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Inflammatory brain injury after severe viral 
infection is not unique to COVID-19

This scientific commentary refers to ‘Brain injury in COVID-19 is as-
sociated with dysregulated innate and adaptive immune responses’ 
by Needham et al. (https://doi.org/10.1093/brain/awac321).
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The coronavirus disease 19 (COVID-19) pandemic caused by the 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
was initially associated with influenza-like respiratory illness, fe-
ver, cough, dyspnoea and malaise/myalgias. With the emergence 
of novel virus variants such as delta and omicron, the spectrum 
of clinical presentations changed over time. Besides respiratory 
symptoms, several neurological complications were observed in 
COVID-19 ranging from memory loss to stroke, autoimmune- 
mediated peripheral nerve damage (Guillain-Barré syndrome) and 
CNS inflammation (autoimmune encephalitis, acute disseminated 
encephalomyelitis, myelitis).1 In addition, persistent neuropsychi-
atric symptoms such as fatigue or cognitive impairment occurred 
after infection in up to one-third of patients,2 further suggesting in-
volvement of the CNS. Although much is already known about the 
exaggerated host immune response in severe COVID-19 disease, lit-
tle is known about the relationship between this dysregulated im-
mune response and the extent of brain injury. In this issue of 
Brain, Needham and colleagues3 have provided valuable insights 
into this important topic by performing one of the largest studies 
to date. Whereas most previous studies compared people with 
COVID-19 to healthy controls, Needham and colleagues3 also com-
pared their results to findings in people with influenza to determine 
whether the observed changes are specific to COVID-19 or also oc-
cur in other viral infections.

As known from other neurological diseases including traumatic 
brain injury, neurodegeneration and neuroinflammation, serum 
biomarkers can give an indication of the extent of brain injury. 
These include neurofilament light (NfL), an axonal structural pro-
tein; tau, a microtubule-associated protein; and the astroglial 
marker glial fibrillary acidic protein (GFAP).4 In hospitalized people 
with COVID-19, Needham and colleagues3 showed that levels of NfL 
and GFAP were elevated in acute (0–14 days from admission) and 
subacute (15–70 days from admission) COVID-19 disease in a 
severity-dependent manner. NfL levels remained elevated even in 
convalescent (>80 days from admission) people after moderate 
and severe COVID-19 disease compared with controls, although 
the same team showed in another study that serum NfL and 
GFAP levels eventually returned to baseline after ∼6 months.5 The 
magnitude of the increase of these biomarkers was comparable to 
that seen after severe traumatic brain injury, indicating a common 
specific origin in the CNS. The results presented for GFAP and NfL 

confirm those of previous studies.5,6 The results presented for tau 
are also of interest, but should be viewed with caution because le-
vels were very low and close to the detection limit of the assay. 
But the most important finding of this study is that the increase 
in brain-injury biomarkers, and the association between high bio-
marker levels and a more pronounced proinflammatory cytokine 
profile, were not specific for COVID-19 but also occurred to a similar 
extent in people with severe influenza disease (Fig. 1).

The authors found a diverse autoantibody response to several 
neuronal and peripheral antigens that, although probably not 

pathogenic, may reflect a general dysregulated immune response 

in COVID-19. Similar findings have already been reported after 

COVID-19 and other viral infections.7 Moreover, the authors also 

described an IgG response to a pulmonary surfactant protein A 

(SFTPA1) synthesized by type II alveolar epithelial cells in people 

with COVID-19 that was independent of brain injury markers, 

with particularly high levels in moderate and severe disease, as 

well as other autoantibody responses, such as autoantibodies 

against anti-myelin-associated glycoprotein.
However, these findings need to be considered with caution 

since the authors of this and other studies have used protein or 
peptide microarrays to profile autoantibody responses in people 
with COVID-19. Numerous studies have clearly demonstrated 
that this methodological approach fails to detect pathogenic auto-
antibodies in neurological diseases, such as autoimmune enceph-
alitis or neuromyelitis spectrum disorder.8 Therefore, as also 
discussed by Needham et al.,3 the detected antibodies are unlikely 
to be pathogenic, but may well reflect an overactive immune re-
sponse and serve as useful biomarkers. Unfortunately, the selec-
tion of antigens did not include many known autoantibody 
targets in COVID-19, such as class I interferons and their receptors7

and therefore it is difficult to compare the current study to previous 
reports. While Needham and colleagues3 did include interferon al-
pha 1 as an antigen in their protein microarray analysis, they did 
not find increased reactivity to it in people with COVID-19. A pos-
sible explanation for this discrepancy may be the observation 
that class I interferon autoantibodies were detectable in 10% of 
COVID-19 patients with life-threatening disease, but not in those 
with mild or asymptomatic infection.9 In the study by Needham 
and colleagues,3 only 34 people with severe disease were included 
in the autoantibody analysis, plus 17 with moderate and 71 with 
mild disease. Therefore, it may be that the number of people with 
severe disease was too small to detect an effect in people with 
COVID-19 compared to healthy controls. It would be of great 
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interest to elucidate how anti-cytokine antibodies relate to the 
autoantibody responses described by the authors, as also shown 
in other studies.10 Although some autoantibodies were detected 
more frequently than others, the important finding of the current 
study is not that of an individual disease-specific autoantibody, 
but rather the tendency to develop autoantibodies to a number of 
targets in COVID-19.

This study thus provides valuable information on the relation-
ship between an impaired innate and adaptive immune response 
and biomarkers of brain injury in COVID-19. Given the socio- 
economic burden of protracted post-COVID-19 sequelae, and of 
neuropsychiatric symptoms in particular, this study is of great clin-
ical relevance. Because many therapies used for severe COVID-19 
disease successfully target inflammatory or immune processes, 
the findings of Needham and colleagues3 underscore the hypoth-
esis that brain damage is a consequence of dysregulated immune 
responses rather than the direct result of self-reactive antibodies 
or the virus itself.

Of course, there are several important questions left un-
answered by this work. First, as also discussed by the authors, 
this study does not establish causality between the immunological 
findings and the presence of brain injury, and it remains possible 
that additional factors, such as tissue damage, are responsible for 
the observed associations. In addition, the novel finding that serum 
total tau levels were significantly elevated in convalescent patients 
irrespective of disease severity, requires validation in an independ-
ent cohort, as some samples had concentrations below the lower 
limit of quantification and many samples had concentrations close 
to the limit of detection.

Overall, the study by Needham and colleagues3 is another hint 
that brain injury is a common consequence of severe viral infec-
tions, not only in severe COVID-19 but also in severe influenza, 
and that it occurs largely in the context of a dysregulated immune 
response. Further studies will show whether these biomarkers of 
brain injury are also released peripherally in other viral diseases 
with severe courses.
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Figure 1 Severe SARS-CoV-2 and influenza infection both lead to peripheral inflammation and brain damage. Elevated levels of brain injury biomar-
kers—namely the axonal protein neurofilament light (NfL), the microtubule-associated protein tau and the astroglial marker glial fibrillary acidic pro-
tein (GFAP)—are found in peripheral blood at the acute time point after SARS-CoV-2 infection (0–14 days from hospital admission), with the observed 
increases being severity-dependent. Injury biomarkers are most likely released by the destruction of neurons (N) and astrocytes (A), which probably 
occurs due to the excessive proinflammatory cytokine release in peripheral blood by leucocytes (L) and as a consequence, inside the CNS via microglial 
cells (M). A sustained cytokine response is also found in convalescent patients (>80 days from admission), with an IgM response to various antigens 
dominating an IgG response, by plasma blasts (P). An increased release of tau protein up to 4 months post-admission suggests a second process. In 
influenza patients at the subacute time point, an immune response was detected that was similar to that seen with SARS-CoV-2 infection, accompan-
ied by a similar release of brain injury biomarkers in the peripheral blood. Altogether these findings suggest that components of the innate and adap-
tive immune response may interact with cells of the CNS and may be central actors in COVID-19 disease and its post-acute sequelae. Created with 
BioRender.com.
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