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Coronavirus 2 is responsible for Severe Acute Respiratory Syndrome-Coronavirus-2 (SARS-CoV-2), and the main
sequela is persistent fatigue. Post-viral fatigue is common and affects patients with mild, asymptomatic coro-
navirus disease-2019 (COVID-19). However, the exact mechanisms involved in developing post-COVID-19 fa-
tigue remain unclear. Furthermore, physical and cognitive impairments in these individuals have been widely
described. Therefore, this review aims to summarize and propose tools from a multifaceted perspective to assess
COVID-19 infection. Herein, we point out the instruments that can be used to assess fatigue in long-term COVID-

19: fatigue in a subjective manner or fatigability in an objective manner. For physical and mental fatigue,
structured questionnaires were used to assess perceived symptoms, and physical and cognitive performance
assessment tests were used to measure fatigability using reduced performance.

1. Introduction: "I feel exhausted"

Coronavirus 2 causes severe acute respiratory syndrome (SARS-CoV-
2), infecting more than 580 million people and killing approximately 6,4
million. The phrase “I feel exhausted” became known worldwide after
the clinical "resolution" of coronavirus disease-2019 (COVID-19) drew
attention to the sequelae of the disease. After the acute phase of the
disease, approximately 80% (Kaczynski and Mylonakis, 2022;
Lopez-Leon et al., 2021) remain with long-term sequelae (Willi et al.,
2021), namely "Post-acute COVID-19 syndrome" (Nalbandian et al.,
2021), "Post-COVID-19 Syndrome" (Salamanna et al., 2021), or "Long
COVID-19" (Yelin et al., 2022). The severity of the inflammatory
response, deficiency in the resolution of inflammation, and systemic
involvement of Sars-Cov-2 could explain the persistence of COVID-19
symptoms (Mehandru and Merad, 2022). The global estimate is that
approximately 200 million individuals suffer long-term sequelae (Chen
et al., 2022). Furthermore, even vaccinated patients risk developing
long COVID-19 (Al-Aly et al., 2022).

The National Institute for Health and Care Excellence (NICE)
guidelines define "Post-acute COVID-19 syndrome" as those signs and
symptoms (illustrated in Fig. 1) that persist between 4 and 12 weeks
after acute onset of the disease and "post-COVID-19 syndrome" or "Long
COVID-19" as those that persist beyond 12 weeks (three months)

(Venkatesan, 2021). The systemic and persistent COVID-19 sequelae
impair pulmonary, cardiovascular, neuropsychological, endocrine,
gastrointestinal, and musculoskeletal systems (Fig. 1) (Gupta et al.,
2020; L. C. Huang et al., 2021; L. Huang et al., 2021; Lopez-Leon et al.,
2021; Pilotto et al., 2021; Salamanna et al., 2021; Weng et al., 2021;
Willi et al., 2021). The phenotype is similar to the post-viral neurological
syndrome of other respiratory syndromes, such as severe acute respi-
ratory syndrome (SARS) and the Middle East respiratory syndrome
(MERS) of other coronaviruses (Batawi et al., 2019; Hickie et al., 2006;
Moldofsky and Patcai, 2011; Perrin et al., 2020).

Fatigue is the primary and prevalent sequela (Lopez-Leon et al.,
2021; Van Herck et al., 2021; Willi et al., 2021), even in asymptomatic
COVID-19 (Malkova et al., 2021). Approximately 63% of individuals
with sequelae of COVID-19 have difficulty performing daily tasks,
self-care, and mobility and have a social and recreational impairment
with difficulty returning to work (Ceban et al., 2021). This sequela is
emblematic because fatigue as a symptom is still not well understood.
Unlike in healthy individuals, where it occurs as a physiological
response to intense and prolonged activities transiently and predictably
(Kluger et al., 2013), disease-related fatigue is referred to as fatigue or
exhaustion even at rest, with a negative impact on functionality and
quality of life (Finsterer and Mahjoub, 2014).

Fatigue is a complex biological, psychosocial, and behavioral
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phenomenon (Aaronson et al., 1999; Finsterer and Mahjoub, 2014; Katz
et al., 2018; Walters et al., 2019). Mainly (and didactically), fatigue is
classified into physical (central or peripheral) and mental (Boyas and
Guével, 2011; Tanaka and Watanabe, 2012). Central fatigue is associ-
ated with supraspinal and spinal commands (Tanaka and Watanabe,
2012) and adenosinergic signaling (Alves et al., 2019), which influences
the physical component (Tanaka et al., 2013). Peripheral fatigue is
associated with the neuromuscular junction responsible for
excitation-contraction coupling, the skeletal muscles for contractile
function, dependence on blood flow, the state of the intracellular me-
dium, and availability of adenosine triphosphate (ATP) (Allen et al.,
2008; Boyas and Guével, 2011; Tanaka and Watanabe, 2012). Increased
perception of physical exertion defines mental fatigue, which limits
exercise tolerance in humans (Marcora et al., 2009). However, it does
not appear to reduce the central nervous system’s (CNS) ability to re-
cruit muscle activity (Pageaux et al., 2015). Moreover, mental fatigue is
experienced during specific cognitive activities, such as executive
attention and working memory (Ortelli et al., 2021). However, this as-
sociation is not yet well understood (Ishii et al., 2014). Therefore, fa-
tigue assessment is crucial for therapeutic planning and prognosis of
COVID-19. Physical and cognitive tests assess the objective (signs)
phase of fatigue, known as fatigability (Fig. 2) (Finsterer and Mahjoub,
2014; Kluger et al., 2013), while standardized and available question-
naires assess fatigue’s symptomatic (subjective) spectrum.

Our research group investigated post-viral fatigue in long COVID-19
patients from a multifaceted viewpoint (Campos et al., 2021). This re-
view proposes fatigue assessment tools for long COVID-19. These
methodologies are essential for understanding the abnormal psychobi-
ology of fatigue and for the follow-up (short and long term) of one of the
central sequelae of COVID-19 (Bonizzato et al., 2022; Bungenberg et al.,
2022; Gaber, 2021).

2. Post-viral fatigue: this old stranger is back with COVID-19

Post-viral fatigue was first observed during the most devastating
epidemic in modern history, the Spanish flu of 1918, caused by the
influenza A (H1N1) virus, with global mortality ranging from 24.7 to 50
million (Johnson and Mueller, 2002; Trilla et al., 2008). More recently,
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the incidence of fatigue was 2.8% during the 2003 HIN1 pandemic,
mainly in young adults under 30 years of age (Magnus et al., 2015).
Fatigue also appears after Ebola infection (9-28%)(Rowe et al., 1999;
Wilson et al., 2018), West Nile fever (31%) (Garcia et al., 2014), dengue
fever (82%) (Ren et al., 2018), and non-epidemic infections such as tick
encephalitis (30%) (Bogovic et al., 2019), Epstein-Barr (9%) (White
et al., 1998), and mononucleosis (11-38%) (Buchwald et al., 2000;
Hickie et al., 2006; Katz et al., 2009). Chronic fatigue after post-viral
infection is common.

Fatigue due to COVID-19 is common, frequent, and independent of
disease severity (Townsend et al., 2020a). Carfi et al. (2020) demon-
strated that fatigue was the main symptom reported in hospitalized
patients during the acute phase and after a mean follow-up of 60 days
(Carfi et al., 2020). In 458 non-hospitalized patients, fatigue was present
in approximately 46% of patients, assessed using the Chalder Fatigue
Scale, and persisted for approximately four months after clinical diag-
nosis (Stavem et al., 2021). A cohort study of 1733 COVID-19 infected
patients discharged from a hospital in Wuhan, China, showed that fa-
tigue was present in approximately 63% of the sample and persisted for
approximately six months. In addition, 23% of 1692 disease-infected
patients showed reduced exercise capacity in the 6-minute walk test
(6 MWT) (C. L. Huang et al., 2021; C. Huang et al., 2021). Post viral
fatigue is prevalent, even in asymptomatic cases of COVID-19 (Malkova
et al.,, 2021). Of 58 asymptomatic patients admitted to a hospital in
Wuhan, China, with COVID-19 confirmed wusing reverse
transcriptase-polymerase chain reaction (RT-PCR) assay and abnor-
malities on lung CT scan, 16 (27.6%) had fatigue days after hospitali-
zation (Meng et al., 2020).

Seven months after the onset of COVID-19, persistent fatigue, post-
exertional malaise, cognitive dysfunction, sensorimotor changes, head-
ache, sleep disturbances, and muscle and joint pain persisted in a sample
of 3762 patients from 56 countries (Davis et al., 2020). The symptoms
observed were similar to those of chronic fatigue syndrome/myalgic
encephalomyelitis (CFS/MS) (Fukuda et al., 1994; Wong and Weitzer,
2021), persistent and disabling, with considerable social and economic
repercussions (Nacul et al., 2020). Interestingly, fatigue and cognitive
dysfunction such as brain fog, memory-related problems, attention, and
sleep disturbances are persistent and more common in the long term

Common Manifestations Long COVID-19 and Syndrome Post-Covid-19
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Fig. 1. Common and persistent manifestations after COVID-19. Legend: Main manifestations and late sequela of COVID-19 between three and six months or more.

Source: Author (2022).
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Fig. 2. Practical examples of fatigue and fatigability assessment. Legend: Fatigue is the subjective perception of physical and/or mental tiredness/strain/weakness in
symptom assessment questionnaires. Fatigability is a measure of fatigue represented by reduced physical and/or cognitive impairment. The walking test predicts an

essential measure of fatigue, reduced grip strength, and cognitive impairment.
Source: Author (2022).

(between six months or more) than in the medium term (less than six
months) for hospitalized and non-hospitalized patients. In addition, the
frequency of anxiety and depression increases in the medium and long
term (Premraj et al., 2022).

COVID-19 can cause relatively severe and more prolonged symptoms
associated with post-viral fatigue than other respiratory tract viral in-
fections (Gaber, 2021). A high prevalence of impaired skeletal muscle
strength and reduced physical performance has been observed in hos-
pitalized patients recovering from COVID-19 without prior locomotor
impairment (Paneroni et al., 2021). Apathy, executive function deficits,
and cognitive impairments were confirmed after neuropsychological
and neurophysiological tests were performed on post-COVID-19 patients
(Ortelli et al., 2021). Fatigue may modify motor and cognitive strategies
to protect the body and prevent further damage (Glass et al., 2004). The
perception of affected individuals in simple mental tasks requiring
substantial effort indicates that the patients need more significant effort,
showing a greater number of brain regions being used in processing
auditory and spatial cognitive information (Lange et al., 2005).

Previously productive individuals with stable clinical conditions may
present with chronic conditions after infection with the virus, thereby
increasing the demand for healthcare services. Considering the persis-
tence of fatigue due to MERS, approximately 48% after 12 months and
32% after 18 months, and due to SARS, approximately 40% after 3.5
years (Ahmed et al., 2020), it is expected that after COVID-19 infection,
there is also a high prevalence of fatigue and other neuropsychological
sequelae with the need for treatment in this population (Malik et al.,
2022). The follow-up of patients after the acute phase of the disease
showed chronicity in functionality and the consequent socioeconomic
delay that these limitations may generate (Willi et al., 2021). In Toronto,
patients infected with SARS in 2003 could not return to work one year
after the illness because of persistent fatigue, diffuse myalgia, weakness,
and depression (Moldofsky and Patcai, 2011). COVID-19 patients still
experience pain, mobility impairment, anxiety, and depression for a
year (L. C. Huang et al., 2021; L. Huang et al., 2021). These sequelae
create the need for chronic treatment, which financially impacts peo-
ple’s lives (Graves et al., 2021). Approximately 60 million unemploy-
ment insurance claims were filed in the USA; the estimated cost of lost
output and reduced health was $16 trillion (Cutler and Summers, 2020).

3. Physiopathological mechanism: neuroinflammation and
fatigue

The pathophysiological process arising from SARS-CoV-2 infection
can cause inflammation in the CNS and peripheral nervous system (PNS)
(Hu et al., 2020; Mao et al.,, 2020). Commonly, neurological and
neuropsychiatric symptoms are the main manifestations in hospitalized
patients, even after six months or more of diagnosis (Premraj et al.,
2022). These manifestations may result from factors such as lung injury
and systemic alteration with sepsis, organ failure, encephalopathy, the
consequences of an immune-mediated inflammatory response, and
neurological manifestations caused by direct CNS and PNS involvement
(Pezzini and Padovani, 2020).

Human neurons, astrocytes, oligodendrocytes, and endothelial cells
express angiotensin-converting enzyme 2 (ACE2) in the medial temporal
gyrus and posterior cingulate cortex and poorly in the hippocampus
(Chen et al., 2021). After infection, the virus spreads rapidly through the
CNS (Netland et al., 2008) and other tissues because host ACE2 is the
receptor for binding the spike protein of SARS-CoV-2 and is expressed in
the lungs, intestines, kidneys, brain, and blood vessels (Wan et al.,
2020). Coronavirus crosses the blood-brain barrier through the olfactory
nerves through the cribriform plate (Guo et al., 2008; Hives et al., 2017,
Kida et al., 1993; Moldofsky and Patcai, 2011), as confirmed in trans-
genic mice expressing the human ACE2 receptor in epithelial cells. Ge-
netic material and proteins of SARS-CoV-2 have been detected in the
CNS of postmortem patients, with pronounced neuroinflammation in the
brainstem (TC) (Matschke et al., 2020). Viral infection causes neuronal
and glial damage and contributes to the development of neurological
diseases (Giraudon and Bernard, 2010).

SARS-CoV-2 stimulates the host immune system to release cytokines
and subsequent inflammation and immune dysfunction through the
activation or impairment of various immune cells such as dendritic cells,
natural killer cells, macrophages, and neutrophils. This process can lead
to flu-like symptoms and then to septic shock (Brenu et al., 2010; Lor-
usso et al., 2009). In addition, inflammation-induced delirium contrib-
utes to different symptoms and sequelae (Proal and VanElzakker, 2021;
Wan et al., 2020).

The two routes viruses can enter the CNS are hematogenous and
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retrograde dissemination (Fig. 3). In the first case, there is direct viral
infection of the endothelium, accumulation of inflammatory mediators,
and movement across the blood-brain barrier. In the second case, there
is the involvement of peripheral nerves, transport through axonal fibers,
and entry into the CNS (Berth et al., 2009; Ellul et al., 2020; Hu et al.,
2020; Tadecola et al., 2020; McGavern and Kang, 2011). The "Trojan
Horse" mechanism is also described, with infection of leukocytes by the
virus and entry into the brain through the paracellular route (Galea
et al., 2022; Hu et al., 2020). Coronaviruses can also enter the cardio-
respiratory center through mechanoreceptors and chemoreceptors in the
airway (Desforges et al., 2019; Roman et al., 2020). Olfactory dysfunc-
tion indicates neural invasion of the CNS by the olfactory bulb (Mein-
hardt et al., 2021), which has also been observed in animal models
(Netland et al., 2008).

There is evidence of the mechanisms of post-viral fatigue in COVID-
19 patients. Versace et al. (2021) and Ortelli et al. (2021) demonstrated
impairment of intracortical GABAergic circuits associated with the pri-
mary motor cortex (M1) in post-COVID-19 patients with persistent fa-
tigue and cognitive dysfunction (Ortelli et al., 2021; Versace et al.,
2021). According to the authors (Versace et al.,, 2021), neuro-
inflammation with activated microglial and astrocytic cells induces
more neural cytokines (Kwon and Koh, 2020) that may probably cause
GABAergic dysfunction and fatigue (Versace et al., 2021). Interestingly,
patients had high levels of IL-6 and PCR in the acute phase of the disease,
which is responsible for systemic inflammation. Furthermore, a previous
study on an animal model suggests that the hyperinflammatory state
induced by IL-6 can reduce the density of functional GABA receptors,
thereby causing an imbalance between inhibition and synaptic excita-
tion (Garcia-Oscos et al., 2012).

A significant review study with meta-analysis (Ceban et al., 2021)
demonstrated that fatigue and cognitive impairment (CG) are common
manifestations of "post-COVID-19 syndrome" or "long Covid-19". In

Retrograde Spread
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subgroup analysis, a higher proportion of fatigue and CG was observed
for females (46% fatigue and 56% CG) than for males (30% fatigue and
35% CG); however, there was no significant difference between genders.
In addition, there was also no difference in the proportion of hospital-
ized (36% fatigue and 30% CG) and non-hospitalized (44% fatigue and
20% CG) patients. There was no difference in the proportion of those
with less (33% fatigue and 22% CG) or more than six months (31% fa-
tigue and 21% CG) of persistency after the diagnosis of COVID-19.
Notably, there was a high level of heterogeneity for fatigue (I2 =
99.1%) and CG (I2 = 98.0%), although a reduction was observed in
subgroup analysis.

Clinical data from patients hospitalized with COVID-19 have
demonstrated that changes associated with the CNS, PNS, and muscu-
loskeletal systems are common (Bungenberg et al., 2022; Galea et al.,
2022; Mao et al., 2020). Substantial neurological and psychiatric mor-
bidities have been observed for approximately six months after infection
(Taquet et al., 2021). Advanced age, comorbidities, and disease severity
can predict neurological manifestations (Pilotto et al., 2021). Above all,
even if neurological manifestations and cognitive decline are associated
with severe and critical patients, those not hospitalized and with a mild
and moderate disease also show significant long-term impairments
(Goeértz et al., 2020; Hellmuth et al., 2021; Salamanna et al., 2021).

Female sex increases the risk for persistent post-COVID-19 fatigue
(Fernandez-De-las-penas et al., 2022; L. C. Huang et al., 2021; L. Huang
et al., 2021). Compared to males, females have an odds ratio (OR) of
1.43 (95% CI 1.04-1.96) for fatigue at 12 months post-COVID-19(L. C.
Huang et al., 2021; L. Huang et al., 2021). Similarly, a meta-analysis of
studies on COVID-19 survivors showed greater self-reported fatigue in
women after hospital admission, with an OR of 1.78 (95% CI 1.53-2.87)
(Rao et al., 2022). This high probability of fatigue after COVID-19 per-
sists in non-hospitalized women(Stavem et al., 2021).

The reasons females experience more persistent symptoms than
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Fig. 3. Mechanisms of entry of Sars-Cov-2 into the nervous system. Legend: The two routes of SARS-CoV-2 infection in the nervous system (hematogenous and
retrograde) are possible pathogenic mechanisms. A cytokine storm is a condition that contributes to the development of symptoms.

Source: Author (2022).
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males remain unclear, but they contribute to greater psychological
stress, higher levels of anxiety and depression, worse sleep quality, and
inflammatory response(Fernandez-De-las-penas et al., 2022; Rudroff
et al., 2022). Females with COVID-19 seem to have a different inflam-
matory condition than males, associated with persistent fatigue. A
significantly lower number of interleukin 2 (IL-2) and interferon-gamma
(IFN-y) producing T cells were observed in tired women(Meisinger et al.,
2022). Interleukin 6 (IL-6) levels were also higher in cases with fatigue,
although within the normal range. Compared to men, however, IL-6
levels were higher in the presence of post-COVID-19 viral fatigue
(Ganesh et al., 2022). More research is needed to understand better the
role of IL-6 in post-COVID-19 fatigue(Rudroff et al., 2022).

Fatigue is a special feature in COVID-19 as it stems from the SARS-
CoV-2 infection itself, but it can also be a manifestation of underlying
psychological disorders(Morgul et al., 2021; Rudroff et al., 2020; Ruiz
et al.,, 2022). COVID-19 is responsible for neuropsychiatric sequelae
associated with persistent fatigue(Mazza et al., 2021), but the psycho-
logical impact of the pandemic itself was responsible for stress, anxiety,
and depression in the general population(Passavanti et al., 2021; Wang
et al., 2020). Fear, restrictive measures, and social isolation resulting
from the pandemic are related to physical and mental fatigue(Morgul
et al., 2021). Stress, physiological or psychological, is a predisposing
factor to the development of fatigue(Chaudhuri and Behan, 2004; Kato
et al., 2006). As for fear, a 23.1% prevalence of post-traumatic stress
disorder (PTSD) was demonstrated within 3 months after COVID-19
(Zeng et al., 2022), similar to the prevalence of PTSD (23.0%) observed
in other infectious disease pandemics(Yuan et al., 2021). The outbreak
of a highly transmitted infectious disease causes stress and anxiety,
which can lead to depression(Yuan et al., 2021). Furthermore, there is a
correlation between fatigue in COVID-19 and a previous history of
anxiety and depression(Joli et al., 2022). Anhedonia has been observed
in fatigued participants after SARS-CoV-2 infection(El Sayed et al.,
2021). However, the correlation between depression and persistent fa-
tigue in COVID-19 is not fully understood(Townsend et al., 2020b).

Chronic pain is another common manifestation in patients with
COVID-19 with long-term fatigue and depressed mood(L. C. Huang
etal., 2021; L. Huang et al., 2021; Janbazi et al., 2022). These conditions
are indeed described following viral infections(Clauw et al., 2020). Pain
and fatigue have subjective characteristics and can be caused by phys-
ical or psychological factors(Clauw et al., 2020). Although there is an
association between pain and fatigue, the causal association is not fully
clarified(Fishbain et al., 2003). These findings demonstrate the need to
evaluate different constructs in patients with persistent post-COVID-19
fatigue and understand the factors associated with the physical,
mental, and psychological aspects of fatigue(Calabria et al., 2022).

4. Fatigue assessment methods in COVID-19: a multifaceted
view

We should consider that the COVID-19 pandemic is an atypical sit-
uation needing emerging diagnosis and treatment, which explains the
lack of evidence on the validation of measurement instruments for
chronic manifestations of the disease, such as post-viral fatigue. In-
strument validation has an important gap in fatigue’s pathophysiolog-
ical and pathogenic mechanisms (Aaronson et al., 1999; Tyson and
Brown, 2014), especially in post-viral fatigue due to COVID-19.

Problems frequently found are low-quality results or bias in research
completion due to the limited selection of measurement instruments
(Machado et al., 2021). Construct-specific assessment methods are
essential, considering the instrument’s reliability, validity, and respon-
siveness (Mokkink et al., 2016). Ceban and colleagues’ review (Ceban
et al., 2021) used specific methods for the construct "fatigue." They
obtained a higher proportion of individuals manifesting the symptom
compared to a lower proportion obtained in studies that used
non-specific methods such as self-report and dichotomous questions.

Chaudhuria and Behan. (2004) described fatigue as subjective and
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characterized it as difficulty initiating or maintaining voluntary activ-
ities (Chaudhuri and Behan, 2004). Therefore, it can be considered a
debilitating and non-transitory condition of physical and mental fatigue,
characterized by muscle weakness and lack of energy, altered concen-
tration, sluggishness, and drowsiness (Marcora et al., 2009). Thorsten
Rudroff and colleagues (2020) described fatigue as "decreased physical
and/or mental performance" and proposed a model that could theoret-
ically explain the mechanisms of fatigue in COVID-19 patients (Rudroff
et al., 2020). According to the authors, central, psychological, and pe-
ripheral factors may be associated with pathophysiological mechanisms.
The central factors are associated with the possible neuroinvasive
mechanism, inflammation, demyelination, neurotransmitter changes,
and psychological mechanisms associated with stress, fear, anxiety, and
depression observed in these patients. Finally, peripheral factors are
directly associated with the musculoskeletal system due to pain and
muscle weakness (Rudroff et al., 2020).

This phenomenon encompasses different aspects, and a robust
assessment may explain, in part, possible sites of fatigue manifestation
in these patients. Our research group has studied post-viral fatigue due
to COVID-19 from different perspectives and with different measure-
ment instruments to assess physical and mental performance, ques-
tionnaires for symptom assessment, and standardized tests for assessing
cognitive function (Campos et al., 2021). The following instruments
evaluate fatigue in physical, cognitive, and symptomatic aspects.

4.1. Structured questionnaire for fatigue assessment

Structured questionnaires are widely used to assess fatigue as a
symptom that affects physical, mental, cognitive, and emotional func-
tions, motivation, and activities of daily living (Tyson and Brown, 2014).
Unidimensional instruments focus on assessing the severity of fatigue
and are usually faster and easier to apply. However, they are limited in
their ability to interpret the range of factors that may be associated with
the manifestation of the symptom because they assess only one dimen-
sion (Whitehead, 2009). Among these instruments, the Functional
Assessment of Chronic Illness Therapy-Fatigue (FACIT), Brief Fatigue
Inventory, Visual Analog Scale-Fatigue, Fatigue Severity Scale, and Fa-
tigue Impact Scale have been used to assess the construct (Machado
etal., 2021; Tyson and Brown, 2014). Multidimensional instruments can
investigate different physical, emotional, cognitive, behavioral, and af-
fective domains (Whitehead, 2009). In this group, the individual
strength checklist, Piper Fatigue Scale, Multidimensional Fatigue In-
ventory, and Chalder Fatigue Questionnaire are widely used in ran-
domized clinical trials (Chalder et al., 1993; Daynes et al., 2021; Kim
et al., 2020; Machado et al., 2021; Smets et al., 1995; Tuzun et al., 2021;
Tyson and Brown, 2014).

Table 1. presents the unidimensional and multidimensional ques-
tionnaires that have been used to assess fatigue in COVID-19 patients,
including the Chalder Fatigue Questionnaire (Elanwar et al., 2021;
Stavem et al., 2021; Townsend et al., 2021a, 2021b; Tuzun et al., 2021),
Fatigue Severity Scale (Leite et al., 2022), Multidimensional Fatigue
Inventory (Morin et al., 2021), FACIT (Evans et al., 2021), Brief Fatigue
Inventory (Stallmach et al., 2022), Checklist Individual Strength (Hee-
sakkers et al., 2022; Van Herck et al., 2021), and Visual Analog Scale —
Fatigue and modified BORG scale (Cortés-Telles et al., 2021; Daher
etal., 2020; Paneroni et al., 2021). In addition, the presence of fatigue in
activities of daily living has been assessed using the Pulmonary Func-
tional Status and Dyspnea Questionnaire (PFSDQ-M) (Campos et al.,
2021; Carter et al., 2022)

4.2. Cognitive function in the assessment of mental fatigue

Mental fatigue manifests as impaired cognitive function (Ishii et al.,
2014; Jonasson et al., 2018). In addition, impaired cognitive and exec-
utive functions have been demonstrated in post-COVID-19 patients
(Ortelli et al., 2021; Versace et al., 2021). Attention (Ortelli et al., 2021)
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Table 1
Unidimensional and multidimensional questionnaires used to assess fatigue in
COVID-19.
Instrument Description Findings in COVID-19
Unidimensional

Functional Assessment
of Chronic Illness
Therapy - Fatigue
(FACIT)

Brief Fatigue Inventory

Visual Analog Scale —
Fatigue

Fatigue Severity Scale

Fatigue Impact Scale

Modified BORG Scale

Multidimensional
Checklist Individual
Strength

Piper Fatigue Scale

Multidimensional
Fatigue Inventory

It has 13 items assessing
the perception of fatigue
related to the last seven
days and the answers are
given on a Likert scale
from O to 4 points (Cella
et al. 2002).

It has an item about
fatigue of the last week
(yes or no). There are
three rating items with
scores from 0 to 10 for
fatigue severity at "now",
"usual" and "worst" times.
And six items that assess
the impact of fatigue over
the past 24 h(Y. W. Chen,
Coxson, and Reid 2016).
Visual analog scale that
assesses the severity of
fatigue in a numerical
measure from 0 to 10
(Tseng, Gajewski, and
Kluding 2010).

It assesses the severity of
fatigue on nine items
referring to perceived
fatigue over the past two
weeks. Each item is
scored from 1 (strongly
disagree) to 7 points
(strongly agree)(Krupp
and Pollina 1996).

It assesses the impact of
fatigue on subjects’
functional limitation in
the last month. Recently
adapted (modified
version) to be responsive
to daily use with eight
items ranging from O to 4
points(Fisk and Doble
2002).

Assesses the perception
of fatigue on a scale of
0-10 points(Borg et al.
2010).

It consists of a 20-item
instrument with four
domains (subjective
fatigue, motivation,
activity and
concentration), referring
to the last two weeks
(Vercoulen et al. 1994).
It assesses behavioral,
affective, sensory, mood-
related, and cognitive
aspects. The revised
version has 22 items with
Likert-type responses
ranging from O to 10
(Reeve et al. 2012).

A 20-item instrument for
assessing general fatigue,
physical fatigue, mental

The mean total score for
fatigue was 16.8 (13.2)
points among the 1036
subjects at the seventh
month after
hospitalization for
COVID-19(Evans et al.,
2021).

Fatigue present up to 163
days after COVID-19,
assessed in 315 (93.2%)
of 338 patients
hospitalized for COVID-
19, of whom 150
(47.6%) had moderate
fatigue (4-6 points)
(Stallmach et al., 2022).

The mean score for
physical fatigue was 8
points and 7 for mental
fatigue in 150 subjects
hospitalized for COVID-
19(Tuzun et al., 2021).
Of the 124 subjects
evaluated, 71(57%) had
relevant fatigue at
hospital discharge (> 4
points) post-COVID-19
(Leite et al., 2022).

NE

In the walk test,
perceived fatigue was on
average 1.9 (1.8) points
in a sample of 186
subjects who underwent
hospitalization for
COVID-19(Cortés-Telles
et al., 2021).

138 (56.1%) of 246
patients who had been in
an Intensive Care Unit
had abnormal fatigue (27
points or more) up to one
year after (Heesakkers

et al., 2022).

NE

Patients who were
hospitalized for COVID-
19 had persistent fatigue

Table 1 (continued)
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Instrument

Description

Findings in COVID-19

Unidimensional

Chalder Fatigue
Questionnaire

Pulmonary Functional
Status and Dyspnea
Questionnaire
(PFSDQ-M)

fatigue, reduced activity,
and reduced motivation.
The score is given for
each domain and ranges
from 4 to 20 points
(Smets et al., 1995).
11-item instrument that
assesses the domains
mental fatigue and
physical fatigue and each
item is scored from O to 3
points (Chalder et al.,
1993).

Assesses the impact of
fatigue on the activities
of daily living in a
domain ranging from O to
100 points(Lareau, Meek,

with high scores in the
domain of reduced
motivation and mental
fatigue(Morin et al.,
2021).

Fatigue was present in
120 (80%) of 150
subjects (Tuzun et al.,
2021).

The post-viral fatigue
burden in
post-COVID-19 patients
was high with a mean
total score of 15.1 (5.0)
points (out of 33)
(Stavem et al., 2021).
Fatigue had a positive
association with
functional status (

r = 0.491, p = 0.045)
among participants with

and Roos 1998). COVID-19(Carter et al.,

2022).

Legend: NE (NOT EVALUATED).

and memory (Bungenberg et al., 2022; Molnar et al., 2021) are the most
commonly affected functions.

The cognitive function of COVID-19 patients has been evaluated
using different measuring instruments, as shown in Table 2. The d2 test
of attention revised (d2-R) was used in a cohort study of hospitalized
patients, and cognitive impairment was defined as an impaired score
(Morin et al., 2021). In addition, many studies (Aiello et al., 2022;
Alemanno et al., 2021; Bonizzato et al., 2022; Bungenberg et al., 2022;
Daynes et al., 2021; Evans et al., 2021; Patel et al., 2021; Raman et al.,
2021; Stallmach et al., 2022) have assessed cognitive function using the
Montreal Cognitive Assessment (MoCA), developed for screening
assessment of cognitive impairment and widely recognized (Nasreddine
et al., 2005). The Mini-Mental State Examination is also a commonly
used instrument for detecting impairments in cognitive function (Aiello
et al., 2022; Alemanno et al., 2021; Damiano et al., 2022).

Becker et al. (2021) used tests to assess memory and attention using
the number span forward, trail making test, and Hopkins Verbal
Learning Test-Revised (Becker et al., 2021). Vannorsdall et al. (2021)
also used the Trail Making Test and Rey Auditory Verbal Learning Test
(RAVLT) (Vannorsdall et al., 2021). The RAVLT was also used in the
study by Garcia-Molina et al. (2021) (Garcia-Molina et al., 2021).

Tests adapted for online use are also described. Zhao et al. (2022)
assessed aspects of cognition such as memory, attention, motor control,
planning, and verbal reasoning skills in a sample of 64 COVID-19 pa-
tients (Zhao et al., 2022). Zhou et al. (2020) used iPad-based online
neuropsychological testing (Zhou et al., 2020).

4.3. Physical performance in physical fatigue assessment

Physical fatigue is a condition of reduced physical performance and
strength. Because of the difficulty initiating or maintaining voluntary
motor activities (Chaudhuri and Behan, 2004; Marcora et al., 2009;
Rudroff et al., 2020), the assessment of muscle strength, endurance, and
performance in physical tests has been performed using various in-
struments in post-COVID-19 patients (Table 3).

The Incremental Shuttle Walt Test ISWT) and the six-minute walk
test (BMWT) are widely accepted field tests used in patients with res-
piratory diseases, and the primary endpoint of both is the distance
walked (Holland et al., 2014). Regarding COVID-19, studies using the
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Table 2

Cognitive function assessment instruments used in COVID-19.

Table 3
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Physical performance fatigability assessment instruments used in COVID-19.

Instrument

Description

Findings in COVID-19

Instruments

Descriptions

Findings in COVID-19

d2-R test

Montreal Cognitive
Assessment (MoCA)

Mini Mental State
Examination

Rey
Auditory—Verbal
Learning Test
(RAVLT)

Number Span
Forward

Trail Making Test

Hopkins Verbal

Learning
Test-Revised

Focused and sustained
attention assessment
instrument (Brickenkamp, R.,
Schmidt-Atzert, L. 2010).

Tool used for cognitive
screening and detection of
mild cognitive impairment
(<26 out of 30 points). It has
an assessment of 6 cognitive
domains: executive functions;
visuospatial abilities; short-
term memory; language;
attention, concentration and
working memory; and
temporal and spatial
orientation(Nasreddine et al.,
2005).

Cognitive function evaluation
with performance ranging

from 0 to 30 points (Folstein,
Folstein, and McHugh 1975).

Neuropsychological test for
the evaluation of cognitive
function. Assesses episodic
memory(Moradi et al. 2016).

Attention and working
memory assessment (Becker
et al., 2021).

Executive function test with
divided attention assessment
(Llinas-Regla et al. 2017).
Cognitive assessment test -
verbal episodic memory
(Benedict et al. 1998).

Cognitive impairment
(defined as an impaired
d2-R score) was
observed in 61 (38.4%)
of 159 patients who
were hospitalized for
COVID-19 with
persistent fatigue(Morin
et al., 2021).

A total of 124 (16.2%)
of 767 patients with
mild to very severe
disease showed
cognitive impairment
(score <23) up to six
months after(Evans

et al., 2021).

Up to 80% of 87 subjects
in rehabilitation for
COVID-19 sequelae had
cognitive dysfunction
(Alemanno et al., 2021).
Cognitive dysfunction
(<26 points) was
observed in 23.5% of
355 patients with
COVID-19 sequelae
(Stallmach et al., 2022).
Data from 100 patients
with COVID-19 sequelae
demonstrated a mean
score of 27 (3.36) and
28.22 (1.94)(Aiello

et al., 2022).

Up to 67% of patients
showed cognitive
impairment 4 months
after COVID-19
(Vannorsdall et al.,
2021).

The authors detected a
high prevalence of
cognitive impairment in
patients up to six
months after COVID-19
(Becker et al., 2021).

Six-Minute Walk Test
(6MWT)

Incremental Shuttle
Walk Test (ISWT)

Short Physical
Performance Battery
(SPPB)

Maximum Voluntary
Isometric
Contraction

Hand Grip

Electromyography

Functional capacity test.
The main outcome is the
assessment of distance
traveled(Singh et al.
2014).

Exercise capacity test,
with progressive walking
and guided by sound
signals. The primary
endpoint is the assessment
of distance walked(Singh
et al. 2014).

Lower-limb physical
performance. Evaluation
of balance, gait speed and
lower limb strength
(Guralnik et al., 1994).

Maximal voluntary
isometric strength
evaluation test(Meldrum
et al. 2007).

Dominant hand grip
strength test(Bohannon
2015).

Evaluation of muscle
electrical activity (Kane
and Oware 2012).

147 (12%) of 1248
patients at 1 year after
COVID-19 were below the
lower limit of normal(L.C.
Huang et al., 2021; L.
Huang et al., 2021).

The average distance for
patients with COVID-19
sequelae referred for
rehabilitation was 300
(198) meters(EnyaDaynes
et al., 2021).

53 patients (22.3%) of 238
had impaired physical
performance 4 months
after hospital discharge for
COVID-19(Bellan et al.,
2021).

Muscle weakness of the
quadriceps and biceps was
observed in 86% and 76%
of 41 patients without pre-
COVID-19 disabilities
(Paneroni et al. 2021a).
The mean strength value
observed in 73 female
patients was 21.83 kg and
in 77 male patients was
36.93. For females with a
history of severe COVID-
19 the grip strength was
lower when compared to
non-severe cases(Tuzun

et al., 2021).

Of the 20 patients with
persistent fatigue from
COVID-19, 11 (55%)
showed changes in
electrical activity
compatible with
myopathy(Agergaard

et al., 2021).

(Agergaard et al., 2021; Gonzalez-Izal et al., 2012; Schillings et al.,
2003; Vgllestad, 1997) are some of the tests described.

5. Practical considerations and perspectives

ISWT (Campos et al., 2021; Daynes et al., 2021; Evans et al., 2021) have
been conducted, in addition to 6MWT (Bellan et al., 2021; Carenzo et al.,
2021; Eksombatchai et al., 2021; C. L. Huang et al., 2021; C. Huang
et al., 2021; L. C. Huang et al., 2021; L. Huang et al., 2021; Salles-Rojas
et al.,, 2021). Above all, unlike the 6MWT, the ISWT is a progressive
walking test guided by audible beeps and controlled walking speed
(Holland et al., 2014).

A short physical performance battery (SPPB) has also been used
(Bellan et al., 2021; Evans et al., 2021). This test assesses balance, gait
speed, and lower-limb strength. The score is calculated by the sum of the
assessment of the three components and can range from O to 12 points,
with the classification of functional capacity as poor (0-3 points), low
(4-6 points), moderate (7-9 points), or good (10-12 points) (Guralnik
et al., 1994).

Other physical tests have been described for assessing muscle fa-
tigue, which may also be an exciting tool for measuring physical per-
formance in COVID-19 patients. The Maximal Voluntary Isometric
Contraction (MVC) (Paneroni et al., 2021) and submaximal strength
assessment (Lou, 2012; Vgllestad, 1997), handgrip strength (Jakel et al.,
2021; Roberts et al., 2011; Tuzun et al., 2021), and electromyography

Data from literature converge on the assumption that fatigue is a
complex phenomenon. Various measurement instruments can be used to
assess fatigue at different sites. We conclude that post-viral fatigue in
post-COVID-19 patients can be assessed not only by self-reported and/or
directly assessed symptom perception but also by reduced physical and/
or cognitive performance. Follow-up on sequela in patients is essential to
identify long-term manifestations and their impact on the quality of life
of affected patients (Singh et al., 2020). These assessments could assist
the scientific community in clinical research and clinical staff in treat-
ment strategies.

The strength of this review is the implication of the instruments that
may be used to assess fatigue and its different sites of manifestation in
patients affected by COVID-19. We further understand that a starting
point has been established for validation studies of instruments in this
population. Assessments using standardized research instruments are
important because research methodologies must remain in agreement to
obtain more robust conclusions.
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