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Several coronavirus disease 2019 (COVID-19) studies have focused on neuropathology. In this issue of the JCI, Qin, Wu,
and Chen et al. focused specifically on people whose acute infection lacked obvious neurological involvement. Severely
infected patients showed abnormal gray matter volumes, white matter diffusion, and cerebral blood flow compared with
healthy controls and those with mild infection. The data remain associative rather than mechanistic, but correlations with
systemic immune markers suggest effects of inflammation, hypercoagulation, or other aspects of disease severity.
Mechanistic research is warranted. Given the lack of obvious neurological symptoms, neurocognitive assessments were
not performed, but the findings suggest that such assessments may be warranted in severely affected patients, even
without obvious symptoms. Further, studying CNS involvement of other disorders with overlapping pathophysiologies
such as inflammation, coagulation, hypoxia, or direct viral infection may reveal the causes for COVID-19–related
neuropathology.
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The absence of obvious 
neurological symptoms
We read with interest the article in this 
issue of the JCI by Qin, Wu, and Chen et al. 
(1). Patients with severe coronavirus dis-
ease 2019 (COVID-19) infection without 
neurological symptoms, assessed three 
months after infection, showed cortical 
thinning, reduced cerebral blood flow, and 
microstructural alterations in white mat-
ter. The authors saw widespread decreases  
in volume, length, and mean fractional 
anisotropy in association, commissural, 
projection, and limbic fiber bundles in the 
diseased patients when compared with 
healthy controls. The results are generally  
consistent with recent reports of CNS 
effects of COVID-19, but what sets this 
study apart is the substantial impact of 
severe illness even in the absence of obvi-
ous neurological symptoms.

Comparing studies
Numerous brain imaging studies of 
COVID-19 are emerging, and we com-
pare two. One study included only those 
patients with severe illness and severely 
affected neurological systems, with reports 
of microhemorrhagic lesions in the major-
ity of the patients, including in the white 
matter and especially in the medial tempo-
ral lobe (2). In the second study, which cov-
ered 60 subjects, 68% of the patients had 
acute neurological symptoms, and when 
imaged approximately three months later, 
55% still had symptoms (3). Patients with 
COVID-19 had higher bilateral gray matter 
volumes in olfactory cortices, hippocampi,  
insulae, left Rolandic operculum, left 
Heschl’s gyrus, and right cingulate gyrus, 
accompanied by an increase of fractional 
anisotropy in white matter, compared with 
volunteers who did not have COVID-19.

Qin, Wu, Chen, and colleagues pro-
pose that the findings likely arise from 
indirect injury due to hypoxia or inflam-
matory storm induced by the immune 
response (1). A neuropathological study of 
brain specimens from patients who died 0 
to 32 days after onset of COVID-19 symp-
toms showed hypoxic changes without 
evidence of encephalitis or other specific 
brain changes referable to direct action 
of the virus (4). In another autopsy study, 
endothelial cell damage in the brain and a 
hypercoagulable state leading to neuronal 
hypoxia were believed to cause the neu-
ropsychiatric symptoms/delirium seen in 
these patients (5).

As usual, advances lead to further 
questions. Qin, Wu, and Chen et al. (1) 
report CNS involvement in the absence of 
obvious CNS symptoms, which is a finding 
that highlights our need to uncover mech-
anisms of CNS harm by COVID-19, includ-
ing the closely related question of how 
specific the observations are for this virus. 
A variety of infectious conditions, includ-
ing infections by severe acute respiratory  
syndrome–COVID (SARS-COVID) and 
Middle East respiratory syndrome–COVID 
(MERS-COVID) (6), also can damage 
the brain, and that fact may help guide 
the search for causes. Volumetric losses, 
in some cases with decreased diffusion 
anisotropy, have been reported with HIV 
alone (7) and comorbid with hepatitis C 
(8), and even with systemic inflammation 
with no apparent infection (9).

Sepsis can be considered a well- 
described example of brain involvement 
in an inflammatory syndrome, manifest 
by early and acute encephalopathy, seen 
in 70% of patients in one report (10). 
Patients with sepsis may present with 
fluctuating mental status changes, inat-
tention, or disorganized thinking (delir-
ium), which is associated with increased 
morbidity and mortality (11). Although 
older age, severity of illness, and meta-
bolic disturbances are well-defined risk 
factors, long-term sequelae are also well 
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are worthwhile. It will be important to dis-
tinguish among intertwined mechanisms, 
including hypercoagulation and inflam-
mation (18).

Future work along the lines explored 
by Qin, Wu, and Chen et al. (1) would 
benefit from greater information about 
follow-up in individual patients, as well 
as a thorough neuropsychological battery 
to reveal potential deficits that may avert 
detection on a routine workup. Thorough 
neurocognitive and psychiatric assess-
ments may inform us about the relation-
ships of neuroimaging measures, function-
al consequences, and their trajectories.

The use of automated analysis rou-
tines, such as the ones these authors used, 
is desirable to minimize the possibility of 
bias. However, assessments of measure-
ment reproducibility may reveal how much 
variability arises from the acquisition and 
analysis methods relative to the biological 
variations from day to day or between sub-
jects. If researchers continue to pursue such 
approaches across sites to increase sample 
sizes, standardizing procedures as well as 
assessing neuropsychiatric and cognitive 
status at follow-up are warranted.

Conclusions
In summary, Qin, Wu, and Chen et al. pro-
vided a rich data set that comes with a warn-
ing that neurological deficits may appear 
even in patients with COVID-19 who were 
not seen to have CNS involvement (1). To 
understand the causes behind this and other 
reports, it will be necessary to apply similar 
techniques to study other disorders whose 
pathophysiologies, such as inflammation, 
coagulation, hypoxia, or direct viral infec-
tion, overlap with those of COVID-19.
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described. Longer duration of delirium 
is associated with decreased brain vol-
ume as long as three months after dis-
charge, and with long-term cognitive 
impairment up to 12 months (12). Dura-
tion of delirium in the intensive care 
unit (ICU) is also associated with white 
matter disruption at both discharge and 
three months later and with worse cog-
nitive scores up to a year later (13). A 
systematic review showed that common 
bacterial infections are likely related to 
increased risk of subsequent dementia, 
although the overall quality of evidence 
was rated low (14).

Reduction of hippocampal volume, 
especially in the presubiculum, has been 
described in patients with sepsis and is 
negatively correlated with Acute Physiolo-
gy and Chronic Health Evaluation II scores 
(15). Permanent cognitive impairment was 
demonstrated in several domains in both 
septic and nonseptic ICU survivors. Sep-
sis survivors showed cognitive deficits in 
verbal learning and memory with a reduc-
tion of left hippocampal volume compared 
with healthy controls (16). Sepsis induces 
degradation of the endothelial glycocalyx, 
mediated by heparanase, releasing highly  
sulfated domains of heparan sulfate into 
the circulation. These highly sulfated 
domains selectively target the hippocam-
pus, sequestering brain-derived neuro-
trophic factor there, which may impact 
spatial memory (17).

The question of inflammation
The authors investigated the contribution 
of inflammation by comparing inflam-
matory markers with the imaging obser-
vations. Statistical significance was seen 
only in those with severe infection. One 
must keep in mind that the large number 
of measured parameters, relative to the 
necessarily exploratory sample size, opens 
the possibility for false positives. Howev-
er, exploration is appropriate at this ear-
ly stage of understanding the impact of 
COVID-19. Generally, greater systemic 
inflammatory markers were associated 
with greater deviation from normal in the 
patients with severe disease (1). Although 
the observational nature of Qin, Wu, and 
Chen et al. (1) confines the findings to 
associative relationships, the correlations 
suggest that the pursuit of more mecha-
nistic investigations of the relationships 
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