especially in critical places. Particular at-
tention should be given to people under social vulnerability, living in 
underdeveloped regions.
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