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Abstract

Purpose The absence of specific treatments for COVID-19 leads to an intense global effort in the search for new therapeutic
interventions and better clinical outcomes for patients. This review aimed to present a selection of accepted studies that
reported the activity of antidepressant drugs belonging to the selective serotonin receptor inhibitor (SSRI) class for treating
the novel coronavirus.

Methods A search was performed in PubMed and SciELO databases using the following search strategies: [(coronavirus)
OR (COVID) OR (SARS-CoV-2) AND (antidepressant) OR (serotonin) OR (selective serotonin receptor inhibitors)]. In the
end, eleven articles were included. We also covered information obtained from ClinicalTrials.gov in our research.

Results Although several clinical trials are ongoing, only a few drugs have been officially approved to treat the infection.
Remdesivir, an antiviral drug, despite favorable preliminary results, has restricted the use due to the risk of toxicity and
methodological flaws. Antidepressant drugs were able to reduce the risk of intubation or death related to COVID-19, decrease
the need for intensive medical care, and severely inhibit viral titers by up to 99%. Among the SSRIs studied so far, fluoxetine
and fluvoxamine have shown to be the most promising against SARS-CoV-2.

Conclusion If successful, these drugs can substantially reduce hospitalization and mortality rates, as well as allow for fully
outpatient treatment for mild-to-moderate infections. Thus, repositioning SSRIs can provide benefits when faced with a
rapidly evolving pandemic such as COVID-19.

Keywords Repositioning - Redirection - Antidepressants - Coronavirus - COVID-19 - Pandemic

Introduction

With a global Toll of more than 450 million cases and 6
million deaths by March 2022, severe acute respiratory syn-
drome (SARS) caused by the new coronavirus remains a
challenge for health care providers. The absence of specific
treatment for COVID-19 leads to an intense global effort in
the search for new therapeutic interventions and better clini-
cal outcomes for patients [1].

Drug repositioning (or repurposing) is based on acceler-
ating the traditional drug discovery process by identifying
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new clinical uses for drugs that have already been proven
to be safe and effective in humans. The rationale for drug
reuse is that the same molecular pathways may be involved
in different diseases [2]. This therapeutic strategy can reduce
the costs required for new drug development, with notable
savings in preclinical phases I and II [3].

Active substances that have had a well-established clini-
cal use in the European Community for at least 10 years,
with recognized efficacy and an acceptable level of safety,
are known as well-established use medicines. In such cases,
marketing authorization may be based on the requirement
of one or more clinical trials for the new indication, unless
it is an exceptional situation. One such exceptional situa-
tion concerns extremely rare conditions, such as anthrax and
Ebola. Thus, during a pandemic, drugs may be licensed with
less information available than would normally be accept-
able [4].

Although more than 7000 clinical trials (ClinicTrials.
gov) are underway to identify drugs that could seriously be
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considered for reuse against COVID-19, only a few drugs
have been officially approved to treat the infection. Despite
favorable preliminary results from certain antiviral drugs,
research is constrained by the risk of toxicity and methodo-
logical flaws [4].

We report in this review the repositioning of antidepres-
sant drugs belonging to the selective serotonin receptor
inhibitors (SSRI) class as a suggestion for treating patients
infected with the new coronavirus, to reduce the complica-
tions caused by the disease and reduce the losses linked to
the pandemic.

Methodology

This review was conducted in accordance with the recom-
mendations of the Key Items for Reporting Systematic
Reviews and Meta-analyses (PRISMA) [5]. Data collection
was conducted through PubMed and SciELO databases,
using the following search strategy: [(coronavirus) OR
(COVID) OR (SARS-CoV-2) AND (antidepressant) OR
(serotonin) OR (Selective Serotonin Receptor Inhibitors)].
The survey was conducted until July 27, 2022. Inclusion
criteria were studies accepted since 2020, which evaluated
the in vitro and in vivo activity of SSRI drugs in COVID-19,

published in English. The systematic search, as illustrated
in Fig. 1, returned 154,488 articles that matched the search
criteria. The full text of 126 articles was evaluated to ver-
ify eligibility for inclusion in our analysis. Of these, 115
articles were excluded for the following reasons: review
articles (n=7) and inappropriate articles (n=108), that
is, articles that did not exactly address the research topic.
Finally, eleven studies were included in our review. We also
addressed information obtained from clinicaltrials.gov in
our study.

COVID-19 and its clinical consequences

SARS-CoV-2 infection is associated with an amplified immune
and inflammatory response. The uncontrolled release of pro-
inflammatory cytokines, known as cytokine storm, is triggered
by the overexpression of interleukin-6 (IL-6) around the 5 to
7th day of infection. Macrophages and mononuclear cells infil-
trate the alveolar tissue and induce the formation of edema,
which explains the respiratory symptoms caused by COVID-
19, such as cough and difficulty breathing [6, 7].

Increased plasma concentrations of inflammatory media-
tors in patients with COVID-19 may also promote elevated
levels of tumor necrosis factor-alpha (TNF-a), catechola-
mines, and histamine. At the cellular level, SARS-CoV-2
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decreases TCD4 + and TCDS8 + lymphocytes, lymphocyte,
monocyte, eosinophil, and basophil counts [8—10]. This
excessive inflammatory response in COVID-19 is the rea-
son why some anti-inflammatory and immunomodulatory
drugs are being evaluated. These drugs can reduce systemic
inflammatory symptoms and counteract the effects of the
cytokine storm [4, 11, 12].

In this sense, patients with metabolic disorders, such as
obesity, are at a greater risk of developing the severe form of
the disease [13, 14]. It is suggested that pre-existing underly-
ing inflammation in obese patients may result in an uncon-
trolled immune response during COVID-19 with additional
cytokine production and impaired cellular immunity, predis-
posing to a more severe disease condition [15].

Obesity is often associated with type 2 diabetes. The
authors have shown that uncontrolled glucose levels promote
virus replication, increasing cytokine release and inducing
T cell dysfunction [14, 15], which is translated by the high
prevalence in mortality rates in diabetic patients with coro-
navirus [16].

Furthermore, one of the most common complications in
SARS-CoV-2 infection are cerebrovascular and thrombotic
events [17, 18], caused due to cytokine release and conse-
quent activation of the coagulation cascade [19]. Throm-
botic events may also be related to clotting alterations caused
due to the high concentrations of fibrinogen and D-dimer
in COVID-19 [20]. Thus, inadequate blood supply along
with impaired lung functions can critically decrease brain
oxygenation and have harmful effects on brain function [21].

Increased cytokine release during COVID-19 may also
induce the onset of cerebrovascular and neurological changes
or aggravate pre-existing conditions, since these disorders
are associated with the production of inflammatory media-
tors [22].

In addition to neurological disorders, neuropsychiatric
complications are also a frequent concern in SARS-CoV-2
infection. A surveillance study identified altered mental sta-
tus in 31% of COVID-19 patients, including a diagnosis of
encephalitis and primary psychiatric disorders such as psy-
chosis, dementia, and mania [23]. Additionally, individual
reports described changes such as mild cognitive delirium
and mood swings.

The restrictions imposed by COVID-19, including quar-
antine and social isolation, have had devastating adverse
effects on the mental health of the world’s population [24].
COVID-19 has been found to significantly increase suicide
rates, as well as levels of insomnia, fear, distress, psycholog-
ical distress, mental health issues, worries, sadness, depres-
sion, anxiety, panic disorder, obsessive—compulsive disorder
(OCD), and post-traumatic stress disorder (PTSD) [25, 26].
According to Dinakaran et al. (2020), in order for these rates
to decrease during the COVID-19 crisis, it is imperative to
reduce stress, anxiety, fear, and loneliness [27].

The onset of psychological disorders is also associated
with low body immunity and weakened immune response,
resulting in severe COVID-19 infections [28, 29]. A study
conducted on coronavirus patients reported that the sever-
ity of cases occurs due to malfunction or deficiency of the
immune system [30]. Immune dysregulation is a conse-
quence of elevated cortisol, the stress hormone, and reduced
serotonin [31].

SSRI drugs, their known activities, and possible
contributions in the fight against COVID-19

In addition to its classic role as a neurotransmitter (NT),
establishing communication between nerve cells and pro-
moting mood enhancement and feelings of happiness, sero-
tonin (5-hydroxytryptamine or 5-HT) expresses its actions in
human macrophages and dendritic cells that, by suppressing
the production of inflammatory cytokines and chemokines
during a stimulus [32], could help reduce the harmful effects
of COVID-19 [33].

In addition to treating depression and decreasing suscepti-
bility to suicide [34], 5-HT promotes increased natural killer
(NK) cell cytotoxicity and reduced TNF-a production [35].
Recent studies have also shown that exogenous administra-
tion of 5-HT provided a decrease in TNF-a, IL-6, and IL-1p,
in addition to reversing lipopolysaccharide (LPS)-induced
neuroinflammation [36, 37]. On the other hand, circulating
serotonin has the potential to modulate numerous functions
not only in the respiratory, cardiovascular, and gastrointes-
tinal systems, but also in coagulation, reproduction, and
nociception [38].

The role of 5-HT in the immune response in specific viral
infections has also been addressed in the literature. In stud-
ies by Maneglier et al. (2008), 5-HT decreased HIV infection
in human macrophages by downregulating the expression of
CCRS5, a receptor essential for the entry of the virus into the
cell. Serotonin was also able to inhibit the replication of HIV-1/
Ba-L, a strain of HIV with macrophage tropism, and amelio-
rate thrombocytopenia caused by the dengue virus, revealing a
potential therapeutic target in infectious viral diseases [39, 40].

In this scenario, the use of antidepressants of the selec-
tive serotonin reuptake inhibitors (SSRI) class, which act
by inhibiting presynaptic serotonin reuptake and increas-
ing the availability of NT in the synaptic cleft [41], may be
beneficial and considered adjuvants in the pharmacological
therapy of COVID-19. This class of drugs is commonly used
in the treatment of depression, anxiety, PTSD, among other
disorders [42]. It was launched in the clinic more than three
decades ago and has well-described pharmacodynamic and
pharmacokinetic properties, making it a safe option for a
possible redirection against the coronavirus.

In patients with COVID-19, SSRIs may help to prevent
the release of inflammatory cytokines, which are responsible
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for worsening disease progression and the subsequent
increase in TNF-a [43]. Studies have shown that fluoxetine
was able to block IL-6 and the cytokine storm in animal
models of infection and in human diseases, such as rheu-
matoid arthritis [44, 45]. Another SSRI, sertraline has been
shown to elicit major anti-inflammatory effects through the
reduction and regulation of pro-inflammatory cytokines
[46, 47]. Fluvoxamine showed significant immunomodula-
tory properties, being able to modulate the inflammatory
response and cytokine production in monocytes through its
high affinity for the sigma-1 receptor (S1R), being able to
attenuate tissue damage [48].

One study reported the effectiveness of SSRIs in severe
chronic obstructive pulmonary disease (COPD), with a sig-
nificant increase in oxygen saturation observed in patients
receiving these drugs [49].

In metabolic disorders, brain serotonin acts by reduc-
ing weight gain, regulating food intake, and the activity
of brown adipose tissue, which is responsible for regulat-
ing body temperature. Pharmacological interventions that
restore central serotonergic levels in obese people may be
useful in regulating the immune response during a COVID-
19 infection [50].

Recently, it has been revealed that patients recovering
from COVID-19 have a higher risk of developing psychi-
atric disorders, especially anxiety and depression. Thus,
SSRIs may have a protective effect on mental health in a
post-COVID-19 recovery setting, as they promote anxiolytic
and antidepressant action [51], as well as enhance the role
of immunity against infections [52—54].

Halperin and collaborators (2007) attested to the anti-
coagulant properties of SSRIs, which makes this class of
drugs promising in patients with COVID-19 who present
with cases of venous thrombosis or embolism, responsible
for the main causes of disease-related mortality. Fluvoxam-
ine has been shown to possess activity on platelet serotonin
concentrations, making it useful in the hypercoagulable state
in patients with COVID-19 [55, 56].

Disease severity is also linked to bodily immunity [57].
Antidepressant drugs have the function of increasing the
immune response through the inhibition of pro-inflammatory
factors, in particular TNF-a, IL-Y, IL-1p, and IL-6 [58, 59].

Zafir and colleagues (2007) reported the antioxidant prop-
erties of fluoxetine. Chronic administration of this drug for
21 days prevented oxidative damage in animals induced by
restraint stress. This fact was evidenced by the significant
increase in the main components of antioxidant defense,
comprising free radical scavenging enzymes, hydrogen
superoxide, and glutathione S-transferase [60].

Studies evaluating the antiviral properties of SSRIs have
shown that these drugs decrease Ebola virus activity [61],
reduce viral replication of the Coxsackievirus B4 virus [62],
and provide dysregulation in HIV coreceptors [44].

@ Springer

Fluoxetine inhibits dengue virus (DENV) and hepatitis
C virus (HCV), two members of the Flaviviridae family
[63, 64]. It could also inhibit viral replication [65, 66] and
increase NK cell activity in patients with HIV [67, 68].

Kristiansen and colleagues (2000) demonstrated that par-
oxetine reduced HIV p24 antigen levels in an in vitro cell
culture system [69]. Sertraline also showed antiviral activ-
ity when used effectively in reducing influenza-induced
lung inflammation [70]. Fluvoxamine is be able to protect
mice from lethal septic shock and reduce the inflammatory
response in human blood leukocytes [48].

Buspirone, a serotonin receptor agonist, was able to decrease
T-CDS8 cell counts and increase CD4/CD8 rates in HIV-infected
patients [71], as well as inhibit Chikungunya [72].

Therapeutic perspectives

According to the perspective presented above and in view
of the rapid viral spread and the absence of immediate
therapeutic interventions to effectively treat SARS-CoV-2
infection, the medical and scientific community has been
considering the reuse of drugs already available in the clinic
to improve the clinical outcomes of COVID-19.

We present in Table 1 a summary of studies that have
evaluated the activity of SSRI drugs in COVID-19. We are
aware that to date eleven studies have been accepted address-
ing this subject.

Regarding the antiviral properties reported for SSRIs
against the coronavirus, the high replicative potential of
SARS-CoV-2 promotes an increase in viral load in the lung
and, consequently, a large inflammatory process, which
can often be fatal. A patent study found that SSRIs have
an antiviral effect capable of reducing the expression of
chemokines and cytokines in infected cells and therefore
play an important role in fighting infections [84].

In Brazil, the study by Reis et al. (2021) demonstrated that
fluvoxamine 100 mg administered twice daily for 10 days was
able to reduce the need for hospitalization and the transfer
of patients with COVID-19 to a tertiary hospital. Accord-
ing to the authors, the low cost of fluvoxamine may make it
affordable worldwide, as 10 days of treatment would only
cost about $4. This alternative becomes advantageous since
the early-stage treatments recommended by the US National
Institutes of Health are monoclonal antibodies, which are
expensive and difficult to administer in outpatient settings.
Additionally, the authors suggest the association of fluvoxam-
ine with drugs that interfere with viral replication. However,
it should be noted that this study was carried out in the face of
a disease that has not yet been fully characterized, in addition
to the uncertainty as to whether the evaluated treatment could
be used in different countries [81].

In addition to the accepted studies, a clinical trial
(NCTO04377308) is currently evaluating the effect of
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fluoxetine in preventing the severe consequences caused
by COVID-19, as well as investigating the relationship of
this drug with a decrease in pro-inflammatory cytokines.
Another study (NCTO04570449) investigates the early use
of fluoxetine and its relationship to reduced severity and
hospitalization in patients with the disease.

Fluvoxamine, an SSRI approved by the Food and Drug
Administration (FDA) fortreating obsessive—compulsive
disorder (OCD), is also being evaluated in patients with
COVID-19 in the USA (NCT04342663). The initial results
of this research group were the reduction of respiratory
complications in patients who used fluvoxamine compared
with the group that received only placebo. In a double-blind
randomized trial, NCT04718480 has been testing 200 mg
of fluvoxamine as a daily therapy adjunct to the standard of
care in patients with moderate-severity COVID-19.

Trial NCT04727424, conducted in Canada, evaluates
drug repositioning against SARS-CoV2, including fluvox-
amine 100 mg. NCT04510194 tests the combination of
fluvoxamine with metformin for treating non-hospitalized
adults with COVID-19, to see if the combination prevents
disease progression. NCT(04885530 evaluates the effective-
ness of repurposing fluvoxamine in reducing symptoms
of non-hospitalized participants with mild-to-moderate
COVID-19.

Fluvoxamine is also being investigated in a remote survey
conducted by videoconference with approximately 400 par-
ticipants at community treatment centers (NCT04711863).
In trial NCT04668950, the aim is to determine whether
fluvoxamine could be used early in SARS-CoV-2 infection
to prevent more serious complications such as shortness of
breath.

Another study (NCT05047952) is evaluating the anti-
depressant vortioxetine for treating cognitive deficits that
develop during or after an infection consistent with COVID-
19. Vortioxetine is a multimodal antidepressant that acts on
different neurotransmission systems, such as serotonin, nor-
epinephrine, dopamine, GABA, histamine, and acetylcholine
[85].

Remdesivir, the first drug to receive emergency use author-
ization by the FDA for treating severe cases of COVID-19, has
its clinical use still controversial due to its short half-life (on
average 1 h). The authors suggest that combination therapy
of remdesivir with SSRIs would provide beneficial treatment
in hospitalized patients with COVID-19, demonstrating that
the association between antidepressants and other drugs may
be an advantageous option [80, 86].

Among the SSRIs studied so far, fluoxetine and fluvoxam-
ine show to be the most promising drugs against COVID-19.
Their actions may occur due to the reduction of the secre-
tion of pro-inflammatory cytokines, such as IL-6, TNF-a,
and CCL-2, through modulation of responsiveness to the
immune system, interaction with angiotensin-converting

Small sample size, lack of
randomization, open design
and selection bias. All
Caucasian patients (lack of
racial diversity)

Study limitations

fluvoxamine group (58.8%)
compared to the control

group (76.5%)
tion with minimal effects on

cell viability; antiviral action
was verified in Calu-1 cells
against the SARS-CoV-2

The drugs inhibited the infec-
lineage

Mortality was lower in the

Main results

Sample characteristics
66.7% of the participants were
men; 100% were Caucasian

TMPRSS2 and Calu-1 human

three times daily for 15 days
lung epithelial cells

in addition to standard

therapy
oxetine, and fluvoxamine in

51 hospitalized COVID-19
ICU patients were treated
with fluvoxamine 100 mg

Fluoxetine, citalopram, par-
doses ranging from 0.01 to
20 uM were tested against
human embryonic kidney
cells expressing ACE2/

Study design

Prospective cohort study

Type of study
In vitro

(-) Information not provided by the authors, EC50 effective concentration 50, PCR C-reactive protein, ACE2 angiotensin-2 converting enzyme, SSRIs selective serotonin reuptake inhibitors,

SNRIs selective serotonin and noradrenaline receptor inhibitors

Table 1 (continued)
Reference

Calusic et al. [82]
Fred et al. [83]
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enzymes (ACE-2), immunomodulatory actions, and activi-
ties directly on T lymphocytes [87]. In addition, as has been
shown, these drugs have proven in vitro and in vivo proper-
ties against several other viral strains.

Regarding drugs that do not belong to the SSRI class, tri-
cyclic antidepressants have also gained prominence. Clomi-
pramine has been shown to be useful in preventing psychi-
atric complications occurring after COVID-19 infection. Its
anti-inflammatory action and ease of crossing the blood—brain
barrier were verified in vitro and in vivo in human and animal
studies [88].

The pressure on national health care systems due to large
economic losses, failing health care organizations, high
intensive care unit admissions, and limited clinically avail-
able therapeutic options when faced with COVID-19, makes
safe and efficient treatment strategies urgently needed. How-
ever, low patient recruitment and small study population size
may limit searches for drugs to be repositioned, as well as
interfere with their results. Also, most clinical trials present
as eligibility criteria patients over 18 years old and belong-
ing to a specific country, increasing the gaps in the research
carried out. Thus, more evidence is needed in order to justify
the use of this class of drugs in COVID-19.

Final considerations

In light of the current literature and the discussion above, the
favorable outlook for the investigation of SSRI drug repo-
sitioning in the face of a rapidly evolving pandemic such as
COVID-19 is highlighted. Encouraged by preliminary evi-
dence, SSRIs can reduce inflammation caused by the SARS-
CoV-2 and prevent organ damage, as they are safe drugs
with few side effects. The low cost of these drugs, as well as
their wide availability on the market, can promote benefits
in the face of the current pandemic since if successful, and
these drugs could substantially reduce hospitalization and
mortality rates, in addition to allowing a fully outpatient
treatment for mild-to-moderate infections. The reuse of anti-
depressant drugs belonging to the SSRI class deserves deep
investigations for treating patients with COVID-19.
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