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CORRESPONDENCE

Correlates of critical illness‑related encephalopathy predominate 
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Infections with severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) primarily lead to upper respiratory 
tract infection and its sequelae frequently dominate the clini-
cal course of COVID-19 [11, 25]. In addition to the lung, 
various other organs such as kidneys, gut, and heart can be 
affected [13, 20, 25]. Initially less noticed, it is now well 
documented that patients with COVID-19 can clinically pre-
sent with a variety of neurological symptoms ranging from 
anosmia and dysgeusia to headache, impaired conscious-
ness, agitation, and corticospinal tract signs [14]. Moreo-
ver, COVID-19 patient presentations with acute ischemic 
stroke, meningoencephalitis, hemorrhagic posterior revers-
ible encephalopathy syndrome, acute disseminated encepha-
lomyelitis (ADEM)-like pathology, as well as with diffuse 
leukoencephalopathy and microhemorrhages are on record 

[13, 21, 22]. Despite this wide range of neurological affec-
tions, it has so far remained unclear whether the reported 
abnormalities are pathogenetically linked to SARS-CoV-2 
or occur coincidentally or in association with critical illness.

Here, we report on autoptic neuropathological findings 
for a study cohort of seven COVID-19 patients, all of whom 
were positive for SARS-CoV-2 by nasopharyngeal swab test-
ing, and compare our observations with those made in a 
SARS-CoV-2 negative control autopsy cohort comprising 
individuals with non-septic and systemic inflammatory/sep-
tic clinical courses (Suppl. Tables 1—3). All patients of our 
study cohort except for one had multiple relevant comorbidi-
ties, consistent with the previous reports [11, 12, 16].

All COVID-19 study patients showed strong systemic 
inflammation, documented by high plasma levels of acute-
phase proteins (i.e., fibrinogen, C-reactive protein), and 
interleukin 6. Systemic immune activation affects the CNS, 
resulting in so-called sickness behavior including lethargy, 
malaise, and fatigue [8]. As microglia, resident phagocytes 
of the CNS, are believed to contribute to this phenotype 
[26], we hypothesized that their activation contributes to the 
neurological phenotype of COVID-19. We chose HLA-DR, 
an MHC class II antigen, as surrogate marker for microglia 
activation [15, 26]. We found microglia activation in the 
brainstem of COVID-19 patients to be significantly more 
pronounced than in non-septic controls (Fig. 1). However, 
when comparing the extent of activation in COVID-19 and 
control patients, who had deceased under septic conditions, 
no difference was found (Fig. 1d). Significant activation of 
microglia was also found in other brain regions, including 
olfactory bulb and medulla oblongata in COVID-19 as well 
as control brains (Suppl. Figure 1). Therefore, we conclude 
that the microglia activation observed in COVID-19 patients 
represents a histopathological correlate of a critical illness-
related encephalopathy, and is not a disease-specific finding.
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We did not find any evidence for a COVID-19-related 
meningitis/encephalitis with increased lymphocytic infiltra-
tion of the brain or the leptomeninges. Although we detected 
sparse perivascular and leptomeningeal infiltrates of  CD3+ T 
lymphocytes in some COVID-19 brains, this was similarly 
encountered in controls with sepsis or systemic inflamma-
tion. Likewise, in none of the brains of our study cohort, 
intraparenchymal hemorrhages or acute/subacute ischemic 
infarcts were found. Furthermore, we did not detect micro-
thrombi or fibrinoid necrosis in intracerebral or leptome-
ningeal blood vessels, indicating that the pathomechanism 
of disseminated microthrombotic pulmonary vessel occlu-
sions [1, 18] is not generally prominent in the brain. This is 
noteworthy, as a number of COVID-19 patients have been 
reported to develop cerebrovascular complications with 
ischemic stroke [3, 5, 9], perhaps reflecting altered general 
coagulation homeostasis [6, 10] and/or endothelial involve-
ment [24] in severe disease. In two brains of our study cohort 
histopathological correlates of acute hypoxic-ischemic 
encephalopathy were noted—an expected finding given the 
prominent pulmonary impairment with consecutive hypoxia 
in severe COVID-19 [11, 25].

With regard to the widely accepted concept that CNS 
inflammation can contribute to the progression of neurode-
generative diseases [7], it is worth mentioning that one study 
cohort patient with Parkinson’s disease diagnosed at autopsy 
(case 3) did not show any exacerbation of his pre-existing 
extrapyramidal symptoms due to COVID-19.

Anosmia is a frequent early neurological sign of infection 
with SARS-CoV-2 [14]. In addition, based on observations 
in SARS-CoV and MERS animal models [19], neurotropic 
properties have been suggested for SARS-CoV-2 [4]. Recent 
studies suggested axonal transport of SARS-CoV-2 via the 
cribriform plate as a route of CNS entry [23], affecting the 
sense of smell by infecting olfactory bulb neurons and/or 
glial cells. The detection of SARS-CoV-2 RNA specifi-
cally in that particular location—but not in any other brain 
region—in 4/7 patients of our study cohort (Suppl. Table 4) 
would lend support to the postulated viral entry via the 
olfactory system.

As angiotensin-converting enzyme 2 (ACE2) has been 
identified as an entry receptor for SARS-CoV-2 [2, 17], we 

investigated its expression in olfactory bulb and brainstem. 
Whereas, by immunohistochemistry, weak ACE2 expression 
was found in endothelia of leptomeningeal and intracerebral 
blood vessels as well as in neurons of the brainstem, no 
expression at immunohistochemically detectable levels was 
found in the olfactory bulb. In contrast, spatial transcriptom-
ics using RNAscope revealed sparse ACE2 expression also 
by olfactory bulb (and brainstem) neurons, as well as by few 
astrocytes (Suppl. Figure 2). In particular, as the expression 
of ACE2 was not upregulated in COVID-19 brains when 
compared to controls, it remains unclear whether its upregu-
lation plays a role in the context of COVID-19. These find-
ings may indicate that ACE2 expression below levels detect-
able by immunohistochemistry is sufficient for SARS-CoV-2 
entry into target cells.

Our findings represent endpoints of particularly severe 
disease, with single time point qRT-PCR measurements 
precluding conclusions about a potentially dynamic brain 
viral load during the course of disease. It is possible that 
reversible brain alterations such as reactive inflammatory 
processes that had potentially occurred earlier during the 
clinical course, went unnoticed. These limitations notwith-
standing, based on our observations, it seems unlikely that 
irreversible changes such as acute demyelination or ischemic 
lesions are part of the usual spectrum of COVID-19 with 
brain involvement. Instead, several histological brain abnor-
malities previously postulated to occur in association with 
COVID-19 can likewise be seen in SARS-CoV-2 negative, 
critically ill patients. Our observations suggest that specific 
SARS-CoV-2 induced neuropathological abnormalities are 
absent in the majority of COVID-19 patients.

Funding This research was supported by Fondation Botnar, Swiss-
European Mobility Programme, Gemeinnützige Hertie-Stiftung and 
National Multiple Sclerosis Society (Grants FG-1902-33617, FG-1708-
28871). Open access funding provided by University of Basel.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

Fig. 1  Microglia and astroglia activation in the pons. a–c Activa-
tion of microglia (stained for HLA-DR) and astrocytes (stained for 
GFAP). Representative sample of the COVID-19 cohort (a, case 4), 
a control with fungal sepsis and systemic inflammation (b, case 10), 
and a non-septic control (c, case 15). Histology image frame colors 
indicate individual case data points in the quantitative analysis below. 
d Automated quantification of HLA-DR immunopositive areas in the 
pons, medulla oblongata, and olfactory bulb. Each data point repre-
sents the mean of six crack artifact-free areas per slide and case of the 
COVID-19 cohort compared to controls. SARS-CoV-2 positive cases 
represented by triangles. Scale bars represent 100  μm unless other-
wise indicated

◂

http://creativecommons.org/licenses/by/4.0/


586 Acta Neuropathologica (2020) 140:583–586

1 3

References

 1. Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T, 
Laenger F et al (2020) Pulmonary vascular endothelialitis, throm-
bosis, and angiogenesis in Covid-19. N Engl J Med 383:120–128. 
https ://doi.org/10.1056/NEJMo a2015 432

 2. Andersen KG, Rambaut A, Lipkin WI, Holmes EC, Garry RF 
(2020) The proximal origin of SARS-CoV-2. Nat Med 26:450–
452. https ://doi.org/10.1038/s4159 1-020-0820-9

 3. Avula A, Nalleballe K, Narula N, Sapozhnikov S, Dandu V, 
Toom S et al (2020) COVID-19 presenting as stroke. Brain Behav 
Immun 87:115–119. https ://doi.org/10.1016/j.bbi.2020.04.077

 4. Baig AM, Khaleeq A, Ali U, Syeda H (2020) Evidence of the 
COVID-19 virus targeting the CNS: tissue distribution, host-
virus interaction, and proposed neurotropic mechanisms. ACS 
Chem Neurosci 11:995–998. https ://doi.org/10.1021/acsch emneu 
ro.0c001 22

 5. Beyrouti R, Adams ME, Benjamin L, Cohen H, Farmer SF, Goh 
YY et al (2020) Characteristics of ischaemic stroke associated 
with COVID-19. J Neurol Neurosurg Psychiatr 91:889–891. https 
://doi.org/10.1136/jnnp-2020-32358 6

 6. Connors JM, Levy JH (2020) COVID-19 and its implications for 
thrombosis and anticoagulation. Blood 135:2033–2040. https ://
doi.org/10.1182/blood .20200 06000 

 7. Cunningham C (2013) Microglia and neurodegeneration: the role 
of systemic inflammation. Glia 61:71–90. https ://doi.org/10.1002/
glia.22350 

 8. Dantzer R (2004) Cytokine-induced sickness behaviour: a neuro-
immune response to activation of innate immunity. Eur J Pharma-
col 500:399–411. https ://doi.org/10.1016/j.ejpha r.2004.07.040

 9. Divani AA, Andalib S, Di Napoli M, Lattanzi S, Hussain MS, 
Biller J et al (2020) Coronavirus disease 2019 and stroke: clinical 
manifestations and pathophysiological insights. J Stroke Cerebro-
vasc Dis 29:104941. https ://doi.org/10.1016/j.jstro kecer ebrov asdis 
.2020.10494 1

 10. Fogarty H, Townsend L, Ni Cheallaigh C, Bergin C, Martin-
Loeches I, Browne P et al (2020) COVID19 coagulopathy in 
Caucasian patients. Br J Haematol 189:1044–1049. https ://doi.
org/10.1111/bjh.16749 

 11. Goyal P, Choi JJ, Pinheiro LC, Schenck EJ, Chen R, Jabri A et al 
(2020) Clinical characteristics of Covid-19 in New York city. N 
Engl J Med 382:2372–2374. https ://doi.org/10.1056/NEJMc 20104 
19

 12. Guan W-J, Liang W-H, Zhao Y, Liang H-R, Chen Z-S, Li Y-M 
et al (2020) Comorbidity and its impact on 1590 patients with 
COVID-19 in China: a nationwide analysis. Eur Respir J. https ://
doi.org/10.1183/13993 003.00547 -2020

 13. Gupta A, Madhavan MV, Sehgal K, Nair N, Mahajan S, Sehrawat 
TS et al (2020) Extrapulmonary manifestations of COVID-19. Nat 
Med 26:1017–1032. https ://doi.org/10.1038/s4159 1-020-0968-3

 14. Helms J, Kremer S, Merdji H, Clere-Jehl R, Schenck M, Kum-
merlen C et al (2020) Neurologic features in severe SARS-CoV-2 
infection. N Engl J Med 382:2268–2270. https ://doi.org/10.1056/
NEJMc 20085 97

 15. Hendrickx DAE, van Eden CG, Schuurman KG, Hamann J, Huit-
inga I (2017) Staining of HLA-DR, Iba1 and CD68 in human 
microglia reveals partially overlapping expression depending on 
cellular morphology and pathology. J Neuroimmunol 309:12–22. 
https ://doi.org/10.1016/j.jneur oim.2017.04.007

 16. Kassir R (2020) Risk of COVID-19 for patients with obesity. Obes 
Rev 21:e13034. https ://doi.org/10.1111/obr.13034 

 17. Letko M, Marzi A, Munster V (2020) Functional assessment of 
cell entry and receptor usage for SARS-CoV-2 and other line-
age B betacoronaviruses. Nat Microbiol 5:562–569. https ://doi.
org/10.1038/s4156 4-020-0688-y

 18. Menter T, Haslbauer JD, Nienhold R, Savic S, Hopfer H, Dei-
gendesch N et al (2020) Postmortem examination of COVID-19 
patients reveals diffuse alveolar damage with severe capillary con-
gestion and variegated findings in lungs and other organs suggest-
ing vascular dysfunction. Histopathology. https ://doi.org/10.1111/
his.14134 

 19. Natoli S, Oliveira V, Calabresi P, Maia LF, Pisani A (2020) Does 
SARS-Cov-2 invade the brain? Translational lessons from animal 
models. Eur J Neurol. https ://doi.org/10.1111/ene.14277 

 20. Puelles VG, Lütgehetmann M, Lindenmeyer MT, Sperhake JP, 
Wong MN, Allweiss L et al (2020) Multiorgan and renal tro-
pism of SARS-CoV-2. N Engl J Med 383:590–592. https ://doi.
org/10.1056/NEJMc 20114 00

 21. Radmanesh A, Derman A, Lui YW, Raz E, Loh JP, Hagiwara M 
et al (2020) COVID-19—associated diffuse Leukoencephalopathy 
and Microhemorrhages. Radiology. https ://doi.org/10.1148/radio 
l.20202 02040 

 22. Reichard RR, Kashani KB, Boire NA, Constantopoulos E, Guo 
Y, Lucchinetti CF (2020) Neuropathology of COVID-19: a 
spectrum of vascular and acute disseminated encephalomyelitis 
(ADEM)-like pathology. Acta Neuropathol 140:1–6. https ://doi.
org/10.1007/s0040 1-020-02166 -2

 23. Tassorelli C, Mojoli F, Baldanti F, Bruno R, Benazzo M (2020) 
COVID-19: what if the brain had a role in causing the deaths? Eur 
J Neurol. https ://doi.org/10.1111/ene.14275 

 24. Varga Z, Flammer AJ, Steiger P, Haberecker M, Andermatt 
R, Zinkernagel AS et al (2020) Endothelial cell infection and 
endotheliitis in COVID-19. Lancet 395:1417–1418. https ://doi.
org/10.1016/S0140 -6736(20)30937 -5

 25. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J et al (2020) Clini-
cal characteristics of 138 hospitalized patients with 2019 novel 
coronavirus-infected pneumonia in Wuhan, China. JAMA. https 
://doi.org/10.1001/jama.2020.1585

 26. Zrzavy T, Höftberger R, Berger T, Rauschka H, Butovsky O, 
Weiner H et al (2019) Pro-inflammatory activation of microglia 
in the brain of patients with sepsis. Neuropathol Appl Neurobiol 
45:278–290. https ://doi.org/10.1111/nan.12502 

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1056/NEJMoa2015432
https://doi.org/10.1038/s41591-020-0820-9
https://doi.org/10.1016/j.bbi.2020.04.077
https://doi.org/10.1021/acschemneuro.0c00122
https://doi.org/10.1021/acschemneuro.0c00122
https://doi.org/10.1136/jnnp-2020-323586
https://doi.org/10.1136/jnnp-2020-323586
https://doi.org/10.1182/blood.2020006000
https://doi.org/10.1182/blood.2020006000
https://doi.org/10.1002/glia.22350
https://doi.org/10.1002/glia.22350
https://doi.org/10.1016/j.ejphar.2004.07.040
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104941
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104941
https://doi.org/10.1111/bjh.16749
https://doi.org/10.1111/bjh.16749
https://doi.org/10.1056/NEJMc2010419
https://doi.org/10.1056/NEJMc2010419
https://doi.org/10.1183/13993003.00547-2020
https://doi.org/10.1183/13993003.00547-2020
https://doi.org/10.1038/s41591-020-0968-3
https://doi.org/10.1056/NEJMc2008597
https://doi.org/10.1056/NEJMc2008597
https://doi.org/10.1016/j.jneuroim.2017.04.007
https://doi.org/10.1111/obr.13034
https://doi.org/10.1038/s41564-020-0688-y
https://doi.org/10.1038/s41564-020-0688-y
https://doi.org/10.1111/his.14134
https://doi.org/10.1111/his.14134
https://doi.org/10.1111/ene.14277
https://doi.org/10.1056/NEJMc2011400
https://doi.org/10.1056/NEJMc2011400
https://doi.org/10.1148/radiol.2020202040
https://doi.org/10.1148/radiol.2020202040
https://doi.org/10.1007/s00401-020-02166-2
https://doi.org/10.1007/s00401-020-02166-2
https://doi.org/10.1111/ene.14275
https://doi.org/10.1016/S0140-6736(20)30937-5
https://doi.org/10.1016/S0140-6736(20)30937-5
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1111/nan.12502

	Correlates of critical illness-related encephalopathy predominate postmortem COVID-19 neuropathology
	References




