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Background: A growing number of long COVID cases after infection have been reported. By definition, long COVID 

is the condition whereby affected individuals do not recover for several weeks or months following the onset of 
symptoms suggestive of COVID-19, the profile and timeline of which remains uncertain. 

Methods: In this work, in-home, outpatient and hospitalized COVID-19 positive patients were monitored for 
up to 14 mo to establish the prevalence of long COVID symptoms and their correlation with age, pre-existing 
comorbidities and course of acute infection. The longitudinal study included 646 positive patients who were 
monitored once a month. 

Results: From the whole population, 50.2% presented with long COVID syndrome. Twenty-three different symp- 
toms were reported. Most frequent were fatigue (35.6%), persistent cough (34.0%), dyspnea (26.5%), loss of 
smell/taste (20.1%) and frequent headaches (17.3%). Mental disorders (20.7%), change in blood pressure (7.4%) 
and thrombosis (6.2%) were also reported. Most patients presented with 2–3 symptoms at the same time. Long 
COVID started after mild, moderate and severe infection in 60, 13 and 27% of cases, respectively, and it was not 
restricted to specific age groups. 

Conclusions: Older patients tended to have more severe symptoms, leading to a longer post-COVID-19 period. 
The presence of seven comorbidities was correlated with the severity of infection, and severity itself was the 
main factor that determined the duration of symptoms in long COVID cases. 
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growing number of multiorgan symptoms persisting after acute 
infection have been reported. Post-COVID-19 condition, or long 
COVID syndrome, is the condition whereby affected individuals 
do not recover for several weeks or months following the onset 
of symptoms suggestive of COVID-19. 1 , 3 Recent studies show 

that a growing number of patients will experience prolonged 
symptoms, 4 , 5 the profile and timeline of which remain uncertain. 
Based on limited and observational data, patients who require 
admission to the ICU and/or ventilatory support during severe 
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ntroduction 

lobally, there have been > 298 million confirmed cases of coro- 
avirus disease 2019 (COVID-19), including 5 469 303 deaths, 
s reported by the WHO on 7 January 2022. 1 In Brazil, one of 
he countries most affected by the pandemic, > 22 million con- 
rmed cases were notified, with 619 513 deaths since 3 January 
020, 1 although the reality may be different, as Brazil has low 

esting capacity. 2 As the accumulated incidence of severe acute 

espiratory syndrome coronavirus 2 (SARS-CoV-2) increases, a 
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cases seem to be at an increased risk of developing long COVID
syndrome, 6 although the occurrence of sequelae is also observed
in patients with mild to moderate symptoms. 7 , 8 
Long COVID is a complex and increasingly recognized con-

dition with prolonged heterogeneous symptoms and secondary
complications that are poorly understood at this time. 9 Alter-
ations to the respiratory function, mental disorders and the
appearance of heart disease may indicate an overview of the
impacts caused by COVID-19 on the wellness, mobility and
longevity of recovering patients. 10 The prognosis of this new clin-
ical entity is not known and is likely dependent on the severity of
clinical symptoms, underlying comorbid conditions and response
to treatment. The WHO estimated that 10 to 20% of COVID-19
patients experienced lingering symptoms for months following
infection and recognized that the condition is clearly of public
health concern, given the substantial impact it has on society,
ranging from increased healthcare costs to economic and pro-
ductivity losses. 1 Failure to recognize that the long-term ramifi-
cations of COVID-19 also include the development of new onset
chronic disease will leave us yet again unprepared to deal with
the huge after-effects of the infection. 
All the knowledge concerning the infection mentioned is a

necessary step for humankind to get through this pandemic,
therefore, lack of information surrounding how the human body
will recover from long COVID syndrome is a modern challenge
for science itself. To this end, and considering the rapidly grow-
ing number of patients describing COVID-19 sequalae, identifica-
tion, documentation and investigation of these long-term conse-
quences represent an imperative need. Furthermore, in a world
with increasing vaccine coverage leading to increased notifica-
tions of mild and moderate acute infections, or even asymp-
tomatic ones, it is necessary to understand that even infections
with milder symptoms lead to the development of long COVID
syndrome and its sequelae. Here, we present clinical and demo-
graphic data from in-home, outpatient and hospitalized COVID-
19 positive patients who were monitored for up to 14 mo while
long COVID symptoms were recorded. 

Materials and Methods 
Participants and procedure 
A longitudinal study was conducted among 646 patients with
confirmed acute SARS-CoV-2 infection. Patients were enrolled
after being attended by emergency room clinicians of the Hos-
pital da Baleia or the Hospital Metropolitano Dr Celio de Castro,
hospitals with referral care for COVID-19 in Belo Horizonte, Brazil.
All of them were tested by reverse transcription quantitative
real-time PCR (RT-qPCR) using a nasopharyngeal swab accord-
ing to WHO recommendations 11 and had a COVID-19 positive
diagnosis. Monitoring of persistent symptoms and sequelae
was performed through interviews conducted in person or
through a virtual platform once a month for each patient for
up to 14 mo after confirmatory diagnosis, from March 2020
to November 2021 during the two epidemic peaks. Some vol-
unteers presented to the health services. All thrombosis and
changes in blood pressure cases were diagnosed by physicians.
Individual patient information was collected by the questionnaire
and from the hospital electronic medical records and included
1008 
demographic aspects (age and gender), primary symptoms, per-
sistent symptoms, comorbidities, RT-qPCR results, clinical course
of acute infection and dates of symptoms onset and vaccination.
The clinical course of COVID-19 was classified based on the WHO
classification and was categorized as mild, moderate or severe.
Mild COVID-19 was defined as respiratory symptoms without
evidence of pneumonia or hypoxia, while moderate or severe
COVID-19 was defined as the presence of clinical and radiological
evidence of pneumonia. In moderate cases, the blood oxygen
saturation level (SpO2) was ≥90% in room air, while one of the
following was required to define a case as severe: a respiratory
rate > 30 breaths/min or SpO2 < 90% in room air or requiring ICU
hospitalization. 12 

Statistical analyses 
Analyses were carried out using the statistical programming lan-
guage R. Comparisons between age and duration of symptoms
in long COVID syndrome were performed using Pearson correla-
tion, and the t -test (p < 0.05) indicated differences between the
groups. The OR of severe COVID-19 in patients with comorbidities
was calculated by Fisher’s exact test. 

Results 
The baseline characteristics including demographic status, pre-
COVID-19 comorbidities and COVID-19 course of the 646 patients
are listed in Table 1 . Briefly, volunteers were aged 18–91 y. The
mean age of the study sample was 50.26 ±15.78 y. Most of the
volunteers were females (348; 53.9%). A minority of the study
population reported no pre-existing comorbidities (245; 37.9%).
For the 62.1% reporting pre-existing comorbidities, most com-
mon were chronic arterial hypertension (223; 34.5%), diabetes
(114; 17.6%), chronic kidney disease (92; 14.2%) and cancer
(83; 12.8%). According to the WHO classification, 12 most of the
patients reported COVID-19 with mild symptoms (329; 50.9%),
while moderate and severe infection courses were respectively
registered in 57 (8.8%) and 260 (40.2%) of cases. Among the
whole study population, 641 patients (99.2%) (aged 18–91 y)
had COVID-19 prior to vaccination, while only five patients (0.8%)
(aged 44–65 y) had the infection after the complete protocol of
vaccination, a group that was monitored for 7 mo since vaccina-
tion started in January 2021. Of the unvaccinated patients, half
(321; 50.1%) developed long COVID syndrome. Three patients
from the vaccinated group (60.0%) (aged 44–65 y) presented
with long COVID syndrome. Details are presented in Figure 1 . 
Taken together, long COVID symptoms were reported by 324

(50.2%) of the whole study population. Among those, 42.6%
were aged 41–60 y (138), 31.5% 21–40 y (102) and 21.3% 61–
80 y (69). Gender classification revealed a majority of females
presenting with persistent symptoms (205; 63.3%) compared
with males (119; 36.7%) (Table 1 ). Figure 2 shows that long
COVID varied in a total of 23 manifestations, although most
patients complained of fatigue (115; 35.6%), persistent cough
(110; 34.0%), dyspnea (86; 26.5%), loss of smell or taste (65;
20.1%) and frequent headaches (56; 17.3%). Volunteers also
described myalgia (35; 10.8%), body ache (29; 9.0%), red eyes
(26; 8.0%) and change in blood pressure (24; 7.4%) as frequent
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Table 1. Baseline characteristics of the whole study population (n = 646) 

Total (n = 646) 
With long COVID syndrome 

(n = 324) 
Without long COVID 
syndrome (n = 322) 

n % n % N % 

Age, y 
< 20 13 2 .0 4 1 .2 9 2 .8 
21–40 180 27 .9 102 31 .5 78 24 .2 
41–60 274 42 .4 138 42 .6 136 42 .2 
61–80 160 24 .8 69 21 .3 91 28 .3 
> 81 19 2 .9 11 3 .4 8 2 .5 

Gender 
Female 348 53 .9 205 63 .3 143 44 .4 
Male 298 46 .1 119 36 .7 179 55 .6 

Comorbidities 
Chronic arterial 
hypertension 

223 34 .5 97 29 .9 126 39 .1 

Previous stroke 15 2 .3 8 2 .5 7 2 .2 
Heart disease 44 6 .8 22 6 .8 22 6 .8 
Asthma 37 5 .7 20 6 .2 17 5 .3 
Chronic obstructive 
pulmonary disease 

31 4 .8 19 5 .9 12 3 .7 

Chronic kidney disease 92 14 .2 45 13 .9 47 14 .6 
Diabetes 114 17 .6 51 15 .7 63 19 .6 
Cancer 83 12 .8 37 11 .4 46 14 .3 
Obesity 64 9 .9 33 10 .2 31 9 .6 
Dyslipidemia 19 2 .9 8 2 .5 11 3 .4 
Alzheimer’s disease 2 0 .3 2 0 .6 0 0 .0 
Depression 11 1 .7 9 2 .8 2 0 .6 
Smoker or alcoholic 77 11 .9 29 9 .0 48 14 .9 
Hypothyroidism 11 1 .7 1 0 .3 10 3 .1 
Thromboembolic 
disorders 

4 0 .6 1 0 .3 3 0 .9 

Hypothyroidism 13 2 .0 2 0 .6 11 3 .4 
HIV 2 0 .3 1 0 .3 1 0 .3 

Clinical course of COVID-19 
Mild 329 50 .9 195 60 .2 134 41 .6 
Moderate 57 8 .8 43 13 .3 14 4 .3 
Severe 260 40 .2 86 26 .5 174 54 .0 
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anifestations. Mental difficulties such as insomnia, anxiety and 
ertigo or dizziness were reported by 26 (8.0%), 23 (7.1%) and 18 
5.6%), respectively, and in these cases symptoms’ duration was 
p to 11 mo after acute infection. Thrombosis was diagnosed 
n 20 patients (6.2%) of the study population with a duration of 
 mo, when all these patients had been treated and had recov- 
red. Diarrhea (22; 6.8%), chest pain (19; 5.9%), low mobility (17; 
.2%), tachycardia (13; 4.0%) and other manifestations were 
lso reported. The duration of each symptom was defined with 
 follow-up of 14 mo and the data are presented in Figure 2 
illustrated by color). All reported symptoms started after acute 
nfection and some of them persisted for the whole follow-up 
eriod of 14 mo, with some exceptions, such as thrombosis, 
hich was properly treated in all cases ending after 5 mo, as well 
s red eyes, insomnia, anxiety and red spots on the skin, which 
ere no longer reported after 11 mo. Four patients (1.2%) were 
till experiencing symptoms at the time of study completion, 
eporting fatigue, dyspnea, joint pain, myalgia, tachycardia, 
hange in blood pressure, cough, loss of smell or taste, runny 
ose and loss of appetite. Symptoms occurred early in the 
llness, reaching a high point in the first 2–5 mo, with most of 
hem decreasing over time. Nearly half of patients (138; 42.6%) 
ere diagnosed with only one persistent symptom postacute 
nfection, while 142 (43.8%) presented 2–3 symptoms at once, 
6 (8.0%) presented 4–5, 10 (3.1%) 6–10 symptoms, 5 (1.5%) 
1–20 and 3 (0.9%) > 21 symptoms concurrently. 
1009 
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Figure 1. Flowchart of the study population separated by groups of patients who had COVID-19 prior to or after vaccination with the identification of 
those diagnosed with long COVID syndrome. 

Figure 2. Absolute number and percentage of long COVID manifestations among the 324 patients with sequalae provided in terms of period. The 
total length of the bars represents the incidence over the months. At the end of each bar, the percentage is presented. 
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Among the 260 patients who experienced severe symptoms
during SARS-CoV-2 acute infection, 86 (33.1%) presented long
COVID syndrome, among whom 38 (44.2%) were > 60 y old and
48 (55.8%) were � 60 y old (Figure 3 ). On the other hand, most
(75.4%) of the 57 patients with moderate symptoms developed
long COVID syndrome (in all ages). Together, most (59.3%) of
the 329 patients with mild symptoms during infection devel-
oped persistent symptoms, especially when aged < 60 y (83.1%).
The duration of symptoms was correlated with patients’ age
(rho = 0.269, p < 0.001) (Figure 4 B). The association is driven by
COVID-19 severity because older patients tended to have more
severe symptoms, leading to a longer post-COVID-19 period
1010 
(Figure 4 A). The duration of persistent symptoms in long COVID is
longer in patients with severe COVID-19 compared with patients
with moderate and mild disease, although in the patients with
mild disease group, it ranged from 1 to 420 d (Figure 4 C). 
Although comorbidities were noticed in patients with and

without long COVID syndrome, the mean duration of symptoms
was higher in the presence of seven comorbidities (p < 0.05):
chronic arterial hypertension, diabetes, heart disease, cancer,
chronic obstructive pulmonary disease, chronic kidney disease
and smoker or alcoholic (Supplementary Figure 1). For most of
these comorbidities, the relationship of the symptom’s duration
is associated with the prevalence of patients with severe disease
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Figure 3. Incidence of long COVID syndrome in relation to the severity of SARS-CoV-2 acute infection divided by age group. The total length of the 
bars represents the incidence. Dark color represents the number of patients with long COVID syndrome, while light color represents the number of 
patients without long COVID syndrome. 
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n the comorbidity group compared with those without comor- 
idity (Supplementary Figure 1). 

iscussion 

lthough the COVID-19 pandemic has not yet been controlled, 
ong COVID syndrome is already a challenging topic when con- 
idering the occurrence of long-term multiorgan sequelae 9 and, 
s presented here, it appears after severe, moderate and even 
ild infections. As broadly described, the new human pathogen, 
ARS-CoV-2, is a respiratory coronavirus, and injury to the lungs 
s expected. However, there is often damage to numerous other 
ital structures in the body, leading to an array of symptoms. 13 , 14 
eports about long COVID syndrome are recent and describe 
 number of neurological and psychiatric symptoms including 
atigue, cognitive impairment, insomnia, myalgia, headaches, 
ertigo, anxiety and depression. 15–18 Beyond symptoms, people 
ith long COVID are reporting an impaired quality of life, employ- 
ent issues, impacts on physical and cognitive functions, health- 
elated quality of life and participation in society, and may require 
ultidisciplinary care, including social services support. 19 , 20 
In this work, 50.2% of the 646 COVID-19 positive patients 

resented with long COVID syndrome, with 23 different man- 
festations reported. Most predominant and lasting symptoms 
ere related to respiratory and neurological functions includ- 
ng fatigue, cough, dyspnea, pain and, in some cases, insom- 
ia, anxiety, vertigo and dizziness, lasting for up to 14 mo. Sim- 
lar to our findings, the most frequently reported manifestations 
n other studies are of a neurological, psychiatric and respira- 
ory nature and led to continuous functional impairment in work, 
ocial and home life. 7 , 8 , 21–23 Vascular disorders were also reported 
ere with patients presenting changes in blood pressure and 
hrombosis. The systemic inflammation developed in cases of 
ARS-CoV-2 infection is the major reason why several organs can 
e affected. Vital organ dysfunction results from pathophysiolog- 
cal self-amplifying loops of innate immunological hyperactiva- 
ion, cytokine release, complement deposition, endothelial dam- 
ge and macrovascular and microvascular thromboembolism. 24 
he clotting pathway is disturbed causing an excessive synthesis 
f thrombin, which regulates the coagulation process and gen- 
rates hypercoagulability, 25 thus may explain persistent vascular 
ymptoms. 
Although the precise pathophysiology of long COVID syn- 

rome needs further clarification, COVID-19 has a complex 
athology involving severe acute respiratory infection, hyperim- 
une response and coagulopathy, 26 which is supposedly related 
o such diverse and prolonged manifestations, leading to the 
nvolvement of multiple organ systems. Following any severe 
nfection or trauma, the human body reacts with an overwhelm- 
ng immune response called systemic inflammatory response 
yndrome, followed by a prolonged compensatory, counterbal- 
ncing anti-inflammatory cascade called compensatory anti- 
nflammatory response syndrome. 27 This concept may lead us to 
onsider that severe infections are associated with longer post- 
OVID-19 manifestations, which was in fact noticed here when 
eparating patients by age groups. The duration of symptoms 
as longer in older patients with severe COVID-19 when com- 
ared with patients with mild or moderate disease, although 60% 

f long COVID syndrome identified in this work came from mild 
nd 13% from moderate disease, with symptoms persisting for 
–14 mo in all severity groups. 
SARS and Middle East respiratory syndrome (MERS) both cause 

ersistent postinfection symptoms and psychological sequelae. 
he long-term effects of SARS include chronic fatigue, myal- 
ia, anorexia and pulmonary damage. 28–30 MERS has been linked 
o long-term insomnia and impaired pulmonary function. Both 
iruses have been shown to result in long-term depression and 
nxiety persisting for many years postinfection. 31 As SARS-CoV-2 
s closely related to SARS and MERS, it should not be surprising to 
ee similar manifestations in COVID-19 survivors. 32 
Comorbidities are known to increase the severity of SARS- 

oV-2 acute infection. 33–35 The presence of chronic arterial 
ypertension, diabetes, heart disease, cancer, chronic obstructive 
1011 
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Figure 4. Association between COVID-19 severity, age and duration of symptoms. ( A ) Boxplot showing the age distribution across the COVID-19 
severity groups. ( B ) Correlation between the patient’s age and duration of symptoms in days. Disease severity is illustrated in colored points. ( C ) The 
boxplot shows the distribution of days across different severity of disease. 
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pulmonary disease, chronic kidney disease and being a smoker or
alcoholic was significantly correlated with the severity of disease
in the current study, and the severity of acute infection was the
main factor that determined the duration of symptoms in long
COVID cases. Although this perspective of correlating pre-existing
comorbidities with long COVID syndrome duration is recent, it
is well known that the severity-mortality of COVID-19 is directly
correlated with the presence of comorbidities, such as hyperten-
sion, cardiovascular disease, acute cardiac injury and diabetes,
among others. 33 , 36 , 37 SARS-CoV-2 infection in patients with
1012 
underlying comorbidities may lead to excessive cytokine release,
which results in acute respiratory distress syndrome, hyper-
coagulable state, maladaptation of the angiotensin-converting
enzyme 2 (ACE2) pathway and hypoperfusion to end-organs. 38 , 39 
From the entire cohort studied in this work, only five patients

(0.8%) were identified as positive for COVID-19 after being fully
vaccinated. Three of thosepresented with long COVID syndrome
after mild or moderate infections with persistent symptoms last-
ing for up to 3 mo. It was not possible to statistically corre-
late unvaccinated and fully vaccinated patients due to the low
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umber of infections in the vaccinated group, which reinforces 
he importance of vaccination as the most important measure 
f virus control. Vaccination leads to a significant reduction in 
he number of infections, reinfections and severe cases. 40 Con- 
equently, a reduction in long COVID syndrome is expected. This 
ork showed that even infections with milder symptoms lead to 
he development of long COVID syndrome and its sequelae. The 
uration of these manifestations and the prolonged distortion of 
he senses can be devastating and can lead to loss of work capac- 
ty and quality of life. Thus continuous evaluation is imperative. 

onclusions 
his work highlights the wide range of symptoms experienced 
y patients with long COVID syndrome after mild, moderate and 
evere SARS-CoV-2 infection. Little is known about the patho- 
enesis of these manifestations that start after acute infection 
nd can remain for at least 14 mo, even after a mild course of
nfection, as presented here. Viral infections causing persistent 
ymptoms are not a new concept, as SARS and MERS both cause 
ersistent postinfection symptoms that remain many years 
ostinfection. What remains to be determined with COVID-19 is 
he severity and duration of long COVID manifestations. Contin- 
ous evaluation of the long-term effects and its impact on the 
uality of life of recovering patients is required, as we need to be 
repared for the increase in pulmonary, cardiac, vascular, renal 
nd other organ events after SARS-CoV-2 infection. 

upplementary data 

upplementary data are available at Transactions online. 
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