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OBJECTIVES: The aim of this study was to investigate the prevalence of the main symptoms in Brazilian coronavirus disease
2019 (COVID-19) patients hospitalized during 4 distinct waves, based on their infection with different severe acute respiratory
disease coronavirus 2 (SARS-CoV-2) variants.

METHODS: This study included hospitalized patients who tested positive for SARS-CoV-2 during 15 weeks around the peak
of each of 4 waves: W1, ancestral strain/B.1 lineage (May 31 to September 12, 2020); W2, Gamma/P.1 variant (January 31 to May
15, 2021); W3, Omicron variant (December 5, 2021 to March 19, 2022); and W4, BA.4/BA.5 subvariants (May 22 to September
3,2022). Symptom data were extracted from the Brazilian Severe Acute Respiratory Syndrome Database. Relative risks were cal-
culated, and an analysis of symptom networks was performed.

RESULTS: Patients who were hospitalized during the prevalence of the Gamma/P.1 variant demonstrated a higher risk, primar-
ily for symptoms such as fatigue, abdominal pain, low oxygen saturation, and sore throat, than patients hospitalized during the
first wave. Conversely, patients who were hospitalized during the predominance of the Omicron variant exhibited a lower rela-
tive risk, particularly for symptoms such as loss of smell, loss of taste, diarrhea, fever, respiratory distress, and dyspnea. Similar
results were observed in COVID-19 patients who were hospitalized during the wave of the Omicron subvariants BA.4/BA.5. A
symptom network analysis, conducted to explore co-occurrence patterns among different variants, revealed significant differ-
ential profiles across the 4 waves, with the most notable difference observed between the W2 and W4 networks.

CONCLUSIONS: Overall, the relative risks and patterns of symptom co-occurrence associated with different SARS-CoV-2

variants may reflect disease severity.
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INTRODUCTION

Brazil has experienced 4 consecutive waves of coronavirus dis-
ease 2019 (COVID-19) over the nearly three-year span of the pan-
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demic, which began in 2020. The first wave was characterized by
cases and deaths due to the ancestral severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) B.1 lineage. Subsequent waves
were marked by the predominance of variants/subvariants of con-
cern (VOCs). The Gamma/P1 (B.1.1.28.1) variant, which emerged
in Brazil's Amazonas State, caused the second wave [1,2]. The third
wave was driven by the Omicron (B.1.1.529) VOC, which origi-
nated in South Africa [3], while the fourth wave was due to the
prevalence of the Omicron BA.4/BA.5 subvariants [4]. Each of
these variants, which carry numerous mutations primarily in the
spike protein, has led to variations in spread, transmissibility, in-
fectivity, and immune evasion, among other factors [5,6]. These
characteristics have significantly impacted the clinical-epidemio-
logical aspects of the disease, influencing symptoms, disease se-
verity, hospitalization requirements, and fatality rates. Studying
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these aspects is crucial for public health, as they can inform man-
agerial decision-making and guide the public on preventive meas-
ures. Unlike many countries where the Delta variant was prevalent
in 2021, Brazil saw a predominance of the Gamma/P.1 variant.
Most comparative studies on signs/symptoms have focused on
the Beta, Delta, and Omicron variants [7,8]; thus, comparative
data on symptoms caused by the Gamma/P.1 variant are lacking.

In this study, we examined the primary symptoms associated
with SARS-CoV-2 variants in hospitalized COVID-19 patients
and compared them to those exhibited by patients infected with
the ancestral SARS-CoV-2. We gathered data from patients hos-
pitalized during the peak of cases (15 weeks) in each wave and as-
sessed the relative risk for each of the 12 symptoms. Additionally,
we conducted a network analysis of symptom co-occurrence for
each wave, highlighting the differences between them. It is im-
portant to note that we evaluated symptoms recorded by health-
care professionals in patients hospitalized with COVID-19, which
may be more representative.

MATERIALS AND METHODS

Data extraction

This study included data from hospitalized patients aged 18 years
or older who tested positive for SARS-CoV-2 (using the quantita-
tive reverse-transcriptase polymerase chain reaction technique
[RT-PCR] or antigen test) during the 15 weeks around the peak
of each of 4 waves, classified according to Brazil Fiocruz genomic
surveillance data (https://www.genomahcov.fiocruz.br/dashboard-
en/): W1, ancestral strain/B.1 lineage (May 31 to September 12,
2020); W2, Gamma/P.1 variant (January 31 to May 15, 2021); W3,
Omicron variant (December 5, 2021 to March 19, 2022); and W4,
Omicron BA.4/BA.5 subvariants (May 22 to September 3, 2022).
Figure 1 illustrates the relative frequency of SARS-CoV-2 variants
during the study period. Symptom data, along with other demo-
graphic information such as age, sex, vaccine status, and outcome,
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were extracted from the Brazilian Severe Acute Respiratory Syn-
drome Database (SIVEP-Gripe; https://opendatasus.saude.gov.
br/). This is a national and public database that contains de-iden-
tified data. The data was downloaded on September 12, 2022.

Eligibility criteria

A total of 633,820 COVID-19 patients met the inclusion criteria.
These patients were distributed heterogeneously across the 4 waves:
W1 (n=193,391), W2 (n=339,234), W3 (n=71,218), and W4
(n=29,977). Patients were considered fully vaccinated if they had
received a booster dose or completed the vaccine schedule (two
doses for CoronaVac, Comirnaty, and Vaxzevria, or a single dose
for Janssen) at least 14 days prior to the onset of symptoms. Pa-
tients with inconsistent vaccination data were excluded from the
study.

Statistical analysis

Frequency analysis (%) was conducted for categorical variables,
while the median (interquartile range, IQR) was presented for
continuous variables. The chi-square test for statistical significance
[9] was employed to compare groups as needed. Poisson regres-
sion models with robust variance estimators [10] were utilized to
calculate the risk of symptom manifestations between wave pairs.
Relative risks (RRs) and 95% confidence intervals (CIs) were re-
ported. The percentage of missing data for symptoms ranged from
10% to 40%; hence, the N values varied depending on the symp-
tom.

A symptom network analysis was performed to explore co-oc-
currence patterns in each wave. Networks [11,12] were modeled
as weighted graphs, with nodes representing symptoms and edges
(links) representing the co-occurrence of a pair of symptoms in
patients. Weights were associated with the nodes, indicating the
number of patients manifesting such a symptom in that wave.
Meanwhile, edge weights were related to the number of patients
manifesting that pair of symptoms in each wave. All values were
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Figure 1. Relative frequency of SARS-CoV-2 variants during 4 COVID-19 waves in Brazil: ancestral lineage/B.1 (W1), Gamma/P.1 variant (W2),
Omicron variant (W3), and Omicron BA.4/BA.5 subvariants (W4). Adapted from: https://www.genomahcov.fiocruz.br/dashboard-en/.
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normalized by the highest value among the 4 waves, allowing the
networks to be visually and topologically contrasted. In order to
compare the differences, each network was represented as a 12 x
12 matrix with the corresponding weights, had their differences
computed between every possible pair of matrices, and their
Frobenius norm was extracted. Higher values indicated a greater
degree of distinctiveness. Vector norms are functions that consid-
er an A,,, matrix as a vector of size mn allowing its association
with a real number. In particular, the Frobenius norm is given as

m n p 1/p
||A||p=(2i=1 Yj=1 lag|) ,wherep=2.

All analyses were performed using Python version 3.8.10 (Py-
thon Software Foundation, Beaverton, OR, USA) and the scipy
statistical package (version 1.7.3), with a significance level of 0.05.

Ethics statement

The data used in this study are publicly available and did not
involve patients directly. It does not require an ethics committee’s
approval.

RESULTS

Data of hospitalized coronavirus disease 2019
patients

The demographic data and vaccination status of hospitalized
patients who tested positive for SARS-CoV-2 (RT-PCR or antigen
test) included in the study in the 4 waves are shown in Table 1.
Each wave spanned a 15-week interval, during which a significant
reduction in COVID-19 patient hospitalizations was observed,
particularly during the prevalence of the Omicron variant/sub-
variants (W3 and W4). However, a significant reduction in the in-

hospital death rate was only noted in W4 (28.45%). In the first
and second waves (W1 and W2), over 70% of hospitalized pa-
tients were aged between 40 years and 79 years. In contrast, dur-
ing the third and fourth waves (W3 and W4), the majority of pa-
tients were aged 60 years or older. The vaccination status of pa-
tients varied across the waves. In W1, no hospitalized patients
had been vaccinated, as COVID-19 vaccines were not yet availa-
ble. By the second wave (W2), over 90% of hospitalized patients
remained unvaccinated. Despite Brazil initiating its vaccination
program on January 17, 2021, the process of acquiring vaccine
lots was slow. Consequently, only a small percentage of the adult
population had received their first dose by the peak of the Gam-
ma variant wave. The situation markedly changed in W3, with
50% of hospitalized patients being fully vaccinated (having com-
pleted the vaccine regimen). This increased to over 60% in W4,
with these patients having received a booster dose. The rise in
hospitalizations among fully and booster-vaccinated patients dur-
ing the prevalence of the Omicron variant/subvariants could be
attributed to the variant’s potential to evade vaccine-induced im-
munity and/or the waning of immunity over time.

Symptom prevalence

The most common symptoms among hospitalized COVID-19
patients, regardless of variant, included fever, cough, dyspnea, res-
piratory distress, and low oxygen saturation (SpO,). Less common
symptoms encompassed sore throat, diarrhea, vomiting, abdomi-
nal pain, fatigue, loss of smell, and loss of taste (Table 2). However,
the prevalence and nature of these symptoms have evolved over
the course of the pandemic. The first wave was marked by a high
prevalence of cough (78.52%), fever (69.11%), and respiratory dis-
orders such as dyspnea (78.49%), respiratory distress (67.32), and

Table 1. Data from hospitalized coronavirus disease 2019 patients stratified by period according to the predominance of variants’

Variables W1 (n=193,391) W2 (n=339,234) W3 (n=71,218) W4 (n=29,977)
In-hospital death 65,148 (33.69) 125,231 (36.92) 25,634 (35.99) 8,527 (28.45)
Age, median (IQR), yr 62 (36-88) 58 (37-79) 71 (37-105) 74 (38-110)
Age (yr)
18-39 24,365 (12.60) 49,312 (14.54) 7,816 (10.97) 2,663 (8.88)
40-59 62,846 (32.50) 133,280 (39.29) 13,528 (19.00) 4,449 (14.84)
60-79 76,635 (39.63) 126,891 (37.41) 28,662 (40.25) 11,854 (39.54)
>80 29,545 (15.28) 29,751 (8.77) 21,212(29.78) 11,011 (36.73)
Sex
Female 85,217 (44.06) 151,835 (44.76) 34,739 (48.78) 15,606 (52.06)
Male 108,174 (55.94) 187,399 (55.24) 36,479 (51.22) 14,371 (47.94)
Vaccine status
Booster 0(0.00) 0(0.00) 9,141 (12.84) 18,393 (61.36)
Full 0(0.00) 3,432(1.01) 35,978 (50.52) 7,518 (25.08)
Partial 0(0.00) 24,248 (7.15) 3,580 (5.03) 1,049 (3.50)
Unvaccinated 193,391 (100) 311,554 (91.84) 22,519 (31.62) 3,017 (10.06)

Values are presented as number (%).
IQR, interquartile range.

'W1, ancestral strain/B.1 lineage (2020/05/31 to 2020/09/12); W2, Gamma/P.1 variant (2021/01/31 to 2021/05/15); W3, Omicron variant (2021/12/05
to 2022/03/19); W4, Omicron BA.4/BA.5 subvariants (2022/05/22 to 2022/09/03).
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Table 2. Symptom frequency (%) and aRR data in hospitalized coronavirus disease 2019 patients stratified by period according to predomi-

nance variants'

W1 (n=193,391) W2 (n=339,234) W3 (n=71,218) W4 (n=29,977) aRR (95% Cl)***
DS Wubhan strain Gamma/P.1 Omicron BA.4/BA.5 W2 vs. W1 W3 vs. W1 W4 vs. W1
Fever 171,144 287,315 55,978 23,155 - - -
118,271 (69.11) 191,091 (66.51) 32,324 (57.74) 11,710 (50.57) 0.95(0.95,0.96) 0.89(0.88,0.90) 0.81(0.80, 0.83)
Cough 175,016 298,573 59,731 25,464 - - -
137,419(78.52)  235,838(78.99) 44,448 (74.41) 19,315 (75.85) 1.00(1.00, 1.00)  0.97(0.96,0.97) 0.99 (0.98, 1.00)
Sore throat 147,800 243,637 48,488 20,805 - - -
31,629 (21.40) 61,549 (25.26) 12,019 (24.79) 4,957 (23.83) 1.14(1.13,1.15)  1.24(1.21,1.27) 1.23(1.18,1.27)
Dyspnea 175,462 305,632 58,904 24,335 - - -
137,721 (78.49) 254,278 (83.20) 43,433 (73.74) 17,002 (69.87) 1.06 (1.06, 1.07) 0.96 (0.95,0.97) 0.91 (0.90,0.92)
Respiratory 164,908 281,955 54,104 22,708 - - -
distress 111,010(67.32) 203,361 (72.13) 33,443 (61.81) 13,184 (58.06) 1.08 (1.07,1.08) 0.94(0.93,0.95) 0.89(0.87,0.90)
Sp0O, <95% 166,874 296,577 57,561 23,854 - - -
115,903 (69.46) 240,804 (81.19) 40,919 (71.09) 15,814 (66.29) 1.18(1.18,1.19) 1.02(1.01,1.03) 0.94(0.92, 0.95)
Diarrhea 147,189 241,100 46,952 19,965 - - -
26,930 (18.30) 48,610 (20.16) 6,300 (13.42) 2,160 (10.82) 1.08 (1.07,1.10) 0.78(0.76,0.81) 0.64 (0.60,0.67)
Vomiting 144,477 235,551 46,560 20,075 - - =
15,580 (10.78) 28,062 (11.91) 5,421 (11.64) 2,381 (11.86) 1.08 (1.06,1.10) 1.13(1.09,1.18) 1.18(1.11, 1.25)
Abdominal 78,074 230,880 45,977 19,827 - - -
pain 4,886 (6.26) 20,654 (8.95) 4,296 (9.34) 1,802 (9.09) 1.39(1.35,1.43) 1.59(1.51,1.67) 1.57(1.46,1.69)
Fatigue 79,958 247,403 48,493 20,691 - - -
18,650 (23.32) 101,233 (40.92) 15,575 (32.12) 6,031 (29.15) 1.74(1.72,1.77) 1.36(1.33,1.40) 1.24(1.19, 1.28)
Loss of smell 78,548 234,501 45,252 19,479 - - -
10,332 (13.15) 35,742 (15.24) 1,916 (4.23) 633 (3.25) 1.09 (1.07,1.11)  0.37(0.35,0.39) 0.31(0.28, 0.35)
Loss of taste 78,324 234,184 45,228 19,473 - - -
10,261 (13.10) 36,512 (15.59) 2,145 (4.74) 649 (3.33) 1.13(1.10,1.15)  0.42(0.40,0.45) 0.33(0.30, 0.36)

Values are presented as number or number (%).

aRR, adjusted relative risk; Cl, confidence interval; SpO,, oxygen saturation.

'W1, ancestral strain/B.1 lineage (2020/05/31 to 2020/09/12); W2, Gamma/P.1 variant (2021/01/31 to 2021/05/15); W3, Omicron variant (2021/12/05
t0 2022/03/19); W4, Omicron BA.4/BA.5 subvariants (2022/05/22 to 2022/09/03).

#%0<0.001.

SpO, below 95% (69.46%). The second wave saw an even higher
prevalence of dyspnea (83.20%), respiratory distress (72.13%), and
SpO, below 95% (81.19%). Unique symptoms at the onset of the
pandemic included loss of taste (13.10% in W1 and 15.59% in W2)
and loss of smell (13.15% in W1 and 15.24% in W2). Conversely,
the third wave saw lower frequencies of fever (57.74%), cough
(74.41%), dyspnea (73.74%), and respiratory distress (61.81%)
compared to the first wave. Additionally, the third wave saw a sig-
nificant decrease in the loss of taste (4.74%) and smell (4.23%).
However, there was an increase in the prevalence of fatigue (32.12%)
and abdominal pain (9.34%) compared to the first wave. Similar
trends were observed during the fourth wave (Table 2).

Relative risk of symptoms

A relative risk analysis of symptoms was conducted, comparing
W2 to W1, W3 to W1, and W4 to W1. The adjusted relative risk
(aRR) for covariates such as age, sex, and vaccine status are de-
picted in Figure 2 and Table 2. During the period when the Gam-
ma variant (W2) was dominant, COVID-19 patients who were
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hospitalized exhibited an increased risk primarily for symptoms
such as fatigue (aRR, 1.74; 95% CI, 1.72 to 1.77; p<0.001), ab-
dominal pain (aRR, 1.39; 95% CI, 1.35 to 1.43; p<0.001), SpO,
below 95% (aRR, 1.18; 95% CI, 1.18 to 1.19; p< 0.001), sore throat
(aRR, 1.14; 95% CI, 1.13 to 1.15; p < 0.001), loss of taste (aRR, 1.13;
95% CI, 1.10 to 1.15; p<0.001), loss of smell (aRR, 1.09; 95% CI,
1.07 to 1.11; p<0.001), vomiting (aRR, 1.08; 95% CI, 1.06 to 1.10;
p<0.001), diarrhea (aRR, 1.08; 95% CI, 1.07 to 1.10; p<0.001),
respiratory distress (aRR, 1.08; 95% CI, 1.07 to 1.08; p<0.001),
and dyspnea (aRR, 1.06; 95% CI, 1.06 to 1.07; p<0.001). These
findings are in comparison to patients who were hospitalized dur-
ing the first wave (W1) (Figure 2 and Table 2).

During the period of Omicron variant predominance, the main
symptoms that exhibited a reduced relative risk in hospitalized
patients included loss of smell (aRR, 0.37; 95% CI, 0.35 to 0.39;
p<0.001), loss of taste (aRR, 0.42; 95% CI, 0.40 to 0.45; p < 0.001),
diarrhea (aRR, 0.78; 95% CI, 0.76 to 0.81; p<0.001), fever (aRR,
0.89; 95% CI, 0.88 to 0.90; p<0.001), respiratory distress (aRR,
0.94; 95% CI, 0.93 to 0.95; p < 0.001), dyspnea (aRR, 0.96; 95% CI,
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Figure 2. Adjusted relative risk for symptoms in coronavirus disease 2019 patients hospitalized during variant/subvariants predominance,
relative to symptoms in patients hospitalized during the waves of the ancestral lineage/B.1 (W1), Gamma/P.1 variant (W2), Omicron variant
(W3), and Omicron BA.4/BA.5 subvariants (W4). Error bars represent the 95% confidence interval. SpO., oxygen saturation.

0.95 t0 0.97; p<0.001), and cough (aRR, 0.97; 95% CI, 0.96 to 0.97;
p<0.001). Conversely, symptoms such as abdominal pain (aRR,
1.59; 95% CI, 1.51 to 1.67; p<0.001), fatigue (aRR, 1.36; 95% CI,
1.33 to 1.40; p< 0.001), sore throat (aRR, 1.24; 95% CI, 1.21 to 1.27;
p<0.001), vomiting (aRR, 1.13; 95% CI, 1.09 to 1.18; p<0.001),
and SpO, levels below 95% (aRR, 1.02; 95% CI, 1.01 to 1.03;
p<0.001) demonstrated an increased risk (Figure 2 and Table 2).
These findings were consistent with the results observed in COV-
ID-19 patients hospitalized during the wave of the Omicron
BA.4/BA.5 subvariants (Figure 2 and Table 2).

Vaccinated versus unvaccinated patients during the
prevalence of the Omicron variant/subvariants
Patients hospitalized with COVID-19 during the Omicron waves
(W3 and W4) were divided into vaccinated and unvaccinated
groups to examine the potential influence of vaccination on symp-
tom presentation. Given the assumption that vaccines may facili-
tate a more rapid clearance of the SARS-CoV-2 virus, a decrease
in symptoms among vaccinated patients might be anticipated.
However, our data revealed minimal significant differences in the

prevalence of primary clinical symptoms between those vaccinat-
ed with at least one dose and unvaccinated hospitalized COVID-
19 patients (Table 3). A minor reduction (1-4%) in the prevalence
of symptoms such as fever, cough, dyspnea, respiratory distress,
and vomiting was observed among vaccinated patients during the
Omicron variant wave (W3). In the wave of Omicron subvariants
(W4), only fever and respiratory distress demonstrated a lower
prevalence among vaccinated patients.

Networks of symptoms

Symptom co-occurrence networks of the 4 waves are shown in
Figure 3A-D. The size of each node signifies the individual occur-
rence of symptoms, while the thickness and color of the edges il-
lustrate the number of patients who exhibited both symptoms
concurrently. The color of the nodes, on the other hand, represents
strength, defined as the sum of all incident edges of the node. De-
spite utilizing the same color mapping for nodes and links, two
color bars with distinct intervals were applied on the right side.
Five nodes (dyspnea, respiratory distress, cough, fever, and SpO,
<95%) were positioned at the top due to their relevance based on
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Table 3. Symptom frequency (%) in vaccinated and unvaccinated coronavirus disease 2019 patients hospitalized during the prevalence of
the Omicron variant (W3) and BA.4/BA.5 subvariants (W4)

W3 W4

Symptom

Vaccinated Unvaccinated p-value Vaccinated Unvaccinated p-value
Fever 56.19 (20,298/36,122)  60.57 (12,026/19,856)  <0.001 50.12(10,014/19,982) 53.45 (1,696/3,173) <0.001
Cough 73.92 (28,454/38,495)  75.32(15,994/21,236) <0.001 76.04 (16,747/22,024)  74.65 (2,568/3,440) 0.080
Sore throat 2435(7,738/31,780)  25.62(4,281/16,708) 0.002 23.98 (4,322/18,026) 22.85(635/2,779) 0.203
Dyspnea 72.89(27,695/37,998)  75.28 (15,738/20,906) <0.001 69.59 (14,623/21,014)  71.64(2,379/3,321) 0.018
Respiratory distress 61.12(21,489/35,160)  63.10(11,954/18,944) <0.001 57.49(11,290/19,639)  61.71(1,894/3,069)  <0.001
SpO, < 95% 71.02 (26,446/37,235)  71.20(14,473/20,326)  0.649 66.18 (13,663/20,646)  67.05(2,151/3,208) 0.340
Diarrhea 13.18 (4,067/30,867) 13.88(2,233/16,085) 0.034 10.64 (1,840/17,294) 11.98 (320/2,671) 0.041
Vomiting 11.23 (3,432/30,574) 12.44(1,989/15,986)  <0.001 11.84 (2,060/17,404) 12.02 (321/2,671) 0.812
Abdominal pain 9.04 (2,741/30,307) 9.92 (1,555/15,670) 0.002 8.96 (1,540/17,189) 9.93 (262/2,638) 0.114
Fatigue 32,67 (10,439/31,949)  31.04 (5,136/16,544)  <0.001 29.01 (5,197/17,916) 30.05 (834/2,775) 0.269
Loss of smell 4.13(1,231/29,838) 4.44 (685/15,414) 0.116 3.23 (545/16,890) 3.40 (88/2,589) 0.689
Loss of taste 4.59 (1,367/29,813) 5.05(778/15,415) 0.030 3.21(542/16,884) 4.13(107/2,589) 0.017

SpO,, oxygen saturation.

symptom occurrences. These symptoms demonstrated the high-
est occurrences and co-occurrences across the waves, particularly
in the Gamma/P.1 wave (W2). It is noteworthy that fatigue, which
was comparable to vomiting, loss of smell, and loss of taste in W1,
gained significance in W2 (aRR, 1.74; Figure 2). This symptom
had a higher number of co-occurrences with other relevant
symptoms such as respiratory distress, dyspnea, cough, and SpO,
<95%. The heatmap (Figure 3E) offers a pairwise comparison of
the 4 networks. W3 and W4 are the most similar, while W2 and
W4 are the most dissimilar, which aligns with the observed symp-
tom manifestations across the 4 waves.

DISCUSSION

The demographic data of hospitalized COVID-19 patients showed
a different pattern during the waves of predominance of the Omi-
cron variant and its subvariants. The hospitalization rate was low-
er during the peak period of cases compared to W1 and W2, po-
tentially due to increased vaccine coverage or a lower intrinsic
virulence of the Omicron variant and its subvariants [13]. The rise
in the hospitalization rate of fully vaccinated and booster-vacci-
nated patients during the prevalence of the Omicron variant (W3)
and BA .4/BA.5 subvariants (W4), respectively, could be attributed
to waning immunity from vaccination [14,15] or evasion of vac-
cine-induced immunity [16,17]. Vaccination in Brazil commenced
on January 17, 2021, initially targeting those over 60 years of age
and healthcare workers, who primarily received two doses of Cor-
onaVac (Sinovac/Butantan). Given that immunity tends to de-
crease after 4-6 months, it is plausible that the elderly were unpro-
tected at the peak of wave W3. The high rate of hospitalization
among patients who had received the booster dose during W4
also suggests waning immunity, as the administration of the boost-
er vaccination (third dose) began on September 15, 2021, starting
with the elderly. Consequently, at the peak of wave W4, the im-
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munity of the elderly may have diminished. It is noteworthy that
the hospitalization of COVID-19 patients aged 60 years and older
at the peak of W3 and W4 was 70.03% and 76.27%, respectively.
A prior study revealed that breakthrough infections occurred in a
significant percentage, primarily among hospitalized patients aged
70 years or older, who were the first to be immunized with an in-
activated virus-based vaccine [18]. Despite the relatively small
sample size, a study conducted in the Northeast region of Brazil
indicated that during the Omicron wave, there was a decrease in
hospitalization and death rates compared to previous periods. How-
ever, fatal cases were predominantly among older individuals aged
60 or over, with 23.1% and 34.6% being booster and fully vacci-
nated, respectively [19].

Despite its name, SARS-CoV-2, it is now understood that COVID-
19 is a systemic disease capable of causing complications beyond
the lungs. The invasion of cells by SARS-CoV-2 is facilitated by
the spike protein’s high affinity for angiotensin-converting en-
zyme 2 (ACE2). This enzyme serves as the virus receptor on the
surface of the host cell and is expressed in a variety of tissues, in-
cluding respiratory, gastrointestinal, nervous, cardiovascular, and
renal tissues. This widespread expression could explain the di-
verse symptoms reported by COVID-19 patients [20].

According to the World Health Organization, the most preva-
lent symptoms of COVID-19 include fever, dry cough, and fatigue.
Some patients may also experience less common symptoms such
as loss of taste or smell, nasal congestion, sore throat, headache,
muscle or joint pain, nausea, vomiting, and diarrhea, among others.
Severe cases of COVID-19 may present with shortness of breath,
loss of appetite, confusion, persistent chest pain or pressure, and a
temperature exceeding 38°C [21]. However, preliminary reports
suggest that the symptom patterns exhibited by COVID-19 pa-
tients have evolved throughout the course of the pandemic [8,22].
Initial studies indicated that the most frequently observed clinical
symptoms in patients infected with the original Wuhan strain of
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SARS-CoV-2 were fever, cough, fatigue, and dyspnea, with diar-
rhea being relatively rare [23-25]. Our findings align with these
early studies, as we observed a similar symptom pattern in pa-
tients hospitalized during the first wave of the pandemic. Notably,
we found a high prevalence of patients experiencing respiratory
distress (67.32%) and SpO, levels below 95% (69.46%) (Table 2).
Furthermore, we noted a significant increase in the frequency of
fatigue, abdominal pain, and sore throat in patients hospitalized
during subsequent waves (W2, W3, and W4). This suggests a
shift in symptomatology corresponding to the emergence of dif-
ferent SARS-CoV-2 variants.

It can be observed that the majority of symptoms resulting from
the Gamma variant infection are akin to those of the wild-type
SARS-CoV-2, albeit with an intensification of respiratory tract
symptoms. Another work utilized co-occurrence network analy-
sis with long COVID patients to uncover intricate relationships
among symptoms, revealing that abnormal breathing, chest/throat
pain, and fatigue are notably interconnected [26]. In a similar vein,
our analysis of symptom profiles and networks indicates a more
severe COVID-19 manifestation in patients infected with the Gam-
ma variant, characterized by pronounced co-occurrences of symp-
toms related to respiratory dysfunctions. The strong association
with fatigue could be a result of these respiratory symptoms. The
Gamma/P.1 variant has proven to be more infectious and lethal
than the wild-type SARS-CoV-2, leading to an increase in hospi-
talizations, intensive care unit admissions, and the need for inva-
sive mechanical ventilation, even among young adults [27,28]. At
the height of the wave caused by the Gamma variant, when vac-
cines were not yet widely available, daily COVID-19 deaths ex-
ceeded 3,000-4,000 [29]. Factors such as diminishing immunity,
immune evasion, and the Gamma/P.1 variants higher inherent
transmissibility compared to the pre-existing lineage may have
contributed to its resurgence and dominance in the state of Ama-
zonas [1]. Accordingly, a genomic sequencing study combined
with epidemiological data revealed that the Gamma/P.1 lineage
acquired 17 mutations, including a trio in the spike protein (K417T,
E484K, and N501Y) associated with increased binding to the hu-
man ACE2 receptor, making it an estimated 1.7-2.4 times more
transmissible than the previous lineage [28].

Our results indicate that the characteristic symptoms of COV-
ID-19 have evolved throughout the various waves instigated by
SARS-CoV-2 variants. Notably, there was a significant decrease in
chemosensory dysfunction (loss of taste and smell) during waves
W3 and W4. This symptom was a distinct and valuable diagnos-
tic marker at the onset of the pandemic. The prevalence of olfac-
tory dysfunction caused by the Omicron variant/subvariants was
around 3-4%, representing an approximate 4-fold decrease com-
pared to previous variants. This aligns with a meta-analysis that
pooled several studies from diverse populations [30].

Patients infected with the Omicron variant demonstrated a re-
duced risk of experiencing loss of smell (aRR, 0.37), loss of taste
(aRR, 0.42), and diarrhea (aRR, 0.78). This was also observed in
patients infected with the Omicron BA.4/BA.5 subvariants. Con-
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versely, during the period of Omicron variant dominance, hospi-
talized patients exhibited an increased risk of abdominal pain
(aRR, 1.59) and fatigue (aRR, 1.36). However, unlike the W2 vari-
ant, the symptom network analysis did not indicate increased co-
occurrences, suggesting these symptoms are non-specific. This
pattern was similarly observed in patients hospitalized during the
prevalence of the Omicron BA.4/BA.5 subvariants.

A comparison of the prevalence of central clinical symptoms
between vaccinated and unvaccinated patients infected with the
Omicron variant revealed few significant differences. This suggests
that patients who have been previously immunized may not be
protected due to immune escape and/or waning immunity. De-
spite the limited data available, a 2021 study involving hospitalized
COVID-19 patients found no significant differences in symptoms
between those who were vaccinated and those who were not [31].
Another study indicated that vaccination status does not influence
chemosensory dysfunction in individuals who have contracted
the disease and reported symptoms via a telephone interview [32].

Altogether, our study adds new insights into the main symp-
toms caused by SARS-CoV-2 in hospitalized COVID-19 patients
according to different variants. A comprehensive understanding
of these clinical symptoms can aid in the effective medical man-
agement and appropriate treatment of these patients. The symp-
tom networks observed during the predominance of the Omicron
variant and its subvariants suggest that an early differential diag-
nosis for COVID-19 based on symptoms has become increasing-
ly complex. This complexity arises from the diffuse nature of mul-
tiple symptoms that can easily be mistaken for those of other res-
piratory diseases.

The main strength of our study lies in its large sample size, which
encompasses 633,820 hospitalized COVID-19 patients from vari-
ous stages of the pandemic. Another significant feature is the meth-
od of symptom collection, which was conducted by healthcare
professionals in a hospital setting, rather than relying on poten-
tially subjective self-reported symptoms via telephone interviews.
The data we analyzed were derived from mandatory hospital no-
tifications and are accessible in a national, public database of dei-
dentified data (SIVEP-Gripe database). Conversely, a key limita-
tion of our study is the absence of information in the aforemen-
tioned database regarding non-hospitalized patients. The symp-
tom prevalence in this group may differ, as they may experience
mild or moderate symptoms that do not necessitate hospitaliza-
tion. Consequently, we were unable to characterize the symptom
profile of outpatient cases.
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