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Neuropathological Features of Covid-19

To the Editor: Neurologic symptoms, includ-
ing headache, altered mental status, and anos-
mia, occur in many patients with Covid-19.1-3 We 
report the neuropathological findings from au-
topsies of 18 consecutive patients with SARS-
CoV-2 infection who died in a single teaching 
hospital between April 14 and April 29, 2020.

All the patients had nasopharyngeal swab 
samples that were positive for SARS-CoV-2 on 
qualitative reverse-transcriptase–polymerase-
chain-reaction (RT-PCR) assays. The median age 
was 62 years (interquartile range, 53 to 75), and 
14 patients (78%) were men. The presenting 
neurologic symptoms were myalgia (in 3 patients), 
headache (in 2), and decreased taste (in 1). Co-
existing conditions included diabetes mellitus 
(in 12 patients), hypertension (in 11), cardiovas-
cular disease (in 5), hyperlipidemia (in 5), 
chronic kidney disease (in 4), prior stroke (in 4), 
dementia (in 4), and treated anaplastic astrocy-
toma (in 1) (see Tables S1 and S2 in the Supple-
mentary Appendix, available with the full text of 
this letter at NEJM.org).

The patients had presented a median of 2 days 
(interquartile range, 0 to 5) after the onset of the 
first symptoms of SARS-CoV-2 infection and 
were hospitalized for a median of 6 days (inter-
quartile range, 2 to 9) before death (Fig. S1A); 11 
received mechanical ventilation. According to a 
retrospective chart review by neurologists, all 
the patients had a confusional state or decreased 
arousal from sedation for ventilation. Brain 
magnetic resonance imaging, electroencephalo-
graphic imaging, and cerebrospinal fluid exami-
nations were not performed. Cranial computed 
tomography without contrast was performed in 
3 patients and showed no acute abnormalities; 
the tumor resection cavity in the patient with a 
known anaplastic astrocytoma was seen.

Death occurred 0 to 32 days after the onset of 
symptoms (median, 8 days; mean, 10 days). Au-
topsies were performed in a uniform manner 

with sampling of 10 standard brain areas. Speci-
mens were fixed in formalin and stained with 
hematoxylin and eosin, as described in the Ma-
terials and Methods section in the Supplemen-
tary Appendix. Gross inspection showed athero-
sclerosis in 14 brain specimens but no acute 
stroke, herniation, or olfactory bulb damage. 
Residual anaplastic astrocytoma was seen in the 
patient who had received a diagnosis of anaplas-
tic astrocytoma previously (Table 1). Microscopic 
examination (Fig. S1B) showed acute hypoxic 
injury in the cerebrum and cerebellum in all the 
patients, with loss of neurons in the cerebral 
cortex, hippocampus, and cerebellar Purkinje 
cell layer, but no thrombi or vasculitis. Rare foci of 
perivascular lymphocytes were detected in 2 brain 
specimens, and focal leptomeningeal inflamma-
tion was detected in 1 brain specimen. No micro-
scopic abnormalities were observed in the olfac-
tory bulbs or tracts (Fig. S2).

Testing of brain tissue was performed with 
quantitative RT-PCR (qRT-PCR) for the SARS-CoV-2 
nucleocapsid protein (techniques are described 
in the Materials and Methods section in the 
Supplementary Appendix). As shown in Table S3, 
for 2 patients, all 10 sections were tested, and 
for the remaining 16 patients, 2 sections were 
tested (1 from the frontal lobe and olfactory 
nerve and 1 from the medulla). The results were 
equivocal (defined as a viral load of <5.0 copies 
per cubic millimeter) in 5 of 10 brain sections 
from 1 patient and in 4 of 10 sections from an-
other patient (Table S3); the remaining 11 sec-
tions obtained from these 2 patients were nega-
tive. In 32 sections obtained from the remaining 
16 patients, 3 sections from the medulla and 
3 sections from the frontal lobes and olfactory 
nerves were positive (5.0 to 59.4 copies per cubic 
millimeter); the results were equivocal in 20 sec-
tions and negative in 6 sections. The test results 
in relation to the interval between the onset of 
symptoms and death were inconsistent (Fig. S1).
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Immunohistochemical analysis (as described 
in the Supplementary Appendix) was performed 
to detect SARS-CoV-2 in the same tissue blocks 
analyzed by qRT-PCR (in 52 blocks from 18 pa-
tients). There was no staining in the neurons, 
glia, endothelium, or immune cells. Nonspecific 
staining in the choroid plexus was observed in 
8 sections obtained from 7 patients; however, 
this signal was present in negative control brains 
and did not correlate with the qRT-PCR results 
(Figs. S1 and S3). The tumor blocks obtained 
from the patient with anaplastic astrocytoma 
were not tested by qRT-PCR or immunohisto-
chemical analysis to detect SARS-CoV-2.

In conclusion, histopathological examination 
of brain specimens obtained from 18 patients 
who died 0 to 32 days after the onset of symp-
toms of Covid-19 showed only hypoxic changes 
and did not show encephalitis or other specific 
brain changes referable to the virus. There was 
no cytoplasmic viral staining on immunohisto-
chemical analysis. The virus was detected at low 
levels in 6 brain sections obtained from 5 pa-
tients; these levels were not consistently related 
to the interval from the onset of symptoms to 
death. Positive tests may have been due to in situ 
virions or viral RNA from blood.
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Remdesivir for the Treatment of Covid-19 — Preliminary Report

To the Editor: We would like to direct attention 
to the enrollment criteria in the trial described in 
the article by Beigel et al. (published online on 
May 22 at NEJM.org).1 In patients with Covid-19–
related respiratory disease, these criteria resulted 
in the use of remdesivir well into the illness. The 
median time from symptom onset to randomiza-
tion was 9 days.

In an analysis involving patients with com-
munity-acquired pneumonia, Daniel et al. found 
an increased mortality at 30 days when the time to 
administration of the first antibiotic was 4 hours 
or longer.2 Clinicians have followed the recom-
mendations of the Surviving Sepsis Campaign3 
and administered antibiotics within the first hour 
after identification of sepsis; this practice has 
been shown to decrease the risk of death.4 In 
patients in whom influenza is confirmed or 
highly suspected and who are hospitalized or 
have severe illness, the Infectious Diseases Soci-
ety of America recommends treatment with a 
single neuraminidase inhibitor as soon as pos-
sible; in those who are not at high risk for com-
plications, the recommendation is treatment 
within 48 hours after the onset of illness.5 We 
hypothesize that, on the basis of the results of 
the trial conducted by Beigel et al., much earlier 
administration of remdesivir would achieve a 
greater effect on survival.
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To the Editor: In the trial conducted by Beigel 
and colleagues, hospitalized patients who re-
ceived remdesivir had a significantly shorter time 
to clinical recovery than those who received pla-
cebo (median recovery time, 11 days vs. 15 days). 
The median time from symptom onset to random-
ization was 9 days (interquartile range, 6 to 12). 
Notably, the benefit of remdesivir was limited to 
patients who received oxygen therapy; it did not 
extend to those with mild disease or those who 
were receiving advanced ventilation. To assist cli-
nicians with the appropriate use of remdesivir, 
the authors should provide further data on the 
time from symptom onset to receipt of remdesi-
vir in the subgroups of patients according to dis-
ease severity.

For many viral infections such as influenza 
and herpesvirus infections, treatment must be 
initiated soon after symptom onset in order to 
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