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Assessing Brain Capillaries in Coronavirus
Disease 2019
Evidence suggests brain involvement in coronavirus disease
2019 (COVID-19). Manifestations in acutely ill individuals
often include confusion and alteration of consciousness.
After this phase, many patients experience continued neuro-
logic symptoms such as dys-
Supplemental content executive syndrome! or
“brain fog”? However, in au-
topsies from patients with COVID-19 who had neurologic ab-
normalities (reviewed in the study by Mukerji and Solomon?),
investigations have largely not identified the chronic inflam-
mation or marked neural changes typically associated with vi-
ral infection, and viral genetic material has been minimal or
absent. It has been difficult to reconcile the experience of pa-
tients and clinicians that COVID-19 is altering cognition with
tissue studies that show no evidence of encephalitis involv-
ing higher brain centers. We hypothesized that histopathol-
ogy might provide insight. We report here a finding that may
contribute in some cases, identified by analysis of brain tis-
sue from patients who died of COVID-19.

Methods | The institutional review boards of Johns Hopkins
University and Mass General Brigham approved this study, and
the next of kin of each patient consented for use of tissues for
research. We evaluated brain tissue from autopsies of pa-
tients with nucleic acid-proven severe acute respiratory syn-
drome coronavirus 2 infection and confirmed pulmonary pa-
thology. We assessed the brains from the first 5 such cases at
Johns Hopkins University; for 2 of these, only fragments of
brain were available. Cases from Mass General Brigham were
randomly selected from autopsies of individuals with COVID-19
performed between April 14 and May 15, 2020, and free of in-
farcts. Detailed information on these 15 patients as well as

the 2 control patients without COVID-19 is provided in the
eTablein the Supplement. COVID-19-negative cases were cho-
sen because of comparable patient age and the presence of
hypoxic-ischemic changes in brain. At autopsy, the cranium
was opened with hand tools or a saw with a vacuum shroud
to prevent aerosolization. Brains were fixed in neutral buff-
ered formalin, 10%, for 2 weeks, then grossly examined and
sectioned for microscopic assessment.

Results | In 5 cases (Table) in cortical capillaries, we identified
large cell nuclei morphologically consistent with megakaryo-
cytes (Figure, A). To further characterize these cells, we per-
formed immunohistochemistry for CD61 and CD42b, mark-
ers of platelets and megakaryocytes. CD61 labels these cells
(Figure, B), as does CD42b (Figure, C), confirming their mega-
karyocyte identity. The cells were distinct from platelet clus-
ters, which were found in postmortem intravascular precipi-
tates (Figure, D). Evaluation of the cortex of 2 patients who
tested negative for COVID-19 who had hypoxic brain changes
demonstrated no megakaryocytes on CD61.

Discussion | Prior to this pandemic, the study neuropatholo-
gists (D.W.N. and I.H.S.) had not seen megakaryocytes in brain
vessels, and we find no reference to this in the literature. A re-
cent report showed these cells in an infarcted brain in COVID-19,*
suggesting they could have been present in the brain circula-
tion and entered the parenchyma during hemorrhage.
Multiple lines of evidence indicate endothelial dysfunc-
tion may contribute to severe COVID-19 illness. Lung exami-
nation demonstrates megakaryocytes,® and the cells have now
been reported in other organs.® One possibility is that altered
endothelial or other signaling is recruiting megakaryocytes into
the circulation and somehow permitting them to pass through
the lungs. Although this initial study does not investigate
mechanism, it is notable that we found megakaryocytes in cor-
tical capillaries in 33% of cases examined. Because the stan-

Table. Clinical Information for Affected Patients®

Platelet count, x103/pL

Hematocrit, % White blood cell count, /pL

Laboratory Laboratory Laboratory
Age, y/sex Key medical history Range reference range  Range reference range  Range reference range
50s/Male Myasthenia gravis 143-494 150-350 22.5-43.8 41.0-53.0 8500-45 260 4500-11000
60s/Female Coronary artery disease, 137-219 150-450 18.2-27.9 36.0-48.0 3210-6700 4000-10 000
chronic kidney disease, monoclonal
gammopathy of undetermined
significance
70s/Male End-stage kidney disease, vascular 170-212 150-450 34.0-38.4 40.0-54.0 10170-27630  4000-10000
dementia
40s/Male Diabetes No values measured; the patient died shortly after arrival to emergency department
70s/Male Rheumatoid arthritis, hypertension, 187-642 150-450 33.0-38.2 40.0-54.0 2500-26 860 4000-10 000

Parkinson disease

Sl conversion factors: To convert hematocrit to proportion of 1.0, multiply by
0.01; platelet count to x10°/L, multiply by 1; white blood cell count to x10°/L,
multiply by 0.001.

@ No patients underwent extracorporeal membrane oxygenation.
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Figure. Megakaryocytes in Cortical Capillaries of Patients With Coronavirus Disease 2019

[A] Megakaryocytes in cortical capillaries
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cases (hematoxylin-eosin). B, CD61
antibody confirms megakaryocyte
identity (cellmarque 161M-18;

@ Platelet clusters (CD61)
clone Ms/2f2). C, CD42b antibody
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further confirms megakaryocyte
identity (abcam Ab183345; clone
SP219). D, Platelet clusters also
stained with CD61 antibody and are
readily distinguished from
megakaryocytes morphologically.
The section thickness was 10 pm.
Original magnification was x1000
except for panel C (original

magnification x600).

dard brain autopsy sections taken sampled at random only a
minute portion of the cortical volume, finding these cells sug-
gests the total burden could be considerable. By occluding
flow through individual capillaries, these large cells could cause
ischemic alteration in a distinct pattern, potentially resulting
in an atypical form of neurologic impairment.
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