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Abstract
There is a clear clinical overlap between fibromyalgia, myalgic encephalomyelitis, and post-COVID 19 condition. 
Chronic fatigue, cognitive impairment, and widespread pain characterize these 3 syndromes. A steady line of investi-
gation posits fibromyalgia as stress-evoked sympathetically maintained neuropathic pain syndrome and places dorsal 
root ganglia dysregulation with the ensuing small fiber neuropathy at the epicenter of fibromyalgia pathogenesis. This 
article discusses emerging evidence suggesting that similar mechanism may operate in post-COVID 19 condition.
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Introduction

A substantial fraction of patients (10 to 20%) recover-
ing from COVID-19 (SARS CoV-2) infection experi-
ence chronic vexing symptoms [1]. This complication 
is known as long-COVID or post-COVID-19 condition. 
According to the World Health Organization clinical case 
definition, “Post COVID-19 condition occurs in individu-
als with a history of probable or confirmed SARS CoV-2 
infection, usually 3 months from the onset of COVID-19 
with symptoms and that last for at least 2 months and 
cannot be explained by an alternative diagnosis. Com-
mon symptoms include fatigue, shortness of breath, cog-
nitive dysfunction but also others and generally have an 
impact on everyday functioning. Symptoms may be new 
onset following initial recovery from an acute COVID-19 
episode or persist from the initial illness. Symptoms may 
also fluctuate or relapse over time” [2].

There is a clear clinical overlap between post-
COVID-19 condition, myalgic encephalomyelitis/chronic 
fatigue syndrome (ME/CFS), and fibromyalgia. Chronic 

fatigue, cognitive impairment, and widespread pain char-
acterized these syndromes [3–7]; these three illnesses 
may also share underlying pathogenetic features. An 
established mechanistic model suggests fibromyalgia 
as a stress-evoked, sympathetically maintained neuro-
pathic pain syndrome, and puts dorsal root ganglia dys-
regulation with the ensuing small fiber neuropathy at 
the epicenter of fibromyalgia pathogenesis [8]. Unfold-
ing research from different groups of investigators hints 
that similar mechanism may be also occurring in patients 
with post-COVID-19 condition [9–16].

The objective of this article is to highlight the clini-
cal overlap between post-COVID-19 condition, ME/CFS, 
and fibromyalgia, and to focus on the emerging evidence 
suggesting that dorsal root ganglia phenotypic changes 
with the resulting small fiber neuropathy may also play 
a role in the mechanisms leading to post-COVID-19 
condition.

Our review strategy included PubMed database search 
linking the following entry subjects: “COVID-19 and 
myalgic encephalomyelitis,” “COVID-19 and fibromy-
algia,” “COVID-19 or SARS-Cov2 and small fiber neu-
ropathy,” and finally “COVID-19 or SARS-Cov2 and 
dorsal root ganglia.” Original investigations looking 
for dorsal root ganglia dysregulation and/or small fiber 
neuropathy in COVID 19 condition are included in this 
viewpoint article.
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Clinical overlap between post‑COVID‑19 
condition, ME/CFS, and fibromyalgia

ME/CFS is a complex illness typified by profound malaise 
after mental or physical effort occurring in patients 
already suffering from constant fatigue [17]. The pres-
ence of musculoskeletal pain is implied in ME/CFS name. 
A systematic review with meta-analysis found that ME/
CFS and fibromyalgia diagnoses overlapped in 47% of 
the reported cases with well-defined classification cri-
teria [18]. This concordance will be likely higher when 
using the most recent fibromyalgia diagnostic criteria that 
incorporate chronic fatigue and cognitive symptoms as 
key diagnostic features [19]. Post-COVID 19 condition is 
characterized by similar symptoms; in a cross-sectional 
study of 178 patients with post-COVID 19 condition, the 
most frequent reported complaints were difficulty concen-
trating (81%), dyspnea (75%), arthralgia (71%), fatigue 
(68%), and hair loss (60%) [6]. A web-based survey found 
that after 3 months from the acute COVID-19 illness, 30% 
of the affected patients fulfilled the fibromyalgia diag-
nostic criteria [3]. The long-term consequences of post-
COVID-19 condition are not known at the present time; 
a cohort of patients suffer chronic symptoms. Compared 
with uninfected individuals, a group of 1276 hospitalized 
patients with COVID-19 had more problems with mobil-
ity, pain, anxiety, or depression 12 months after hospital 
discharge [20].

An alternative fibromyalgia mechanistic 
model

There is an alternative explanation to the orthodox the-
ory proposing fibromyalgia as a centralized “nociplastic” 
pain syndrome. This different model views fibromyalgia 
as a stress-evoked sympathetically maintained neuropathic 
pain syndrome and proposes dorsal root ganglia as the key 
neural hubs were different infective, autoimmune, and/or 
psychological stressors could be converted in neuropathic 
pain [8]. This model has been backed by the following 
lines of investigation: Dorsal root ganglia contains the 
small nerve fiber nuclei, each individual nucleus is tightly 
enveloped by immune-competent glial cells [8]. About 
half of fibromyalgia patients have skin biopsy–proven 
small fiber neuropathy [21]. The eye cornea is the most 
densely innervated part of the body, making it an ideal 
site to study small nerve fiber pathology. Several groups 
of investigators have described corneal sub-basal plexus 
abnormalities consistent with small fiber neuropathy in 
individuals suffering from fibromyalgia [22]. One study 

found a tight clinical-pathological correlation between 
corneal nerve fiber damage and small fiber neuropathy 
symptoms in fibromyalgia patients, after excluding cases 
with concomitant severe anxiety/depression [23]. The ion 
channel (Nav1.7) plays a major role in the pain electric 
signaling within the dorsal root ganglia. Severe fibromy-
algia is associated with a particular Nav1.7 genotype [24]. 
After exercise, patients with ME/CFS and comorbid fibro-
myalgia displayed greater increases than controls in gene 
expression for metabolites detecting dorsal root ganglia 
sensory receptors including acid-sensing ion channel 3 
and P2X purinoreceptors 4 and 5 [25]. Immunoglobulin 
G derived from fibromyalgia patients induces hyperalgesia 
and peripheral denervation in mice; such immunoglobulin 
G is specifically deposited in the mice dorsal root ganglia 
[26]. Similarly, neutrophils from fibromyalgia patients 
induce hyperalgesia and dorsal root ganglia inflammation 
in mice [27].

Small fiber neuropathy may also explain the chronic 
fatigue and other dysautonomia symptoms seen in fibromy-
algia and in ME/CFS. Immunohistochemical studies show 
that small nerve fibers regulate microvascular tone, primarily 
by sympathetic and parasympathetic cholinergic synapses 
on perivascular myocytes. [28]. Peripheral denervation may 
lead to distal venous blood pooling with decreased cardiac 
return. This hemodynamic instability could theoretically 
explain chronic fatigue as well as exercise and orthostatic 
intolerance [29].

Post‑COVID 19 condition, dorsal root 
ganglia, and small fiber neuropathy

Unfolding evidence advocates that dorsal root ganglia dys-
regulation with the ensuing small fiber neuropathy may 
also play a role in post-COVID-19 condition. SARS-CoV-2 
enters cells via angiotensin converting enzyme-2 receptor. 
Shiers et al. demonstrated that this receptor and other cor-
onavirus-associated receptors and factors are expressed in 
human dorsal root ganglia small nerve fibers. They posit that 
SARS-CoV-2 could gain entrance to the dorsal root ganglia 
via the small nerve fibers free ending residing in the skin, in 
the respiratory tract mucosa, and in the eye cornea [9]. This 
SARS-CoV-2 infection could induce dorsal root ganglia phe-
notypic changes with the resulting small fiber neuropathy, 
thus generating widespread pain.

Alterations in the peripheral immune system induced by 
COVID-19 infection can theoretically lead to chronic mus-
culoskeletal pain. In a hypothesis-generating study, Lesnak 
et al. built a ligand-receptor interactome network to identify 
potential connections between the peripheral blood cells of 
patients with COVID-19 infection and human dorsal root 
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ganglia sensory neurons. The ligands most consistently 
upregulated in COVID-19 patients involved the alarmins 
S100A8/9 and MHC-I signaling [30].

Serafini et al. studied the effects of infection with SARS-
CoV-2 compared with influenza A virus on the sensory 
nervous system of hamsters. Non-infective SARS-CoV-2 
transcripts were present in dorsal root ganglia within 24 h 
after intranasal virus infection. Thirty-one days after infec-
tion, a neuropathic transcriptome emerged in thoracic dor-
sal root ganglia from SARS-CoV-2-infected animals, which 
coincided with SARS-CoV-2 mechanical hypersensitivity 
that was not seen after influenza A virus infection. These 
data suggest that the host response to SARS-CoV-2 infection 
elicits a unique transcriptional output capable of inducing 
lasting dorsal root ganglia plasticity [10].

Dorsal root ganglia inflammation may lead to small 
fiber pathology and chronic pain [8]. Several studies have 
described small nerve fiber neuropathy in post-COVID-19 
condition. Abrams et al. described 6 patients with new-onset 
paresthesias during or soon after COVID-19 infection; skin 
biopsy disclosed small fiber neuropathy [11]. Oaklander 
et al. described 10 patients with World Health Organiza-
tion-defined post-COVID condition and biopsy-proven small 
fiber pathology [16].

Corneal nerves express neuroleptin receptors 1 and 2 as well 
as angiotensin converting enzyme-2 receptor making them 
vulnerable to SARS-Cov-2 infection. Barros et al. studied 23 
mildly symptomatic or asymptomatic patients recovering from 
COVID-19 infection using corneal confocal microscopy. Ninety-
one percent of patients displayed corneal subbasal plexus altera-
tions consistent with small fiber neuropathy. None of the 46 
uninfected control volunteers had corneal nerve damage [12]. 
Midena et al. used corneal confocal microscopy to assess small 
nerve fiber structural abnormalities in 151 patients recovering 
from acute COVID-19 infection; this group had significantly 
thinner corneal nerves when compared to 46 healthy individuals 
with no history of COVID-19 infection [14]. Bitirgen et al. found 
significant negative correlation between total score on the NICE 
long COVID questionnaire and corneal nerve fiber density in 40 
patients recovering from COVID-19 infection [13].

Final remarks

Post-COVID-19 condition, ME/CFS, and fibromyalgia 
share clinical features and may also have similar under-
lying pathogenetic mechanisms. A consistent line of 
investigation places dorsal root ganglia at the epicenter of 

Fig. 1   Hypothetical framework for post-COVID-19 condition. SARS-
CoV-2 invades the body through the skin or through the respiratory 
tract. SARS-CoV-2 enters dorsal root ganglion (DRG) using angio-
tensin converting enzyme-2 receptor. The local immune response to 

the invading virus provokes DRG inflammation and small nerve fiber 
nuclear degeneration. Small fiber neuropathy induces fatigue and 
widespread pain (image created with BioRender.com)
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fibromyalgia pathogenesis. Unfolding evidence suggests 
that dorsal root ganglia phenotypic changes with result-
ing small nerve fiber neuropathy may also play a role in 
post- COVID-19 condition. Figure 1 graphically summa-
rizes our hypothesis: SARS-CoV-2 may invade the body 
through the respiratory tract or through the skin. The coro-
navirus could gain access to the dorsal root ganglia using 
the angiotensin converting enzyme-2 receptor. Once in the 
dorsal root ganglia, SARS-Cov-2 or its transcripts may 
induce an immune-mediated inflammation; the mounted 
response could affect small nerve fibers nuclei with the 
resulting small fiber neuropathy manifested as chronic pain 
and dysautonomia. This different model is a hypothesis-
generating construct that should be tested with the appro-
priate animal and clinical studies.

Compliance with ethical standards 

Disclosures  None.

References

	 1.	 Nalbandian A, Sehgal K, Gupta A, Madhavan MV, McGroder C, 
Stevens JS, Cook JR, Nordvig AS, Shalev D, Sehrawat TS, Ahlu-
walia N, Bikdeli B, Dietz D, Der-Nigoghossian C, Liyanage-Don 
N, Rosner GF, Bernstein EJ, Mohan S, Beckley AA et al (2021) 
Post-acute COVID-19 syndrome. Nat Med 27(4):601–615. https://​
doi.​org/​10.​1038/​s41591-​021-​01283-z Epub 2021 Mar 22. PMID: 
33753937; PMCID: PMC8893149

	 2.	 World Health Organization A clinical case definition of post COVID-19 
condition by a Delphi Consensus. 2021. https://​www.​who.​int/​publi​
catio​ns/i/​item/​WHO-​2019-​nCoV-​Post_​COVID-​19_​condi​tion-​Clini​
cal_​case_​defin​ition-​2021.1. Accessed May 23, 2023.

	 3.	 Ursini F, Ciaffi J, Mancarella L, Lisi L, Brusi V, Cavallari C, 
D'Onghia M, Mari A, Borlandelli E, Faranda Cordella J, La 
Regina M, Viola P, Ruscitti P, Miceli M, De Giorgio R, Baldini 
N, Borghi C, Gasbarrini A, Iagnocco A et al (2021) Fibromyalgia: 
a new facet of the post-COVID-19 syndrome spectrum? Results 
from a web-based survey. RMD Open 7(3):e001735. https://​doi.​
org/​10.​1136/​rmdop​en-​2021-​001735

	 4.	 Savin E, Rosenn G, Tsur AM, Hen O, Ehrenberg S, Gendelman 
O, Buskila D, Halpert G, Amital D, Amital H (2023) The possible 
onset of fibromyalgia following acute COVID-19 infection. PLoS 
One 18(2):e0281593. https://​doi.​org/​10.​1371/​journ​al.​pone.​02815​
93

	 5.	 Metyas S, Chen C, Aung T, Ballester A, Cheav S (2022) Rheu-
matologic manifestations of post SARS-CoV-2 infection: a case 
series. Curr Rheumatol Rev 18(4):346–351. https://​doi.​org/​10.​
2174/​15733​97118​66622​02111​55716

	 6.	 Román-Montes CM, Flores-Soto Y, Guaracha-Basañez GA, 
Tamez-Torres KM, Sifuentes-Osornio J, González-Lara MF, de 
León AP (2023) Post-COVID-19 syndrome and quality of life 
impairment in severe COVID-19 Mexican patients. Front Public 
Health 11:1155951. https://​doi.​org/​10.​3389/​fpubh.​2023.​11559​51 
PMID: 37255755; PMCID: PMC10225709

	 7.	 González-Hermosillo JA, Martínez-López JP, Carrillo-Lampón 
SA, Ruiz-Ojeda D, Herrera-Ramírez S, Amezcua-Guerra LM, 

Martínez-Alvarado MDR (2021) Post-acute COVID-19 symp-
toms, a potential link with myalgic encephalomyelitis/chronic 
fatigue syndrome: a 6-month survey in a Mexican cohort. Brain 
Sci 11(6):760. https://​doi.​org/​10.​3390/​brain​sci11​060760

	 8.	 Martínez-Lavín M (2021) Dorsal root ganglia: fibromyalgia pain 
factory? Clin Rheumatol 40(2):783–787. https://​doi.​org/​10.​1007/​
s10067-​020-​05528-z

	 9.	 Shiers S, Ray PR, Wangzhou A, Sankaranarayanan I, Tatsui CE, 
Rhines LD, Li Y, Uhelski ML, Dougherty PM, Price TJ (2020) 
ACE2 and SCARF expression in human dorsal root ganglion noci-
ceptors: implications for SARS-CoV-2 virus neurological effects. 
Pain 161(11):2494–2501. https://​doi.​org/​10.​1097/j.​pain.​00000​
00000​002051

	10.	 Serafini RA, Frere JJ, Zimering J, Giosan IM, Pryce KD, 
Golynker I, Panis M, Ruiz A, tenOever BR, Zachariou V (2023) 
SARS-CoV-2 airway infection results in the development of 
somatosensory abnormalities in a hamster model. Sci Signal 
16(784):eade4984. https://​doi.​org/​10.​1126/​scisi​gnal.​ade49​84

	11.	 Abrams RMC, Simpson DM, Navis A, Jette N, Zhou L, Shin 
SC (2022) Small fiber neuropathy associated with SARS-CoV-2 
infection. Muscle Nerve 65(4):440–443. https://​doi.​org/​10.​1002/​
mus.​27458 Epub 2021 Nov 22. PMID: 34766365; PMCID: 
PMC8661991

	12.	 Barros A, Queiruga-Piñeiro J, Lozano-Sanroma J, Alcalde I, Gal-
lar J, Fernández-Vega Cueto L, Alfonso JF, Quirós LM, Merayo-
Lloves J (2022) Small fiber neuropathy in the cornea of Covid-19 
patients associated with the generation of ocular surface disease. 
Ocul Surf 23:40–48. https://​doi.​org/​10.​1016/j.​jtos.​2021.​10.​010

	13.	 Bitirgen G, Korkmaz C, Zamani A, Ozkagnici A, Zengin N, Poni-
rakis G, Malik RA (2022) Corneal confocal microscopy identifies 
corneal nerve fibre loss and increased dendritic cells in patients 
with long COVID. Br J Ophthalmol 106(12):1635–1641. https://​
doi.​org/​10.​1136/​bjoph​thalm​ol-​2021-​319450

	14.	 Midena E, Cosmo E, Cattelan AM, Briani C, Leoni D, Capizzi A, 
Tabacchi V, Parrozzani R, Midena G, Frizziero L (2022) Small 
fibre peripheral alterations following COVID-19 detected by cor-
neal confocal microscopy. J Pers Med 12(4):563. https://​doi.​org/​
10.​3390/​jpm12​040563

	15.	 Gemignani F (2022) Small fiber neuropathy and SARS-CoV-2 
infection. Another piece in the long COVID puzzle? Muscle 
Nerve 65(4):369–370. https://​doi.​org/​10.​1002/​mus.​27495

	16.	 Oaklander AL, Mills AJ, Kelley M, Toran LS, Smith B, Dalakas 
MC, Nath A (2022) Peripheral neuropathy evaluations of patients 
with prolonged long COVID. Neurol Neuroimmunol NeuroIn-
flammation 9(3):e1146. https://​doi.​org/​10.​1212/​NXI.​00000​00000​
001146

	17.	 Institute of Medicine (2015) Beyond Myalgic encephalomyelitis/
chronic fatigue syndrome: redefining an illness. The National Acad-
emies Press, Washington, DC. https://​doi.​org/​10.​17226/​19012

	18.	 Ramírez-Morales R, Bermúdez-Benítez E, Martínez-Martínez 
LA, Martínez-Lavín M (2022) Clinical overlap between fibromy-
algia and myalgic encephalomyelitis. A systematic review and 
meta-analysis. Autoimmun Rev 21(8):103129. https://​doi.​org/​10.​
1016/j.​autrev.​2022.​103129 Epub 2022 Jun 9

	19.	 Wolfe F, Clauw DJ, Fitzcharles MA et al (2016) 2016 revisions to 
the 2010/2011. fibromyalgia diagnostic criteria. Semin Arthritis 
Rheum 46(3):319–329. https://​doi.​org/​10.​1016/j.​semar​thrit.​2016.​
08.​012.)

	20.	 Huang L, Yao Q, Gu X, Wang Q, Ren L, Wang Y, Hu P, Guo L, 
Liu M, Xu J, Zhang X, Qu Y, Fan Y, Li X, Li C, Yu T, Xia J, Wei 
M, Chen L et al (2021) 1-year outcomes in hospital survivors with 
COVID-19: a longitudinal cohort study. Lancet 398(10302):747–
758. https://​doi.​org/​10.​1016/​S0140-​6736(21)​01755-4

	21.	 Martínez-Lavín M (2018) Fibromyalgia and small fiber neuropa-
thy: the plot thickens! Clin Rheumatol 37(12):3167–3171. https://​
doi.​org/​10.​1007/​s10067-​018-​4300-2

https://doi.org/10.1038/s41591-021-01283-z
https://doi.org/10.1038/s41591-021-01283-z
https://www.who.int/publications/i/item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
https://doi.org/10.1136/rmdopen-2021-001735
https://doi.org/10.1136/rmdopen-2021-001735
https://doi.org/10.1371/journal.pone.0281593
https://doi.org/10.1371/journal.pone.0281593
https://doi.org/10.2174/1573397118666220211155716
https://doi.org/10.2174/1573397118666220211155716
https://doi.org/10.3389/fpubh.2023.1155951
https://doi.org/10.3390/brainsci11060760
https://doi.org/10.1007/s10067-020-05528-z
https://doi.org/10.1007/s10067-020-05528-z
https://doi.org/10.1097/j.pain.0000000000002051
https://doi.org/10.1097/j.pain.0000000000002051
https://doi.org/10.1126/scisignal.ade4984
https://doi.org/10.1002/mus.27458
https://doi.org/10.1002/mus.27458
https://doi.org/10.1016/j.jtos.2021.10.010
https://doi.org/10.1136/bjophthalmol-2021-319450
https://doi.org/10.1136/bjophthalmol-2021-319450
https://doi.org/10.3390/jpm12040563
https://doi.org/10.3390/jpm12040563
https://doi.org/10.1002/mus.27495
https://doi.org/10.1212/NXI.0000000000001146
https://doi.org/10.1212/NXI.0000000000001146
https://doi.org/10.17226/19012
https://doi.org/10.1016/j.autrev.2022.103129
https://doi.org/10.1016/j.autrev.2022.103129
https://doi.org/10.1016/j.semarthrit.2016.08.012.)
https://doi.org/10.1016/j.semarthrit.2016.08.012.)
https://doi.org/10.1016/S0140-6736(21)01755-4
https://doi.org/10.1007/s10067-018-4300-2
https://doi.org/10.1007/s10067-018-4300-2


3171Clinical Rheumatology (2023) 42:3167–3171	

1 3

	22.	 Ramírez M, Martínez-Martínez LA, Hernández-Quintela E, Velazco-
Casapía J, Vargas A, Martínez-Lavín M (2015) Small fiber neuropathy 
in women with fibromyalgia. An in vivo assessment using corneal 
confocal bio-microscopy. Semin Arthritis Rheum 45(2):214–219. 
https://​doi.​org/​10.​1016/j.​semar​thrit.​2015.​03.​003

	23.	 Ramírez M, Guerra-Juárez A, Miyake DY, Sebastian-Arellano 
C, Estrada-Mata AG, González-Moyotl NJ, Rodríguez-Aguayo 
AM, Martínez-Lavin M, Martínez-Martínez LA (2021) Correla-
tion between corneal nerve density and symptoms of small fiber 
neuropathy in patients with fibromyalgia: the confounding role of 
severe anxiety or depression. J Clin Rheumatol 27(8):e606–e608. 
https://​doi.​org/​10.​1097/​RHU.​00000​00000​001592

	24.	 Vargas-Alarcon G, Alvarez-Leon E, Fragoso JM, Vargas A, 
Martinez A, Vallejo M, Martinez-Lavin M (2012) A SCN9A 
gene-encoded dorsal root ganglia sodium channel polymorphism 
associated with severe fibromyalgia. BMC Musculoskelet Disord 
13:23. https://​doi.​org/​10.​1186/​1471-​2474-​13-​23

	25.	 Light AR, White AT, Hughen RW, Light KC (2009) Moderate 
exercise increases expression for sensory, adrenergic, and immune 
genes in chronic fatigue syndrome patients but not in normal sub-
jects. J Pain 10:1099–1112

	26.	 Goebel A, Krock E, Gentry C, Israel MR, Jurczak A, Urbina 
CM, Sandor K, Vastani N, Maurer M, Cuhadar U, Sensi S, 
Nomura Y, Menezes J, Baharpoor A, Brieskorn L, Sandström 
A, Tour J, Kadetoff D, Haglund L et al (2021) Passive transfer 
of fibromyalgia symptoms from patients to mice. J Clin Invest 
131(13):e144201. https://​doi.​org/​10.​1172/​JCI14​4201

	27.	 Caxaria S, Bharde S, Fuller AM, Evans R, Thomas B, Celik P, 
Dell'Accio F, Yona S, Gilroy D, Voisin MB, Wood JN, Sikandar S 

(2023) Neutrophils infiltrate sensory ganglia and mediate chronic 
widespread pain in fibromyalgia. Proc Natl Acad Sci U S A 
120(17):e2211631120. https://​doi.​org/​10.​1073/​pnas.​22116​31120

	28.	 Schüller TB, Hermann K, Baron R (2000) Quantitative assess-
ment and correlation of sympathetic, parasympathetic, and 
afferent small fiber function in peripheral neuropathy. J Neurol 
247(4):267–272. https://​doi.​org/​10.​1007/​s0041​50050​582

	29.	 Joseph P, Arevalo C, Oliveira RKF, Faria-Urbina M, Felsenstein 
D, Oaklander AL, Systrom DM (2021) Insights from invasive car-
diopulmonary exercise testing of patients with myalgic encephalo-
myelitis/chronic fatigue syndrome. Chest 160(2):642–651. https://​
doi.​org/​10.​1016/j.​chest.​2021.​01.​082

	30.	 Lesnak JB, Mazhar K, Price TJ (2023) Neuroimmune mechanisms 
underlying post-acute sequelae of SARS-CoV-2 (PASC) pain, pre-
dictions from a ligand-receptor interactome. Curr Rheumatol Rep 
10:1–13. https://​doi.​org/​10.​1007/​s11926-​023-​01107-8 Epub ahead 
of print. PMID: 37300737; PMCID: PMC10256978

Publisher’s note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1016/j.semarthrit.2015.03.003
https://doi.org/10.1097/RHU.0000000000001592
https://doi.org/10.1186/1471-2474-13-23
https://doi.org/10.1172/JCI144201
https://doi.org/10.1073/pnas.2211631120
https://doi.org/10.1007/s004150050582
https://doi.org/10.1016/j.chest.2021.01.082
https://doi.org/10.1016/j.chest.2021.01.082
https://doi.org/10.1007/s11926-023-01107-8

	Hypothetical framework for post-COVID 19 condition based on a fibromyalgia pathogenetic model
	Abstract
	Introduction
	Clinical overlap between post-COVID-19 condition, MECFS, and fibromyalgia
	An alternative fibromyalgia mechanistic model
	Post-COVID 19 condition, dorsal root ganglia, and small fiber neuropathy
	Final remarks
	References


