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Abstract

Fatigue is the most common symptom of Long-COVID (LC), characterized by persistent or new
symptoms occurring at least three months after the initial SARS-CoV-2 infection, with no other
identifiable cause. This study aims to assess the prevalence of Myalgic Encephalomyelitis/Chronic
Fatigue Syndrome (ME/CFS) as a condition associated with LC. The study included 37 adult controls
without SARS-CoV-2 infection and 32 cases with a history of infection, categorized into two groups:
LC-yes and LC-no. ME/CFES was diagnosed using the International Consensus Criteria. The most
frequent symptoms of LC included post-exertional malaise (PEM), neurosensory, perceptual, or
motor disturbances, cognitive impairments, sleep disturbances, pain, loss of thermoregulatory
stability, and flu-like symptoms, with significant differences compared to the other groups. PEM was
reported in all LC-yes cases. ME/CFS was diagnosed in 18.8% of the LC-yes group, 6.7% of the LC-
no group, and 10.8% of controls, with no significant differences. Experiencing more than six
symptoms during acute infection—such as tiredness, loss of taste, fatigue, loss of smell, headache,
fever, cough, myalgia, sore throat, dyspnea, rhinorrhea, and diarrhea—doubled the likelihood of
developing LC. Experiencing at least six symptoms during the acute infection further increased the
likelihood of developing LC. A high proportion of LC cases exhibited PEM, neurosensory,
perceptual, or motor disturbances, cognitive impairments, and sleep disturbances, with significant
differences compared to the control and LC-no groups. However, only 18.8% of LC cases met the ICC
criteria for ME/CFS diagnosis, showing no significant difference from the LC-no and control groups.

Keywords: SARS-CoV-2; Long-COVID; myalgic encephalomyelitis/chronic fatigue syndrome;
chronic fatigue syndrome; fatigue

1. Introduction

In December 2019, Wuhan, China, saw a surge in pneumonia cases that spread globally. Due to
their similarity to severe acute respiratory syndrome (SARS) caused by the 2003 SARS-CoV-1[1]
virus, these cases were attributed to a new virus, SARS-CoV-2. Since then, around 770 million cases
and over 7 million deaths have been confirmed.[2] The World Health Organization defines Long-
COVID (LC) as the persistence or emergence of new symptoms lasting more than three months after
the initial infection, with no apparent cause.[3] The U.S. Centers for Disease Control and Prevention
describes LC as a range of new, returning, or ongoing health issues that last more than four weeks
after a person has been infected with SARS-CoV-2.[4]

In the United States, survey data indicate that approximately 7% of adults have experienced LC,
impacting millions globally.[5] Initially, symptoms like cognitive impairment, neuromuscular issues,
depression, and fatigue were attributed to post-intensive care syndrome. However, this theory faced
challenges when similar symptoms arose in tens of thousands of patients from the pandemic's first
wave, many of whom had mild symptoms and never required hospitalization.[5]
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LC is a multifactorial condition characterized by debilitating new or persistent symptoms,
including post-exertional malaise (PEM), fatigue, and cognitive impairment ("brain fog"). Pathological
features in LC, such as changes in the immune, cardiovascular, metabolic, gastrointestinal, nervous,
and autonomic systems, overlap with those of Myalgic Encephalomyelitis/Chronic Fatigue Syndrome
(ME/CEFS). Given current evidence, many LC patients may eventually meet the diagnostic criteria for
ME/CEFS.[6,7]

ME/CFS is primarily characterized by PEM, severe fatigue, cognitive impairment, unrefreshing
sleep, myalgia, polyarthralgia, headache, and autonomic dysfunction, all of which significantly affect
daily life.[8-10] The potential link to LC is widely speculated, as not all LC patients meet the criteria
for ME/CFS.[8] Symptoms, such as PEM, fatigue, and sleep disturbances in LC may also result from
viral infections, known as post-viral fatigue syndrome (PVEFS). Given these overlaps, it's unsurprising
that LC symptoms may either represent an isolated condition or align with PVES or ME/CFS.[11]

LC and ME/CEFS share significant overlaps in symptoms and underlying mechanisms. These
similarities are so pronounced that many researchers now hypothesize that LC may serve as a trigger
for ME/CFS in susceptible individuals or might even represent a post-viral subset within the broader
ME/CEFS spectrum.

Several criteria exist for diagnosing ME/CFS. The Fukuda criteria [12], used for many years, omit
some common symptoms. The more recent International Consensus Criteria (ICC) [8], based on the
Canadian Consensus Criteria, offer a more comprehensive approach by emphasizing the condition's
multi-system nature and removing the 6-month symptom duration requirement, which addresses
these gaps.

The aim was to apply the ICC criteria [8] to a group of subjects without known SARS-CoV-2
infection and compare it with two groups of SARS-CoV-2 patients: one without symptoms and the
other with new or persistent symptoms after 6 months.

2. Methods

2.1. Subjects and Patients

From July 2021 to June 2024, we randomly selected and evaluated adult control subjects and
patients of both sexes from our medical school and teaching hospital. Patients with a history of SARS-
CoV-2 infection were divided into two gender-balanced groups: the LC-no (asymptomatic) group
and the LC-yes group (with persistent or new symptoms six months after the acute infection).
Inclusion criteria required a symptomatic SARS-CoV-2 infection confirmed by a positive polymerase
chain reaction (PCR) test or the presence of antibodies. Exclusion criteria for the patients included:
(a) ICU admission for ventilatory support, (b) a history of neuromuscular diseases, (c) prior persistent
fatigue, and (d) chronic systemic conditions such as diabetes or chronic kidney disease.

2.2. Myalgic Encephalomyelitis/Chronic Fatigue Syndrome Score

ME/CFS was diagnosed according to the ICC [8] (Table 1) if the individual experienced PEM
(domain A) and showed at least one symptom from each of the domains B, C, and D. The severity of
PEM was evaluated by scoring the five subcategories (Table 1) as follows: (0) no symptoms, (1)
occasionally, (2) about half the time, (3) most of the time, and (4) continuous symptoms. The ICC [8]
aids in identifying severe cases of ME/CFS by outlining the clinical benchmarks used to assess fatigue,
sleep disturbances, cognitive impairments, and dysfunctions in the autonomic nervous,
neuroendocrine, and immune systems.

Table 1. The International Consensus Criteria [8] for Myalgic Encephalomyelitis/Chronic Fatigue Syndrome

diagnostic score.

Domain A Post-exertional malaise (PEM) and persistent and debilitating fatigue

a. Minimal exercise with disproportionate tiredness
b. Exhaustion after light activity
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c. Pain after non-strenuous activities
d. Feeling "dead tired" after exercise
e. Mentally tired after a small activity

Domain B Neurological impairment

a. Neurocognitive impairments
b. Pain
c. Sleep disturbance
d. Neurosensory, perceptual, and motor disturbances

Domain C Immune, gastrointestinal, and genitourinary impairments

a. Flu-like symptoms
b. Susceptibility to viral infections with prolonged recovery periods
c. Gastrointestinal tract symptoms
d. Genitourinary symptoms
e. Sensitivities to food, medications, odors, or chemicals

Domain D Energy production and transportation impairments

a. Cardiovascular symptoms
b. Respiratory symptoms
c. Loss of thermoregulatory stability
d. Intolerance of extreme temperatures

As this study investigated a medical condition (ME/CFS) that lacks a definitive biological
marker, it relied on structured questionnaires based on the ICC.[8] To ensure consistency and
accuracy, all interviews were conducted in person by the same researcher (one of the authors, CRG).
Each interview took place in a comfortable setting, lasted approximately 30 minutes, and followed a
standardized set of questions that were applied uniformly across all participant groups. The
interviewer ensured that each participant clearly understood the questions before responding. All
participants had an educational level sufficient to comprehend and accurately answer the
questionnaire.

2.3. Clinical Summary

Thirteen symptoms of acute SARS-CoV-2 infection were documented, including fever, cough,
sore throat, runny nose, shortness of breath, phlegm, muscle pain, tiredness, fatigue, headache,
diarrhea, and loss of smell and taste.

Tiredness is a nonspecific term that refers to a subjective feeling of lacking energy or
experiencing exhaustion. It can stem from various physiological, psychological, or environmental
causes. Fatigue is a persistent and subjective sensation of physical, mental, or emotional exhaustion
that is disproportionate to recent activity and is not relieved by rest. Unlike tiredness, it often
indicates an underlying medical, psychological, or physiological condition. However, in clinical
anamnesis, it appears to be the same. We consider fatigue when there is no relief from rest.

2.4. Statistics

Descriptive statistics for continuous variables were reported as the mean and standard deviation
(SD) for normally distributed data and as the median and percentiles for non-normally distributed
data. Normality was assessed using the Anderson-Darling, D'Agostino-Pearson, Shapiro-Wilk, and
Kolmogorov-Smirnov tests. For variable comparisons: (1) the parametric unpaired Student's t-test
was used for normally distributed variables; (2) the non-parametric Mann-Whitney U-test was
applied for non-normally distributed variables; (3) Z-scores were calculated for two population
proportions. All comparison tests were conducted with a 95% confidence interval. Statistical analysis
was performed using Minitab® Statistical Software (State College, Pennsylvania, USA).

3. Results

The mean age of the 37 adult control subjects, representing both sexes, was 40.9 years. For the
32 patients matched by sex, the mean age was 36.6 years for the LC-no group (16 cases) and 42.4 years
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for the LC-yes group (16 cases). The mean body mass index was 27.3 in the control group, 27.6 in the
LC-no group, and 28.7 in the LC-yes group. The average time between SARS-CoV-2 acute infection
and the interview was 11.9 months for the LC-no group (ranging from 6 to 24 months) and 15.5
months for the LC-yes group (ranging from 7 to 29 months).

During the acute SARS-CoV-2 infection, the most frequently reported symptoms were tiredness
(75%), loss of taste (68.8%), fatigue (62.5%), loss of smell (59.4%), headache (56.3%), fever (46.9%),
cough (43.8%), myalgia (43.8%), sore throat (37.5%), dyspnea (34.4%), rhinorrhea (28.1%), and
diarrhea (25%). Notably, no patients reported phlegm. Tiredness and/or fatigue were reported by
93.7% of the LC-yes group, compared to 62.5% in the LC-no group. Additionally, 68.8% of individuals
in the LC-yes group experienced six or more symptoms during the acute SARS-CoV-2 infection,
compared to only 31.3% in the LC-no group. A Z-test for two population proportions yielded a p-
value of 0.034, indicating statistical significance (p < 0.05).

SARS-CoV-2 infection was confirmed by PCR test in 87.5% of cases and by antibodies in 12.5%.
Regular daily medications were used by 50% of the control group, 25% of the LC-no group, and 45.3%
of the LC-yes group. However, no evidence was found to suggest that the use of these medications
affected the ICC [8] score.

Table 2 presents the ICC [8] scores for all groups. ME/CFS was diagnosed in 10.8% of the control
group (with a 3:1 female-to-male ratio), 6.7% of the LC-no group (all female), and 18.8% of the LC-
yes group (all male). The symptoms are listed in order of frequency, from most to least common. No
significant differences were observed in the rates of ME/CFS diagnosis among the groups. Figure 1
illustrates the average symptom scores across the five PEM subcategories.

Table 2. A comparison was made between the proportion of symptoms in control subjects and cases with SARS-
CoV-2 infection who reported no lingering or new symptoms after six months (LC-no) and those with ongoing
or new symptoms after six months (LC-yes). Symptom scores were evaluated using the International Consensus
Criteria.[8] Significant differences were found between the LC-yes group and both the LC-no group and controls
for post-exertional malaise, neurosensory, perceptual, or motor disturbances, neurocognitive impairments, sleep
disturbances, pain, loss of thermoregulatory stability, flu-like symptoms, and increased susceptibility to viral

infections with prolonged recovery periods (bold).

Main symptoms DomainControlLC-noLC-yesLC-yes/ControlLC-yes/LC-no
29.7% 25.0%100.0% < 0.00001 < 0.00001
18.9% 18.7%100.0% < 0.00001 < 0.00001
29.7% 12.5% 93.7%  <0.00001 < 0.00001
27.0% 18.7% 75.0%  <0.00112 <0.00124
27.0% 6.2% 68.7%  <0.00512 <0.00028
21.6% 6.2% 62.5% <0.00362 <0.00084
18.9% 12.5% 37.5%  <0.13622 <0.10100
2.7% 0.0% 25.0%  <0.00714 <0.03236
2.7% 0.0% 25.0%  <0.01078 <0.03236
2.7% 18.7% 12.5%  <0.12602 <0.63122

Post-exertional malaise
Neurosensory, perceptual, or motor disturbance
Neurocognitive impairments
Sleep disturbance
Pain
Loss of thermoregulatory stability

Gastrointestinal symptoms

Flu-like symptoms
Susceptibility to viral infections with prolonged recovery periods
Cardiovascular symptoms

gonNuUNuUnNnNNUwwwmwm >

Sensitivities to food, medications, odors, or chemicals 2.7% 62% 6.2% <0.44726 1.0
Intolerance of extreme temperatures 0.0% 0.0% 6.2% <0.12356 <0.30772

Genitourinary symptoms 0.0% 0.0% 0.0% 1.0 1.0

Respiratory symptoms 0.0% 0.0% 0.0% 1.0 1.0
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Post-exertional malaise (PEM, Domain A) - Mean score for each group
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Figure 1. The plot displays the mean post-exertional malaise scores for all groups (Domain A). Each of the five
questions (as detailed in the text) was assigned a score: (0) no symptoms, (1) occasionally, (2) about half the time,

(3) most of the time, and (4) constant symptoms.
4. Discussion

4.1. Our Findings

The mean time between SARS-CoV-2 infection and the ICC [8] assessment was over six months
for both COVID groups. PEM was reported in 100% of the LC-yes group and 25% of the LC-no group.
The mean scores for the five domain A subcategories were 1.19 for the control group, 0.94 for the LC-
no group, and 7.94 for the LC-yes group, with the LC-yes group showing a highly significant
difference (p = 0.000) compared to the other groups. PEM, neurosensory/perceptual/motor
disturbances, neurocognitive impairments, sleep disturbances, pain, and loss of thermoregulatory
stability were present in over 50% of the LC-yes group, which differed significantly from the LC-no
group (Table 2). The time that elapsed between SARS-CoV-2 infection and the interview for
completing the ME/CFS questionnaire varied slightly among participants, but this did not affect the
results. All individuals with a history of SARS-CoV-2 infection responded clearly and without any
uncertainty regarding the type, duration, intensity, and sequence of their symptoms. In the LC-yes
group, the majority of individuals continued to experience the same symptoms that were present
during the acute phase of SARS-CoV-2 infection, such as fatigue. In a smaller proportion of cases,
new symptoms that were not present during the acute phase emerged, such as PEM or sleep
disturbances. These symptoms could not be explained by any underlying medical condition. Since
SARS-CoV-2 infection was a global public health issue (pandemic), the likelihood that a control
subject—i.e., someone without a history of acute infection—had been infected was minimal. During
that period, any flu-like symptoms were investigated with high suspicion, and they were rarely
forgotten within just a few months, so no bias was registered. None of the cases exhibited indicators
of severe disease during the acute infection, as evidenced by the absence of hospital stays exceeding
one day for routine evaluations for acute flu-like illness. As outlined in the methods, no cases were
included if the individual required admission to an intensive care unit for ventilatory support.

ME/CFS was diagnosed in 10.8% of the control group (four individuals), 6.7% of the LC-no group
(one female), and 18.8% of the LC-yes group (three males). No significant differences were found in
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ME/CEFS diagnosis rates among the groups. A notable finding that supports the distinction between
LC and ME/CEFS is the presence of expected epidemiological patterns for ME/CFES in the control
group—that is, individuals without a history of SARS-CoV-2 infection. In these cases, the female-to-
male ratio was 3:1, consistent with what is reported in the literature.[13-15] However, in the group
with a history of SARS-CoV-2 infection and persistent symptoms lasting more than six months, this
pattern was not observed, suggesting distinct pathophysiological processes and potentially separate
clinical entities for LC.

The most commonly reported symptoms during acute SARS-CoV-2 infection included tiredness
(75%), loss of taste (68.8%), and fatigue (62.5%). In the LC-yes group, 87.5% reported fatigue and/or
tiredness, compared to only 37.5% in the LC-no group. Additionally, 68.8% of individuals in the LC-
yes group experienced six or more symptoms during their acute SARS-CoV-2 infection, while only
31.3% in the LC-no group did. This comparison suggests that the number of symptoms experienced
during the acute phase may be a potential risk factor for developing LC.

4.2. Long-COVID and Myalgic Encephalomyelitis/Chronic Fatigue Syndrome

ME/CFS and LC may present with similar symptoms [16], but there is no consensus on the
percentage of LC cases that meet the diagnostic criteria for ME/CFS.[9,13,17-19] ME/CFS is diagnosed
when symptoms meet the ICC criteria[8] and cannot be attributed to other clinical or psychiatric
conditions.[8,9] Reports of LC fulfilling the ME/CFS diagnostic criteria vary widely, with figures
ranging from as low as 5% to as high as 56.8% of patients months after SARS-CoV-2 infection.[4,18,20]
This wide variation could be explained by outdated diagnostic criteria, such as the Fukuda criteria,
[12] which do not account for many central nervous system dysfunctions. As a result, this can
artificially increase the number of LC cases diagnosed with ME/CFS.[21] Data analysis of 739 patients
revealed only an 8.4% prevalence of ME/CFS among LC patients, with those infected during the
Omicron phase showing a significantly lower prevalence of ME/CFS.[22] Similarly, Tokumasu et
al.[19] found that 17.9% of LC cases were diagnosed with ME/CES, which aligns closely with our
findings of 18.8%.

4.3. Long-COVID

Regardless of the ME/CFS diagnosis, fatigue is the most common symptom of LC, affecting 50%
to 70% of patients [23-27], and it is likely of central origin.[28] This fatigue is often associated with
"brain fog," characterized by memory problems, lack of mental clarity, poor concentration, and an
inability to focus.[29] Other common symptoms include cough, dyspnea, sleep disturbances,
adjustment disorders, headache, anosmia/ageusia, difficulty concentrating, memory loss, confusion,
arthralgia, and cognitive impairments.[13,16,23,30-35] In Latin America, the prevalence of LC has
been estimated at 47.8%, with individuals reporting symptoms three months after contracting SARS-
CoV-2 infection.[34] In Brazil, a telephone-based survey in Sdo Paulo, among hospitalized and non-
hospitalized COVID-19 patients, estimated the prevalence of LC at 47.1% and 49.5%, respectively.[36]
A Canadian study of 88 hospitalized patients found that 66.7% experienced fatigue three months after
infection, with the rate dropping to 59.5% after six months.[7] The overall pooled prevalence of LC
among hospitalized and non-hospitalized patients is 43%, with higher rates in hospitalized patients
(54%) compared to non-hospitalized individuals (34%). Additionally, females are more frequently
affected than males (49% vs. 37%).[37] Notably, the development of LC does not appear to be strictly
correlated with the severity of the initial illness or the patient's age.[3,31,38] Risk factors for LC
include female sex, repeated infections, and more severe initial infection.[5]

4.4. Fatigue

Although various muscle pathological abnormalities have been suggested as potential causes of
LC myalgia and fatigue [25], clinical inflammatory myopathy—characterized by limb-girdle
weakness, dysphagia, and neck weakness—is rarely observed in LC cases. Given that millions of
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people experience LC symptoms, we face challenges in explaining it as a pathological muscle
abnormality in any condition that presents with myalgia and fatigue. In a cohort of COVID-19
patients with mild to moderate acute symptoms, skeletal muscle injury —defined by elevated creatine
kinase (CK) levels (>200 IU/L) and clinical score—was observed in 22.4% of cases.[39] Their findings
were primarily based on clinical presentation and serum CK levels, without incorporating needle
electromyography, muscle biopsy, or muscle-specific antibodies for a more comprehensive
evaluation. This limitation hampers the ability to differentiate muscle injury from acute post-viral
syndromes or peripheral neuropathy. It is also important to note that both LC and ME/CFS patients
may experience sensory or autonomic small-fiber neuropathy,[40] which can manifest as impaired
heat detection and increased tortuosity of tiny fibers in the central corneal subbasal plexus.[10]
However, these characteristics do not provide distinct diagnostic criteria to differentiate between LC
patients and those with ME/CFS unrelated to LC. A recent study found normal values for isolated
muscle fiber conduction velocity in situ and jitter parameters in the Tibialis Anterior muscle in cases
of SARS-CoV-2 infection, both with and without LC-related fatigue.[28] This suggests that fatigue
may be more accurately attributed to the central nervous system (CNS). Central fatigue occurs when
the CNS reduces its ability to activate or sustain muscle contractions. As found in our previous study,
[28] while jitter and muscle fiber conduction velocity tests showed no dysfunction at the
neuromuscular junction or within the muscle fibers themselves, researchers argue that fatigue may
originate centrally, meaning the CNS is not sending strong enough signals to maintain muscle
performance.

4.5. Limitations

Several limitations should be considered: 1. The small sample size may limit the generalizability
of the results. 2. While both controls and patients on medication were included, the proportions were
similar across groups, with the LC-yes group using fewer medications than the control group. 3.
Evaluating any potential long-term improvement in symptoms following vaccination against SARS-
CoV-2 was not within the scope of this study; however, it could theoretically shorten the duration of
LC symptoms.

5. Conclusions

Many symptoms (six or more) during the acute phase of SARS-CoV-2 infection appear to
contribute to the development of LC. In most cases, LC-related PEM persists from the acute infection
phase rather than emerging as a new symptom. The most common symptoms of LC include PEM,
neurosensory, perceptual, or motor disturbances, cognitive impairments, sleep disturbances, pain,
loss of thermoregulatory stability, and flu-like symptoms, with significant differences compared to
other groups. In the LC-yes group, PEM was present in 100% of cases. Yet, myalgic
encephalomyelitis/chronic fatigue syndrome (ME/CFS), as defined by the ICC [8], was diagnosed in
only 18.8%. These findings suggest that ME/CFS may not be the most appropriate diagnosis for most
LC cases.
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