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A b s t r a c t

The majority of COVID-19 cases are only mildly or moderately symptomatic, but in some patients excessive inflam-
matory response becomes the dominant factor of disease progression to the advanced stage, with high mortality. 
Treatment with anti-inflammatory drugs either does not prevent disease progression (non-steroidal anti-inflamma-
tory drugs [NSAIDs], colchicine), or is recommended only at the advanced disease stage (dexamethasone). Fluvox-
amine and amantadine are drugs used to treat neurological and psychiatric diseases. Fluvoxamine is a selective sero-
tonin uptake inhibitor, whereas amantadine is an old antiviral variably influencing brain neurotransmitter systems, 
and repurposed to Parkinson’s disease. Both drugs are agonists of sigma-1 receptors located in the endoplasmic 
reticulum, which effect seems responsible for their anti-inflammatory activity. Moreover, amantadine was found to 
dampen the expression of cathepsin-L, a lysosomal enzyme implicated in SARS-CoV-2 virus entry to target cells. In 
two small controlled clinical trials, early treatment of SARS-CoV-2-infected persons with fluvoxamine fully prevented 
COVID-19 symptoms. Anecdotal evidence shows that amantadine may be similarly effective. Both drugs are easily 
available, inexpensive and have favorable safety profiles. Clinical trials evaluating their efficacy as much-needed 
post-exposure prophylaxis and early treatment of COVID-19 are ongoing.
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Introduction

In the National Institutes of Health (NIH) Covid-19 
Treatment Guidelines [39], it has been remarked 
that a large volume of data and publications of var-
ious quality pertinent to the treatment of COVID-19 
are emerging at a  very rapid pace. Some are pub-
lished in highly respected peer-reviewed medical 
journals, others as preprints, and others as press 

releases. The available data are being continuously 
reviewed, assessed for scientific rigor and validity, 
and ultimately incorporated into guidelines to which 
medical practitioners should adhere. Use of untest-
ed and unproven therapies is not recommended 
and should be discouraged. Such practice should be 
universally accepted across the world. On the other 
hand, in the aforementioned Treatment Guidelines it 
is admitted that “the choice of what to do or not to 
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do for an individual patient is ultimately decided by 
the patient and their provider”.

A major problem in the therapy of COVID-19 is 
that the vast majority of high quality trials were 
focused on treating hospitalized patients, and 
patients are hospitalized when the disease reaches 
the advanced stage. A  recent systematic literature 
review on COVID-19 therapies [58] presents results 
of trials in which the effects of antivirals, antima-
larial and mucolytic drugs, etc. on duration of hos-
pitalisation of COVID-19 patients were assessed. It 
would be difficult to find a better illustration for the 
paucity of attempts of early, pre-hospital treatment 
of COVID-19. 

In a  highly cited paper presenting an in-depth 
analysis of the transcriptional response to SARS-
CoV-2 and its comparison with responses to other  
respiratory viruses [5] the authors indicated a unique  
and inappropriate inflammatory response to the 
virus as the major defining and driving feature of 
COVID-19. A compelling question is at which stage 
of the disease this inappropriate inflammatory 
response is initiated. Does it start only when the 
disease matures and overt signs of lung inflamma-
tion become detectable? Or, in particular in patients 
with risk factors such as various chronic diseases 
and/or old age, is the inappropriate inflammatory 
response initiated already in the early, pre-hospital 
phase of the disease? Should presymptomatic or 
early symptomatic COVID-19 patients not be treated 
early with anti-inflammatory drugs in order to avoid 
possible development of inappropriate inflammato-
ry response? Are there not several well-established, 
inexpensive drugs which could be used to prevent 
the development of a malicious COVID-19 inflamma-
tion? 

For counteracting fever and pain in the pre-hos-
pital COVID-19 phase paracetamol is frequently rec-
ommended, despite it displays a minor anti-inflam-
matory activity and may deplete cellular glutathione 
[50]. Early use of non-steroidal anti-inflammatory 
drugs (NSAIDs) such as ibuprofen could be more 
advisable [30], although the common knowledge 
is that the effects of these highly popular drugs are  
not impressive in this disease. 

Dexamethasone, a  corticosteroid prescribed in 
a wide range of conditions for its anti-inflammato-
ry and immunosuppressant effects, has been shown 
to diminish, but not abolish mortality when given to 
COVID-19 hospitalized patients suffering from pneu-

monia and oxygen-dependent [32,44], and such 
treatment is currently recommended. Dexametha-
sone has not been tested in early disease in con-
sideration that its immune-suppressive effects could 
worsen clinical outcomes in this setting [31]. A more 
promising drug for early treatment of COVID-19 
seemed to be colchicine, an old drug frequently used 
in auto-immune and inflammatory diseases [37], but 
patients taking colchicine were found not to be pro-
tected against severe COVID-19 [6,20].

Two drugs currently known primarily for their 
activity on the central nervous system (CNS), fluvox-
amine and amantadine, gained considerable atten-
tion recently as possible post-exposure prophylaxis 
and early treatment of COVID-19. In either case the 
reason is that anti-inflammatory activity overlaps 
direct action on CNS. For each of these drugs a brief 
outline of pharmacology and justification for a pos-
sible repurposing to the early treatment of COVID-19 
is presented below.

Fluvoxamine pharmacology

This drug belongs to selective serotonin reuptake 
inhibitors (SSRI) facilitating serotoninergic neuro- 
transmission by selectively inhibiting serotonin 
(5HT) reuptake at the presynaptic membrane. It is 
extensively used for treatment of depression and 
anxiety disorders. Although less potent towards 5HT 
receptors than some other SSRIs (e.g., paroxetine, 
sertraline, citalopram), fluvoxamine differs from the 
other drugs of this class in that it has virtually no 
or much less affinity for other receptors in the brain 
(e.g. muscarinic, histaminergic, etc.) [59]. A notable 
exception is a  distinct subtype of opioid receptors 
resistant to classical opioid antagonists, naloxone 
and naltrexone, known as sigma-1 receptors (S1R), 
to which fluvoxamine is the agonist most active 
among all SSRI drugs [28]. 

Antidepressants belonging to the SSRI exert 
potent anti-inflammatory effects in the brain. An 
example is attenuation of brain cytokine expression 
in experimental stroke by fluoxetine [34]. Attenu-
ation of intracerebral inflammation is considered 
an important aspect of the anti-depressive efficacy 
of these drugs [19]. A  mechanism of the anti-in-
flammatory effects of SSRIs is related to the afore-
mentioned sigma-1 receptor. This unique receptor 
resides in the membranes of the endoplasmic retic-
ulum (ER), in particular at the interface between 
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ER and mitochondria called mitochondrion-associ-
ated membrane (MAM), and is able to translocate 
to the plasma membrane as well, as to the nuclear 
envelope. Such subcellular localization enables this 
transmembrane protein to regulate communication 
between mitochondria, nucleus and cell outer mem-
brane [53] (Fig. 1). One of the major functions of S1R 
is chaperoning proteins passing through this struc-
ture and acting as a pluripotent modulator of their 
function. S1Rs agonists, by increasing chaperoning 
the target proteins in ER, exert anti-inflammatory 
activity in the brain by counteracting endoplasmic 
reticulum stress, which effect is implicated in the 
neuroprotective activity of these drugs [48]. 

Fluvoxamine for COVID-19

Some SSRIs, e.g. fluoxetine, exert antiviral activity 
toward a broad spectrum of viruses including HIV-1, 
Ebola, Coxsackie virus, and others (reviewed in [43]). 
In the context of COVID-19 even more important 
could be effects of these drugs on the immune sys-
tem, because serotonin acts as an immunomodula-
tor downregulating inflammatory response by both 
central and peripheral mechanisms [14]. Important-
ly, it has been argued that when COVID-19 disease 
progresses toward a  severe form, disease mecha-

nisms related directly to the viral infection become 
less and less important and disease drivers become 
more and more related to excessive and inadequate 
inflammatory responses [22,51]. 

As already mentioned, fluvoxamine is unique 
among SSRIs because, besides serotonergic recep-
tors, it does not interact with other receptors, with 
the exception of the sigma-1 receptor. S1R is abun-
dant in many brain regions, but is also present in 
several peripheral organs, such as the lung, heart, 
liver, and others. Acting via these receptors fluvox-
amine exerts anti-inflammatory activity also in the 
periphery, e.g. in the intestine [2] and heart [23]. 
Rosen et al. [47] discovered that the drug protects 
mice from lethal septic shock provoked by lipopoly-
saccharide and dampens the inflammatory response 
in human blood leukocytes, and suggested that it 
may prove useful for sepsis control. 

In a  placebo-controlled outpatient study, Len-
ze et al. [33] discovered that fluvoxamine given as 
early treatment for mild COVID-19 illness totally pre-
vents disease progression. In that study 152 adult 
COVID-19 patients were randomized to fluvoxam-
ine or placebo starting within 7 days from symptom 
onset. During subsequent 2 weeks, clinical deterio-
ration occurred in 6 of 72 patients taking placebo, 

Fig. 1. Scheme illustrating location of transmembrane protein known as the sigma-1 receptor in various 
parts of the cellular membrane system. MAM, mitochondrion-associated membrane, a region of the endo-
plasmic reticulum tethered to mitochondria.
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but in none of patients taking fluvoxamine. In the 
other study [49], 113 patients infected with SARS-
CoV-2 virus were offered fluvoxamine, of which  
65 were taking the medicine whereas 48 refused 
such treatment. Two weeks later none of the patients 
who took fluvoxamine had disease symptoms, while 
in the no-treatment group, 60% were symptomatic 
and 12.5% required hospitalization. 

Both aforementioned clinical studies were 
inspired by the observation that fluvoxamine anti- 
inflammatory effect appears to be mediated by 
agonism with S1R. However, involvement of other 
mechanisms, such as reduction of histamine release 
from mast cells, lysosomotropic effects of the drug 
interfering with viral trafficking, and the others, is 
also considered [54]. One interesting explanation 
of the apparent beneficial effect of fluvoxamine in 
COVID-19 [3] is related to inhibition of melatonin-me-
tabolizing liver cytochrome leading to a substantial 
increase in the plasma level of this substance [57]. 
Melatonin, a neurohormone produced mainly by the 
pineal gland and cells of the gastrointestinal tract, 

is known to modulate several physiological func-
tions, including activities of the immune system [24]. 
Almost 10 years ago it has been hypothesized that 
melatonin acts as a kind of “immune buffer” exerting 
immunostimulatory effects under immunosuppres-
sive conditions, but acting as an anti-inflammatory 
compound in acute inflammation [11]. More recently 
a potential of melatonin for controlling inflammato-
ry responses to COVID-19 has been suggested [46]. 

An extensive post-marketing surveillance based 
on data of 17 years of global use and estimated  
28 million patients exposed to the drug confirmed 
the favourable safety profile of fluvoxamine [8], 
although a more recent analysis [52] indicated dan-
ger from interaction with warfarin and other antico-
agulants. Clinical trials of fluvoxamine in COVID-19 
are currently on-going in Hungary (NCT04718480), 
the USA (NCT04668950) and Brazil (NCT04727424).

Amantadine pharmacology

This drug effectively blocked the M2 viroporin 
channel of the influenza A  virus, and was the first 
antiviral approved by the US Food and Drug Admin-
istration (FDA) for prophylaxis against Asian influen-
za in 1966. In 2009, amantadine (together with its 
derivative rimantadine) was proposed for the inclu-
sion in the World Health Organisation (WHO) Model 
List of Essential Medicines for the prophylaxis and 
treatment of influenza A, specifically the subtype 
H5N1 known of its high case fatality rate [1]. Unfor-
tunately, soon after that influenza viruses developed 
resistance to these drugs [27] and amantadine is no 
longer recommended in this setting, although some 
manufacturers did not remove influenza A as the indi-
cation for the drug. However, it should be noted that 
amantadine may interact with viroporins and display 
antiviral activity toward RNA viruses other than influ-
enza A, such as Chikungunya virus [16]. A particularly 
interesting case is a positive result of a recently pub-
lished randomized, placebo-controlled trial in which 
amantadine was used as an active treatment of Bor-
na virus-infected depressive patients [17], although 
it is not clear whether the positive outcome of this 
trial was related to amantadine antiviral activity, to its 
antidepressant effect, or a mixture of both. 

Currently amantadine is used mainly as a  neu-
rological drug. It was formally repurposed to Parkin-
son’s disease, and is also used off-label in traumatic 
brain injury (TBI), multiple sclerosis, etc. Amanta-

Fig. 2. Short-term survival of Mexico City patients 
infected with SARS-CoV-2 depending on treat-
ment with antivirals or antibiotics. The fraction 
of survivors was assessed at weekly intervals. 
The graph complied using the data selected from 
those in Figure 2d in ref. [25]. According to this 
source, P is the probability (calculated using Log-
rank Mantel-Cox pairwise comparison) that sur-
vival of treated patients differs from survival of 
the reference group which received no antiviral 
or antibiotic.

Su
rv

iv
al

 (
%

)

100

90

80

70

60

50
 0 7 14 21 28 35 42 49 56

Weeks
No treatment
Amantadine 

Oseltamivir
Antibiotic only

n = 319, p < 0.2 (NS)

n = 114 143 (reference)

n = 13 743, p < 0.0001

n = 8414, p < 0.0001



117Folia Neuropathologica 2021; 59/2

Are central nervous system drugs displaying anti-inflammatory activity suitable for early treatment of COVID-19?

dine displays good penetrance to CNS and variably 
influences different neurotransmitter systems 
(dopaminergic, adrenergic, glutamatergic) [34]. In 
Parkinson’s disease the drug is applied to alleviate 
L-DOPA-induced dyskinesia, but it also exerts neuro-
protection by reducing the release of pro-inflamma-
tory factors from activated microglia and increasing 
the expression of glial cell line-derived neurotrophic 
factor (GDNF) in astrocytes  [41]. The other mecha-
nism of potential importance for neuroprotective 
effects of amantadine is its action as a  weak glu-
tamate/N-methyl-D-aspartate receptor antagonist 
that concomitantly activates the cystine/glutamate 
antiporter and stimulates glutathione synthesis [38].

In a recent comprehensive review [15], the most 
important mechanisms of amantadine pharmaco-
logical actions, identified on the basis of the in vitro 
and animal experiments, were compiled and relat-
ed to concentrations achievable in humans. Besides 
the aforementioned sigma-1 receptors, the following 
targets for drug action are indicated: aromatic ami-
no acid decarboxylase (the enzyme responsible for 
dopamine synthesis); nicotinic receptors (α4β2 and 
α7); phosphodiesterase-1. 

Amantadine for COVID-19
Amantadine belongs to adamantanes, drugs con-

taining tricyclo-bridged hydrocarbon structure which 
interferes with viroporin protein channel responsible 
for release of RNA-viruses, such as SARS coronavirus, 
from infected cells [56]. It seemed possible that ada-
mantanes could be also repurposed for COVID-19 [55].

The evidence for amantadine efficacy in 
COVID-19 is sparse. The first clinical observation sug-
gestive of that this drug may alleviate development 
of symptomatic SARS-CoV-2 infection was a  ques-
tionnaire-based study concerning a  small group of 
patients suffering from chronic neurological diseases 
(Parkinson’s disease and multiple sclerosis); in these 
patients infection with the virus was confirmed by 
rtPCR of nasopharyngeal swabs, but symptomatic 
COVID-19 disease did not develop [45]. Initially this 
phenomenon was interpreted as result of a possible 
antiviral activity of the drug, as it was suggested by 
the other authors [4]. Later a contribution of other 
mechanisms, namely anti-fatigue and pro-arousal 
effects of amantadine, was proposed [21]. 

Few case reports and small observational studies 
seemed to confirm the potential benefit of aman-
tadine given as post-exposure prophylaxis or early 

treatment of COVID-19 [13]. A  UK Biobank study 
[60] reported that none of the PD patients receiv-
ing this drug developed severe complications from 
COVID-19, and this result is in line with the hypoth-
esis that amantadine may exert a protective effect 
against both COVID-19 infection and mortality. Of 
note is also a  report from Mexico City [36], a  real-
world observational study in which survival curves 
of patients with laboratory-confirmed COVID-19 
treated with particular antiviral and/or antibiotic 
medicine were compared to the survival curve of the 
group receiving no treatment. The data, an excerpt 
of which is shown in Figure 2, seem rather strange as 
it is evident that mortality of patients treated with 
antimicrobial drugs (e.g. oseltamivir, antibiotics) 
was significantly higher than mortality of untreat-
ed patients. A likely explanation is that these drugs 
were applied to more severely sick patients and were 
ineffective. However, the survival curve of amanta-
dine-treated patients was not significantly different 
from the survival curve of patients receiving either 
antivirals or antibiotics. Whereas this observation 
cannot be taken as a sign of amantadine efficacy in 
COVID-19 (perhaps amantadine was offered to less 
sick patients), it may be interpreted as a proof that 
treatment with this drug is safe in the COVID-19 set-
ting.

In Poland, despite the lack of a  formal proof of 
efficacy, treatment of COVID-19 with amantadine 
has been advocated in media, advertised by some 
physicians (see e.g. [26]), and became considerably 
popular. Rumours spread about fast and dramatic 
subjective improvements encountered by patients 
infected with SARS-CoV-2 and taking this drug. Sub-
jective improvements could result from anti-fatigue 
and pro-arousal effects of amantadine, which were 
mentioned above.

A classic test of the antiviral activity of a drug is 
based on the assessment of the effect on prolifera-
tion of viruses in a green African monkey kidney cell 
line Vero. In this experimental setup, amantadine 
inhibited SARS-CoV-2 replication with IC50  concen-
trations of 83 to 119 µM [18]. After systemic admin-
istration in humans, maximal amantadine levels 
are about 14.6 µM [7], therefore antiviral effects of 
the drug should not be expected. However, it may 
interfere with the development of a severe COVID-19 
through mechanisms interfering with the develop-
ment of uncontrolled inflammation, not detectable 
using the in vitro test on Vero cells. First, the drug 
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at concentrations easily achievable, following intake 
of therapeutic doses is a potent agonist of S1R [15], 
thus in COVID-19 it may, similarly to fluvoxamine, 
counteract the development of uncontrolled inflam-
matory reaction.

The second important mechanism of amanta-
dine’s therapeutic activity in COVID-19 may involve 
cathepsin L (CatL). This lysosomal enzyme is one of 
the proteases known to participate in the entry of 
SARS-CoV-2 to cells. Coronaviruses use spike glyco-
protein (S) to bind their receptor, mediate membrane 
fusion and virus entry to target cells. Depending on 
virus strain and cell type, coronaviral S protein may 
be cleaved by one or several host proteases. A study 
by Ou et al. [42] indicated that CatL is engaged in 
the entry to cells equipped with human angiotensin 
converting enzyme 2 (hACE2) receptor. Importantly, 
in human lungs, CatL is expressed in bronchial epi-
thelial cells and macrophages [9]. 

Zhao et al. [61] provided evidence for the cru-
cial role of CatL in patients with COVID-19. These 
authors found that the level of this protein in the cir-
culating blood was significantly higher in COVID-19 
patients than in the healthy volunteers. The plas-
ma levels of CatL were markedly higher in patients 
with severe disease compared to those with mild-
er disease. Further, the elevated level of CatL was 
found in SARS-CoV-2 pseudovirus-infected cells  
in vitro. Moreover, when the authors investigated 
the effects of amantadine, they found that the drug 
inhibited CatL enzyme activity in cells subjected to 
SARS-CoV-2 pseudovirus infection and significantly 
inhibited SARS-CoV-2 entry to the cells, with little 
cytotoxicity. Finally, in the humanized mice infected 
with the pseudovirus amantadine decreased CatL 
expression. The authors concluded that amantadine 
may be a potent therapeutic drug for COVID-19, able 
to halt a vicious cycle in which enhancement of CatL 
expression triggered by viral infection takes place.

The aforementioned mechanisms could, indeed, 
explain alleged improvement of patients suffer-
ing from COVID-19 following amantadine intake. 
Needless to say, a  prospective, controlled study is 
necessary to confirm such effect. Currently a  pla-
cebo-controlled trial to assess amantadine efficacy 
for preventing progression of early COVID-19 toward 
pulmonary and hyper-inflammatory phase has been 
initiated in Poland (NCT04854759), and a similar tri-
al is being set up in Denmark (NCT04894617). 

Conclusions and future prospects

Fluvoxamine and amantadine are currently not 
established as antivirals. If they prove efficacious in 
the treatment of SARS-CoV-2-infected patients, they 
might rather be classified as host-directed therapies 
(HDT), i.e. drugs that target host factors instead of 
the virus directly. HDT approach is well known in 
medicine, although it is used mostly for treatment of 
chronic diseases, e.g. chronic viral hepatitis [29]. An 
advantage of such strategy is that mutations of the 
virus would not influence drug efficacy. 

On the other hand, there is a  caveat. A  recent  
in vitro and murine study [12] demonstrated that 
commonly used NSAIDs, ibuprofen and meloxicam, 
had no effect on viral entry and replication, but 
reduced the pro-inflammatory cytokine response 
to SARS-CoV-2 infection as well, as the antibody 
response. Such effects could prevent the develop-
ment of immunity toward the virus. Drugs exerting 
anti-inflammatory effects, even if proven effective 
for early COVID-19, should not become an alterna-
tive for the vaccination against SARS-CoV-2.
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