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Dear Sirs,

In the context of the current COVID-19 pandemic, the abil-
ity of coronaviruses to enter the CNS and cause neurological
deficits has been largely overlooked despite the fact that the
closely related SARS virus was shown to be present in the
CNS of SARS patients at autopsy [1]. The most likely CNS
access routes include direct spread through the blood brain
barrier or via the olfactory nerve, since intranasal infection
of mice with either SARS or MERS results in virus access
to the brain. It is, therefore, likely that SARS-CoV-2 can also
penetrate the CNS. This would be facilitated by the expres-
sion of the SARS-CoV-2 receptor ACE2 in the brain, where
it acts as a cell surface peptidase present on the surface of
endothelial cells and neurons [2].

Consistent with this cases of encephalitis have been
reported in patients with COVID-19, associated with either
negative [3] or positive detection of SARS-CoV-2 in the
CSF [4-6]. In a recent study of 214 hospitalised patients
in Wuhan, 36.4% showed neurologic symptoms (headache,
dizziness, impaired consciousness, ataxia, acute cerebro-
vascular disease, and epilepsy), with the more severely ill
patients exhibiting cerebrovascular disease and epilepsy [7].
Similarly a study in Strasbourg described agitation and con-
fusion with frontotemporal hypoperfusion [8]. Although it
is clear that the pulmonary, renal, and cardiac damage are
the primary causes of fatalities in COVID-19 patients, any
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cerebrovascular or neuronal damage that occurs during the
disease could contribute. In addition, it is likely that virus-
induced neurological damage could have consequences for
surviving patients, with a dysexecutive syndrome being
observed in up to one third of discharged patients [8].

There are a large number (as of 13th April, 179) of
repurposing clinical trials testing drugs for COVID-19,
so we have assessed the potential CNS penetration of the
six most common drugs(Table 1). This assumes that brain
penetration is largely similar between rodents, non-human
primates and human patients, although it is possible that
some of the poorly penetrating drugs could achieve higher
concentrations if the blood brain barrier is compromised by
the virus. The drug most likely to penetrate the brain is the
anti-malarial hydroxychloroquine which, as of 13th April,
was in 71 clinical trials, closely followed by the anti-rheu-
matoid JAK inhibitor baricitinib (Olumiant). In our previous
correspondence we suggest that the combined anti-inflam-
matory and Al-predicted antiviral activities [9, 10] of the
rheumatoid arthritis drug baricitinib would be potentially
a effective treatment for those infected with SARS-CoV-2.
This has been confirmed in further studies [11] where we
reported that patients showed a reduction of symptoms
(fever, cough) and a reduction in viral titre (nasopharyngeal
swab and blood) and IL-6 on treatment with baricitinib for
10-12 days. Baricitinib is now being tested in randomised
clinical trials including the large US NIAID study, as is
another JAK inhibitor ruxolitinib, which has a lower brain
penetrating potential. Of the remaining drugs being widely
tested the lopinavir/ritonavir combination Kaletra (eight cur-
rent trials) shows low brain penetrance. Tocilizumab, the
anti-IL6R antibody (17 trials) shows a predictable low brain
penetrance as does the modified nucleoside remdesivir (8
trials). Favipiravir, the RNA-dependent RNA polymerase
inhibitor is being tested in eight trials, but shows low brain
penetrance. Finally, the antibiotic azithromycin which is in
17 clinical trials shows good brain penetrance but negligible
CSF concentrations, perhaps due to high-affinity brain tis-
sue binding.


http://orcid.org/0000-0002-8830-9947
http://crossmark.crossref.org/dialog/?doi=10.1007/s00415-020-09866-5&domain=pdf

Journal of Neurology (2020) 267:1880-1882

1881

Table 1 Measured CNS exposures of potential COVID-19 therapeu-
tics

Brain: plasma Species References

ratio
Hydroxychloroquine 21% Mouse [13]
Baricitinib 20% Mouse [12]
Ruxolitinib 3.5% Mouse [14]
Remdesivir <5% Macaque [15]
Tocilizumab 0.1% Macaque [16]
Lopinavir/ritonavir 0.02% Human [17]
Favipiravir® Low Mouse [18]
Azithromycinb 260X Human [19]

2 Active metabolite

®CSF extremely low

In our small series of patients dosed with baricitinib,
one patient experienced severe ongoing visual hallucina-
tions which resolved after the first few doses of baricitinib,
perhaps suggesting that baricitinib can reduce neurological
deficits arising from SARS-CoV-2 infection. Clearly, we
were unable to determine the cause of these hallucinations
but it is intriguing to us that the potent anti-inflamma-
tory effect of baricitinib, acting centrally, peripherally or
both was responsible. Since baricitinib has been shown to
reduce the neurocognitive deficits associated with cerebral
HIV-1 infection in mice [12], a direct anti-inflammatory
action in the brain could be involved, especially given
the brain exposures achieved with this drug. The CSF of
two other COVID-19 patients in our clinics who showed
encephalitis-type symptoms was tested for SARS-CoV-2
genetic material and proved to be negative, suggesting that
such symptoms could also be a consequence of peripheral
viral action or perhaps frontotemporal hypoperfusion.

In conclusion, some patients exhibiting neurologi-
cal symptoms might have virus within the CNS whereas
others do not. In this pandemic we should perhaps use
well-tolerated brain penetrating drugs to ensure that any
neurological consequences of SARS-CoV-2 infection are
minimised.

Authors’ contributions All authors contributed to the writing, approved
the final manuscript, its idea and data inclusion.

Funding This manuscript received no funding.

Compliance with ethical standards

Conflict of interests JS conflicts can be found at https://www.natur
e.com/onc/editors but none are relevant to this piece. PJR is an em-
ployee of BenevolentIAl. No other authors have conflicts.

Ethical standards This article does not contain any studies with human
participants or animals performed by any of the authors.

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

References

1. GulJ, Gong E, Zhang B, Zheng J, Gao Z, Zhong Y, Zou W et al
(2005) Multiple organ infection and the pathogenesis of SARS. J
Exp Med 202(3):415-424. https://doi.org/10.1084/jem.20050828

2. 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(7):995-998. https://doi.org/10.1021/acschemneu
r0.0c00122

3. Ye M, Ren Y, Lv T (2020) Encephalitis as a clinical manifesta-
tion of COVID-19. Brain Behav Immun. https://doi.org/10.1016/].
bbi.2020.04.017

4. Moriguchi T, Harii N, Goto J, Harada D, Sugawara H, Takamino
J, Ueno M et al (2020) A first case of meningitis/encephalitis
associated with SARS-Coronavirus-2. Int J Infect Dis 94:55-58.
https://doi.org/10.1016/}.ijid.2020.03.062

5. WuY, Xu X, Chen Z, Duan J, Hashimoto K, Yang L, Liu C et al
(2020) Nervous system involvement after infection with COVID-
19 and other coronaviruses. Brain Behav Immun. https://doi.
org/10.1016/j.bbi.2020.03.031

6. Xiang P, Xu XM, Gao LL, Wang HZ, Xiong HF, Li RH (2020)
First case of 2019 novel coronavirus disease with Encephalitis.
ChinaXiv T 202003:00015

7. Mao L, Wang M, Chen S, He Q, Chang J, Hong C, Zhou Y et al
(2020) Neurological manifestations of hospitalized patients with
COVID-19 in Wuhan, China: a retrospective case series study.
MedRxiv. https://doi.org/10.1101/2020.02.22.20026500

8. Helms J, Kremer S, Merdji H, Clere-Jehl R, Schenck M, Kum-
merlen C, Collange O et al (2020) Neurologic features in severe
SARS-CoV-2 infection. N Engl J Med. https://doi.org/10.1056/
NEJMc2008597

9. Richardson P, Griffin I, Tucker C, Smith D, Oechsle O, Phelan
A, Stebbing J (2020) Baricitinib as potential treatment for 2019-
nCoV acute respiratory disease. Lancet 395(10223):e30—-e31.
https://doi.org/10.1016/S0140-6736(20)30304-4

10. Stebbing J, Phelan A, Griffin I, Tucker C, Oechsle O, Smith D,
Richardson P (2020) COVID-19: combining antiviral and anti-
inflammatory treatments. Lancet Infect Dis 20(4):400-402. https
://doi.org/10.1016/S1473-3099(20)30132-8

11. Stebbing J, Krishnan V, de Bono S, Ottaviani S, Casalini G,
Richardson PJ, Monteil V et al (2020) Mechanism of baricitinib
supports artificial intelligence-predicted testing in COVID-19
patients. Res Square. https://doi.org/10.21203/rs.3.rs-23195/v1

12. Gavegnano C, Haile WB, Hurwitz S, Tao S, Jiang Y, Schinazi
RF, Tyor WR (2019) Baricitinib reverses HIV-associated neuro-
cognitive disorders in a SCID mouse model and reservoir seeding

@ Springer


https://www.nature.com/onc/editors
https://www.nature.com/onc/editors
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1084/jem.20050828
https://doi.org/10.1021/acschemneuro.0c00122
https://doi.org/10.1021/acschemneuro.0c00122
https://doi.org/10.1016/j.bbi.2020.04.017
https://doi.org/10.1016/j.bbi.2020.04.017
https://doi.org/10.1016/j.ijid.2020.03.062
https://doi.org/10.1016/j.bbi.2020.03.031
https://doi.org/10.1016/j.bbi.2020.03.031
https://doi.org/10.1101/2020.02.22.20026500
https://doi.org/10.1056/NEJMc2008597
https://doi.org/10.1056/NEJMc2008597
https://doi.org/10.1016/S0140-6736(20)30304-4
https://doi.org/10.1016/S1473-3099(20)30132-8
https://doi.org/10.1016/S1473-3099(20)30132-8
https://doi.org/10.21203/rs.3.rs-23195/v1

1882

Journal of Neurology (2020) 267:1880-1882

14.

15.

16.

in vitro. J Neuroinflamm 16(1):182. https://doi.org/10.1186/s1297
4-019-1565-6

. Jackson KM, Hansen RJ, Gustafson DL (2016) Pharmacokinetic

and pharmacodynamic assessment of autophagy inhibition fol-
lowing hydroxychloroquine in mice. Cancer Res. https://doi.
org/10.1158/1538-7445.AM2016-2084

Zhang Q, Zhang Y, Diamond S, Boer J, Harris JJ, Li Y, Rupar M
et al (2014) The Janus kinase 2 inhibitor fedratinib inhibits thia-
mine uptake: a putative mechanism for the onset of Wernicke’s
encephalopathy. Drug Metab Dispos 42(10):1656—1662. https://
doi.org/10.1124/dmd.114.058883

Warren TK, Jordan R, Lo MK, Ray AS, Mackman RL, Soloveva
V, Siegel D et al (2016) Therapeutic efficacy of the small mol-
ecule GS-5734 against Ebola virus in rhesus monkeys. Nature
531(7594):381-385. https://doi.org/10.1038/nature17180
Nellan A, McCully CML, Cruz Garcia R, Jayaprakash N, Wide-
mann BC, Lee DW, Warren KE (2018) Improved CNS exposure

@ Springer

17.

18.

19.

to tocilizumab after cerebrospinal fluid compared to intravenous
administration in rhesus macaques. Blood 132(6):662—-666. https
://doi.org/10.1182/blood-2018-05-846428

Ene L, Duiculescu D, Ruta SM (2011) How much do antiretro-
viral drugs penetrate into the central nervous system? J Med Life
4(4):432-439

Bixler SL, Bocan TM, Wells J, Wetzel KS, Van Tongeren SA,
Garza NL, Donnelly G et al (2018) Intracellular conversion
and in vivo dose response of favipiravir (T-705) in rodents
infected with Ebola virus. Antiviral Res 151:50-54. https://doi.
org/10.1016/j.antiviral.2017.12.020

Jaruratanasirikul S, Hortiwakul R, Tantisarasart T, Phuenpathom
N, Tussanasunthornwong S (1996) Distribution of azithromycin
into brain tissue, cerebrospinal fluid, and aqueous humor of the
eye. Antimicrob Agents Chemother 40(3):825-826. https://doi.
org/10.1128/aac.40.3.825


https://doi.org/10.1186/s12974-019-1565-6
https://doi.org/10.1186/s12974-019-1565-6
https://doi.org/10.1158/1538-7445.AM2016-2084
https://doi.org/10.1158/1538-7445.AM2016-2084
https://doi.org/10.1124/dmd.114.058883
https://doi.org/10.1124/dmd.114.058883
https://doi.org/10.1038/nature17180
https://doi.org/10.1182/blood-2018-05-846428
https://doi.org/10.1182/blood-2018-05-846428
https://doi.org/10.1016/j.antiviral.2017.12.020
https://doi.org/10.1016/j.antiviral.2017.12.020
https://doi.org/10.1128/aac.40.3.825
https://doi.org/10.1128/aac.40.3.825

	CNS penetration of potential anti-COVID-19 drugs
	References




