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Abstract Background The post-COVID-19 condition is a major modern challenge in medicine
and has a high global impact on the health of the population.
Objective To determine the main neurological and neuropsychiatric manifestations
after acute COVID-19 infection in South American countries.
Methods This is a systematic review study, registered on the PROSPERO platform
following the PRISMA model. 4131 articles were found with the search strategies used.
Neurological and neuropsychiatric manifestations were investigated in individuals three
months or more after acute COVID-19 infection, and older than 18 years, including studies
conducted in South American countries published between 2020 and 2022.
Results Six studies (four from Brazil and two from Ecuador) were analyzed. Regarding
the type of study: three were cohorts, two were case reports, and one was cross-
sectional. The main outcomes found were new pain (65.5%) and new chronic pain
(19.6%), new headache (39.1%), daily chronic headache (13%), paresthesia (62%), in
addition to neuropsychiatric diseases, such as generalized anxiety disorder (15.1%),
post-traumatic stress syndrome (13.4%), depression and anxiety (13.5%), suicidal

Keywords ideation (10.1%), and several cognitive disorders.
= Post-Acute COVID-19  Conclusion Neurological and neuropsychiatric manifestations related to depression
Syndrome and anxiety, and cognition disorders are reported during the post-COVID-19 condition
= Neurologic in South America. Symptoms associated with chronic pain appear to be associated with
Manifestations the condition. More studies on post-COVID-19 conditions are needed in the South
= Mental Health America region.
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Resumo

Palavras-chave

= Sindrome
P6s-COVID-19 Aguda

= Manifestacoes
Neuroldgicas

Antecedentes A condi¢ao p6s-COVID-19 é um grande desafio moderno na medicina
e tem alto impacto global na satde da populacgao.

Objetivo Determinar as principais manifestacdes neuroldégicas e neuropsiquiatricas
apo6s a infeccdo aguda da COVID-19 nos paises da América do Sul.

Métodos Trata-se de um estudo de revisdo sistematica, registrado na plataforma
PROSPERO seguindo o modelo PRISMA. Foram encontrados 4131 artigos com as
estratégias de buscas empregadas. Investigaram-se manifestacdes neuroldgicas e
neuropsiquiatricas em individuos com trés meses ou mais desde a infeccdo aguda
por COVID-19, maiores de 18 anos, incluindo estudos realizados em paises da América
do Sul publicados entre 2020 e 2022.

Resultados Foram analisados seis estudos (quatro do Brasil e dois do Equador). Em
relacdo ao tipo de estudo: trés eram coortes, dois relatos de casos e um transversal. Os
principais desfechos encontrados foram em relacdo a dor nova (65,5%) e dor cronica
nova (19,6%), cefaleia nova (39,1%), cefaleia cronica diaria (13%), parestesia (62%),
além de doencas neuropsiquiatricas como transtorno de ansiedade generalizada
(15,1%), sindrome do estresse pos-traumatico (13,4%), depressdo e ansiedade
(13,5%), ideacao suicida (10,1%) e diversos distarbios cognitivos.

Conclusao Manifestacdes neuroldgicas e neuropsiquiatricas relacionadas a depres-
sdo e ansiedade e disttrbios de cognicao sao relatados durante a condi¢ao p6s-COVID-
19 na América do Sul. Os sintomas associados a quadros de dor cronica parecem estar
associados a condi¢ao. Mais estudos sobre condi¢cdes p6s COVID-19 sdo necessarios na

= Sautde Mental regiao da América do Sul.

INTRODUCTION

The public health emergency caused by COVID-19 promoted
the exhaustion of national health systems, evidenced the
social determination on health, and generated an impact on
global mortality. The number of deaths from COVID-19
exceeded 6.9 million deaths." The Americas has the third
highest number of COVID-19 cases, being the region with the
highest number of deaths from the disease. South America
had 629,005,065 cases and 2,917,071 deaths by the begin-
ning of July 2023, and Brazil alone accounted for the second-
highest number of deaths in the world."

After the World Health Organization (WHO) decree, on
May 5, 2023, at the end of the health emergency of interna-
tional interest, caused by SARS-CoV-2,2 the current scenario
inrelation to the pandemic is considered favorable. However,
the effects left on the health of the population, especially
related to mental health, are undeniable. It is essential to
recognize the extent of the impact of pandemic disease in
physical, mental, and social health contexts, being topics of
great interest within public health.?

With the introduction of immunization and expansion of
vaccination coverage, the number of cases and deaths from
acute COVID-19 has reduced worldwide. However, since
the second half of 2020, post-COVID symptoms have been
noticed and studied by the scientific community. About 10 to
20% of the population that had COVID-19 may present
symptoms and diseases for a period equal to or greater
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than 3 months - post acute phase of the disease, which
cannot be explained for another reason.* This condition was
initially termed Long COVID or Post-COVID Syndrome, and
the WHO called it a post-COVID-19 condition. Although
there is a high prevalence of symptoms after the acute phase
of COVID-19 in several countries in the literature, ranging
from 1.6-71% in the United Kingdom, 35-77% in Germany,
and 49-76% in China,” to date, there is no consensus on the
definition of the post-COVID-19 condition.®%

The post-COVID-19 condition is a major modern chal-
lenge in medicine, since there are no well-defined biochemi-
cal or radiological characteristics that help in the diagnosis,
and there are several phenotypes and prognoses involved.’ It
is known that the effects of the post-COVID condition are
multisystemic'® and the main symptoms reported are per-
sistent fatigue, shortness of breath, hair loss, and anosmia, in
addition to the involvement of neuropsychiatric disorders,
such as memory loss, brain fog, and depression, and can
weaken millions of people worldwide, causing great harm to
the health of the population.®'°

The pathophysiology of post-COVID-19 conditions is still
uncertain,'" which, in turn, impacts the health of the world
population leading to limitations of activities, decreased
quality of life, and overload in health systems. Therefore,
this study was carried out with the objective of determining
the main neurological and neuropsychiatric manifestations
following acute COVID-19 infection reported in the literature
in South American countries.
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METHODS

This is a systematic review study, registered on the PROS-
PERO platform, under the protocol CRD42022337256, fol-
lowing the PRISMA model.

Search strategy

The articles were searched in the Pubmed (MEDLINE),
LILACS, SCOPUS, and Web of Science databases between
May 2022 and June 2022, the last search being carried out
on 25/07/2022. The descriptors used were: (post-acute
COVID-19 syndrome OR long-COVID OR long haul COVID
OR post-acute COVID syndrome OR persistent COVID-19 OR
long hauler COVID OR long COVID OR post-acute sequelae
and SARS-CoV-2 infection OR long haul COVID OR chronic
COVID syndrome OR COVID-19/complications) AND (neu-
rological disorder OR neuropsychiatric disorder OR
neurology).

Study selection

The selection of articles was carried out by two independent
reviewers, according to the eligibility criteria. There was the
removal of duplicates, selection of articles by reading titles,
and then reading of abstract and full text, with the help of the
Mendeley platform.

Data extraction
Data were extracted by 2 independent reviewers and entered
into Excel. The variables collected were: sociodemographic

conditions, time since diagnosis of acute COVID-19, condition
of acute COVID-19, neuropsychiatric manifestations de-
scribed, and scales used to assess these conditions. In case of
incomplete data, the corresponding author has been
connected.

Inclusion criteria

Cohort, case-control, cross-sectional, and case report stud-
ies were included. Neurological and neuropsychiatric man-
ifestations were investigated in individuals aged 3 months
or more since acute COVID-19 infection, older than 18 years.
Studies conducted in South American countries published
between 2020 and 2022, without the restriction on lan-
guage of publication were included. Studies that did not
present authors from South America were excluded when
the place of performance was not mentioned in the text.
The WHO definition of post-COVID-19 condition was used.’

Risk of bias

The risk of bias analysis was performed using the scale
described by Looney (1998) used for cross-sectional studies
that studied the prevalence of symptoms. Cohort studies
were analyzed using the Newcastle-Ottawa scale.'?

RESULTS

With the search strategies employed 4131 articles were
found. After exclusions by duplicates and adopting inclusion
criteria, 6 studies were analyzed (~Figure 1).

—

Identification of studies via databases and registers ]

Records identified from*:

Records removed
before screening:.

Databases (n = 4)
Registers (n =4131)

] [ Identification ]

A

Records screened by title

Duplicate records
removed (n = 316)

Records excluded**

(n = 3815)

Reports screened by abstract

(n =3153)

Reports not retrieved

(n = 662)

Screening

Reports screened by full text

(n =537)

Reports excluded
Not from Southern America (n = 63)

(n =125)

Studies included in review
(n=6)

| Included | |

Figure 1 PRISMA flowchart of the study search process.

Not an epidemiological study (n = 24)
Not Long COVID (n = 31)
Not from neurological symptoms (n=1)
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Table 1 Characteristics of the included studies
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Author Country | Study type | Time after acute Type of infection n
COVID-19 of acute COVID-19

Damiano, 20224 Brazil Cohort 3 months and Hospitalized 701
11 months

Del Brutto, 202'° Ecuador | Cohort 6 and 18 months Mild and moderate | 78 50 with COVID-19
after onset of cases 28 without COVID-19

Soares, 2022'® Brazil Cross- 4 months Hospitalized 165 | 69 with COVID-19

sectional 96 without COVID-19

Vasconcelos, 2022'7 | Brazil Case Report | 8 months Mild 1

De Oliveira, 2021'8 Brazil Case Report | 3 months Critic 1

Del Brutto, 2022 Ecuador | Cohort 9 months after All kinds 282 | 149 with COVID-19
the start of the 13 without COVID-19
pandemic

Among the included studies, 4 were from Brazil and 2
from Ecuador. Regarding the type of study, 3 were cohort, 2
were case reports and 1 was a cross-sectional study. As for
the condition of acute COVID-19, 3 articles studied critical or
hospitalized patients, 2 studies verified mild and moderate
cases, without the need for hospitalization and 1 evaluated
all types of acute manifestations, regardless of the type of
manifestation of the case. The post-COVID-19 time described
by the authors ranged from 3 to 18 months after the acute
manifestations (~Table 1).

In the study by Damiano et al. (2022)'4 using the Structure
Psychiatric Interview: Clinical Interview Schedule Revised
(CIS R) tool, the authors found a high prevalence of neuro-
psychiatric diseases 6 months after COVID-19. Common
mental illnesses had a prevalence of 30% in the studied
population. Among the diseases described are generalized
anxiety disorder, depression, post-traumatic stress syn-
drome, obsessive-compulsive disorder, phobias, and mixed
disorders (anxiety and depression). In addition, there were
individuals with suicidal ideation and suicide attempts
(=Table 2).

In another study, Soares et al. (2022)'® analyzed pain
according to the criteria of the International Association for
the Study of Pain (IASP),%° through interviews with partic-
ipants. The symptom: new pain appeared in 65.2% of the
population studied. Among them, 50% had a frequency of
pain greater than 15 days a month. Pain chronicity was also
present in 19.1% of individuals, with an average intensity of
6.7 on the Brief Pain Inventory (BPI) scale."! Headache was
also reported by 39.1% of the individuals, the majority being
reported with severe intensity'® (~Table 2).

Del Brutto (2021), analyzed the strength using the Hand-
grip method."® Patients with COVID-19 infection had a
higher prevalence of reduction in strength (62%) when
compared to patients without previous infection (45%) of
the disease. The drop in strength was also more pronounced
for patients with previous COVID-19 infection (1.3) when
compared to those without infection (1.0). The previous
presence of COVID-19 predicted a higher risk of muscle
strength reduction (OR= 2.27)'° (~Table 2).
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Del Brutto 2022'° assessed cognition using the MOCA
scale, 6 months and 18 months after COVID-19. The mean
score was below the cutoff for the scale, 19.7 and 21.5,
respectively. There was an improvement in the mean, but
it did not return to the value before the infection, a mean of
218.1°

Damiano (2022)'* used the scales, Memory Complaint
Scale, Mini-Mental State Examination, verbal fluency, Boston
naming test, word listing, Word List Recognition, Word List
Recall, Trail Making Test, and Digit Symbol Substitution Test.
The mean of the MMSE, DSST, and Boston recognition list
scale showed cognitive alteration, while the TMT-a scale did
not show the same'* (~Table 2).

Damiano (2022)14 analyzed cognitive alteration in
patients with post-COVID-19 conditions, using the scales:
Memory Complaint Scale (MCS), Mini-Mental State Exami-
nation (MMSE), Verbal Fluency, Boston Naming Test, Word
Listing, Wordlist recognition, Wordlist recall and Digital
Symbol Substitution Test (DSST). When the Trail Marking
Test scale (TMT-a) was used, it was not possible to state the
cognitive alteration (~Table 2).

Vasconcelos (2022),' in his case report, described the
following symptoms: weight gain, excessive sleepiness, and
cognitive alteration, with a final diagnosis of normal pres-
sure hydrocephalus, after 8 months of COVID.!” A demyelin-
ating neuropathy, Lewis-Sumner syndrome, has also been
described 3 months after COVID-19."8

In the analysis of the risk of bias, the Newcastle Ottawa
scale’® was used in 2 studies, the first obtained a score in the
selection of 2, in the comparison of 2, and in the outcome of
2.1° The other study was obtained in selection 3, comparison
2, and outcome 2."° Two other studies were evaluated using
the Loney scale (1998), which obtained 4/8 points'# and 6/8
points.16

DISCUSSION

This study found a high frequency of neuropsychiatric man-
ifestations, pain, and loss of muscle strength associated with
the post-COVID-19 condition in South America. The data
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Table 2 Main outcomes found in the studies
Author Outcome/parameter Main findings n (%)
Soares, 202210 Pain New 30 (65.5)
New chronicle 9 (19.6)
Headache New 19 (39.1)
Daily chronicle 6 (13.0)
Del Brutto, 2021'° Paresthesia 96 (62.0)
Damiano, 20224 Neuropsychiatric diseases Generalized Anxiety Disorder (GAD) 106 (15.1)
Post Traumatic Stress Syndrome 94 (13.4)
Depression and Anxiety 95 (13.5)
Suicidal ideation 71 (10.1)
Mean
Cognition Mini-Mental Status Exam (MMSE) 8.27
Trail Making Test (TMT-a) 65.5 seconds
Digit Symbol Substitution Test (DSST) 13.11
Boston naming test 5.2
Memory complaint scale 15.57
Verbal fluency 15.35
Word listing 8.26
Constructional praxis 8.26
Word list recall 4.86
Word list recognition 7.88
Del Brutto 2022 Cognition Montreal Cognitive assesment (MOCA) prior 21.8
Montreal Cognitive assesment (MOCA) 19.7
6 months post-COVID-19
Montreal Cognitive assesment (MOCA) 21.5
18 months post-COVID-19

confirm the hypothesis that the population is suffering
impacts on mental health throughout the COVID-19 pan-
demic, reinforcing the emerging problem that needs atten-
tion for the treatment of these conditions in the coming
years.

Although Latin America is one of the regions with the
highest number of cases and deaths in the world," only 6
articles were found reporting neuropsychiatric manifesta-
tions of the post-COVID-19 condition throughout South
America. The authors tried to expand the search to Latin
America, and only 2 articles were added to the analysis,
indicating that there is a need for more research throughout
Latin America. A study that selected five Latin American
countries to evaluate responses to the pandemic highlights
the limitation of epidemiological data and highlights the
deficiencies in disease monitoring in the selected coun-
tries.”’ When compared to the North American and Europe-
an regions, Latin and South America do not have the same
availability of data that allows an adequate population
diagnosis. In addition to these problems, the South American
region suffered from the lack of efficient regional gover-
nance, which aggravated the pandemic situation and com-
promised the economic recovery, and increased the

repressed demand for services.?” Therefore, the resumption
of the offer of actions and services, added to the illness
caused by post-COVID-19 conditions, are challenges that
require health planning and surveillance in South America.

Two previous systematic reviews that addressed the post-
COVID-19 condition found no studies in South American
countries.?>24 In the Brazilian scenario, only 4 articles
addressed the topic, even though Brazil is the second country
with the highest number of deaths. Justifying the scarcity of
studies on the subject, it is suggested that the studies may
not have happened very often, have been denied by journals,
or not have a relevant neuropsychiatric manifestation in the
population of South America, which would be contrary to the
findings of the other regions.?® The scarcity of studies could
also indicate the underreporting of these conditions and the
need for further scientific investigations, to enable adequate
diagnoses and treatments.

The post-COVID-19 condition is characterized by the
appearance of signs and symptoms after the acute phase of
COVID-19. The exact time after acute infection that would
characterize the post-COVID-19 condition still seems con-
tradictory in the literature. The WHO definition establishes a
period of development of new symptoms 3 months after
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initial SARS-CoV-2 infection, with these symptoms lasting at
least 2 months with no other explanation.” The National
Institute for Health and Care Excellence (NICE) in the United
Kingdom established the period after 12 weeks.® The Centers
for Disease Control and Prevention (CDC) understands any
symptom manifested after four weeks of acute COVID-19 as a
post-COVID-19 condition.® Thus, within the definition of the
disease itself, there is a discrepancy between the periods
analyzed, which can impact the methodological design and
the results of studies on the subject.

The relationship between variations in the prevalence of
psychiatric and neurological symptoms after acute COVID-19
is questionable, considering the lack of standardization of the
periods of analysis of the post-COVID-19 condition. A study
that analyzed the prevalence of neuropsychiatric symptoms
from 3 to 6 months, and 6 to 9 months after acute COVID-19
observed that, when comparing the periods, the longest time
(6 to 9 months) had a higher overall prevalence of symptoms
such as depression, anxiety, and cognitive problems.?* An-
other study showed that one month after COVID-19 infec-
tion, 54% of patients reported at least one symptom of a post-
COVID-19 condition, this value being 56% after 2 to 6 months
of the acute condition and 54% after 6 months or more.?®

Although there is a possible cut-off time for defining the
onset of the post-COVID-19 condition (ranging from 4 to
12 weeks after acute infection), there is still no follow-up
limit that defines how long the symptoms can be considered
as a consequence of the infection and acute COVID-19. In the
present systematic review, studies were included to observe
the manifestations that developed in a period ranging from 3
to 18 months after the acute condition of the disease.
Another systematic review that addressed neuropsychiatric
manifestations selected data from patients evaluated for less
than 12 weeks after acute COVID-19.23 It is believed that the
natural history of the post-COVID-19 condition is being
studied, and studies with longer follow-up should be pub-
lished in the medium and long term. These may be more
enlightening about the causal link between acute COVID-19,
time, and neuropsychiatric manifestations after COVID-19.

Most of the individuals with neuropsychiatric manifes-
tations included in the analysis of this systematic review
were cases that required hospitalization during the acute
phase of COVID-19. However, the type of acute manifestation
does not seem to influence the prevalence of neuropsychiat-
ric manifestation and there are knowledge gaps that persist
in this theme, requiring approaches that include this type of
information in the analyses.??

Regarding the influence of vaccination on post-COVID-19
conditions, a cohort conducted in Norway compared vacci-
nated and unvaccinated individuals, and found no differ-
ences between groups for symptoms such as dyspnea,
fatigue, changes in smell/taste, concentration problems,
evaluating from 3 to 15 months after the acute condition
of COVID-19, except for memory problems, which were more
reported among unvaccinated participants.27 In the
Netherlands, another cohort conducted to assess the effect
of vaccination on recovery from symptoms of the condition
post-COVID-19 found no therapeutic effects of vaccination
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against the symptoms of the disease over time. The authors
state that there is an urgent need to understand the biologi-
cal mechanism of the post-COVID-19 condition to enable
preventive actions and provide treatment options.28

When we analyze the mortality rates of the countries
most affected by COVID-19 in South America, a study
revealed that basic preventive measures, such as carrying
out awareness programs, adherence to social distancing,
wearing masks, providing adequate medical resources, to-
gether with increasing the vaccination rate, could effectively
suppress the impact of the pandemic in the region.?® How-
ever, as for the control of the pandemic, each country was
influenced by the complex dynamics of internal policy and
loco-regional inequalities to which they were inserted.>
Brazil, being the largest country in South America, faced
severe consequences of a national policy that did not ade-
quately address the pandemic in a timely manner' and, with
high contamination rates, in the medium to long term, a high
prevalence of post-COVID conditions is expected. A Brazilian
cohort identified that after 120 days of the acute phase of
COVID-19, 80% of patients had persistent symptoms, the
most prevalent being fatigue, dyspnea, cough, headache, and
loss of muscle strength.>?

It is worth noting that, in the studies included in this
review, there was a high frequency of pain, being defined as
general pain in the body, which was not present before the
COVID-19 infection. In the literature, body pain and head-
ache represent symptoms of high prevalence in the post-
COVID-19 condition, and have been causing great damage to
the quality of life of individuals.?4?%33 The symptoms of the
condition after COVID-19 can affect several organs and
systems, and fatigue (47%), dyspnea (32%), myalgia (25%),
arthralgia (20%), and headache (18%) are the most preva-
lent.3* Possible explanations for the development of pain
suggest that post-COVID-19 conditions develop due to the
persistence of inflammation in several organs. In the central
nervous system, neuroinflammation occurs, causing the
recruitment of microglia, activation of coagulation cascades,
vasculopathy, oxidative stress, autoimmunity, and metabolic
changes with neuronal dysfunctions. In the peripheral ner-
vous system, the mechanism occurs through vasculopathies,
oxidative stress, and autoimmune mechanisms, among other
changes.11

Several variables can help explain the causality of the
development of neuropsychiatric diseases in post-COVID-19
conditions. First, there are physiological reasons for inflam-
matory origin that worsen in the body during COVID-19
infection.>® Socioeconomic variables, such as instabilities at
work, closure of non-essential sectors, lack of prospects for
improving the health and economic situation, failures in
government management to combat the pandemic, in-
creased food insecurity in the population, financial difficul-
ties, among other problems, may have contributed to the
worsening of the mental condition of the population, regard-
less of the mode of contamination.?® In addition, social
isolation, of indisputable epidemiological importance in
containing the spread of COVID-19 infection, can also result,
in the long term, in damage to the mental health condition of
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the population.3” In addition to contributing to the develop-
ment of neuropsychiatric diseases, the pandemic and post-
pandemic scenarios may aggravate existing disorders.

More studies are needed on the post-COVID-19 condition
to clarify the population frequency in South America, ade-
quate definition of symptoms and component diseases, and
better understanding of times linked to the definition of
what would be a post-COVID-19 condition and duration of its
manifestations. The lack of a standard in cut-off time in
relation to development and monitoring contributes to the
time bias in relation to the theme. Some studies bring longer
follow-up times, however, very long times will suffer from
the tendency to present a greater number of disorders,
including neuropsychiatric ones, which, not necessarily,
will represent the post-COVID-19 condition.

This study has some limitations, one of which is due to the
scarcity of studies on neurological and neuropsychiatric
manifestations of the post-COVID-19 condition in South
America. Another limitation is the absence of a study dem-
onstrating the prevalence of general neuropsychiatric symp-
toms and not just specific symptoms. In addition, due to the
limited number of articles found, it was not possible to
perform the meta-analysis in this systematic review due to
insufficient epidemiological measures on the studied event.
However, the present study presents relevant results,
emphasizes greater notoriety on the subject, and highlights
the need for further studies on the post-COVID condition in
South America, especially neuropsychiatric symptoms.

In conclusion, neurological and neuropsychiatric manifes-
tations related to depression anxiety, and cognition disorders
are reported during the post-COVID-19 condition in South
America. Symptoms associated with chronic pain appear to be
associated with the condition. More studies on post-COVID-19
conditions are needed in the South American region, for a
better understanding of these manifestations and the correla-
tion between them and the post-COVID-19 condition.
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