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a b s t r a c t   

Background: COVID-19 has shown a broad clinical spectrum, ranging from asymptomatic to mild, moderate, 
and severe infections. Many symptoms have already been identified as typical of COVID-19, but few studies 
show how they can be useful in identifying clusters of patients with different severity of illness. This in-
terpretation may help to recognize the different profiles of symptoms of COVID-19 expressed in a popu-
lation at certain time. The aim of this study was to identify symptom-based clusters of hospitalized patients 
with severe acute respiratory illness by SARS-CoV-2 in Brazil. The clusters were evaluated based on so-
ciodemographic characteristics, admission to the Intensive Care Unit (ICU), use of respiratory support, and 
outcome. 
Methods: The Multiple Correspondence Analysis (MCA)-based cluster analysis was applied to symptoms 
presented before admission. Pearson's chi-square test was used to compare the proportions of symptoms 
between the clusters and to examine differences in the calculated rates for the following variables: sex, age 
group, race, Brazilian region, use of respiratory support, admission to the ICU and outcome. 
Results: Three COVID-19 clusters with distinct symptom profiles were identified by MCA-based cluster 
analysis. Cluster 1 had the mildest severity profile, with the lowest frequencies for most symptoms in-
vestigated. Cluster 2 had a severe respiratory profile, with the highest frequencies of patients with dyspnea, 
respiratory discomfort and O2 saturation <  95%. Cluster 2 was also the most prevalent in all Brazilian re-
gions and had the highest percentages of patients who used invasive respiratory support (27.4%) (p- 
value < 0.001), were admitted to the ICU (42.6%) (p -value < 0.001) and died (39.0%) (p-value < 0.001). 
Cluster 3 had a prominent profile of gastrointestinal symptoms. 
Conclusions: The study identified three distinct COVID-19 clusters based on the symptoms presented by 
patients with severe acute respiratory illness by SARS-CoV-2, but without distinction in their prevalence in 
the Brazilian regions. 
© 2022 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health 

Sciences. 
CC_BY_NC_ND_4.0   

Introduction 

The Severe Acute Respiratory Syndrome CoronaVirus 2 (SARS- 
CoV-2) is responsible for the Coronavirus Disease 2019 (COVID-19), 
which has a broad clinical spectrum, ranging from asymptomatic to 
mild, moderate, and severe (~ 15%) infections. About 5% of the cases 
can progress to critical disease with complications such as acute 
respiratory distress syndrome, thromboembolism, and/or multi- 
organ failure [1,2]. 
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The most common symptoms of COVID-19 are fever, dry cough, 
and fatigue. Some patients experience loss of taste or smell, sore 
throat, headache, muscle or joint pain, nausea or vomiting, diarrhea, 
among others. Patients with severe COVID-19 may also present 
shortness of breath, loss of appetite, and confusion [1,3]. The most 
severe cases often require hospitalization in an Intensive Care Unit 
(ICU) to ensure assisted respiratory support and other medical 
treatments [4]. Comorbidities such as asthma, diabetes, cardiovas-
cular and pulmonary diseases, and characteristics such as age, sex, 
and race have also been associated with the severity of the dis-
ease [5–9]. 

Many symptoms have already been identified as typical of 
COVID-19, but few studies show how they can be useful in identi-
fying clusters of patients with different severity of illness. This in-
terpretation may help to recognize different profiles of symptoms of 
COVID-19 expressed in a population at a certain time. 

It is estimated that as of May 09, 2022, more than 517 million 
SARS-CoV-2 infections have been confirmed, resulting in 6,276,846 
COVID-19–related deaths worldwide. Among active cases, 0.1% 
(39,764 of 38,891,845) are in severe or critical condition [10]. In 
Brazil, to date, 30,564,536 cases have been recorded, with 664,189 
deaths. The country was in the third position among the countries in 
the world with the highest number of registered cases and second 
place concerning the number of deaths [10]. 

Brazil has a flu epidemiological surveillance system that has been 
recording cases of SARS-CoV-2 infections, including patient in-
formation such as sociodemographic characteristics, symptoms, co-
morbidities, hospitalization, evolution, among others. In this study, 
we sought to assess the symptoms presented in Brazilian patients 
with severe acute respiratory illness by SARS-CoV-2 and to identify 
severity profiles according to these epidemiological characteristics. 

Materials and methods 

This study is based on the public database SIVEP-Gripe (Sistema 
de Informação de Vigilância Epidemiológica da Gripe—Flu 
Epidemiological Surveillance System) [11], a system for recording 
cases of severe acute respiratory illness (SARI) in Brazil, including 
data from COVID-19, maintained by the Ministry of Health (https:// 
opendatasus.saude.gov.br/dataset/bd-srag-2021). The Brazilian 
Guide for Epidemiological Surveillance considered a case of SARI 
when a person with flu-like illness has dyspnea/respiratory dis-
comfort, or persistent pressure, or pain in the chest, or O2 satura-
tion <  95% in room air, or a bluish discoloration (cyanosis) of the lips 
or face [12]. The original data used in this study can be accessed at 
https://zenodo.org/record/5776398#. YbdFcdDMJPY. The data was 
downloaded on November 10, 2021. 

We included in the study patients aged ≥ 18 years, classified as a 
case of SARI, with a positive RT-PCR test for SARS-CoV-2, who were 
admitted to the hospital and with the known outcome as hospital 
discharge (cure) or death by COVID-19. A stratified random sample 
proportional to Brazilian states, with an approximate size of 10,000, 
was considered in the analysis. The date of COVID-19 diagnosis spans 
the time interval from February, 1 to October 31, 2021. 

The variables included in the study were sociodemographic 
characteristics – Brazilian region (North; Northeast; Center-West; 
Southeast and South), sex (male and female), age group (18–59 years 
old; ≥ 60 years old), and race (white and non-white); signs and 
symptoms (fever, cough, sore throat, dyspnea, respiratory dis-
comfort, O2 saturation < 95%, diarrhea, vomiting, abdominal pain, 
fatigue, and loss of smell or taste); hospitalization (ICU admission, 
use of respiratory support—invasive, non-invasive and non-use); and 
outcome (cure or death by SARI). Missing values for symptoms were 

considered as the absence of these characteristics, and missing va-
lues for ICU admissions were considered as non-ICU admissions [13]. 

A descriptive analysis was performed. Absolute and percentage 
frequencies were calculated to summarize the main characteristics 
of the participants in the study. 

Multiple correspondence analysis (MCA) was used to explore the 
joint association between signs and symptoms. MCA enables the 
identification of associations among variables when considered si-
multaneously. This analysis allows a geometrical representation of 
the results by locating each variable category as a point on the 
Cartesian axes, according to the frequency of the modalities, so that, 
closer points indicate that the subjects share the corresponding ca-
tegories, which finally leads to categories being associated. MCA was 
performed using the R package FactoMineR [14], and the factoextra 
package [15] was used to extract the MCA results. 

The hierarchical clustering on principal components from MCA 
was used to identify groups of patients with similar profiles ac-
cording to the symptoms. The Euclidean distance with Ward’s ag-
glomeration method was used. This step was performed by the HCPC 
function from the FactoMineR package, which uses the V test to 
compare the proportion of the categories in a cluster to the pro-
portion of the categories in the population. The test is based on the 
hypergeometric distribution [16]. The algorithm determined the 
optimum number of clusters. 

Pearson's chi-square test was used to compare the proportions of 
symptoms between the clusters and to examine differences in the 
rates of sex, age group, race, Brazilian region, use of respiratory 
support, admission to the ICU and outcome based on the clusters. 

All analyzes were performed in R version 4.1.0 software [17]. A 
p  <  0.05 was considered statistically significant. 

Results 

A total of 10,011 hospitalized Brazilian patients with SARI by 
SARS-CoV-2 confirmed by RT-PCR were included in the study. Most 
hospitalized patients were from the Southeast region (54.9%), adults 
(56.8%), male (56.4%), and white (58.4%). Among the symptoms, the 
most common were dyspnea (75.6%), O2 saturation <  95% (72.9%), 
cough (70.6%), respiratory discomfort (59.9%) and fever (55.6%). Over 
60% of patients used non-invasive respiratory support, 38.2% were 
admitted to ICU and 65.2% were cured (Table 1). 

The first two dimensions captured 32.9% of the total variability 
(18.7% and 14.2% by the first and second dimensions, respectively). 
Five dimensions captured 60% of the total variability. Fatigue and 
respiratory discomfort were the most correlated with dimension 1. 
O2 saturation <  95% and dyspnea were the most correlated with 
dimension 2, with respiratory discomfort also well correlated. Cough 
and fever were more correlated to dimension 3, fatigue, vomiting 
and loss of smell and taste to dimension 4, and sore throat to di-
mension 5. 

Fig. 1 shows the categories of variables on the MCA map. The first 
component opposes the categories that represent the presence of 
symptoms (in the first and fourth quadrants) with the categories of 
the absence of symptoms (in the second and third quadrants). The 
second component distinguishes the categories that indicate the 
presence of abdominal pain, vomiting, diarrhea, loss of smell or 
taste, sore throat, fever, and cough; with the categories that indicate 
the presence of fatigue, dyspnea, O2 saturation <  95%, and re-
spiratory discomfort. 

We observed proximity between abdominal pain, vomiting, 
diarrhea, and loss of smell or taste in the first quadrant, which are 
well represented in the factor map for both dimensions. Fever, 
cough, sore throat and fatigue were located close together in the 
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right quadrant, with the first three categories in the first quadrant 
and the last one in the fourth quadrant. Respiratory distress, O2 
saturation <  95%, and dyspnea were located close together in the 
fourth quadrant (Fig. 1). 

Table 2 shows the three clusters obtained after MCA using Eu-
clidean distance with Ward’s agglomeration method. Cluster 1 has 
2541 observations, Cluster 2 has 5849 observations and Cluster 3 
1621 observations. The results are described according to their 
within-cluster membership i.e. the percentage of individuals within 
a cluster (class) who present the category (modality) (Mod.Cla), and 
by their across-cluster membership i.e. the percentage of all in-
dividuals belonging to a class (cluster) that selected the respective 
modality (category) (Cla.Mod). Only positive categories (presence of 
symptom) were included in Table 2. There were statistically sig-
nificant differences between the percentages of the three clusters 
and in relation to the global proportion for all symptoms (p  <  0.001), 
except for cough, which showed no difference between global and 
Cluster 2 frequencies. 

Cluster 1 showed the lowest percentages of individuals with a 
certain symptom when compared to the overall percentage 
(p  <  0.001). Comparing to the other clusters, Cluster 1 had the 
lowest percentages of individuals with fever (49.9%), cough (62.1%), 
sore throat (11.2%), fatigue (15.6%), dyspnea (31.4%), respiratory 
discomfort (9.3%), and O2 saturation <  95% (23.3%). 

Cluster 2 had the largest number of patients and the highest 
percentages for respiratory symptoms such as dyspnea (92.5%), re-
spiratory discomfort (78.1%), and O2 saturation <  95% (91.8%). Most 

patients with these symptoms are in Cluster 2. On the other hand, it 
is also the cluster with the lowest percentages of gastrointestinal 
symptoms, such as abdominal pain (0.3%), vomiting (0.1%), diarrhea 
(2.7%), and loss of smell or taste (9.2%). 

Cluster 3 had the highest percentages of the classical symptoms 
of a respiratory infection, such as fever (74.3%), cough (84.5%), and 
sore throat (34.5%). Also, high frequencies of gastrointestinal 
symptoms, such as abdominal pain (32.2%), vomiting (44.2%), diar-
rhea (62.1%), and loss of smell or taste (33.4%). Fatigue was greater in 
this group, being observed in 54.8% of patients. Respiratory symp-
toms were also high, but not as high as those in Cluster 2. About 83% 
had dyspnea, 73.6% respiratory discomfort and 82.7% had O2 sa-
turation <  95%. 

Table 3 shows the sociodemographic and hospitalization char-
acteristics of patients in each cluster. It is possible to observe a 
statistically significant difference between the frequencies of the 
three clusters regarding the variables: age group, gender, respiratory 
support, ICU and outcome. 

Cluster 3 had a higher proportion of patients aged 18–59 years 
(64.0%) when compared to clusters 1 and 2 (p-value < 0.001). For 
gender, Cluster 3 had a higher proportion of females (47.4%) when 
compared to the others (p-value < 0.001). Cluster 1 had a higher 
proportion of patients who did not need respiratory support (29.4%), 
while clusters 2 and 3 had higher proportions of non-invasive sup-
port (63.8% and 64.6%, respectively). Cluster 2 had the highest per-
centages of patients who needed invasive respiratory support 
(27.4%) (p-value < 0.001), were admitted to the ICU (42.6%) (p 
-value < 0.001) and died (39.0%) (p-value < 0.001). 

Fig. 2 shows the distribution of clusters for each Brazilian region. 
It is possible to observe that there were no differences between the 
frequencies of each cluster between the five units (p-values < 0.001). 
Cluster 2 was the most prevalent in all regions, with frequencies 
ranging from 57.7% in the Southeast region to 59.5% in the South 
region. 

Discussion 

This study aimed to identify the profile of symptoms in the 
Brazilian COVID-19 cases using MCA combined with cluster analysis. 
We also evaluated how these profiles differed in terms of socio-
demographic characteristics, ICU admission, use of respiratory sup-
port and outcome. 

Three different clusters were identified according to the pre-
valence of symptoms. Cluster 1 had the lowest severity profile, with 
the lowest frequencies for most symptoms investigated. Cluster 2 
showed a severe respiratory profile, with the highest frequency of 
patients with dyspnea, respiratory discomfort, and oxygenation. 
Cluster 3 presented a profile with a certain severity, which involved 
a strong profile of gastrointestinal symptoms. Such characteristics 
were not present in the other two clusters. 

Similar to the present study, Han et al. also identified three 
clusters, labeled as “severe”, “classical” and “atypical” [18]. These 
clusters were based on the symptoms of 1035 COVID-19 patients 
from Wuhan, China. Unlike our study, they used laboratory data. 
Comparing the results, the “severe” cluster in the study by Han and 
colleagues had high frequencies of fever, fatigue, sore throat, dys-
pnea, diarrhea, abdominal pain, and vomiting. This profile is similar 
to our Cluster 3, which also presented high frequencies for these 
symptoms. The profile of Cluster 2 in our study is like the “classical” 
cluster, which presented intermediate frequencies compared to 
those of the “severe” and “atypical” clusters. The “atypical” cluster 
presented the lowest levels of all indicators among the three 

Table 1 
Epidemiological characteristics of the studied sample of Brazilian patients 
hospitalized with SARI by SARS-CoV-2 confirmed by RT-PCR.    

Characteristic N = 10,011 (%)  

Brazilian region  
North 345 (3.4%) 
Northeast 1054 (10.5%) 
Center-West 913 (9.1%) 
Southeast 5499 (54.9%) 
South 2200 (22.0%) 

Age group (years old)  
18 – 59 5684 (56.8%) 
≥ 60 4327 (43.2%) 

Sex  
Female 4363 (43.6%) 
Male 5648 (56.4%) 

Race  
White 5842 (58.4%) 
Non-white 4169 (41.6%) 

Symptoms  
Fever 5563 (55.6%) 
Cough 7066 (70.6%) 
Sore throat 1784 (17.8%) 
Dyspnea 7564 (75.6%) 
Respiratory discomfort 5998 (59.9%) 
O2 saturation  <  95% 7303 (72.9%) 
Diarrhea 1377 (13.8%) 
Vomiting 804 (8.0%) 
Abdominal pain 597 (6.0%) 
Fatigue 3059 (30.6%) 
Loss of smell or taste 1331 (13.3%) 

Respiratory support  
None 1501 (15.0%) 
Non-invasive 6156 (61.5%) 
Invasive 2354 (23.5%) 

ICU 3828 (38.2%) 
Outcome  

Cure 6531 (65.2%) 
Death 3480 (34.8%) 
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clusters, being similar to our Cluster 1, being also the cluster with the 
lowest frequencies for most symptoms investigated. However, in the 
study conducted by Han et al., the severity of the clusters was also 
determined, in addition to the symptoms, by considering the pre-
sence of syndromes and laboratory findings. This study, on the other 
hand, only compares cluster profiles by symptoms. 

Other studies have also identified groups of symptoms in COVID- 
19, although using other approaches, such as exploratory factor 

analysis (EFA). Dixon et al. applied EFA to identify major groups of 
symptoms associated with SARS-CoV-2 infection [19]. The first 
group of symptoms comprised loss of smell, loss of taste, and fever. 
The second group: shortness of breath, cough, and chest pain. The 
third group: fatigue and myalgia. The fourth group: vomiting and 
diarrhea. Finally, the fifth group of symptoms comprised runny nose 
and sore throat. Observing the factorial map obtained with the MCA, 
the present study also observed proximity between the symptoms of 

Fig. 1. Multiple correspondence analysis map (projections on the first two dimensions) for the categories included in the analysis. The variables considered in this analysis were 
abdominal pain, cough, diarrhea, dyspnea, fatigue, fever, loss of smell or taste, O2 saturation <  95%, respiratory discomfort, sore throat, and vomiting. The letters “N” and “Y” 
represent, respectively, the negative (no) and positive (yes) categories. 
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diarrhea and vomiting. However, the loss of smell and taste was 
closer to the symptoms previously mentioned than with fever, dif-
ferent from what was found in [19]. 

Luo et al. also used factor analysis to identify symptom clusters in 
COVID-19 patients [20]. Five factors were also identified, as in Dixon 
et al. The first group of symptoms comprised fever, sore throat, 
diarrhea, palpitation and chest tightness. The second group: dizzi-
ness and headache. The third group: cough, expectoration, and 
wheezing. The fourth group: dry mouth and bitter taste in the 
mouth. The fifth group of symptoms comprised poor appetite and 
fatigue. Many symptoms assessed by Luo and colleagues were not 
present in our database, but we also observed a correlation between 
fever and sore throat. 

Sudre et al. identified six distinct groups of COVID-19 from 
symptom data collected in a regular recording app, where users 
could daily record their health and any potential new symptoms of 
COVID-19. They applied an unsupervised time series clustering over 
symptoms. The identified groups were classified into “Flu-like” with 
no fever; “Flu-like” with fever; gastrointestinal; severe level one, 
fatigue; severe level two, confusion; severe level three, abdominal 
and respiratory symptoms [21,22]. We observed that Cluster 3 
identified in the present study is similar to the Severe level three, 
abdominal and respiratory cluster, with high percentages for 
symptoms of these two classes. 

When the symptoms clusters were evaluated, Cluster 2 was 
shown to be the most severe. It had the highest percentages of ICU 
admission, use of invasive respiratory support, and death. It was the 
one with the highest frequencies of dyspnea, respiratory discomfort, 
and O2 saturation <  95%. This shows that these symptoms make the 
patient's profile more critical, setting alerts for monitoring the dis-
ease. Clusters 1 and 3 did not show significant differences regarding 
the proportions of ICU admission and death. Cluster 3 had higher 
percentages of use of respiratory support when compared to Cluster 
1. Thus, we can classify Cluster 3 as moderate severity and Cluster 1 
with a mild profile. 

When the clusters were evaluated, based on sociodemographic 
characteristics, no differences were observed between them for race 
and Brazilian regions. In fact, for all Brazilian regions, cluster 2 was 
the most prevalent, followed by clusters 1 and 3. Clusters 1 and 2 
had higher percentages of males and elderly (> = 60 years). 

Our study had some limitations. The use of secondary data does 
not guarantee that all patients who presented SARI by SARS-CoV-2 in 
different Brazilian regions were notified by the surveillance system, 
since not everyone was tested and/or hospitalized. To ease this si-
tuation, we only used data from 2021, when access to RT-PCR exams 
was greater. It is also noteworthy that the cases evaluated were only 
patients hospitalized with SARI by SARS-CoV-2. Thus, the profiles 
identified here refer to cases with some degree of severity, not 
considering asymptomatic or symptomatic cases of people infected 
with SARS-CoV-2, and who did not require hospitalization. Finally, 
although the vaccination campaign against COVID-19 started in 2021 
in Brazil, in this study we did not assess differences in symptom 
profiles between vaccinated and unvaccinated hospitalized patients. 
The incompleteness of vaccination data and the use of vaccines 
(Pfizer – BioNTech, Oxford – AstraZeneca, CoronaVac, and Janssen) 
with different schedules and combinations require deeper analysis 
that will be the topic of further studies. It is also important to 

Table 2 
Percentage of subjects within the cluster who present the symptom (Mod.Cla) and percentage of all subjects who present the symptom distributed across the clusters (Cla.Mod). 
Only items with a p-value less than 5% were included, as this shows that one category is significantly linked to the other categories.           

Cluster 1 (n = 2541) Cluster 2 (n = 5849) Cluster 3 (n = 1621) Global (n = 10,011)  

Cla.Mod Mod.Cla Cla.Mod Mod.Cla Cla.Mod Mod.Cla   

Fever  22.8  49.9  55.6 52.8  21.7  74.3  55.6 
Cough  22.3  62.1  58.3 70.4 ns  19.4  84.5  70.6 
Sore throat  16.0  11.2  52.6 16.1  31.4  34.5  17.8 
Abdominal pain  9.9  2.3  2.7 0.3  87.4  32.2  6.0 
Vomiting  9.8  3.1  1.0 0.1  89.2  44.2  8.0 
Diarrhea  15.5  8.4  11.3 2.7  73.1  62.1  13.8 
Loss of smell or taste  19.0  10.0  40.3 9.2  40.6  33.4  13.3 
Fatigue  13.0  15.6  44.1 26.8  29.0  54.8  30.6 
Dyspnea  10.6  31.4  71.6 92.5  17.9  83.4  75.6 
Respiratory discomfort  3.9  9.3  76.2 78.1  19.9  73.6  59.9 
O2 saturation  <  95%  8.1  23.3  73.5 91.8  18.4  82.7  73.0 

ns: there was no significant difference regarding the global percentage.  

Table 3 
Characteristics of the three COVID-19 clusters identified by hierarchical clustering on 
principal components from multiple correspondence analysis.       

Characteristic Cluster  
1 N = 2541 
(%) 

Cluster  
2 N = 5849 
(%) 

Cluster  
3 N = 1621 
(%) 

p-value1  

Brazilian region    0.327 
N-NE 366 (14.4) 825 (14.1) 208 (12.8)  
CW-S-SE 2175 (85.6) 5024 (85.9) 1413 (87.2)  

Age group 
(years old)     

< 0.001 

18 – 59 1392 (54.8) 3255 (55.7) 1037 (64.0)  
≥ 60 1149 (45.2) 2594 (44.3) 584 (36.0)  

Sex     < 0.001 
Female 1125 (44.3) 2469 (42.2) 769 (47.4)  
Male 1416 (55.7) 3380 (57.8) 852 (52.6)  

Race    0.601 
Non-white 1039 (40.9) 2459 (42.0) 671 (41.4)  
White 1502 (59.1) 3390 (58.0) 950 (58.6)  

Respiratory 
support     

< 0.001 

None 746 (29.4) 515 (8.8) 240 (14.8)  
Non-invasive 1379 (54.3) 3730 (63.8) 1047 (64.6)  
Invasive 416 (16.4) 1604 (27.4) 334 (20.6)  

ICU     < 0.001 
No 1729 (68.0) 3356 (57.4) 1098 (67.7)  
Yes 812 (32.0) 2493 (42.6) 523 (32.3)  

Outcome     < 0.001 
Cure 1836 (72.3) 3566 (61.0) 1129 (69.6)  
Death 705 (27.7) 2283 (39.0) 492 (30.4)  

Categorical variables are expressed as counts and percentages (%) and the Pearson's 
Chi-squared test was applied.  
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highlight that in the database used there was no information about 
which strain of SARS-CoV-2 the patient was infected with. 

Conclusions 

In our study, Brazilian hospitalized patients with SARI by SARS- 
CoV-2 were divided into three clusters with different symptom 
profiles using MCA-based cluster analysis. We identified three 
symptom-based clusters: milder cases, moderate cases with gas-
trointestinal symptoms and more severe cases with respiratory 
symptoms. It was not possible to observe differences in the pro-
portion of clusters between the five Brazilian regions, with the most 
severe cluster being the most prevalent in all regions. 
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Fig. 2. Distribution of clusters for each of the five Brazilian regions. Cluster 2 was the most prevalent in all regions.  
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