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Abstract
SARS-CoV-2 survivors may report persistent symptoms that resemble myalgic encephalomyelitis/chronic fatigue syndrome 
(ME/CFS). We explored (a) ME/CFS-like symptom prevalence and (b) whether axonal, inflammatory, and/or lung changes 
may contribute to ME/CFS-like symptoms in SARS-CoV-2 survivors through clinical, neuropsychiatric, neuropsychological, 
lung function assessment, and serum neurofilament light chain, an axonal damage biomarker. ME/CFS-like features were 
found in 27% of our sample. ME/CFS-like group showed worse sleep quality, fatigue, pain, depressive symptoms, subjective 
cognitive complaints, Borg baseline dyspnea of the 6-min walking test vs. those without ME/CFS-like symptoms. These 
preliminary findings raise concern on a possible future ME/CFS-like pandemic in SARS-CoV-2 survivors.
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Introduction

COVID-19 long-haulers fail to revert to normal routine after 
SARS-CoV-2 infection and report persistent debilitating 
symptoms, i.e., fatigue, “brain fog”, pain, disrupted sleep, 
and mood alterations (Rubin 2020).

Chronic  COVID-19 may resemble myalgic  
encephalomyelitis/chronic fatigue syndrome (ME/CFS),  
a well-documented post-viral condition (Rubin 2020)  
affecting 0.5–2.5% of the population (Johnston et al. 2013).  
ME/CFS is characterized by severe post-exertional fatigue 
not improving with rest, subjective/objective cognitive  
difficulties, pain, sleep abnormalities, neurosensory, 
immune, gastro-intestinal disturbances, and cellular energy 

metabolism dysfunction (Carruthers et al. 2011). Several 
ME/CFS inconclusive pathophysiological hypotheses  
have been proposed, including immunological changes  
(Carruthers et al. 2011). ME/CFS cognitive complaints have 
been suggested to share pathogenetic commonalities with 
functional neurological disorders (Teodoro et al. 2018).

Studies in survivors of other coronavirus infections, 
namely, Severe Acute Respiratory Syndrome (SARS) and 
Middle East respiratory syndrome, documented a ME/CFS-
like picture (Lam et al. 2009; Lee et al. 2019), supporting 
a link with viral infection (Ahmed et al. 2020), but data on 
SARS-CoV-2 are preliminary (Townsend et al. 2020).

Serum levels of neurofilament light chain (NfL), a bio-
marker of axonal damage, may be increased during COVID-
19 acute phase (Aamodt et al. 2021), even in the absence of 
overt neurological signs, suggesting a possible SARS-CoV-2 
neuronal trophism (Mariotto et al. 2020). The possible asso-
ciation between chronic fatigue and serum NfL levels has 
not been determined in this condition, yet.

Persistent lung impairment has been reported after SARS-
CoV-2 infection and might contribute to chronic COVID-19 
(Rubin 2020).

Our aims were to explore (a) the extent of ME/CFS-like 
symptoms and (b) whether baseline inflammatory mark-
ers, and axonal, and/or lung abnormalities may contribute 
to ME/CFS-like symptoms in COVID-19 survivors. To 
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this aim, a group of COVID-19 survivors underwent a 
multidimensional evaluation, including neuropsychiatric, 
neuropsychological, lung function assessment, and NfL 
serum level measurement.

Methods

Subjects

Inpatients and outpatients positive to SARS-CoV-2 PCR 
testing in February–May 2020 were recruited at the 
Department of Internal Medicine, Verona University Hos-
pital, Italy, after informed consent.

Inclusion criteria include (a) age 18–65 years; (b) no 
history of neurological, cerebrovascular, psychiatric dis-
orders, or substance use disorders that might interfere with 
cognition; (c) > 6-month follow-up after SARS-CoV-2 
infection; (d) negative nasopharyngeal swab test; and (e) 
no history of fatigue before SARS-CoV-2 infection.

Socio-demographic data, baseline comorbidities, and 
clinical and inflammatory features of SARS-CoV-2 infec-
tion features were collected. The study was approved by 
the local ethic committee (#2785CESC).

ME/CFS‑like symptoms

ME/CFS-like symptoms were assessed according to the 
ME International Consensus Criteria (Carruthers et al. 
2011) with a semi-structured clinical interview. Patients 
were classified as typical ME/CFS-like if they met (a) 
post-exertional neuroimmune exhaustion criteria, (b) ≥ 1 
neurological impairment symptom, (c) ≥ 1 immune/ 
gastro-intestinal/genitourinary impairment symptom, and 
(d) ≥ 1 energy metabolism/transport impairment symptom. 
Patients meeting post-exertional neuroimmune exhaustion  
criteria but 1–2 of the remaining criteria (points b–d) 
were classified as atypical ME/CFS-like. Typical and 
atypical ME/CFS-like patients were lumped in the ME/
CFS + group, while other patients represented the ME/
CFS − group.

Neuropsychiatric symptoms

Fatigue was explored with the Multidimensional Fatigue 
Inventory (MFI). The Pittsburgh Sleep Quality Index (PSQI) 
evaluated sleep quality over the previous month. The Hos-
pital Anxiety and Depression Scale (HADS) assessed mood 
changes. Pain severity was evaluated with a 0–10 Numerical 
Rating Scale.

Neuropsychological assessment

Subjective cognitive complaints (e.g., attention, concentra-
tion, and memory difficulties) were assessed through patients’ 
reports.

Global cognition was explored with the Montreal Cognitive 
Assessment (MoCA). A reduced neuropsychological test bat-
tery was administered to assess the most frequently affected 
cognitive domains in ME/CFS. Attention and psychomotor 
speed were evaluated with the Symbol Digit Test and execu-
tive function was explored with the Stroop test.

Neurofilament light chain

Investigators blinded to clinical data measured serum NfL lev-
els in duplicated using SIMOA Nf-light kit in SR-X immu-
noassay analyser, Simoa (Quanterix Corporation, Billerica, 
Massachusetts, USA), which runs ultrasensitive paramagnetic 
bead-based enzyme-linked immunosorbent assays (Mariotto 
et al. 2019). Age-matched healthy controls and normative NfL 
values were used as comparison (Hviid et al. 2020).

Lung function

Lung function was performed according to the International 
Recommendations (Miller et al. 2005). A flow-sensing spirom-
eter (Jaeger MasterScreen PFT System) was used. Forced vital 
capacity (FVC), forced expiratory volume in the first second 
(FEV1), and total lung capacity (TLC) were recorded. FEV1/
FVC ratio was taken as index of airflow obstruction. Carbon 
monoxide diffusion capacity (DLCO) and carbon monoxide 
transfer coefficient (KCO) were measured by single breath 
method. FEV1, FVC, TLC, DLCO, and KCO were expressed 
as percentage of the predicted values. The arterial blood partial 
pressure of carbon dioxide and oxygen was measured. Walk-
ing capacity was assessed by 6-min walking test (6MWT) 
according to the reference equation for healthy adults, and the 
individual’s perceived dyspnea and fatigue at baseline and at 
end-effort were measured with a 10-point modified Borg scale.

Statistical analysis

Continuous variables were assessed with non-parametric 
Mann–Whitney U test. Chi square test was applied to categori-
cal variables. Statistical significance was set at p < 0.05.

Results

After screening the initial cohort (N = 131) for eligibility 
(Fig. 1), we included 37 patients (age 51.9 ± 10.9; 25 men, 
12 women), of whom 10 were classified as ME/CFS + (age 
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50.7 ± 12.3; 5 women) and 27 as ME/CFS- (age 52.3 ± 10.5; 
7 women; Table 1).

Socio-demographic data, baseline comorbidities, and 
clinical and inflammatory features of SARS-CoV-2 infec-
tion did not differ between groups.

Sleep quality, fatigue, pain, and depressive symptoms 
were significantly more common and more severe in the ME/
CFS + vs. ME/CFS − group (Fig. 2). Anxiety did not differ 
between groups.

Subjective cognitive complaints were significantly worse 
in the ME/CFS + vs. ME/CFS − group (p < 0.001), but the 
neuropsychological battery scores did not differ between 
groups.

Lung function was within normal range and did not differ 
between groups, except for Borg dyspnea baseline measure 
of the 6MWT (p = 0.014), which was significantly higher in 
the ME/CFS + vs. ME/CFS − group (Fig. 2).

Serum NfL levels were normal in all patients, except 
one (ME/CFS + , woman, age 54; 28.5  pg/mL, normal 
value < 17.5 pg/mL) (Mariotto et al. 2019) and did not dif-
fer comparing ME/CFS + and ME/CFS − groups.

Discussion

We identified a subset of 10 patients (i.e., 27% of the 
included patients), who developed ME/CFS-like symptoms 
of fatigue, sleep disturbances, pain, mood changes, and 
subjective cognitive complaints persisting over 6 months 
after SARS-CoV-2 infection recovery. Our figures appear 

slightly lower than that previously reported after SARS 
infection, i.e., ME/CFS-like symptoms in 40% of survivors 
1 year after infection (Lam et al. 2009), but higher than 
that reported in a recent study aimed to assess psycho-
logical morbidities among COVID-19 survivors, i.e., ME/
CFS-like symptoms in 14.2% of survivors 6 months after 
infection onset (Simani et al. 2021). These discrepancies 
across studies might be explained by different ME/CFS 
criteria and severity of the two coronavirus infections.

In accordance with another study on persistent fatigue 
after COVID-19 (Ahmed et al. 2020), we did not find 
significant difference in clinical/inflammatory features 
of SARS-CoV-2 acute infection comparing ME/CFS-
like patients to those without ME/CFS-like symptoms. 
Although most of the patients were not severely ill, this 
finding suggests that ME/CFS-like symptoms may be inde-
pendent from SARS-CoV-2 infection severity.

COVID-19 survivors underwent a multidimensional 
assessment that showed worse sleep, fatigue pain, depres-
sive symptoms, subjective cognitive complaints, and dysp-
nea in ME/CFS-like group.

More severe mood alterations were found in ME/
CFS + than ME/CFS- patients, in line with a recent pro-
spective study on COVID-19 survivors (Rass et al. 2021).

ME/CFS + patients reported higher subjective cognitive 
complaints than the ME/CFS- group, even in the absence 
of overt cognitive dysfunction. The subjective–objective 
cognitive mismatch suggests that ME/CFS-like cognitive 
complaints may fall within the functional cognitive dis-
order spectrum (Teodoro et al. 2018). Alternatively, the 
tools we used could be not calibrated to capture subtle 
cognitive impairment.

Serum NfL levels were normal except in one ME/CFS-
like patient, and we found no differences when compar-
ing ME/CFS + vs. ME/CFS − . This finding suggests that 
axonal damage does not seem to underlie ME/CFS-like 
symptoms in SARS-CoV-2 survivors and requires confir-
mation in larger studies.

Lung function was normal and not significantly differ-
ent in ME/CFS + vs. ME/CFS − groups. Of interest, ME/
CFS-like patients perceived baseline Borg scale dyspnea as 
more marked than those without ME/CFS-like symptoms. 
This result appears consistent with a previous study report-
ing altered dyspnea perception in the absence of objective 
changes of respiratory distress during a rebreathing test in 
patients with fibromyalgia and ME/CFS, suggesting a pos-
sible functional nature of this symptom (Van den Bergh 
et al. 2017).

Fatigue, pain, and excessive interoceptive monitoring in 
ME/CFS may produce a shift from externally directed attention  
to subjective complaints resulting in perceiving cognitive and 
motor tasks as extremely effortful (Teodoro et al. 2018).

Assessed for eligibility
(N = 131)

Eligible and included
(n = 37)

Excluded (N = 94) 

History of neurological disorders (N = 24)
History of major psychiatric disorders (N = 4)

Age > 65 years (N = 53)
Follow-up after SARS-CoV-2 infection < 6 

months (N = 13)

Fig. 1  Flow diagram of the study and reasons for patients’ exclusion
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Table 1  Socio-demographic and clinical characteristics

Characteristics All (n = 37) ME/CFS + (n = 10) ME/CFS − (n = 27) P  valuec

Socio-demographic
Gender (men/women) 25/12 5/5 20/7 0.17
Agea 51.9 ± 10.9, 54 50.7 ± 12.3, 55.5 52.3 ± 10.5 0.90
Education (y)a 12.9 ± 3.4, 13 14.5 ± 3.1, 15 12.3 ± 3.3, 13 0.07
BMIa 26.8 ± 4.3, 26.4 27.0 ± 4.4, 26.4 26.2 ± 4.2, 26.3 0.90

Baseline Comorbidities (yes/no)
Hypertension 9/28 4/6 5/22 0.36
Cardiac disease 2/35 1/9 1/26 1.00
Diabetes 1/36 0/10 1/26 1.00
Cancer 1/36 0/10 1/26 1.00
COPD 2/35 1/9 1/26 1.00
Kidney disease 1/36 0/10 1/26 1.00
Liver disease 0/37 0/10 0/26 1.00
Psychiatricb 4/33 0/10 4/23 0.49

SARS-CoV-2 infection—Clinical
Hospitalization (yes/no) 33/4 8/2 25/2 0.62
Months since  infectiona 6.1 ± 0.3, 6.0 6.1 ± 0.4, 6.0 6.0 ± 0.1, 6.0 0.54
ICU (yes/no) 8/29 3/7 5/22 0.76
O2 therapy (yes/no) 22/15 4/6 18/9 0.28

SARS-CoV-2 infection—Inflammatory
C-reactive protein (mg/L) 72.4 ± 52.1, 70 72.9 ± 68.2, 83 72.3 ± 48.0, 68 0.84
Procalcitonin (µg/L) 0.3 ± 0.4, 0.1 0.6 ± 0.6, 0.3 0.3 ± 0.4, 0.1 0.31
White blood cells (1000/µL) 7.5 ± 3.6, 7.1 8.5 ± 6.1, 6.1 7.2 ± 2.7, 7.1 0.81
Neutrophil granulocytes (1000/µL) 6.0 ± 4.0, 5.3 7.1 ± 4.2, 5.9 5.7 ± 4.0, 4.7 0.32
Lymphocytes (1000/µL) 0.9 ± 0.3, 0.9 1.0 ± 0.4, 1.1 0.9 ± 0.3, 0.9 0.27
I nterleukin 6 (pg/mL) 32.5 ± 23.2, 24.0 34.9 ± 25.1, 24.0 31.2 ± 24.5, 25.5 0.80

Neuropsychiatric symptoms
Sleep disorders (yes/no) 19/18 9/1 10/17 0.013*
PSQI  scorea 5.8 ± 2.8, 6.0 7.0 ± 2.2, 6.0 5.3 ± 2.9, 5.0 0.037*

Fatigue
MFI  scorea 42.5 ± 20.0, 36.0 64.4 ± 17.4, 64.0 34.3 ± 13.7, 30.0  < 0.001*
MFI-FG  scorea 9.5 ± 4.8, 8.0 13.6 ± 4.6, 14.0 7.9 ± 3.9, 6.0 0.002*
MFI-FF  scorea 8.7 ± 4.7, 8.0 13.1 ± 5.0, 12.5 7.0 ± 3.4, 6.0 0.001*
MFI-RA  scorea 8.7 ± 4.8, 7.0 13.6 ± 4.7, 14.5 6.9 ± 3.4, 6.0  < 0.001*
MFI-RM  scorea 7.5 ± 3.8, 6.0 10.9 ± 4.1, 11.0 6.3 ± 2.9, 5.0 0.001*
MFI-FM  scorea 8.0 ± 4.3, 6.0 13.2 ± 3.5, 14.0 6.0 ± 2.7, 5.0  < 0.001*
Pain (yes/no) 14/23 8/2 6/21 0.005*
NRS  scorea 1.8 ± 2.5, 0.0 4.2 ± 2.8, 5.0 0.9 ± 1.7, 0.0 0.001*
Anxiety (yes/no) 10/27 4/6 6/21 0.51
HADS score (anxiety)a 4.6 ± 3.4, 5.0 5.9 ± 3.5 4.1 ± 3.5, 3.0 0.11
Depression (yes/no) 6/31 4/6 2/25 0.06
HADS score (depression)a 2.9 ± 3.5, 1.0 5.6 ± 2.8, 6.0 1.9 ± 2.9, 1.0 0.002*

Neuropsychological assessment
Subjective complaints (yes/no) 14/23 10/0 4/23  < 0.001*
General (MoCA raw score)a 26.0 ± 2.0, 26.0 27.0 ± 1.6, 27.0 25.6 ± 2.0, 26.0 0.05
General (MoCA corrected score)a 25.4 ± 2.4, 24.5 26.1 ± 2.2, 26.2 25.1 ± 2.4, 24.5 0.22
Psychomotor speed (SDT score)a 46.9 ± 10.4, 46.0 51.3 ± 8.7, 48.5 45.2 ± 10.7, 44.0 0.10
Executive function (Stroop time)a 18.5 ± 8.3, 17.5 16.2 ± 7.5, 16.9 19.4 ± 8.6, 17.8 0.39

Neurofilament light chain (pg/mL) 9.5 ± 4.9, 8.5 10.4 ± 7.7, 8.2 9.2 ± 3.5, 8.5 0.89
Spirometry

FEV1 (% predicted)a 115.9 ± 15.6, 116.0 113.5 ± 11.2, 111.5 116.6 ± 16.9, 119.0 0.36
FVC (% predicted)a 120.8 ± 17.0, 120.0 114.8 ± 10.7, 117.0 122.7 ± 18.3, 126.0 0.17
FEV/FVC (%)a 100.5 ± 6.7, 101.0 103.9 ± 8.6, 107.0 99.4 ± 5.7, 100.0 0.10
TLC (% predicted)a 102.3 ± 13.0, 103.0 98.3 ± 12.1, 102.5 103.6 ± 13.3, 103.0 0.42
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Table 1  (continued)

Characteristics All (n = 37) ME/CFS + (n = 10) ME/CFS − (n = 27) P  valuec

DLCO (% predicted)a 89.1 ± 13.3, 87.0 84.5 ± 15.0, 81.0 90.5 ± 12.7, 87.0 0.23

KCO (% predicted)a 95.4 ± 15.5, 93.0 97.6 ± 21.8, 89.5 94.7 ± 13.4, 94.0 0.85
Arterial blood gas analysis

pCO2 (mm Hg)a 36.5 ± 7.2, 38.0 38.8 ± 1.5, 39.0 35.8 ± 8.2, 37.0 0.15
pO2 (mm Hg)a 97.0 ± 21.7, 99.0 99.3 ± 6.6, 100.0 96.2 ± 24.7, 99.0 0.95

Six-minute walking test
Distance walked (m)a 589.4 ± 66.9, 600.0 602.9 ± 80.2, 608.0 584.9 ± 63.2, 576.0 0.27
Distance walked (% predicted)a 103.2 ± 17.8, 100.3 106.0 ± 18.1, 106.5 102.2 ± 17.9, 98.7 0.32
SatO2 (baseline)a 97.0 ± 1.1, 97.0 97.1 ± 0.8, 97.0 97.0 ± 1.1, 97.0 0.84
SatO2 (end-effort)a 96.6 ± 1.8, 97.0 96.8 ± 1.7, 97.0 96.5 ± 2.0, 96.5 0.77
Borg dyspnea scale (baseline)a 0.16 ± 0.45, 0.0 0.50 ± 0.76, 0.3 0.04 ± 0.20, 0.0 0.014*
Borg fatigue scale (baseline)a 0.09 ± 0.30, 0.0 0.25 ± 0.46, 0.0 0.04 ± 0.20, 0.0 0.085
Borg dyspnea scale (end-effort)a 2.16 ± 1.54, 3.0 2.38 ± 0.92, 3.0 2.08 ± 1.72, 2.0 0.55
Borg fatigue scale (end-effort)a 1.69 ± 1.38, 1.0 2.13 ± 1.73, 2.0 1.54 ± 1.25, 1.0 0.36

BMI body mass index, COPD chronic obstructive pulmonary disease, DLCO diffusing capacity of the lungs for carbon monoxide, FEV1 forced 
expiratory volume in the first second, FVC forced vital capacity, HADS Hospital Anxiety and Depression Scale, ICU intensive care unit, KCO 
carbon monoxide transfer coefficient, ME/CFS + patients with myalgic encephalomyelitis/chronic fatigue syndrome-like symptoms, ME/
CFS − patients without myalgic encephalomyelitis/chronic fatigue syndrome-like symptom, MFI Multidimensional Fatigue Inventory, MFI-FG 
general fatigue, MFI-FF physical fatigue, MFI-RA reduced activity, MFI-RM reduced motivation, MFI-FM mental fatigue, MoCA Montreal 
Cognitive Assessment, NRS numerical rating scale, pCO2 partial pressure of arterial carbon dioxide, pO2 partial pressure of oxygen, PSQI Pitts-
burgh Sleep Quality Index, SatO2 oxygen saturation, SDT Symbol Digit Test, TLC total lung capacity
a Mean ± SD, median
b Mild severity
c Non-parametric Mann–Whitney U test for continuous variables; chi square test for categorical variables
*P < 0.05 for ME/CFS + vs ME/CFS - comparison

Fig. 2  Sleep disorders, pain, depression, perceived dyspnea (Borg 
dyspnea scale at baseline), and fatigue in patients who tested positive 
(ME/CFS +) and negative (ME/CFS −) to ME/CFS-like symptoms. 

All the measures were significantly worse in ME/CFS + than ME/
CFS − patients (*p < 0.05 for ME/CFS + vs ME/CFS − comparison). 
Horizontal bars equal 1 S.E.M
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Our results suggest that ME/CFS-like symptoms in 
patients with COVID-19 may fall under functional neu-
rological syndromes; i.e., a set of disorders characterized 
by abnormal symptom experiences probably related to 
an imbalance between somatic bottom-up perception and 
attentional, affective, and memory top-down processes 
(Van Den Houte et al. 2018).

Strengths of this study are the 6-month follow-up 
data and the multidimensional assessment encompass-
ing immunologic, axonal, and lung markers. Limitations 
include its observational nature, small sample size, the 
absence of a pre-COVID-19 evaluation that prevented 
conclusions on the cause-effect relationship, no age- and 
sex-matched control group of patients without COVID-19 
to check for psychological distress caused by the pandemic 
itself, and no data on inflammatory features at 6-month 
follow-up. Whether these symptoms might be a conse-
quence of SARS-CoV-2 infection or unmasking of previ-
ous latent predisposition is an open question that should 
be addressed in future studies.

Despite our data should be considered preliminary, they 
raise concern on a possible future ME/CFS-like pandemic 
long after SARS-CoV-2 infection recovery, irrespectively of 
its severity and inflammatory features. Future larger studies 
with longer follow-ups are needed to explore ME/CFS-like 
symptom prevalence following SARS-CoV-2 infection.
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