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Abstracts 
The spreading of the Severe Acute Respiratory Syndrome Coronavirus (COVID-19) pandemic 
could be associated with psychiatric implications. After COVID-19, depression was reported in 
40% of patients at one-, three-, and six-months follow-up. Emerging literature suggests anti- 
inflammatory and antiviral properties of antidepressants in the treatment of SARS-CoV-2. We 
aim to investigate the efficacy of Selective Serotonin Reuptake Inhibitor (SSRI) in treating post- 
COVID depression. 
We included 60 patients affected by a major depressive episode and treated with SSRI in the six 
months following recovery from COVID. The severity of depression was rated at baseline and 
after four weeks on the Hamilton Depression Rating Scale (HDRS). Response to treatment was 
considered when the patients achieved a 50% HDRS reduction. To investigate changes of de- 
pressive symptomatology over time, repeated measures ANOVAs according to clinical variables 
were performed. 
We found that 55 (92%) patients showed a clinical response to antidepressant. Patients showed 
a significant decrease over time of HDRS score (baseline HDRS = 23.37 ± 3.94, post-treatment 
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HDRS = 6.71 ±4.41, F = 618.90, p < 0.001), irrespectively of sex, previous psychiatric history, 
previous history of mood disorder, and SSRI type. 
This is the first study to explore the SSRI efficacy in post-COVID depression, suggesting rapid 
antidepressant effects in most patients. SSRIs treatment could contribute to the rapid antide- 
pressant response by directly targeting the neuroinflammation triggered by SARS-CoV-2. We 
suggest screening psychopathology of COVID-19 survivors to diagnose emergent depression and 
pharmacologically treat it to reduce the disease burden and related years of life lived with 
disability. 
© 2021 Elsevier B.V. and ECNP. All rights reserved. 
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. Introduction 

ince the pandemic outbreak, coronavirus disease 2019 
COVID-19), caused by the severe acute respiratory syn- 
rome coronavirus 2 (SARS-CoV-2), has resulted in more 
han 160 million confirmed cases and more than 3 million 
eaths. SARS-CoV-2 infection is a multi-organ disease with 
 broad spectrum of manifestations ranging from asymp- 
omatic to severe or fatal forms ( Wiersinga et al., 2020 ). 
part from acute symptomatology, increasing scientific and 
linical evidences, as previously observed in the SARS and 
ERS outbreak ( Rogers et al., 2020 ), highlight the long-term 

equelae of COVID-19 which can affect multiple organ sys- 
ems ( Gupta et al., 2020 ). The most prevalent long-term 

europsychiatric sequelae were found to be depression, 
nxiety, fatigue, sleep difficulties, and cognitive impair- 
ents, warranting consensus on specific neuropsychiatric 
eeds in the interdisciplinary management of post-acute 
OVID-19 patients. Clinically significant depression was re- 
orted in approximately 30–40% of patients at one-, three-, 
nd six-months follow-up following COVID-19 ( Mazza et al., 
020 ; Mazza et al., 2021 ; Taquet et al., 2021 ). Interestingly, 
t three months follow-up we observed persistent depres- 
ive symptomatology and a parallel decrease of PTSD, anxi- 
ty and insomnia suggesting specific long lasting depressive 
equelae in COVID-19 survivors ( Mazza et al., 2021 ) . Post- 
OVID depression was found to possibly affect survivor’s 
ognitive performances ( Mazza et al., 2020 ; Mazza et al., 
021 ), fatigue symptoms ( Manning et al., 2021 ), and daily 
unctioning ( Talman et al., 2021 ), enhancing the high- 
urden non-communicable condition associated with psy- 
hiatric disability. 
The host immune response to SARS-CoV-2 infection and 

he related severe systemic inflammation seems to be the 
ain mechanism contributing to the development of post- 
OVID depression. Severity of post-COVID depression asso- 
iated with higher systemic inflammation at one and three 
onths follow-up ( Mazza et al., 2020 ; Mazza et al., 2021 ; 
uan et al., 2020 ), while the treatment with cytokine- 
locking agents during acute COVID-19 showed a protec- 
ive effect against depression, proportional to the damp- 
ning of systemic inflammation ( Benedetti et al., 2021 ). Of 
ote, also in the absence of known triggering factors, ab- 
ormal immune-inflammatory setpoints are currently con- 
idered an underpinning pathogenetic mechanisms for ‘en- 
ogenous’ depressive psychopathology ( Gibney and Drex- 
age, 2013 ). Emerging literature suggests anti-inflammatory 
nd antiviral properties of several antidepressants in the 
reatment of SARS-CoV-2 infection mainly mediated by 
2 
heir action on sigma-1-receptor and acid sphingomyelinase 
cid/ceramide system ( Gulbins et al., 2013 ; Hoertel et al., 
021 ; Lenze et al., 2020 ). 
Despite the impressive rates of affected patients, no 

eport is available about the efficacy of pharmacological 
reatment of post-COVID depression. Here we report the ef- 
ects of Selective serotonin reuptake inhibitors (SSRI) treat- 
ent, in the naturalistic setting of our post-acute COVID 

ntegrated outpatient care, in a homogeneous cohort of pa- 
ients affected by a major depressive episode in the first 6 
onths after acute COVID-19. 

. Methods 

e studied 60 patients (27 males, mean age 54.82 ± 14.17), af- 
ected by a major depressive episode (DSM-5 criteria) in the 6 
onths following recovery from COVID-19 and clearance of SARS- 
oV-2. Patients were evaluated in the context of psychiatric outpa- 
ient clinic at IRCCS San Raffaele Hospital in Milan. Inclusion criteria 
ere SARS-CoV-2 infection confirmed by positive real-time reverse- 
ranscriptase polymerase chain reaction; new antidepressant treat- 
ent. We excluded patients if they: were taking antidepressant 
reatment in the last three months before admission; had other 
sychiatric comorbidities including substance use disorders; were 
regnant; had major medical and neurological disorders; were un- 
er treatment with long-acting neuroleptic drugs in the last three 
onths before admission; had uncontrolled metabolic disease or 
ther significant uncontrolled somatic disorder known to affect 
ood. The flowchart of sample inclusion and exclusion criteria is 
eported in Fig. 1 . The psychiatrist in charge of the patients (MGM,
Z, and FB) performed the clinical evaluation, administered an- 
idepressant treatment upon clinical need, and rated the sever- 
ty of the depression on the 21-items Hamilton Depression Rating 
cale (HDRS). Specific SSRI molecules were selected according to 
ur standard treatment protocols and to the NICE guidelines. So- 
iodemographic and clinical data were collected using a data ex- 
raction form, including age, sex, history of psychiatric disorder, 
istory of mood disorder, need of hospitalization for COVID-19, time 
etween COVID-19 and depression diagnosis, type of SSRI. Severity 
f depression according to HDRS was rated at baseline evaluation 
nd after 4 weeks from the start of the treatment. 
Our primary outcome was to evaluate the efficacy of antidepres- 

ant treatment in post-COVID depression. Response to treatment 
as considered when the patients achieved a 50% HDRS reduction 
fter 4 weeks of treatment. 
Statistical analyses to compare group means and frequencies 

Student’s t -test, Pearson χ2 test) exploring effects clinical and de- 
ographic variable on antidepressant response were performed. To 

nvestigate changes of depressive symptomatology over time, re- 
eated measures ANOVAs (according to sex, history of psychiatric 
isorder, history of mood disorder, and SSRI type) were performed, 
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Fig. 1 Flowchart of sample inclusion and exclusion criteria. 

Table 1 Socio-demographic and clinical characteristics of the sample divided according to antidepressant response and levels of 
significance of the observed differences (Student’s t test and Chi-square). HDRS, Hamilton Depression Rating Scale. 

Total 
( n = 60) 

HDRS reduction > 50% 

Yes ( n 55) No ( n = 5) t or χ2 p-value 

Age 54.82 ± 14.17 54.58 ± 14.03 57.4 ± 17.21 -0.42 0.674 
Sex (males - %) 27–45% 25–44% 2–40% 0.06 0.814 
Psychiatric history (positive - %) 36–60% 32–58% 4–80% 0.91 0.34 
Mood disorders history (positive - %) 30–50% 26–47% 4–80% 1.96 0.161 
Hospitalization for COVID-19 (yes - %) 29–48% 26–47% 3–60% 0.28 0.585 
Days between COVID-19 and depression diagnosis (mean ±SD) 79.25 ± 52.56 80.27 ± 53.93 64 ± 23.43 0.51 0.609 
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onsidering HDRS scores at baseline and after four-weeks of an- 
idepressant treatment. All the statistical analyses were performed 
ith a commercially available software package (StatSoft Statis- 
ica 12, Tulsa, OK, USA) and following standard computational pro- 
edures in the context of the General Linear Model. After com- 
lete description of the study to the subjects, a written informed 
onsent was obtained. The local ethical committee approved the 
tudy protocol in accordance with the principles in the Declaration 
f Helsinki. 

. Results 

atients were treated with sertraline ( n = 26), citalopram 

 n = 18), paroxetine ( n = 10), fluvoxamine ( n = 4), and
uoxetine ( n = 2) at a mean fluoxetine-equivalent dose of 
0.66 ± 7.27 mg. A positive psychiatric history was found 
n 36 patients, 30 of them were previously diagnosed with 
 mood disorder (24 major depressive disorder and 6 bipo- 
ar disorder) and six with anxiety disorder (3 panic attack 
isorder and 3 generalized anxiety disorder). We found that 
5 (92%) out of 60 patients showed a clinical response to 
ntidepressant treatment. Clinical and demographic char- 
cteristics of the patients did not affect the response rate 
 Table 1 ). From the baseline to the four week follow- 
3 
p, patients showed a significant decrease over time of 
DRS score (baseline HDRS = 23.37 ± 3.94, post-treatment 
DRS = 6.71 ± 4.41, F = 618.90, p < 0.001), irrespectively 
f sex (time x sex interaction: F = 0.78, p = 0.381), pre-
ious psychiatric history (time x psychiatric history interac- 
ion: F = 0.01, p = 0.917), previous history of mood disorder 
interaction F = 0.26, p = 0.609), and SSRI type (interaction 
 = 1.18, p = 0.316) ( Fig. 2 ). 

. Discussion 

e observed rapid antidepressant effects of SSRI treat- 
ent in the majority of patients with a post-COVID major 
epressive episode. In detail, the response rate was 89% 

nd 95% in patients with or without a previous psychiatric 
istory, respectively, thus suggesting that and recurrent 
pisodes of major depression triggered by COVID-19 share 
he same good response to standard antidepressant treat- 
ent. On the contrary, common knowledge highlights that 
mong antidepressant-treated depressed patients response 
ates are moderate (40–60%), and remission is achieved in a 
inority of patients (30–45%) with history of mood disorders 

 Fava, 2003 ). 
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Fig. 2 Changes of Hamilton Depression Rating Scale (HDRS) score over time. Points are means, whiskers are 95% confidence inter- 
vals. Patients have been divided according to sex (A), previous psychiatric history (B), administered antidepressant (C), previous 
history of mood disorders (D). The decrease of HDRS scores was always significant, with no significant interaction with these vari- 
ables. 
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Depression has been reported in 30–40% of COVID-19 sur- 
ivors and was found to persist over time ( Nalbandian et al., 
021 ). The pathophysiology of post-COVID neuropsychiatric 
equelae mainly entails severe systemic inflammation and 
ubsequent neuroinflammation ( Troyer et al., 2020 ). While 
here is not yet compelling evidence of direct SARS-CoV- 
 neuroinvasion, post mortem studies have shown that 
ARS-CoV-2 related systemic inflammation can induce brain 
arenchyma and vessels damages disrupting blood–brain 
BBB) and blood–cerebrospinal fluid barriers, thus driving 
nflammation in central nervous system ( Reichard et al., 
020 ). Inflammation is known to be associated to depression 
nducing microglia activation, neurotransmission alteration, 
ndoleamine 2,3-dioxygenase 1 (IDO) activation and subse- 
uent serotonin depletion, and oxidative stress ( Miller and 
aison, 2016 ) . Of note, depressed patients are charac- 
erized by higher levels of inflammatory markers such as 
eripheral cytokines and chemokine, acute phase protein 
PCR), and inflammatory blood count ratios ( Mazza et al., 
018 ). In this context, SARS-CoV-2 viral infections can trig- 
er chronic inflammation causing long-lasting depressive 
ymptomatology. Consistently, we have previously found 
4 
hat, one and three months after COVID-19, the severity of 
epression was predicted by the baseline systemic immune- 
nflammation index (SII) ( Mazza et al., 2020 ; Mazza et al., 
021 ) . This result was confirmed by Yuan et al., who re-
orted higher depression in convalescent COVID-19 patients 
ith higher NLR ( Yuan et al., 2020 ). Furthermore, we found 
 protective effect of the Interleukin (IL)-1 β and IL-6 recep- 
or antagonist against post-COVID depression possibly asso- 
iated with their effect in dampening SII ( Benedetti et al., 
021 ) . As such, we surmise that COVID-19 could result in 
rolonged systemic inflammation that could lead to the de- 
elopment of persistent depression. 
By potentiating 5-HT neurotransmission, SSRI could di- 

ectly counteract the IDO-mediated detrimental effects 
f inflammation in reducing 5-HT neurotransmission, also 
ossibly modulating tryptophan metabolism and reducing 
evels of the excitotoxin quinolinic acid as suggested by 
nimal models of depression-like behavior associated with 
nflammation ( Eskelund et al., 2017 ). Moreover, mounting 
vidence suggests that antidepressant drug treatment 
ay decrease peripheral markers of inflammation includ- 

ng IL-10, Tumor Necrosis Factor(TNF)- α, CC Chemokine 
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igand-2, IL-6, notably associated with COVID-19 severity 
 Köhler et al., 2018 ). Antidepressants seem to be potentially 
seful in treatment of COVID-19 reducing the risk of intu- 
ation or death independently of patient characteristics, 
linical and biological markers of disease severity, and other 
sychotropic medications ( Hoertel et al., 2021 ; Lenze et al., 
020 ). SSRI and non-SSRI antidepressants may inhibit the 
phingomyelinase acid/ceramide system ( Gulbins et al., 
013 ), thus preventing the infection of epithelial cells with 
ARS-CoV-2 ( Carpinteiro et al., 2020 ) and reducing the risk 
f intubation or death in individuals hospitalized for severe 
OVID-19 ( Hoertel et al., 2021 ). Fluvoxamine, by stimu- 
ating the σ -1 receptor, reduce the systemic inflammation 
nd may prevent the cytokine storm observed in severe 
OVID-19 thus improving patients prognosis ( Lenze et al., 
020 ). Preclinical studies also suggest that fluoxetine and 
uvoxamine may exert direct antiviral effects on SARS-CoV- 
 maybe via its lysosomotropic properties ( Zimniak et al., 
021 ). SSRI are also involved in the inhibition of platelets 
ctivation ( Schlienger and Meier, 2003 ). 
All these mechanisms could contribute to the rapid an- 

idepressant benefit from SSRIs treatment observed in our 
ohort, by directly targeting the neuro-inflammation trig- 
ered by SARS-CoV-2 associated with post-COVID depres- 
ion, and its detrimental effects on serotonergic neurotrans- 
ission. 
Our results should be taken in the context of the following 

imitations. First, the observational design of the study lim- 
ts the generalizable of our findings. Furthermore, the lack 
f a control group of antidepressant-treated depressed pa- 
ients not previously affected by COVID-19, the small sam- 
le size, and the monocentric setting of the study suggest 
hat our results should be regarded as preliminary. Multicen- 
ric larger case-control studies are needed. Finally, we were 
ot able to assess the inflammatory status of patients during 
reatment, thus not being able to confirm if antidepressant 
esponse could be sustained by a reduction of the systemic 
nflammation. 
In conclusion, given the alarming prevalence of post- 

OVID depression, and considering that untreated depres- 
ion associates with poor outcomes, reduced antidepressant 
esponse, and increased risk of all-cause mortality, we sug- 
est to routinely asses psychopathology of COVID-19 
urvivors in order to promptly diagnose emergent depres- 
ion, and to pharmacologically treat it with the aim of 
educing the disease burden and related years of life lived 
ith disability. 
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