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ABSTRACT

Long-Coronavirus Disease (Long-COVID) is becoming increasingly recognized due to the persistence of symptoms such as
profound fatigue, neurocognitive difficulties, muscle pains and weaknesses and depression, which would last beyond 3–12
weeks following infection with SARS-CoV-2. These particular symptoms have been extensively observed and studied in the
context of previous psychoneuroimmunology research. In this short commentary, we discuss how previous neuroimmunol-
ogy studies could help us to better understand pathways behind the development of these prolonged symptoms. Various
mechanisms, including viral neuroinvasion, glial cells activation, neurogenesis, oxidative stress have been shown to ex-
plain these symptoms in the context of other disorders. Previous neuroimmunology findings could represent helpful
pointers for future research on long-COVID symptoms and suggest potential management strategies for patients suffering
with long-COVID. Key words: COVID-19; long-COVID; fatigue; microglia; depression; neuroimmunology.

INTRODUCTION

COVID-19 has been initially believed to be a relatively short-
term illness, lasting between 1 and 3 weeks. However, it is
becoming increasingly acknowledged that a number ranging
from 10% to over 80% of patients infected with SARS-CoV-2
experience symptoms beyond 3 weeks and sometimes beyond
12 weeks [1, 2]. The percentage of patients presenting with
prolonged symptoms varies according to the studies which
focussed on different durations of follow-up and types of
population (e.g. patients in the community vs. those attending
hospital/specialist clinics); the rate of patients with prolonged
symptoms was reported between 10%, when considering
patients from a community sample who remained unwell be-
yond 3 weeks [1], and 87%, when considering those who were

initially hospitalized and reported at least one persistent symp-
tom beyond the first month [3]. Symptoms of long-COVID can
vary widely and include cough, low-grade fever, fatigue, chest
pain, shortness of breath, headaches, neurocognitive difficul-
ties, muscle pain and weaknesses, gastrointestinal upset,
rashes, metabolic disruption, thromboembolic conditions, and
depression and other mental health conditions [1, 4].

The persistence of some of these symptoms is not particu-
larly surprising in the context of what we have learned over the
past two decades from studies in the field of neuroimmunology
[5–8]. In recent years, we have witnessed a surge in number of
studies reporting immune abnormalities, showing predomi-
nantly an increase in the activity of the innate immune system,
in conditions such as chronic fatigue syndrome/myalgic en-
cephalomyelitis [6, 8], fibromyalgia [9], cognitive dysfunction
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[10], depression and other mental health disorders [7, 11, 12].
Here we discuss evidence that support the potential involve-
ment of neuroimmunology pathways in the development of
prolonged COVID-19 symptoms and implications for
future research and management strategies.

POTENTIAL EFFECTS OF SARS-COV-2 ON
CENTRAL NERVOUS SYSTEM

A number of causes have been so far suggested to potentially
explain prolonged COVID-19 symptoms, including the presence
of persistent low viral load, reinfection, changes in immune
cells activity potentially leading to autoimmune responses and
tissue damage caused by the initial viral infection [1]. The dam-
age of the central nervous system (CNS) and the involvement of
neuroimmunological pathways could be particularly relevant
for symptoms such as persistent fatigue, cognitive dysfunction,
headaches, muscle weaknesses, depression and other mental
health symptoms. Evidence supporting an involvement of CNS
in SARS-CoV-2 infection comes from studies showing neurolog-
ical, psychiatric and neuropsychiatric presentations in the con-
text of confirmed COVID-19 cases [4, 13, 14].

How a virus, which was originally thought only to affect
respiratory system, could affect the CNS has been the focus of
various studies and commentaries in the past few months.
Various viral infections are known to potentially cause impor-
tant damage to structure and function of CNS and lead to
onset of encephalitis, toxic encephalopathies or demyelinating
lesions [15]. This has been previously partially explained by the
ability of these viruses to ‘invade’ the CNS, potentially damag-
ing the blood–brain barrier [16], causing direct nerve damage,
and activating microglia and astrocytes in the brain and leading
to a pro-inflammatory state at central level [17]. SARS-CoV-2
RNA transcripts have been detected in a small number of
human brain tissues from recent autopsy studies [18, 19],
supporting the idea that this virus could affect CNS and brain
tissue. Furthermore, a very recent study [20] has provided evi-
dence for neuroinvasive capacity of SARS-CoV-2 and identified
pathological features with minimal immune cells infiltrates.
Very few neuropathological post-mortem studies of patients
with COVID-19 have been published so far; among these, the
most recent comprehensive report shows evidence of ischemic
lesions in �14% of the patients, a variable degree of astrogliosis
across different brain regions in the majority (86%) of the
patients examined, and evidence of activation of microglia and
infiltration of cytotoxic T lymphocytes mainly in the brainstem
and cerebellum [21]. However, some studies have not been able
to detect viral invasion even though showing evidence of
inflammation in the cerebrospinal fluid [22, 23]. Interestingly,
the presence of SARS-CoV-2 in the CNS has not been associated
directly with the severity of the neuropathological findings, sug-
gesting that neuroinvasion may be only one of the pathways
through which SARS-CoV-2 could influence brain function and
contribute to some of the prolonged COVID-19 symptoms.

Peripheral inflammation has been widely recognized to in-
fluence brain function through activation of glial cells such as
microglia and astrocytes, by influencing neurogenesis, metabo-
lism of neurotransmitters and stress response [24–27]. Studies
using peripheral immune challenges (such as interferon (IFN)-
alpha, lipopolysaccharide, typhoid vaccine) for therapeutic and
experimental purposes have clearly documented onset of
symptoms such as fatigue and depression and effects on brain
function and activity [8, 28–31] although a dose–response effects

between severity of inflammation and intensity of the symp-
toms are not always evident, especially if the symptoms starts
weeks after the initial immune challenge. The lack of clear
dose–response effect could be due to various factors that could
moderate the effects of inflammation on the brain; these could,
e.g. include changes in permeability of the blood–brain barrier
or the presence of glucocorticoid resistance, both important for
regulating potential effects of increased immune activation on
the brain. Indeed, if there was a clear dose–response, all
patients with inflammatory disorders would present with men-
tal health or neurological problems; in contrast, it is evident
from previous studies that even a relatively low level of im-
mune activation, similar to that reported in individuals with
cardiovascular risk, can be associated with onset of psychiatric
symptoms/disorders. Below we will summarize some of the rel-
evant evidence from neuroimmunology studies focussing on
specific symptoms relevant to long-COVID.

WHAT HAVE WE LEARNT FROM
NEUROIMMUNOLOGY THAT IS RELEVANT FOR
LONG-COVID SYMPTOMS?

The last two decades have seen a large number of studies show-
ing increased levels of peripheral inflammation in patients with
mental health disorders and a specific association with some of
the symptoms relevant to long-COVID. Chronic fatigue syn-
drome has been previously described following infections with
other coronaviruses (SARS and MERS) [32, 33] and other viruses,
such as Epstein–Barr virus [34]. Previous studies have reported
increased inflammatory markers such as C reactive protein,
white blood cell count and transforming growth factor (TGF)-
beta, in patients with chronic fatigue syndrome [6, 35]. Elevated
levels of TGF-beta in patients with chronic fatigue syndrome
were also one of the main findings in a more recent study,
which also reported an association between severity of symp-
toms and the levels of a wide range of pro-inflammatory cyto-
kines, including CCL11, CXCL10, IFN-gamma and interleukin
(IL)-5, but not a directly association between symptoms severity
and TGF-beta levels [36]. However, increased levels of inflam-
matory markers are not always detected in individuals with
chronic fatigue syndrome, as reported by a recent meta-
analysis which highlights that other mechanisms may be more
relevant for the etiopathogenesis of this disorder [37].
Nevertheless, central inflammation and cytokine secretion ap-
pear to be essential steps for the development of fatigue in the
context of psychiatric and non-psychiatric disorders. Recent
preclinical evidence has shown that microglia could have a key
role in the development of fatigue, where induction of fatigue
appeared to be dependent on the production of IL-1 beta from
activated microglia [38, 39]. Similar to chronic fatigue syndrome,
patients with fibromyalgia, a condition characterized by wide-
spread pain, cognitive impairment, sleep disturbances and per-
sistent lack of energy, also present with increased levels of
inflammatory markers [40]. Microglia, and in particular hyper-
sensitive microglia, has been also recently suggested to play a
role in the development of fibromyalgia [41]. Over-activation of
microglial cells is a common feature also in patients with
chronic pain [42]; of note, an over-reaction of glial cells exposed
to SARS-CoV-2 has been also recently suggested as one of the
main mechanisms involved in the neuropsychiatric symptoms
of COVID-19 [43]. Indeed, an important conundrum in these
studies is that a direct correlation between the magnitude of
the peripheral immune activation and the severity of fatigue

2 | Oxford Open Immunology, 2021, Vol. 2, No. 1



and pain is not immediately evident [44]. This is indeed relevant
also for long-COVID as persistent fatigue following SARS-CoV-2
has not been found to be dependent on the severity of the initial
infection or associated with levels of peripheral inflammatory
markers [45]. A number of non-mutually exclusive explanations
have been proposed, such as that serum immune markers
might be unable to capture the complexity of relevant immune
mechanisms; that the individual sensitivity to immune
activation might be more important than the absolute levels of
immune activation per se; or that central processes involving
brain/microglia response may be more relevant and persist
even when the initial trigger from peripheral immune activation
has resolved and therefore no longer measurable [12]. In this
context, the blood–brain barrier may represent a potential
important factor moderating the crosstalk between peripheral
immune and CNS. We know that pro-inflammatory cytokines
can directly increase blood–brain barrier permeability partly
by upregulating endothelial cell adhesion molecules and
promoting immune cells infiltration [46]. However, peripheral
inflammation does not always lead to increased peripheral
permeability of the blood–brain barrier, and it has been
associated in certain cases with reduced permeability [47]. An
increased/reduced permeability of the blood–brain barrier could
partly be behind the dissociation between the levels of
peripheral inflammation and the severity of symptoms such as
fatigue, depression or cognitive impairment.

Depression and other mental health problems have also
been increasingly associated with chronic low-grade inflamma-
tion and microglia activation [7, 11, 12]. Interestingly, cognitive
dysfunction appears to be one of the main symptoms linked to
increased levels of inflammatory markers [10, 48]. The molecu-
lar pathways through which central inflammation contributes
to depression and cognitive dysfunction are still partly unclear,
but preclinical evidence suggests that central neuroinflamma-
tion may contribute to reduced neurogenesis particularly in the
hippocampus, one of the main structures involved in cognitive
function and memory [26, 48]. Other potential pathways include
effects of synthesis of serotonin following the activation of
kynurenine pathways [49, 50] and an unbalance in oxidative
stress markers [39]. More specifically, cytokines can activate a
key enzyme in the kynurenine pathway, the indolamine 2,3-
dioxygenase (IDO); IDO catabolizes the amino acid tryptophan,
essential precursor of the neurotransmitter serotonin into dif-
ferent metabolic products, namely the quinolinic and kynurenic
acid [51]. Quinolinic acid is regarded as neurotoxic while kynur-
enic acid is neuroprotective and both metabolites interact with
glutamate neurotransmitter system. The activation of the
kynurenine pathway has been suggested to play a role in the de-
velopment of depression also in the context of other physical
health conditions associated with important activation of the
immune system [50]. Similarly, increased oxidative stress has
been associated with development of depression and with neu-
rodegenerative disorders [52–54]. Oxidative stress derives from
an imbalance between reactive oxygen species and antioxi-
dants; increased oxidative stress can result in production of
toxic by-products which would affect cell growth, proliferation
and differentiation and lead ultimately to neuronal cell death.
Immune cell activation and inflammation can contribute to the
production of endogenous free radicals and lead to an increase
of oxidative stress; on the other hand, oxidants are known to
enhance inflammation via activation of transcription factors
such as NF-kappa B. This positive feedback loop has been sug-
gested to contribute to neuronal damage and persistence of
symptoms of depression and cognitive impairment [53].

USING OUR KNOWLEDGE FROM
NEUROIMMUNOLOGY TO IMPROVE OUR
UNDERSTANDING AND MANAGEMENT OF
LONG-COVID

Most of us who have worked in the field of psychoneuroimmu-
nology for years are not surprised by the high rate of patients
with persistent fatigue, cognitive dysfunction, muscle pains, de-
pression and other mental health problems in patients who
have been infected by SARS-CoV-2. These symptoms have been
long acknowledged in the context of different disorders and
syndromes to have a strong link with an initial immune chal-
lenge and/or with a persisting dysregulation of the immune sys-
tem. We have learned over the years that even mild infections
and low-grade inflammation, as the one reported in cardiovas-
cular illnesses, can cause symptoms of depression or be associ-
ated with persistent fatigue. In this short commentary, we have
discussed few possible pathways that could be relevant for
some of these symptoms, including the involvement of activa-
tion of glial cells, blood–brain barrier permeability, effects of
oxidative stress and kynurenine pathway. These are just few
pointers for future research on the causes of long-COVID
symptoms and for a better understanding of management and
support strategies.

Treatment strategies currently trialled for patients with de-
pression presenting with increased inflammation include the
use of anti-inflammatory medications, such as minocycline and
tumor necrosis factor (TNF)-alpha inhibitors [55]. However, we
need to remember that the communication between CNS and
immune system is bidirectional [56]; therefore, we could poten-
tially reduce persistent low-grade inflammation by modulating
the immune system through a neural/endocrine pathway.
Indeed, psychosocial factors are also very important in regulat-
ing our immune activation and the response to SARS-CoV-2
[57]. Two of the main biological systems involved in the stress
response, the hypothalamic–pituitary–adrenal axis or the auto-
nomic nervous system, are also key in the regulation of our im-
mune response. Therefore, strategies tackling our levels of
stress and/or the stress response, including psychosocial inter-
vention, physical exercise or potentially dietary interventions,
could be also useful in counteracting some of the negative
effects of chronic inflammation.

In conclusion, the neuroimmunology knowledge acquired
over the years about chronic fatigue syndrome, fibromyalgia,
depression and mental health disorders could potentially assist
research and understanding of many long-COVID symptoms.
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