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Abstract

Chronic fatigue often starts with an acute viral infection—as witnessed in the case of SARS-CoV-2—but indirect con-
sequences of these infections are presumably the actual cause of the condition. As recently reviewed in this journal,
the culprit could be a virus already present in the patient. The review covers several types of viruses, but concludes
that the question is still open. The focus is on well known, pathogenic viruses for which there are ample diagnostic
tools. | argue that there is one lesser-known group of viruses, the related anello- and circoviruses, which ought to be
investigated. More or less everyone harbours at least one strain of these viruses in the blood, while not in the spinal
fluid. They normally replicate at a low level, but their activity increases in an immune suppressed host; and there are
cases where they do reach the brain. The initial infection could facilitate their access to the brain.
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Possible causes of chronic fatigue

There are several lines of investigation as to the aetiol-
ogy of chronic fatigue syndrome (CFS), also known as
myalgic encephalomyelitis. The arguably two most com-
mon are: one, immune system abnormalities such as
chronic immune activation or autoimmunity; and two, as
recently reviewed in the Journal of Translational Medi-
cine, chronic viruses [1]. In both cases, several correlates
are found, but none appears to give a satisfactory expla-
nation for the condition. There are two problems with
these correlates. For one, the parameters investigated
tend to be limited to those with easily available diagnostic
tools; and two, a correlate may be due to indirect effects
of the actual causative factor. For example, if the aetiol-
ogy is infectious, there would be an expected impact on
in immunological parameters. On the other hand, if the
immune surveillance is somehow compromised, there
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would be an expected increase in the titre (and detection
rate) of chronic viruses.

What is generally accepted is that the condition in
many cases (perhaps 50%) starts with an infection [2].
This is typically in the form of a viral-like flu with pre-
sumed viremia. The infection, however, is considered a
triggering factor rather than the actual cause. A condi-
tion similar to CFS was noted as sequela in connection
with the SARS epidemic, and again in connection with
Covid-19 [3]. The observation accentuates the impor-
tance of finding the true culprit, but also offers an oppor-
tunity for research.

It makes sense to focus on reactivation of chronic, viral
infections, as the typical initial agents are not expected
to be around for the duration of the disease. Moreover,
if other types of microbes were responsible, such as bac-
teria, it would presumably be easier to find the cause.
The recent review covers most of the known, pathogenic
viruses that have a strategy of lingering in the human
host, including examples belonging to herpesviruses,
enteroviruses, parvoviruses, retroviruses, and togaviruses
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[1]. I believe an additional diverse group of viruses ought
to be investigated.

Anello- and circoviruses

The family Anelloviridae is divided into 14 genera,
including Alphatorquevirus, with the most studied, and
ubiquitous, human Torque teno virus. The family Circo-
viridae comprises two genera, Circovirus and Cyclovirus.
All these viruses have related, short (1.7-4.0 kb), circular,
single-stranded DNA genomes. They form small, non-
enveloped viral particles and are widespread in mam-
mals and birds. Most humans apparently harbour several
strains [4].

These viruses normally replicate at a low, but steady
state. However, if the immune system is suppressed,
their titres can rise to high levels in the blood [5]. Some
strains are assumed to cause disease in animals, but
until recently, they were considered completely benign
in humans. Moreover, they were assumed to replicate
solely outside the brain. Recent reports offer evidence for
a rare presence in the brain, and a possible association
with symptoms, in the case of both anelloviruses [6] and
cycloviruses [7]. A neurological tropism of these viruses
may be more common than expected as evidenced from
studies of animals. Apparently, they can cause a condi-
tion resembling ME/CEFS in pigs [8]. Certain strains of
anelloviruses have been associated with multiple sclero-
sis, possibly in terms of harbouring peptide motives that
could contribute to autoimmunity [9].

Evidence for a role in CFS

The observation that perhaps half the cases of CFS starts
with a severe infection, suggests that this infection facili-
tates an event that can also take place in its absence. Viral
infections can suppress the immune system, for example,
by reducing the production of interferons. This could
lead to an increased titre of other viruses present in the
patient. Viral infections can also compromise the blood
brain barrier (BBB). Combined, these effects are likely to
facilitate an access to the brain of viruses already present
in the blood. Both effects are, for example, expected in
the case of SARS coronaviruses. In severe infections with
SARS-CoV-2, the virus is indeed found in the brain, but
typically close to blood vessels, suggesting that the dis-
ease has facilitated a breach in the BBB [10]. The BBB
normally protects the brain from viral infections, but
once that barrier is passed, the brain appears to be par-
ticularly prone to virus-induced damage [1].

CES displays a curious mixture of sporadic cases and
occasional outbreaks [2]. The observation is congruent
with the idea that particular strains of anello- or circo-
viruses are responsible. These viruses are highly infec-
tive, thus novel strains can spread easily. Either severe
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infections, which like covid-19 are epidemic in nature,
other factors such as mental stress, or simply random
events could cause the strains to infect the brain.

There appears to be a heritability factor in the case of
CFS in that the condition runs in families [1]. A genetic
predisposition is expected for most diseases. However,
if the disease is caused by anello- or circoviruses, there
is an additional explanation: These viruses can be trans-
mitted from mother to child, and particular strains tend
to run in families [4]. The mother to child transmission
could also explain why mothers of adolescents with CFS
more often display related symptoms than do the fathers.
Certain strains would likely be more prone to cause CFS
than others.

If CFS had been a normal consequence of an infection
with a rare virus, one would expect a different epidemio-
logical pattern. That is, the cases should cluster along
possible infectious pathways. Most cases do not. The epi-
demiology fits better with the notion that the event lead-
ing to the disease is an unexpected crossing of the BBB by
a virus present in many people.

Viruses affecting the brain are reputedly difficult to
diagnose. Even in cases of encephalitis or meningitis,
where there is reasonable evidence to suggest a viral aeti-
ology, positive findings are obtained only in a fraction of
cases. The problem may be partly due to the clinician not
testing for the relevant virus, but the situation probably
also reflects that viruses may cause clinical symptoms in
the brain even if they replicate at a low level, and thus are
difficult to detect.

Many patients with post-viral chronic fatigue recover
within a few months. Those diagnosed with CES are less
likely to recover, perhaps because the diagnosis requires
that the condition last for 6 months or more. If the
immunological response is unable to clear the virus from
the brain within 6 months, the virus may become chroni-
cally present there—as it tends to be outside the brain.
In patients with CFS, the symptoms do fluctuate, and
in many cases, the tendency is toward lasting improve-
ments. These observations are in line with the idea that
the brain is invaded by a virus tuned to chronic replica-
tion. The fluctuation of symptoms could reflect variations
in viral activity, and, in some cases, the capacity of the
patient to subdue the virus.

Conclusions and future research

As previously suggested, CFS might be due to a normally
non-pathogenic virus gaining access to the brain [11].
The cause of the event may be a severe infection by a
more pathogenic agent. If so, anello- and circoviruses—
or perhaps particular strains of these viruses—are likely
candidates. These viruses are apparently well adapted to
live in harmony with their hosts. The benign relationship
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might be breached either because the virus by accident
enters unfamiliar territory, in the form of nervous tissue;
or because the relevant strains have a recent zoonotic
history.

The obvious next step is to look for these viruses in
samples taken from the brain such as spinal fluid. PCR-
based strategies would be the most sensitive, while
metagenomic strategies cover a wider range of viruses. It
should be noted that the project likely requires a sensitive
technique, as the viruses presumably keep a low profile.
Moreover, they may only be active in certain parts of the
brain. One should preferably analyse samples taken soon
after the initiation of the fatigue; as it is conceivable that
the virus responsible causes damage, but is subsequently
cleared from the brain.

Spinal fluid can be difficult to obtain, but it is also rel-
evant to type the strains of anello- and circoviruses pre-
sent in the blood. If the condition is caused by particular
strains, one would expect a correlate with the strains pre-
sent in the blood of patients compared to controls.

Generally, even a distinct presence of virus in samples
taken from affected tissue is not conclusive as to the role
of that virus in aetiology. For one, any severe disease
may suppress the immune defence leading to an activa-
tion (and concomitant increased detectability) of chronic
viruses; and two, many viruses use leukocytes for repli-
cation and these tend to aggregate in inflamed tissue.
However, if certain viral strains correlate strongly with
chronic fatigue, this suggests a role.

Ideally, one should have therapeutic agents that inhibit
viral replication. If the agents also alleviate symptoms,
there would be both a rational explanation for the fatigue
and a treatment option. Due to their supposedly benign
nature, the anello- and circoviruses have not been the
focus of antiviral research. However, a recent report
claims that a three-month treatment with the malaria
medication artesunate did eliminate anelloviral DNA
from blood cells in 62% of the cases [12]. If these viruses
can be linked to chronic fatigue, more therapeutics are
likely to appear.
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