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The aim of present paper is to identify clinical phenotypes in a cohort of patients
affected of Myalgic Encephalomyelitis/Chronic Fatigue Syndrome. Ninety-one patients
and 22 healthy controls were studied with the following questionnaires, in addition
to medical history: visual analogical scale for fatigue and pain, DePaul questionnaire
(post-exertional malaise, immune, neuroendocrine), Pittsburgh sleep quality index,
COMPASS-31 (dysautonomia), Montreal cognitive assessment, Toulouse-Piéron test
(attention), Hospital Anxiety and Depression test and Karnofsky scale. Co-morbidities
and drugs-intake were also recorded. A hierarchical clustering with clinical results was
performed. Final study group was made up of 84 patients, mean age 44.41 + 9.37
years (66 female/18 male) and 22 controls, mean age 45 + 13.15 years (14 female/8
male). Patients meet diagnostic criteria of Fukuda-1994 and Carruthers-2011. Clustering
analysis identify five phenotypes. Two groups without fibromyalgia were differentiated
by various levels of anxiety and depression (13 and 20 patients). The other three
groups present fibromyalgia plus a patient without it, but with high scores in pain
scale, they were segregated by prevalence of dysautonomia (17), neuroendocrine (15),
and immunological affectation (19). Regarding gender, women showed higher scores
than men in cognition, pain level and depressive syndrome. Mathematical tools are
a suitable approach to objectify some elusive features in order to understand the
syndrome. Clustering unveils phenotypes combining fibromyalgia with varying degrees
of dysautonomia, neuroendocrine or immune features and absence of fibromyalgia with
high or low levels of anxiety-depression. There is no a specific phenotype for women
or men.

Keywords: Myalgic Encephalomyelitis,
dysautonomia

Chronic Fatigue Syndrome, post-viral fatigue, long COVID-19,

INTRODUCTION

Myalgic Encephalomyelitis (ME) was proposed by Acheson as the name for a group of epidemic
outbreaks that took place between 1945 and 1955 in different countries. The symptoms presented
by these patients were similar to those shown by people suffering from poliomyelitis and included:
fatigue, depression, muscle weakness, headaches and paresthesia, among others (1). Similar
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clinical presentations have appeared recently in descriptions
of patient outcomes some months after suffering from
COVID-19 (2). Similar descriptions can be found in the
literature under names such as epidemic neuromyasthenia,
vegetative neuritis, post-viral fatigue syndrome, raphe nucleus
encephalopathy, chronic mononucleosis syndrome or exertion
intolerance, among others (3). These conditions can arise
in isolated form, but generally appear within the context
of epidemics (4).

ME normally begins with a viral infection affecting
the respiratory system or gastrointestinal tract, which is
followed by severe, persistent “central” fatigue accompanied
by headaches, vertigo, muscle weakness, sleep disorders,
paresthesia, dysautonomia, blurred vision, diplopia, anosmia,
ataxia, emotional problems, etc. (5). Physical examinations,
laboratory tests (including cerebrospinal fluid) and brain
Structural Magnetic Resonance imaging are in general normal or
unspecific (6-8).

At present some of the patients suffering from Long-
COVID19 are showing similar clinical profiles to those described
above (2, 9, 10). It would therefore be interesting to perform
this specific condition, but also to identify some of the after-
effects that might also be an in-depth analysis of a group of
patients affected by ME, not only to find out more about sequelae
of the current SARS CoV-2 pandemic. This virus (RNA-virus)
can cause exaggerated immune responses, which can lead to
extreme “central” fatigue as occurs in ME. These presentations
also include a reduction in B lymphocytes, increasing pro-
inflammatory cytokines, neural inflammation and activation of
self-reactive T-cells (11).

One of the main problems for ME diagnosis (6) is its clinical
heterogeneity and its numerous associated co-morbidities.
Nomination and diagnostic criteria have been recently reviewed,
although it remains unclear whether they are phenotypes of the
same pathology or different diseases (12, 13).

The current study presents an extensive and precise analysis
of a series of patients diagnosed with ME, also known to
the scientific community as Chronic Fatigue Syndrome (CFS)
expressing itself in the literature in a dual terminology (ME/CFS),
in order to identify phenotypes (homogeneous subgroups),
which would help us gain a better understanding of the
syndrome, and define biomarkers. Matching this syndrome to
Long-COVID19 pathology we are going to obtain valuable
information about the latter condition in different phenotypes
of patients affected by COVID19, helping to prepare us for the
challenges that lie ahead.

MATERIALS AND METHODS

This is a retrospective, observational, analytical case-control
study with 91 patients and 22 control subjects. During the course
of the study, seven patients withdrew; one after being diagnosed
of multiple sclerosis (man) and another after beginning treatment
with Rituximab (woman). Of the other five patients who
abandoned the study, two are severely worse and three did not
indicate why they had withdrawn. The final groups contained

84 cases (66 women/18 men) and 22 control subjects (14
women/8 men).

Inclusion criteria: (1) Provide a report from an authorized
physician with a formal diagnosis of Myalgic Encephalomyelitis
(ME)/Chronic Fatigue Syndrome (CFS). (2) Aged between
18 and 68. (3) Ethnic group - Caucasian. Exclusion criteria:
patients who were unable to take part in the clinical
sessions, fill out the proposed questionnaires or were already
participating in another study. Other exclusion criteria included:
pregnancy, breastfeeding, mitochondrial disease, morbid obesity,
major surgery, treatment with chemotherapy, radiotherapy,
immunotherapy and systemic steroids during the research
period, drug or alcohol abuse in the past or at present, a history
of cancer or of cranio- cervical or spinal column surgery.

The control subjects have not suffered from relevant diseases
in the past and remain healthy at present. They had to comply
with the same exclusion criteria as the patients.

The study was approved by the Ethics Committee for
Research in Human Beings (CEISH - University of the Basque
Country: act 80/2016 and 114/2019). Participants were recruited
through various patient’s associations. Volunteers received an
information sheet and the informed consent form. Once they had
signed the consent form, clinical sessions were performed in such
a way as to allow all the information to be gathered by the same
research physician.

The patients provided a medical diagnosis of ME and/or
CFS without indicating the criteria used. Both concepts
are comparable for Spanish clinicians. The research team
subsequently re-evaluates them with the international consensus
criteria: CFS (Fukuda- 1994) and ME (Carruthers- 2011). In
addition, patients supply a basic blood and urine analysis and
an electrocardiogram. All these complementary studies remain
inside normal parameters. A clinical protocol was applied
including the medical history and the following questionnaires:
VAS-scale (fatigue, pain), DePaul questionnaire (post-exertional
malaise; PEM, immune, neuroendocrine), Pittsburgh (sleep),
COMPASS-31 (dysautonomia), Montreal cognitive assessment
(MoCA- cognition), Toulouse-Piéron (attention), Hospital
Anxiety and Depression test (HAD), and Karnofsky scale. We
also gathered information about relevant comorbidities and
medicines taken regularly.

Statistical Analysis

In order to conduct a proper analysis of the quantitative
variables, the normality tests Kolmogorov-Smirnov (>50) or
Shapiro-Wilks (<50) were performed. Once these tests had been
conducted, the equality of the averages in the groups were
tested for those variables considered as normal. For those not
considered as normal, the U the Mann-Whitney test was applied.
These were considered to be statistically significant when there
was a probability of <5% (p < 0.05).

To define different phenotypes in ME/CES patients were
carried out the Gower’s distance (14) and the Ward’s method
or Ward’s minimum variance, a criterion applied to hierarchical
cluster analysis (15). They are very suitable tools because of
the good results reported in the literature and because it does
not require patterns or pre-established decisions. Even so, this
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analysis is closely linked to the distance measure considered when
measuring the proximity between patients and to the way the data
are collected. Therefore, the first important step in generating
the groups was the pre-processing of the database. The following
criteria were applied:

1. We considered the ordered qualitative nature of the variables.
Thus, it is understood that, they can be represented by
numbers but the scales must be homogenized so that when
measuring distances, the variables have the same weight. The
scales used are 0, 1, 2, and 3 (no record, mild, moderate, and
severe, respectively) for all variables of this type.

2. To avoid the duplicity of information, and after verifying
that the variables “Anxiety” and “Depression” had a very high
correlation, it was decided to unify both variables with the
following scale: 0, 1, or 2 (neither of the two pathologies is
present, at least one of them has high values or both are very
present in the patient).

3. Age has been considered quantitative.

4. The variable “Fibromyalgia” has been treated as a binary
variable and, therefore, it has to be introduced as a qualitative
variable in the analysis.

Given that there are both qualitative and quantitative variables, it
was decided to use Gower’s similarity measure (14) as a measure
of proximity. Both nearest neighbor and farthest neighbor
methods have been tested when deciding the distances between
clusters, but the best results (with a clearer separation between
clusters) have been obtained using Ward’s method, also known as
the minimum variance method (15).

All these tests were conducted using the R-Studio Program
Version 0.99.489.

RESULTS

The average age of people suffering ME/CFS was 44.41 £ 9.37
years, while for the control group it was 45 & 13.15. There were
66 women patients and 18 men, a ratio of almost 4 to 1 (Table 1).
The age of diagnosis was around 40 years for both genders. One
woman was diagnosed at the early age of 12.

The standard profile of the ME/CFS patients was a woman
of between 35 and 51 years old (65.15%) of normal weight
(48.48%) - only 15.15% presented with obesity - (Table 1),
with higher education (43.93%), a partner (69.69%) and
children (59.09%), and with no toxic habits of any kind.
As for men, the most frequent age group was also from
35 to 51 years old (61.11%), 72.22% were normal weight
and only 5.55% were obese. 33.33% had higher education,
50% had a partner and 72.22% had children. They had no
toxic habits.

The patients in this group have been suffering from the
syndrome for between 1 and 17 years, with an average of 5.39
=+ 4.23 years for women and 4.05 £ 3.74 for men. The average
time from the onset of a significant reduction in activity until the
moment of diagnosis was 5.24 £ 6.49 years for women and 3.38
=+ 3.94 for men. Differences were not statistically significant in
any of the cases (Table 1).

All clinical variables show high significant differences
respecting to the control group (Tablel) excepting for
cognitive functions.

Fatigue took hold progressively over a period of months or
years in 75% of the patients, most of them (52.38%) did not
know the “cause” of their condition; although 28.57% indicated
that chronic stress had played a crucial role. Infectious factors
were cited by 15.47% of the group. The clinical evolution of
the pathology over time showed a clear tendency toward a
progressive worsening in both genders (women - 74.24% and
men - 44.44%). There were no significant differences between
women and men in any of these parameters (Table 1).

Women had a significantly higher perception of pain than
men (p = 0.013) when this variable was quantitatively analyzed;
however, when it was grouped into three categories: slight,
moderate and severe, both genders perceived the pain as
moderate (38%) or severe (39%). Only a small number of
patients (four men and one woman) felt no pain. Thus,
the most frequent co-morbidity was Fibromyalgia (women -
63.63% and men - 44.44%) and other kinds of pain including
trochanteric bursitis, sacroiliitis, spondylitis, chronic tendinitis,
arthrosis or disc hernia. The most used drugs were non-
steroidal anti-inflammatories, anxiolytics and anti-depressants.
Most patients present 3-4 co-morbidities and only 7% have none
at all (Table 1).

Most of the patients reported poor quality of sleep (92.85%),
only six (two men and four women) said they slept well. Three
people suffered from apnea as a comorbidity. None of the
others offered any medical explanation for their poor-quality
sleep (Table 1).

Almost all the participants in this study reported
dysautonomic symptoms such as orthostatic intolerance
(dizziness), vasomotor (changes in skin color), secretomotor
(glandular dryness) or gastrointestinal disorders (diarrhea or
constipation), as well as bladder control or pupillary light reflex
control (discomfort when exposed to light). All these symptoms
were picked up initially by the COMPASS-31 questionnaire.
In general, women obtained higher average scores than men
in glandular, gastrointestinal and pupillary symptomatology,
while the results for vasomotor disorders or bladder control
were similar for both genders. Orthostatic intolerance syndrome
appeared more frequently in men (33.33%) than in women
(15.15%) (Table 1).

Cognitive functions remained within normal levels, with
only five patients (two men and three women) showing slight
cognitive deterioration. Women obtained significantly better
scores than men in the MoCA test (p < 0.05). However, when
sustained attention was assessed using the Toulouse-Piéron test,
generalized low scores were obtained in the Global Attention
and Perception Index (GAPI), with no differences between
genders (Table 1).

Some slight neuroendocrine manifestations such as: sweaty
hands, night sweats, cold extremities, shivering or shaking,
feeling cold and/or hot for no reason, a sensation of high or
low body temperature, were experienced by 65.47% (N = 55). A
small number showed no symptoms of this kind (three women
and one man). Scores were higher in women. The most frequent
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TABLE 1 | Data of the tests used in the clinical evaluation.

Variable ME/CFS Control P ME/CFS
N =284 N =22
(o) (o)
range range Women Men p
N = 66 N=18
(o) (o)
range range
Ageyears 44.41 (9.37) 45 (13.5) 45.48 (8.69) 40.5 (10.64)
18-61 18-64 18-61 18-58
Gender 78.57% (Female) 63.63% (Female) 66 18
21.42% (Male) 36.36% (Male)
Ethnicity Caucasian Caucasian Caucasian Caucasian
BMIka/m2) 24.30 (5.32) 23.41 (3.03) 24.68 (5.59) 22.89 (3.84)
14.68-39.38 19.53-33.91 14.68-39.38 17.44-35.29
Evolutionyea's 5.10 (4.17) — 5.39 (4.23) 4.05 (3.74)
1-17 1-17 1-13
Fatigue"AS 74.82(9.61) 2.72 (18.44) 75.53 (8.53) 72.22 (12.49)
50-90 0-70 50-90 50-90
Post-exertional 12.01 (3.06) 0.68 (1.14) 12.25 (3.05) 11.11 (2.92)
malaisePePau! 4-20 0-5 4-20 7-16
Pain'AS 54.03 (24.57) 8.40 (14.64) 58.16 (21.40) 38.88 (29.08) *
0-100 0-50 0-100 0-85
SleepPittsourgh 12.67 (4.67) 4.54 (3.15) o 12.63 (4.62) 12.83 (4.84) *
1-21 1-16 3-21 1-19
DysautonomiaCOMPASS-31 34.27 (9.89) 8.77 (4.66) 35.46 (9.43) 29.88 (10.30) -
12-59 0-18 18-59 12-49
CognitionMeCA 25.76 (2.45) 27 (2.33) * 26.06 (2.26) 24.66 (2.80) *
18-30 21-30 18-30 18-29
Attention 'oulouse—Piron 1.94 (0.80) 3.04 (0.76) 1.98 (0.76) 1.77 (0.91)
0-3 1-5 0-3 0-3
ImmunePeraul 6.97 (3.75) 0.68 (1.36) 7.15 (3.65) 6.33 (4.02) *
0-18 0-6 0-17 0-18
NeuroendocrinePePad! 12.58 (5.65) 1.63 (2.53) 12.89 (5.55) 11.44 (5.88) *
0-25 0-9 0-25 0-25
AnxietyHADS 8.5 (4.25) 4.31 (2.05) 8.56 (4.29) 8.27 (4.06)
1-20 19 1-20 1-14
DepressiontAbS 9.30 (3.94) 1(1.67) 9.22 (3.85) 9.61 (4.24)
2-20 0-7 3-20 2-16
Functionality"armofsky 65.83 (9.15) 100 (0) 65.90 (9.37) 65.55 (8.31)
50-90 50-90 50-80
n (%) 50 (59.52%) — 42 (63.63%) 8 (44.44%)
Comorbidity Fibromyalgia Fibromyalgia Fibromyalgia
Daily drugs 2.38 (1.68) — 2.4 (1.58) 2.27 (2.02)
0-6 0-6 0-6
*p < 0.05.
P < 0.01.
**P < 0.001.

U de Mann-Whitney.

t-Student: Anxiety- ME/CFS vs. control. Age, Dysautonomia, Neuroendocrine, Anxiety and Depression- ME/CFS female vs. male.

endocrine comorbidity was primary hypothyroidism (16.66%,
N = 14; 13 women and one man) (Table 1).

The HAD questionnaire revealed that approximately one
third of the group suffered from anxiety (32.14%, N = 27;
20 women and seven men) and depression (36.9%, N =
31; 23 women and eight men). No statistically significant
differences could be found between genders in the overall scores.
Only a small percentage of the patients accepted onto the
study provided a medical diagnosis of non-psychotic reactive

major depression (14.28%, N = 12; 11 women and one
man) (Table 1).

The functional autonomy of patients was assessed using
the Karnofsky scale. Most patients (88.10%) could not work
and needed occasional help in their daily lives (70-50 points).
Levels of functionality were identical for both genders. Only 10
participants (nine women and one man) had scores of 90-80
points, and were able to work with some exertion, in spite of
suffering symptoms on a daily basis (Table 1).
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Five phenotypes were identified by the clustering analysis.
Two corresponded to people without Fibromyalgia (N = 33),
which can be differentiated by the anxiety and depression

levels measured by the HAD test, in which 13 patients showed
low scores (<8) and 20 had high scores (>10). The other
three phenotypes belonged to the main group of patients with

A
Cluster Dendrogram
< 4
.| € &
£
S5 o
@
e
o
daisy(datosp4, metric = "gower")
hclust (*, "ward.D")
B
Group | Patients Features
N=84
1 13 e Main criteria No Fibromyalgia.
e  Mild anxiety and/or depression (< 8 points) + Pain (0)
e Main criteria No Fibromyalgia.
2 20 e High levels of anxiety and/or depression (> 10 points) +
Pain (2-3)
e Main criteria Fibromyalgia.
3 17 e Moderate level (2) in dysautonomia, neuroendocrine and
immune
e Main criteria Fibromyalgia.
4 15 e Moderate level (2) in two of the following: dysautonomia,
neuroendocrine, immune.
e Main criteria Fibromyalgia
5 19 e Alleast a mild level (1) in one of following: dysautonomia,
neuroendocrine, immune.
(o]
COMPASS-31 Test DePaul Test DePaul VAS-scale
Clinical severity Dysautonomia Immune Neuroendocrine Pain
0.- absence 0 pts 0 pts 0 pts 0mm
1.- mild <30 pts < 8 pts <16 pts <40 mm
2.- moderate >30-<53 pts > 8-< 14 pts >16 - <28 pts 240-<70 mm
3.- severe > 53 pts > 14 pts > 28 pts >70 mm
4.- maximum 75 pts 20 pts 40 pts 100 mm

FIGURE 1 | (A) Dendrogram displaying cluster analysis of ME/CFS patients. (B) Table explaining the features of groups. The scores of Anxiety and Depression test
(HAD) establish no repercussion (<8 points) up to 8 borderline (8-10 points) and repercussion (>10 points). (C) Table summarizing ranks of the scores for the more
relevant tests in the clustering analysis.
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Fibromyalgia (N = 50) including one without Fibromyalgia but
with a high score in the visual analogic scale for pain and
borderline values for the HAD scale (between 8 and 10 points).
These 51 patients showed, in general, mild values for HAD
and can be grouped according to their symptomatology for
dysautonomia, neuroendocrine and immune features. Subgroup
3 (17 patients) showed moderate features in all three domains,
sub-group 4 (15 patients) in just two of them and subgroup 5 (19)
in just one and sometimes mild or quite low (Figure 1).

DISCUSSION

The incidence in the present group was of four women to each
man, in line with the data reported by other authors (16, 17). It is
interesting to note that Long-COVID19 is also more frequent in
women than in men, and is also most common in the same age
group (around the forties) (18).

Prevalence of ME/CFS seems to increase from puberty
onwards in women, but not in men. In adolescence, this illness
is already 2-3 times more common in women than in men
(19). There are various possible reasons for this, but it is
perhaps worth highlighting that differences in reactivity between
genders regarding stress have been extensively documented
(20, 21), for instance in studies about the role of the Bed
Nucleus of the Stria Terminalis (BNST) as a modulator in
dysregulation of mood, anxiety and fear. This sexually dimorphic
nucleus exerts these functions firstly, through its connection with
essential emotional processing regions, such as the prefrontal
cortex, the hippocampus and the amygdala and secondly, via
the paraventricular nucleus triggering the stimulation of the
hypothalamic-pituitary-adrenal axis (22).

Delays in patient diagnosis have an unfortunate collateral
effect, in that they tend to blur the patient’s memory of how
the illness started. This information is of enormous interest
for categorizing clinical subgroups according to how the illness
started (suddenly vs. latently), post-infection, post-stress, etc.
(13). Hence, the relevance of analyzing similarities to Long-
COVID19, as for the first time it is possible to analyze the early
stages of a post-viral central fatigue with modern techniques,
for instance using MRI-PET to detect and evaluate neuro-
inflammation (23). In our series, most patients did not know
what might have triggered their illness, 28.57% suggested chronic
stress and 15.47% pointed to an earlier infectious episode.
Authors like Chu et al. (24) reported that the most common
etiologies were infections (64%; of which 90% were viral, mainly
Epstein Barr) followed by extremely stressful events (39%). This
may also be related with the neuro- inflammatory hypothesis
put forward by Jason et al. (25), according to which a chronic
sub- threshold stimulus or a high-intensity acute stimulus
could induce hypersensitivity and trigger the typical signs and
symptoms of this syndrome.

Fatigue, defined as a reduction of at least 50% of normal
activity, is a severe condition that is perceived in the same way
by both genders. This condition came on progressively (75%)
over the course of months or years in our group, a finding that
contrasted with Arruti et al. (26), who found that the illness

began acutely after convalescence from an infectious agent (e.g.,
mononucleosis or herpes).

When asked about the evolution of their illness, patients
described it as a process of continuous worsening (67.85%). This
contrasts with the fluctuating nature of the illness described by
Stoothoff et al. (27) in their series. Post-exertional malaise (PEM)
implies a worsening of the symptoms in response to minimal
physical or mental effort. Patients affected of ME/CFS frequently
report the persistence of this malaise for more than 24 h, with
periods of partial or total recovery that continue over several
days. This feature distinguishes ME/CFS from other neurological
pathologies, which also present “central” fatigue, such as Multiple
Sclerosis or post-Polio Syndrome (28).

Pain plays a very important role in this syndrome as
well as in most post-viral affections, and indeed in Long-
COVID19 (myalgias, paresthesia, headaches...). The fact that
a small number of ME/CFS patients do not present any pain
is definitely worthy of note, as these patients do not comply
with the most widely used diagnostic criteria for Chronic Fatigue
Syndrome Fukuda et al. (12). This highlights the need to follow
homogeneous criteria and to identify clinical phenotypes that
enable us to segment the analyses in a comparable way between
different studies. Furthermore, the most frequent co-morbidity in
both men and women was fibromyalgia syndrome. This means
that in addition to a syndrome such as ME/CFS, which by
itself is quite controversial, many patients (50 in our series)
were also affected by Fibromyalgia, which by itself is also quite
controversial. Both syndromes have superposed features, which
makes the process of identifying and selecting patients for the
study very difficult.

Anxiety and depression are relatively common with
prevalence rates of 422 and 33.3%, respectively, and
together form the second clustering criteria for the subgroup
of patients without Fibromyalgia (29). Using the HAD
questionnaire, we found that 36.9% of the patients were
suffering from depression. This finding suggests an under
diagnosis within our group, because only 14.28% had actually
referred it. This shows how relevant is it to perform a
differential diagnosis of “depressive equivalents” or masked
depressions (30, 31) and supports the establishment of
subgroups following the proposal of the American consensus
group (13).

The second clustering criteria for the subgroup of patients
with fibromyalgia is the presence of dysautonomic symptoms
among others. These require specific assessment in specialized
Dysautonomia Units. Impairment of the autonomic nervous
system (ANS) has been proposed as a potential biomarker of
ME/CES (32, 33). A wide range of tests can be performed in these
units. In our case, we propose the tilt table test, studies of small
nerve fibers using cold stress tests recorded with a thermographic
camera, the sudomotor function test, the micro-neurography
test, evoked heat potentials, confocal microscopy of the cornea
and skin biopsy. Some of these essential techniques seek to
objectify the underlying autonomic dysfunction. In our group,
there were only 16 cases (ten women and six men) that complied
with the criteria for orthostatic intolerance syndromes (OI) in
contrast with the high incidence of any dysautonomic features
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(circa 90%) referred by Robinson et al. (34). The identification
of some of the forms of this syndrome, such as neurogenic
orthostatic hypotension (NOH), orthostatic intolerance or
postural orthostatic tachycardia syndrome (POTS), suggests the
existence of a clinical phenotype or subgroup of ME/CEFS patients
with OI, as proposed in 2015 by the National Academy of
Medicine of United States (13, 35). These aspects are also
to be taken into account in Long-COVID19 patients. Our
Dysautonomia Unit is evaluating 4-6 post-COVID19 patients
every week in the last months. Just, since they reached the
criterion for chronic fatigue (more than 6 months). Among other
findings (pending of publication) we have found a remarkable
similarity in the auto-antibodies profile for alfa and beta
adrenergic receptors, muscarinic and angiotensin all of them
linked mainly to POTS.

Almost all the patients had cognitive functions within
normal range except for a small subgroup who presented
slight cognitive deterioration. When asked to perform a task
requiring sustained attention for 10min in the Toulouse-
Piéron test, we noticed a drop in the attention capacity
(52.38% of patients), according to the findings obtained with
other questionnaires. All of them support that the cognitive
disorder present in this syndrome involve mainly the attention
functions (36, 37).

Most of patients report poor quality of sleep and disorders
such as changes in sleep patterns, unrefreshing sleep, etc. This
is a serious problem, which could consolidate or exacerbate
the symptoms (38). Only a small number of patients report
good- quality sleep. ME/CES has no specific pharmacological
treatment. The available treatments are only symptomatic and
the treatments for pain (non-steroidal anti- inflammatories,
antidepressants) and anxiety (anxiolytics) play also a leading role
for the management of the vicious circle of pain, anxiety and sleep
disorders (39).

Functional autonomy is of enormous importance and can be
measured using the Karnofsky scale. Our results are similar to
other authors, with average scores of 54 for women and 62 for
men (40). Few patients can continue working, but this aspect
deserves a more detailed study because the difference between
genders (nine women and only one man) is very substantial,
compared to the average scores. On this point, it is important
to bear in mind that most patients (64.28%) are in the midst of
their working lives (35-51 years old). The direct and indirect
costs of ME/CFS in America have been estimated about 18-24
billion dollars (41). Most patients affected by Long-COVID19
will probably heal in 6-12 months, but some of them (10-
20%) could continue to have difficulties for years. Although
the percentage is quite low, the absolute number of patients
involved is high enough to create a challenge for our health
and social services. The last wave of the pandemic will be
its after-effects.

Some of the identified phenotypes appeared in the literature
and our results only provide additional mathematical support
for clinical evidences. A rigorous research approach to ME/CES
requires the use of statistical techniques (data mining) for a
more precise diagnosis and phenotypic characterization (42).
We have proposed a set of subgroups whose characteristics can

serve as a basis for determining clinical-biological correlations
(endophenotypes) in future research.

The pathology remains controversial, presenting
changes in name and diagnostic criteria: ME, CFS or
the last SEID (Systemic Exertional Intolerance Disease)
(13); in fact, after a strict re-evaluation in our group all
patients met both criteria Fukuda-1994 and Carruthers-
2011. A single name and diagnostic criteria remain to
be achieved. For instance, CFS-criteria (Fukuda-1994) do
not rule out psychosomatic pathology (neuropsychiatric
approach), instead ME (Carruthers-2011) exclude primary
psychiatric pathology (neurological vision), but in this case
a basic pathophysiological aspect, such as the existence
of neuroinflammation, is not verified either. Therefore,
the definition remains in a non-specificity neuro-immune-
endocrine dysfunction or post-exertional neuroimmune malaise
of complex objectification in any case. Nor has a standardized
research methodology that allows data to be replicated. The
investigation carried out propose a methodology to perform
an extensive clinical evaluation of patients in order to establish
clusters where be easier to understand the meaning of the
biological findings.

In the current context of SARS Cov2 pandemic, the clinical
status of Long COVID19 emerges (43) reporting fatigue, post-
exertional malaise (PEM), cognitive problems (brain fog), etc.
Various authors are orienting their reviews toward ME/CFS (44)
looking indications for the future challenges (45). Patients with
Long COVIDI9 can also be evaluated with our proposed battery
of probes.

Limitations of the study include the small size of the
patients group. We also proposed this fluctuating heterogeneous
symptomatology should be assessed in a longitudinal study, with
data collected in a central database and analyzed using big-data
mining techniques.

CONCLUSION

ME/CFS is a heterogeneous syndrome with multisystemic
repercussions, classically linked to epidemic post-viral fatigue,
which doctors must take into account in the aftermath of
COVID-19. This syndrome has multiple clinical expressions and
is associated with various co-morbidities. It is more prevalent
amongst women than men.

Mathematical data mining can support clinical observation
to provide a better understanding of the syndrome. A
cluster analysis in our study group highlighted five different
phenotypes. In three of them, the fibromyalgia was combined
with varying degrees of dysautonomia, neuroendocrine or
immunology features, while the other two phenotypes were free
of fibromyalgia and presented high or low levels of anxiety-
depression. There are no specific phenotypes for women or
men, although some symptoms are more frequent in one or
other gender.

It would also be very useful to have a centralized repository
of clinical data, as a key tool for improving the design and
implementation of new studies about this pathology.

Frontiers in Psychiatry | www.frontiersin.org

October 2021 | Volume 12 | Article 735784


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Murga et al.

ME/CFS Helps to Understand Long-COVID19

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee for Research involving Human
Beings (CEISH - University of the Basque Country: act 80/2016
and 114/2019). The patients/participants provided their written
informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

IM has carried out the evaluation of the clinical cases. LA
has carried out the statistical treatment of the data. PG, ]G,

REFERENCES

1. Acheson ED. A new clinical Lancet.
doi: 10.1016/S0140-6736(56)91252-1

2. Carfi A, Bernabei R, Landi F. Persistent symptoms in patients after acute
COVID-19. JAMA. (2020) 324:603-05. doi: 10.1001/jama.2020.12603

3. Murga I, Lafuente JV. De la neurastenia a la enfermedad post-
esfuerzo: evolucion de los criterios diagnosticos del Sindrome de
Fatiga Croénica/Encefalomielitis Midlgica. (2019)
51:579-85. doi: 10.1016/j.aprim.2019.04.004

4. Parish JG. Early outbreaks of ‘epidemic neuromyasthenia’. Postgrad. Med. ].
(1978) 54:711-17.

5. Ramsay MA. Myalgic Encephalomyelitis and Postviral Fatigue States: The Saga
of Royal Free Disease. 2nd ed. Londres: Gower Publishing Co. (1988).

6. Carruthers BM, van de Sande MI, de Meirleir KL, Klimas NG, Broderick G,
Mitchell T., et al. Myalgic encephalomyelitis: international consensus criteria.
J Intern Med. (2011) 270:327-38. doi: 10.1111/j.1365-2796.2011.02428.x

7. Jason LA, Zinn ML, Zinn MA. Myalgic encephalomyelitis:
symptoms  and  biomarkers.  Curr  Neuropharmacol. — (2015)
13:701-34. doi: 10.2174/1570159X13666150928105725

8. Maksoud R, du Preez S, Eaton-Fitch N, Thapaliya K, Barnden L, Cabanas
H, et al. A systematic review of neurological impairments in myalgic
encephalomyelitis/chronic fatigue syndrome using neuroimaging techniques.
PL0oS ONE. (2020) 15:0232475. doi: 10.1371/journal.pone.0232475

9. Desforges M, Le Coupanec A, Dubeau P, Bourgouin A, Lajoie L, Dubé M.
et al. Human coronaviruses and other respiratory viruses: underestimated
opportunistic pathogens of the central nervous system? Viruses. (2020)
12:14. doi: 10.3390/v12010014

10. Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, et al. Neurologic manifestations
of hospitalized patients with Coronavirus disease 2019 in Wuhan, China.
JAMA Neurol. (2020) 77:683-90. doi: 10.1001/jamaneurol.2020.1127

11. Rasa S. Nora-Krukle Z, Henning N, Eliassen E, Shikova
E, Harrer T, et al. Chronic viral infections in myalgic
encephalomyelitis/chronic fatigue syndrome (ME/CFS). ] Transl Med.
(2018) 16:268. doi: 10.1186/s12967-018-1644-y

12. Fukuda K, Straus SE, Hickie I, Sharpe MC, Dobbins JG, Komaroff A.
The Chronic Fatigue Syndrome: a comprehensive approach to its definition
and study. International Chronic Fatigue Syndrome Study Group. Ann
Intern Med. (1994) 121:953-9. doi: 10.7326/0003-4819-121-12-199412150-00
009

13. Clayton EW, Alegria M, Bateman L, Chu L, Cleeland C, Ronald WD, et al.
Beyond Myalgic Encephalomyelitis/Chronic Fatigue Syndrome. Redefining and
illness Washington: National Academies Press (2015).

entity? (1956)  267:789-90.

Atencion  Primaria.

and J-VL have made the clinical adjustments and discussion.
All authors contributed to the article and approved the
submitted version.

FUNDING

This study has been funded by Instituto de Salud Carlos III
through the project “PI20/01076” (Co-funded by European
Regional Development Fund/European Social Fund “A way to
make Europe”/“Investing in your future”).

ACKNOWLEDGMENTS

We are grateful to the University of the Basque Country (UPV-
EHU, GIU 092/19), to the Spanish Institute for Health Research
Carlos III (PI 20/01076) and the Foundation Jestus Gangoiti
Barrera (Bilbao - Spain) for their partial financial support.

14. Gower J. A general coefficient of similarity and some of its properties.
Biometrics. (1971) 27:857-71. doi: 10.2307/2528823

15. Ward JH. Hierarchical Grouping to optimize an objective function. ] Am Stat
Assoc. (1963) 58:236-44. doi: 10.1080/01621459.1963.10500845

16. Afari N, Buchwald D. Chronic fatigue syndrome: a review. Am ] Psychiatry.
(2003) 160:221-36. doi: 10.1176/appi.ajp.160.2.221

17. Prins JB, van der Meer JW, Bleijenberg G. Chronic fatigue syndrome. Lancet.
(2006) 367:346-55. doi: 10.1016/S0140-6736(06)68073-2

18. Dani M, Dirksen A, Taraborrelli P, Torocastro M, Panagopoulos D,
Sutton R, et al. Autonomic dysfunction in ‘long COVID: rationale,
physiology and management strategies. Clin Med (Lond). (2021) 21:e63-
7. doi: 10.7861/clinmed.2020-0896

19. Crawley E. Pediatric chronic fatigue syndrome: current perspectives. Pediatr
Health Med Therap. (2018) 9:27-33. doi: 10.2147/PHMT.S126253

20. Miles OW, Maren S. Role of the bed nucleus of the stria terminalis
in PTSD: insights from preclinical models. Front Behav Neurosci. (2019)
13:68. doi: 10.3389/fnbeh.2019.00068

21. Clauss J. Extending the neurocircuitry of behavioural inhibition: a role for the
bed nucleus of the stria terminalis in risk for anxiety disorders. Gen Psychiatr.
(2019) 32:€100137. doi: 10.1136/gpsych-2019-100137

22. Lebow MA, Chen A. Overshadowed by the amygdala: the bed nucleus of the
stria terminalis emerges as key to psychiatric disorders. Mol Psychiatry. (2016)
21:450-63. doi: 10.1038/mp.2016.1

23. Nakatomi Y, Kuratsune H, Watanabe Y. Neuroinflammation in the

brain of patients with myalgic encephalomyelitis/chronic fatigue
syndrome. Brain Nerve. (2018) 70:19-25. doi: 10.11477/mf.14162
00945

24. Chu L, Valencia IJ, Garvert DW, Montoya JG. Onset patterns and course of
myalgic encephalomyelitis/chronic fatigue syndrome. Front Pediatr. (2019)
7:12. doi: 10.3389/fped.2019.00012

25. Jason LA, Sorenson M, Porter N, Belkairous N. An etiological model for
myalgic encephalomyelitis/chronic fatigue syndrome. Neurosci Med. (2011)
2:14-27. doi: 10.4236/n1m.2011.21003

26. Arruti M, Avellaneda A, Barbado FJ, De la Cruz J, Diaz-Delgado R, Gutierrez
E. Documento de Consenso Sindrome Fatiga Cronica. Madrid: Editorial Médica
AW.W.E. S.A (2008).

27. Stoothoft J, Gleason K, Mc Manimen S, Thorpe T, Jason LA. Subtyping
patients with myalgic encephalomyelitis (ME) and chronic fatigue syndrome
(CES) by course of illness. ] Biosens Biomark Diagn. (2017) 2:1-
16. doi: 10.15226/2575-6303/2/1/00113

28. Cotler J, Holtzman C, Dudun C, Jason LA. A brief questionnaire to assess
Post- Exertional Malaise. Diagnostics. (2018) 8:66. doi: 10.3390/diagnostics80
30066

Frontiers in Psychiatry | www.frontiersin.org

October 2021 | Volume 12 | Article 735784


https://doi.org/10.1016/S0140-6736(56)91252-1
https://doi.org/10.1001/jama.2020.12603
https://doi.org/10.1016/j.aprim.2019.04.004
https://doi.org/10.1111/j.1365-2796.2011.02428.x
https://doi.org/10.2174/1570159X13666150928105725
https://doi.org/10.1371/journal.pone.0232475
https://doi.org/10.3390/v12010014
https://doi.org/10.1001/jamaneurol.2020.1127
https://doi.org/10.1186/s12967-018-1644-y
https://doi.org/10.7326/0003-4819-121-12-199412150-00009
https://doi.org/10.2307/2528823
https://doi.org/10.1080/01621459.1963.10500845
https://doi.org/10.1176/appi.ajp.160.2.221
https://doi.org/10.1016/S0140-6736(06)68073-2
https://doi.org/10.7861/clinmed.2020-0896
https://doi.org/10.2147/PHMT.S126253
https://doi.org/10.3389/fnbeh.2019.00068
https://doi.org/10.1136/gpsych-2019-100137
https://doi.org/10.1038/mp.2016.1
https://doi.org/10.11477/mf.1416200945
https://doi.org/10.3389/fped.2019.00012
https://doi.org/10.4236/nm.2011.21003
https://doi.org/10.15226/2575-6303/2/1/00113
https://doi.org/10.3390/diagnostics8030066
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Murga et al.

ME/CFS Helps to Understand Long-COVID19

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Daniels ], Brigden A, Kacorova A. Anxiety and depression in chronic
fatigue syndrome/myalgic encephalomyelitis (CFS/ME): examining the
incidence of health anxiety in CFS/ME. Psychol Psychother. (2017) 90:502—
9. doi: 10.1111/papt.12118

Kielholz P. Die Larvierte Depression. Bern-Stuttgart-Vienne-Paris: Editorial
Hans Huber (1973).

Lopez-Ibor Alifio JJ. Los Equivalentes Depresivos. 2nd ed. Madrid: Editorial
Paz Montalvo (1976).

Van Cauwenbergh D, Nijs ], Kos D, Van Weijnen L, Struyf F, Meeus M.
Malfunctioning of the autonomic nervous system in patients with Chronic
Fatigue Syndrome: a systematic literature review. Eur ] Clin Investig. (2014)
44:516-26. doi: 10.1111/eci.12256

Clark JE, Ng WE Rushton S, Watson S, Newton JL. Network structure
underpinning (dys) homeostasis in chronic fatigue syndrome; preliminary
findings. PLoS ONE. (2019) 14:¢0213724. doi: 10.1371/journal.pone.0213724
Robinson LJ, Durham J, MacLachlan LL, Newton JL. Autonomic function
in Chronic Fatigue Syndrome with and without painful temporomandibular
disorder. Fatigue: Biomed. Health Behav. (2015) 3:205-19.

Lewis I, Pairman J, Spickett G, Newton JL. Clinical characteristics
of a novel subgroup of chronic fatigue syndrome patients with

postural orthostatic tachycardia syndrome. ] Intern Med. (2013)
273:501-10. doi: 10.1111/joim.12022

Cockshell ~ §J, Mathias JL. Cognitive functioning in chronic
fatigue syndrome: a meta-analysis. Psychol Med. (2010) 40:1253-

67. doi: 10.1017/5S0033291709992054

Cvejic E, Birch RC, Vollmer-Conna U. Cognitive dysfunction in chronic
fatigue syndrome: a review of recent evidence. Curr Rheumatol Rep. (2016)
18:24. doi: 10.1007/s11926-016-0577-9

Gotts ZM. The role of sleep in Chronic Fatigue Syndrome (doctoral thesis).
Newcastle: Northumbria University (2014). p 71.

Theoharides TC, Asadi S, Weng Z, Zhang B. Serotonin-selective reuptake
inhibitors and nonsteroidal anti-inflammatory drugs - important
considerations of adverse interactions especially for the treatment of myalgic
encephalomyelitis/chronic fatigue syndrome. J Clin Psychopharmacol. (2011)
31:403-5. doi: 10.1097/JCP.0b013e318225848¢

Naviaux RK, Naviaux JC, Li K, Bright AT, Alaynick WA, Wang L., et al.
Metabolic features of chronic fatigue syndrome. PNAS. (2016) 113:E5472-
80. doi: 10.1073/pnas.1607571113

41. Jason LA, Benton MC, Valentine L, Johnson A, Torres-Harding S. The
economic impact of ME/CFS: individual and societal costs. Dynamic Med.
(2008) 7:6. doi: 10.1186/1476-5918-7-6

42. Jason LA, Skendrovic B, Furst ], Brown A, Weng A, Bronikowski C.
Data mining: comparing the empiric CFS to the Canadian ME/CFS
case definition. J Clin Psychol. (2012) 68:41-9. doi: 10.1002/jclp.
20827

43. Proal AD, VanElzakker MB. Long COVID or post-acute sequelae
of COVID-19 (PASC): an of biological factors that
may contribute to persistent symptoms. Front Microbiol. (2021)
12:698169. doi: 10.3389/fmicb.2021.698169

44. Wong TL, Weitzer DJ. Long COVID and myalgic encephalomyelitis/chronic
fatigue syndrome (ME/CFS)-a systemic and comparison
of clinical presentation and symptomatology. Medicina. (2021)
57:418. doi: 10.3390/medicina57050418

45. Phillips S, Williams MA. Confronting our next national health disaster -
long-haul covid. N Engl ] Med. (2021) 385:577-9. doi: 10.1056/NEJMp21
09285

overview

review

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Murga, Aranburu, Gargiulo, Gomez Esteban and Lafuente.
This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction
in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Psychiatry | www.frontiersin.org

October 2021 | Volume 12 | Article 735784


https://doi.org/10.1111/papt.12118
https://doi.org/10.1111/eci.12256
https://doi.org/10.1371/journal.pone.0213724
https://doi.org/10.1111/joim.12022
https://doi.org/10.1017/S0033291709992054
https://doi.org/10.1007/s11926-016-0577-9
https://doi.org/10.1097/JCP.0b013e318225848c
https://doi.org/10.1073/pnas.1607571113
https://doi.org/10.1186/1476-5918-7-6
https://doi.org/10.1002/jclp.20827
https://doi.org/10.3389/fmicb.2021.698169
https://doi.org/10.3390/medicina57050418
https://doi.org/10.1056/NEJMp2109285
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Clinical Heterogeneity in ME/CFS. A Way to Understand Long-COVID19 Fatigue
	Introduction
	Materials and Methods
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


