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Abstract
The Coronavirus Disease 2019 (COVID-19) pandemic is still spreading worldwide over 2 years since its outbreak. The 
psychopathological implications in COVID-19 survivors such as depression, anxiety, and cognitive impairments are now 
recognized as primary symptoms of the “post-acute COVID-19 syndrome.” Depressive psychopathology was reported in 
around 35% of patients at short, medium, and long-term follow-up after the Severe Acute Respiratory Syndrome Coronavi-
rus-2 (SARS-CoV-2) infection. Post-COVID-19 depressive symptoms are known to increase fatigue and affect neurocogni-
tive functioning, sleep, quality of life, and global functioning in COVID-19 survivors. The psychopathological mechanisms 
underlying post-COVID-19 depressive symptoms are mainly related to the inflammation triggered by the peripheral immune-
inflammatory response to the viral infection and to the persistent psychological burden during and after infection. The large 
number of SARS-CoV-2-infected patients and the high prevalence of post-COVID-19 depressive symptoms may significantly 
increase the pool of people suffering from depressive disorders. Therefore, it is essential to screen, diagnose, treat, and moni-
tor COVID-19 survivors’ psychopathology to counteract the depression disease burden and related years of life lived with 
disability. This paper reviews the current literature in order to synthesize the available evidence regarding epidemiology, 
clinical features, neurobiological underpinning, and pharmacological treatment of post-COVID-19 depressive symptoms.
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Key Points 

Post-COVID-19 depressive symptoms have been 
reported in around 35% of patients at short, medium, and 
long-term follow-up after infection.

The psychopathological mechanisms of post-COVID-19 
depressive symptoms are mainly related to the peripheral 
immune-inflammatory response triggered by the viral 
infection.

Conventional antidepressants have proved to be effective 
in treating post-COVID-19 depression.

1  Introduction

The Severe Acute Respiratory Syndrome Coronavirus 2 
(SARS-CoV-2) pandemic started in China in December 
2019 and, at over 2 years from its outbreak, it is still spread-
ing around the world. According to the World Health Organ-
ization (WHO), the coronavirus disease 2019 (COVID-19) 
pandemic has affected almost 500 million people around the 
world, with more than 6 million deaths [1].

Most SARS-CoV-2-infected patients are asymptomatic or 
experience mild symptoms [2]. However, one in five SARS-
CoV-2-infected patients presents with severe acute clinical 
manifestations characterized by acute respiratory distress 
syndrome (ARDS), severe immune response leading to an 
inflammatory and procoagulant state, and death [2]. Fur-
thermore, after the acute phase of COVID-19, persistent 
and prolonged symptoms have been observed in several 
patients irrespective of the severity of the disease [3]. Per-
sisting symptoms such as lung dysfunction, psychopatho-
logical complaints, and cognitive impairments have been 
reported to continue over months after acute COVID-19 [4, 
5]. The National Institute for Health and Care Excellence 
(NICE) has termed these long-lasting symptoms after infec-
tion "post-COVID-19 syndrome," defining it as new and/or 
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persistent signs and symptoms more than 12 weeks follow-
ing SARS-CoV-2 infection [6].

Since the pandemic spread, psychopathological implica-
tions have been reported during acute infection and in the 
post-COVID-19 phase in COVID-19 survivors. Confusion, 
delirium, depression, anxiety, and sleep disturbances have 
been observed during acute viral infection [7]. Apart from 
acute infection, as previously observed in the SARS and 
the Middle East Respiratory Syndrome (MERS) outbreak, 
long-term neuropsychiatric sequelae of COVID-19 are now 
listed as the main symptoms of the post-acute COVID-19 
syndrome [3]. The most prevalent long-term neuropsychi-
atric sequelae have been depressive symptoms, anxiety, and 
cognitive impairments [8]. Clinically significant depressive 
psychopathology was reported in approximately 30–40% of 
patients at 1-, 3-, 6-, and 12-month follow-up after SARS-
CoV-2 infection [9–13]. Depression, characterized by 
depressed mood, diminished interest, and cognitive impair-
ment, negatively influences everyday life. Both pre-existing 
depression and COVID-19-related depressive symptoms 
were found to affect SARS-CoV-2 infection outcome, being 
associated with higher infection rate, hospitalization, inten-
sive care unit admission, and mortality [14, 15]. The mecha-
nisms underlying the COVID-19 psychiatric consequences 
are mainly related to the immune inflammatory response 
to the viral infection and subsequent potential neuroinflam-
mation and to the psychological stressor induced by SARS-
CoV-2 infection [16, 17].

Given this background, there is a need to describe, diag-
nose, and treat post-COVID-19 depressive symptoms. In 
this paper, we review the available literature in order to (i) 
investigate the epidemiology of post-COVID-19 depressive 
symptoms through a revision of published meta-analyses, 
(ii) describe the clinical features of post-COVID-19 depres-
sive symptoms, (iii) revise the neurobiological underpinning 
of post-COVID-19 depressive symptoms, (iv) synthesize 
the available literature reporting potential pharmacological 
treatment for post-COVID-19 depressive symptoms, and (v) 
finally delineate future research needs.

2 � Epidemiology of Post‑COVID‑19 
Depressive Symptoms

Medical databases including PsycINFO and PubMed were 
searched using relevant keywords to obtain published stud-
ies up to 21 January 2022 reporting meta-analytic evidence 
about the epidemiology of depressive symptoms among 
COVID-19 survivors. We performed an independent multi-
step search entering the following search terms: depress*, 
COVID-19, SARS-CoV-2, prevalence, incidence, epidemi-
ology, rate, and meta-analysis. Search phrases were adapted 
to the rules of the databases used.

The initial set of searches yielded 133 records, among 
which 14 overlapped. After the removal of duplicates, 
119 meta-analyses titles and abstracts were preliminarily 
screened according to the eligibility criteria by two inde-
pendent researchers (MGM and MP) to avoid biases. The full 
texts of the studies were further assessed for a final decision 
on their relevance to the topic of post-COVID-19 depressive 
symptomatology. Any incongruence in the screening pro-
cess and eligibility was solved by discussion between all the 
authors. Inclusion criteria were: (i) research design: meta-
analyses were considered; (ii) population: people from the 
general population who contracted the SARS-CoV-2; (iii) 
outcome: COVID-19-related depressive symptomatology 
and its associated risk factors. Overall, six meta-analyses 
fulfilled the criteria for the review [8, 18–22]. Among them, 
five were rated between Low and High quality according to 
the AMSTAR-2 checklist and were included in the present 
study [8, 18–20, 22], while one was rated as Critical Low 
and was then excluded [21] (Table 1).

Our inspection revealed that the prevalence of clinically 
relevant depressive symptoms among COVID-19 survivors 
mainly ranged from 21% [8] up to 45% [18]. The predomi-
nant screening tool for assessing depressive symptomatol-
ogy in COVID-19 cohorts was the Patient-Health-Question-
naire-9 (PHQ-9), which was implemented by 38 primary 
studies across all the meta-analyses. Deng et al. found an 
effect of the screening tools used on depressive symptom 
prevalence. The highest occurrence of depressive psycho-
pathology was recorded through the PHQ-9 and the Zung 
Self-Rating Depression Scale (ZSDS) (47–52% and 52–53% 
respectively). On the other hand, estimates produced by the 
Hospital Anxiety and Depression Scale (HADS-depression 
subscale) and Symptom Checklist-90 (SCL-90) were found 
to be around 20–22% [18]. Additionally, from a method-
ological point of view, two meta-analyses exploring the 
frequency of COVID-19 survivors' clinical depressive 
symptoms according to different study designs revealed an 
impressive rate of this psychiatric outcome in single-arm 
cohort studies (values of 74–88%) in comparison with cross-
sectional investigations (values of 34–44%) [18, 20].

Sub-group analyses yielded a more precise list of factors 
facilitating the development of depressive symptoms in the 
post-COVID-19 stages. According to the existing evidence, 
female patients are likely to experience a higher prevalence 
of depressive symptoms (pooled prevalence between 46% 
and 50%) compared to male counterparts (pooled prevalence 
between 32% and 39%) [18, 20]. In addition, the severity 
of COVID-19 affected the depressive symptom rate. Deng 
and colleagues found an increased frequency of depressive 
symptoms among hospitalized patients (48%) compared with 
the outpatient population (35%) [18]. Dong et al. showed 
a greater proportion of detectable depressive symptoms 
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among severely ill patients (66.3%) compared with those 
who were clinically stable (30.9%) [19].

Moreover, Dong and colleagues furnished a detailed 
narrative synthesis of risk factors for depressive symptoms 
pointing out that both socio-demographic and physiologi-
cal features may promote depressive psychopathology in 
COVID-19 survivors [19]. Among those, the lack of social 
support along with forced isolation after virus clearance, 
low levels of education or high educational qualification 
seemed to increase the likelihood of depressive symptoms 
post-infection significantly. Interestingly, wide exposure to 
media in an attempt to gather information about the virus 
spread also negatively influenced depressive symptoms. 
Likewise, abnormal baseline levels of inflammatory mark-
ers such as C-reactive protein (CRP), interleukin (IL) 1-β, 
and cortisol made COVID-19 patients more vulnerable to 
depressive symptoms in the sub-acute stages of the illness, 
thus suggesting an underlying immune-related contribution 
[19].

When considering the epidemiological burden of post-
COVID-19 depressive symptomatology in different stages 
of the disease, the included meta-analyses provide unstable 
estimates, with percentage of affected discharged patients 
oscillating between 14 and 52% [19, 20]. Further examina-
tions on COVID-19 survivors who received a specific fol-
low-up psychiatric assessment report depressive symptoms 
rates ranging between 21 and 33.7% [8, 19].

With respect to depressive manifestation estimates 
according to severity, two meta-analyses consistently 
reported an elevated incidence of mild (rates of 29–33%), 
followed by moderate (rates of 14–17%) and severe depres-
sive symptomatology (rates of 7–10%) [18, 20].

Notably, those who were infected with SARS-CoV-2 
were more susceptible to developing depressive symp-
toms (pooled prevalence of 41.7%) than healthcare work-
ers (pooled prevalence of 31%) and the general population 
(pooled prevalence of 31.5%) during the COVID-19 out-
break [22]. Moreover, the prevalence estimates indicate a 
remarkable boost in the burden of depressive psychopathol-
ogy in COVID-19 survivors compared to the pre-pandemic 
rates of depressive symptoms among both hospitalized and 
non-hospitalized patients affected by other medical illnesses 
[23, 24].

The emerging framework must be interpreted in light 
of some limitations. Notwithstanding the huge number of 
primary studies and the extensive sample size included in 
each meta-analysis, a noticeable heterogeneity was detected 
throughout the meta-analyses. The use of different survey 
scales, research designs, and inclusion criteria most likely 
contribute to the discrepancy in the prevalence estimates [18, 
20, 22]. Finally, the lack of a systematic approach in defin-
ing a time-point follow-up for the evaluation of depressive 

symptoms in COVID-19 survivors makes it challenging to 
draw more definite conclusions.

These weaknesses, however, do not bias the main find-
ing that the burden of post-COVID-19 depressive symptoms 
substantially exceeds the pre-pandemic epidemiology of this 
adverse psychopathological condition [11, 22, 25]. Here, we 
identified vulnerable groups to whom clinicians should pay 
special attention, such as females, critically ill patients, and 
those who perceive themselves as having low social support 
[18–20]. Despite most COVID-19 survivors experiencing 
mild and moderate levels of depressive symptomatology as 
previously reported [18, 20], the extensive progression of 
people experiencing depressive symptoms represents a seri-
ous phenomenon that deserves to be addressed by mental 
health services. Quantitative synthesis of post-COVID-19 
occurrence focusing on specific time points after the infec-
tion need to be produced to provide a more detailed and 
time-oriented epidemiological framework.

3 � Clinical Features of Post‑COVID‑19 
Depressive Symptoms

Patients with post-COVID-19 depressive symptoms share 
psychopathological symptoms, as rated on validated rating 
scales (see section 2.2), brain-imaging correlates [26], and 
negative thinking styles [27], as core features observed in 
Major Depressive Disorder (MDD), fostering the experi-
ence of negative emotions. Depressive symptoms have been 
associated with poor neurocognitive functioning, sleep dis-
turbances, increased fatigue, and reduced quality of life in 
post-COVID-19 syndrome.

Two independent studies based on 226 COVID-19 sur-
vivors at 3 months’ follow-up [10] and 120 survivors at 4 
months’ follow-up [28] showed that depressive symptoma-
tology negatively influenced neurocognitive performances. 
Moreover, a machine-learning analysis suggested that 
depressive symptomatology was the main factor affect-
ing cognitive functioning among a large set of clinical 
and socio-demographical predictors [29]. Consistently, in 
a sample of 100 patients, cognitive complaints at 1 month 
after hospitalization for COVID-19 were explained only by 
depressive symptom severity and older age [30]. The most 
affected performances were selective attention and process-
ing speed, immediate recall in verbal memory, and visuospa-
tial abilities [10, 28, 29]. Interestingly, COVID-19 survivors 
showed similar performance to patients with MDD regarding 
verbal fluency and executive functions [29]. At both 1 (n = 
402) and 3 (n = 226) months’ follow-up post-COVID-19 
infection, cognitive impairment as well as post-COVID-19 
depressive symptoms were found to be predicted by sys-
temic inflammation [10, 13]. This connection is consistent 
with the previously observed association between depressive 
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symptoms, cognitive impairments, and systemic inflamma-
tion (mainly revealed by the elevation of IL-1β, IL-6, IL-18, 
TNF-α, and soluble interleukin-2 receptors) found in MDD 
episodes [31–33].

Further, self-rated depressive symptoms are positively 
associated with post-COVID-19 fatigue. A significant asso-
ciation was found between fatigue severity and depressive 
symptomatology in COVID-19 survivors both during acute 
disease in 90 patients (r = 0.71, p < 0.001) [34] and at 1-year 
follow-up in 192 patients (r = 0.56, False Discovery Rate 
corrected p-value < 0.05) [9]. Moreover, in a preliminary 
investigation based on elastic-net penalized regression we 
found that among a large set of demographic, clinical, and 
psychopathological predictors only depressive symptomatol-
ogy significantly predicted the presence of fatigue 6 months 
after infection in a sample of 122 patients [35]. Consistently, 
Townsend et al. in a sample of 128 patients, 10 weeks after 
initial COVID-19, found a significant association between 
pre-existing diagnosis of depression and the presence of 
post-COVID-19 fatigue (Χ2 = 5.18, p = 0.02) [36]. It seems 
that somewhat independent of the clinical severity of acute 
COVID-19, depressive psychopathology is associated with 
persistent fatigue, thus worsening the long-term clinical out-
come [34]. Notably, a recent meta-analysis reported that a 
significant proportion of COVID-19 survivors showed per-
sistent fatigue and cognitive impairment following resolu-
tion of acute COVID-19 [37]. Interestingly, in a subset of 
studies with available inflammatory data, fatigue and cogni-
tive impairments were associated with higher pro-inflamma-
tory markers, suggesting potential shared neurobiological 
underpinnings [37].

In addition to fatigue, post-COVID-19 depressive 
symptomatology was found to also be associated with an 
increased risk of some persistent physical symptoms, includ-
ing pain and dyspnea [38]. In a sample of 84 patients, post-
COVID-19 depressive symptoms at 1 month significantly 
interacted with the presence of pain at 1 month in predicting 
the presence of pain at 3 months (odds ratio (OR): 1.60, 
95% confidence interval (CI): 1.02–2.51, p = 0.039), with 
a similar trend for dyspnea (OR 1.51, 95% CI 0.99–2.28, p 
= 0.052) [38].

Depressive symptomatology also affected COVID-19 
survivors' quality of life, placing additional burden on the 
survivors' global functioning. Babicki et al. found a signifi-
cant correlation between depressive symptoms and impaired 
quality of life in both the first (n = 2457, r = 0.63, p < 
0.001) and second wave (n = 1626, r = 0.71, p < 0.001) of 
the COVID-19 pandemic [39]. Poletti et al. found a signifi-
cant interaction between depressive symptoms and verbal 
memory (λ = 0.58, p < 0.001), working memory (λ = 0.17, p 
< 0.001), psychomotor coordination (λ = 0.47, p < 0.001), 
verbal fluency (λ = 0.73, p < 0.001), and executive functions 

(λ = 0.50, p < 0.001) on quality of life in a cohort of 312 
COVID-19 survivors [29].

The investigation of the brain underpinnings of depressive 
symptoms in 42 patients at a mean follow-up of 3 months 
(90.59 ± 54.66 days after COVID-19) showed an association 
between higher depressive symptoms and lower gray matter 
volume in the anterior cingulate cortex and insula, and with 
a lower white matter microstructure [26].

As largely demonstrated in MDD, we could consider 
post-COVID-19 depressive symptoms part of a syndrome 
characterized by cognitive and physiosomatic correlates 
affecting the quality of life. The reported evidence suggests 
a central role of depressive psychopathology, which seems 
to be one of the most relevant predictors of both cognitive 
impairment and fatigue, which persist over time in almost a 
third of COVID-19 survivors [37].

4 � Neurobiology of Post‑COVID‑19 
Depressive Symptoms

4.1 � Pathophysiology of COVID‑19

The pathogenesis of the neuropsychiatric manifestations 
of COVID-19 has been suggested to be mainly a result of 
central nervous system (CNS) indirect immune-inflamma-
tory-mediated damage and, hypothetically, a potential con-
sequence of direct viral neuroinvasion [16, 40].

SARS-CoV-2 spike glycoprotein binds to the angiotensin 
2 converting enzyme (ACE2). After binding, the virus enters 
the host cell and releases RNA, replicates, and leads to host 
cell death [41]. The antigen-presenting cells recognize 
the viral antigens and activate the local immune response, 
first recruiting macrophages and monocytes that release 
cytokines and induce T- and B-cell responses. The binding 
of the SARS-CoV-2 spike glycoprotein to ACE2 itself is able 
to amplify the systemic inflammation by reducing the bio-
availability of angiotensin (1–7) and its anti-inflammatory 
activity [42]. After the activation of the immune response, 
there is an increase in the production of T-helper(Th)-1 
cytokines, including IL-1β, IL-6, interferon (IFN)-γ, tumor 
necrosis factor (TNF)-α, C-X-C motif chemokine ligand 10 
(CXCL10), and C-C Motif Chemokine Ligand 2 (CCL2), 
and Th-2 cell-related cytokines, including IL-4 and IL-10 
[43, 44]. The overexpression of cytokines also affects the 
hypothalamic-pituitary-adrenal (HPA) axis, leading to addi-
tional compromising immune response and immunocom-
petence [45]. The peripheral inflammatory mediators such 
as cytokines, chemokines, and acute-phase protein reach 
the CNS passing through a disrupted blood-brain barrier 
(BBB) [16, 46]. When entering the CNS, peripherally gen-
erated inflammatory mediators may activate the microglia, 
inducing its transition from quiescence to a "primed" state. 
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The primed microglia in turn release TNF-α, IL-6, IL-1β 
nitric oxide, prostaglandin E2, and free radicals in the brain, 
thus potentially increasing the neuroinflammation [47]. Pro-
inflammatory cytokines also increase oxidative stress, which 
damages cellular membranes [48]. Inflammation induces 
BBB disruption, leading more peripheral inflammatory fac-
tors to enter the CNS and release even more cytokines from 
the microglia into the CNS [49, 50].

Neurons suffer during acute COVID-19, as shown by 
high circulating levels of neurofilament light chain (NfL), 
a cytoskeletal intermediate filament protein of central and 
peripheral neurons that has been validated as a nervous system 
damage biomarker in a variety of neurological diseases [51]. 
Accordingly, several months after recovery, axial diffusivity 
of water in the CNS, which is associated ith the microstruc-
ture of axons and myelin sheaths within white matter tracts, is 
still negatively influenced in the whole brain normal-appear-
ing white matter by the intensity of systemic inflammation 
observed during the acute phase of COVID-19 [26].

Apart from indirect damage of the CNS mediated by 
peripheral immune activation, a few preliminary studies 
have suggested that SARS-CoV-2 could enter the CNS [52, 
53]. Neuroinvasion could be mediated by ACE2, which is 
highly expressed on neuronal cells [54] and by the mem-
brane protein neuropilin-1 [55]. It has also been speculated 
that SARS-CoV-2 can retrogradely migrate to the CNS 
through the olfactory, respiratory, and enteric nervous sys-
tem pathway [52, 56–58]. However, analysis of cerebrospi-
nal fluid from living patients with neuropsychiatric mani-
festations has failed to detect viral RNA [59]. SARS-CoV-2 
direct neuroinvasion is therefore not well understood, and 
the presence or the absence of SARS-CoV-2 in the CNS is 
still a topic of debate.

In conclusion, notwithstanding possible brain infiltration, 
the indirect CNS immune-mediated damage seems to be the 
primary pathogenic mechanism of neuropsychiatric COVID-
19-related symptoms. SARS-CoV-2 infection shifts the immu-
nological milieu toward a systemic pro-inflammatory status. 
Peripheral inflammation may reach and influence the brain 
mainly through the disrupted BBB, and through the trafficking 
of immune cells into the brain possibly leading to neuroin-
flammation. In this context, neuroinflammation and subsequent 
BBB disruption, neurotransmission impairment, HPA axis 
dysfunction, microglia activation, and indoleamine 2,3-diox-
ygenase (IDO) induction, all represent interaction pathways 
between SARS-CoV-2 infection and psychopathological 
mechanisms underpinning depressive disorders [60–62].

4.2 � Pathophysiological Mechanisms 
of Post‑COVID‑19 Depressive Symptoms

The mechanisms underlying the COVID-19 depressive 
symptoms seem to be mainly related (i) to the systemic 

immune-inflammatory response induced by SARS-CoV-2 
infection, and (ii) to the psychological stressors induced by 
SARS-CoV-2 infection.

4.2.1 � Immune‑Inflammatory Response Induced 
by SARS‑CoV‑2 Infection

Immunologic dysregulations entailing inflammatory pro-
cesses have been widely implicated in mood disorders 
[63–66]. In fact, the activation of innate immunity and the 
associated inflammation is considered one of the main path-
ological underpinnings of MDD [67]. Notably COVID-19 
patients show the same molecular inflammatory pathways 
both in severe and non-severe infection, suggesting a com-
mon outcome between depression and SARS-CoV-2 infec-
tion for innate immune activation and increased pro-inflam-
matory markers. Peripheral inflammatory markers such as 
TNFα, IL-1β, and IL-6 increase the permeability of the BBB 
by affecting the endothelial cells [68]. The weakened BBB 
may, in turn, facilitate the potential entry of microorganisms 
and other inflammatory mediators into the brain. Once in the 
brain, cytokines can cause several changes in brain neuro-
circuits and neurogenesis compromising the functioning of 
regions of the limbic system, thus leading to symptoms of 
depression [69]. These changes are associated with different 
mechanisms including alterations affecting neurotransmis-
sion, microglia, oxidative stress, and the HPA [60–62].

Changes in the metabolism of neurotransmitters have 
been widely associated with depressive psychopathology 
[70–72]. The neurotransmitters more affected by inflamma-
tion are serotonin, dopamine, and glutamate, with altera-
tions in their synthesis, release, and reuptake. Inflammatory 
cytokines can influence the synthesis of serotonin through 
the activation of IDO, an enzyme that converts tryptophan 
into kynurenine. Tryptophan is needed to make serotonin, 
and its conversion into kynurenine may deplete the avail-
ability of serotonin in the brain [73]. Increases in kynurenine 
and decreases in tryptophan have been observed in patients 
with MDD episodes [74, 75]. The kynurenine to tryptophan 
ratio was higher in COVID-19 patients than in healthy con-
trols (n = 394, mean = 0.05, CI = 0.03–0.10 vs. n = 239, 
mean = 0.03, CI = 0.02–0.03; p < 0.0001), and correlated 
positively with disease severity [76], but its role has not 
yet been investigated in the pathogenesis of post-COVID-19 
depression. Inflammatory cytokines may also directly influ-
ence glutamate signaling by stimulating the release of glu-
tamate from astrocytes [77] and by decreasing its uptake, 
reducing the astrocytic expression of glutamate transporters 
[78].

Moreover, when inflammation reaches the brain, it can 
modify the activity of microglia and astrocytes. Whereas 
under physiological conditions, microglia monitor the integ-
rity of synapses [79], remove apoptotic and necrotic cells, 
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and promote the maintenance of homeostasis [80], activated 
microglia in turn release pro-inflammatory cytokines such 
as TNF-α, IL-1, IL-6, IL-12, and IL-23, and increase the 
production of reactive oxygen (ROS) and nitroxygen species 
(RNS) [81]. Accordingly, increased microglial activation in 
association with high levels of IL-6 and TNF-α have been 
observed in MDD episodes [82], whereas microglia acti-
vation has been implicated in both acute and chronic neu-
rological complications of COVID-19 [83], and increased 
microglial activation has been demonstrated in post-mortem 
neuropathological analysis of brain samples from COVID-
19 patients [58, 84]. Brain cells are particularly vulnerable to 
oxidative stress [85], and low levels of antioxidants together 
with high levels of oxidative stress biomarkers have been 
consistently reported in MDD [86]. Similarly, inflamma-
tion induced by COVID-19 can also increase the production 
of free radicals and decrease the level of antioxidants like 
glutathione, a pattern that has been previously detected in 
patients with MDD [87].

Interestingly, a bidirectional relationship exists between 
the HPA axis and the immune system. On one side the HPA 
axis and glucocorticoids regulate the immune response, on 
the other, cytokines can promote the activation of the HPA 
axis by ultimately increasing the release of glucocorticoids 
through the adrenal cortex [88]. In response to pro-inflam-
matory cytokines, endothelial cells and microglia synthesize 
prostaglandin E2 (PGE2), which acts on neurons secreting 
the corticotropin-releasing factor in the hypothalamus, thus 
promoting the synthesis and release of glucocorticoids. Glu-
cocorticoids then act as negative feedback on the inflam-
matory response [89] to avoid the deleterious effects of 
excessive production of inflammatory mediators. However, 
high levels of glucocorticoids may, in the long term, cause 
resistance to glucocorticoid feedback on the HPA axis, thus 
allowing pro-inflammatory signaling pathways to avoid nor-
mal feedback inhibition [90]. Accordingly, increased cortisol 
levels that are resistant to regulatory feedback by the HPA 
axis have been reported in patients with depression [91]. In 
addition to these mechanisms, in COVID-19 a downregula-
tion of hypothalamic ACE2 levels has been suggested as 
a potential mechanism by which the coronavirus induces 
hyperactivity of the HPA axis [88].

Finally, under physiologic conditions, cytokines contrib-
ute to neurogenesis, synaptic scaling and remodeling, and 
long-term potentiation, thus playing a central role in learn-
ing and memory [92, 93]. However, in case of peripheral 
and central inflammation in which brain levels of cytokines 
are increased, synaptic plasticity, learning, and memory 
are inhibited [94], also because of a reduction of the brain-
derived neurotrophic factor by pro-inflammatory cytokines, 
which is responsible for structural and functional cellular 
support. These changes have been widely reported in depres-
sion and have been suggested to underlie the behavioral and 

mood changes observed in the disorder [95]. Moreover, 
several cytokines, including TNF-α, IL-8, and IFN-γ, have 
been associated with changes in white matter microstruc-
ture in mood disorders, possibly by directly affecting oligo-
dendrocyte homeostasis [96], and this effect could further 
contribute to the association of brain microstructure with 
depression as observed in magnetic resonance imaging [26].

4.2.2 � Psychological Stressor Induced by SARS‑CoV‑2 
Infection

Apart from a direct effect of SARS-CoV-2 infection, sig-
nificant psychological stressors may play a major role in the 
development of psychopathological outcomes in COVID-19 
patients. Social isolation, quarantine, uncertainty about the 
future, wide exposure to media, and survivor guilt expe-
rienced by infected patients may induce depressive symp-
toms following the infection [97, 98]. During the COVID-
19 pandemic, people have been forbidden to visit affected 
relatives during hospital stays, thus enhancing the feeling of 
isolation, loneliness, boredom, and fear about an uncertain 
future. Moreover, quarantine for infected patients also leads 
to loneliness and social isolation [99, 100]. Evidence from 
animal models has shown that social isolation alters activ-
ity, neurochemical function, and the neuroendocrine system, 
inducing pathological behavior and symptoms of anxiety, 
depression, and memory loss [101]. Psychological stress is 
known to activate the HPA axis and sympathetic nervous 
system (SNS), notably associated with mental health con-
ditions including anxiety and depression [102]. Sustained 
psychological stress induces changes in levels of hormones 
and responsiveness of neurons and HPA to glucocorticoids 
[91, 103], thus affecting mood through immune modula-
tion in the CNS [104]. Moreover, psychological stress may 
induce a proinflammatory microglia phenotype, contribut-
ing to neuroinflammation [105]. From a clinical point of 
view, exposure to early or recent stress is associated with 
a higher risk of an MDD episode [106], also affecting the 
brain structure and functional connectivity [107, 108], cog-
nitive impairment [109], and incidence of suicidality [108].

Taken together, immune-neuroendocrine mechanisms 
directly induced by SARS-CoV-2 infection and by COVID-
19-related psychological stressors could explain depressive 
symptomatology.

4.3 � Inflammatory Markers of Post‑COVID‑19 
Depressive Psychopathology

Current knowledge of immunopsychiatry suggests that 
SARS-CoV-2 infection-triggered dysregulation of the 
immune-inflammatory system could foster depressive psy-
chopathology. In this context, a few preliminary studies 
investigated the potential association between inflammatory 
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biomarkers and COVID-19-related depressive symptoma-
tology. We searched for original articles published up to 
24 January 2022 on PubMed and PsycINFO reporting data 
about the association of inflammatory biomarkers and post-
COVID-19 depressive symptoms. The search was restricted 
to articles written in English. The search strategy consisted 
of the following keywords: depress*, COVID-19, SARS-
CoV-2, neutrophil, lymphocyte, c-reactive protein, mono-
cyte, leukocyte, interleukin, blood count, platelet, systemic 
immune inflammation index, leukocyte, and biomarker. 
Search phrases were adapted according to different database 
rules. In addition, the reference lists from selected articles 
were also screened.

Two independent researchers (MGM and MP) screened 
the literature and performed data extraction. Our search 
identified 144 studies, 16 of which met the inclusion cri-
teria for the review. A detailed description of the included 
study is reported in Table 2. The quality of included studies 
was rated using a modified version of the Newcastle-Ottawa 
scale for single-arm cohort studies [18] based on the follow-
ing criteria: sample representativeness, sample size, com-
parability between patients with and without depression for 
sociodemographic factors, ascertainment of depression, and 
adequacy of descriptive statistics. Studies scoring ≥ 3 were 
regarded as low risk of bias, while studies scoring < 3 were 
regarded as high risk of bias (Table 2). The most investigated 
inflammatory markers were readily available routine bio-
markers of inflammation, especially CRP [10, 13, 26, 34, 98, 
110–115] and neutrophil/lymphocyte ratio (NLR) [10, 13, 
110, 112, 114–117]. Among cytokines, the most investigated 
were IL-6 [34, 111–115, 118, 119], IL-10 [34, 111, 112, 
120], and TNF-α [111, 112, 118, 120]. Finally, two studies 
investigated T-cell subpopulations [111, 120]. Among the 
included studies, 13 studies [10, 13, 26, 34, 98, 111–113, 
115–117, 119, 120] found a significant association between 
inflammatory markers and COVID-19-related depressive 
symptoms, while three studies did not find any statistical 
association [110, 114, 118]. Specifically, post-COVID-19 
depressive symptoms were found to be associated with NLR 
in four studies [112, 115–117], with CRP in four studies 
[34, 98, 113, 115], with systemic inflammation index (SII) 
in three studies [10, 13, 26], with the neutrophil count in 
two studies [115, 117], and with IL-6 in two studies [34, 
113]. Inconsistent findings were reported regarding T-cell 
subpopulations. He and colleagues found in a sample of 77 
adults that patients with moderate depression had signifi-
cantly (p < 0.05) higher CD8 counts and lower CD4/CD8 
ratios than patients with non-moderate depression (27.6, CI 
24.4–32.2 vs. 21.9, CI 16.1–27.5 and 1.6, CI 1.2–1.9 vs. 
2.2, CI 1.7–2.9, respectively) [111]. Hoswever, Wu et al. 
in a sample of 57 patients found that the CD4 lymphocytes 
(r = 0.378, p = 0.004) and CD4/CD8 ratios (r = 0.264 p = 

0.047) positively correlated with the severity of depressive 
symptoms [120].

Single studies reported a positive association between 
white blood count [119], IL-1β [112], and IL-10 [112] and 
post-COVID-19 depressive symptoms. Finally, one study 
found a lower lymphocyte count in patients with depres-
sion when compared to patients without depression [119]. 
Interestingly, two studies found that reducing inflammatory 
markers over time predicted improvement of depressive 
symptoms at follow-up [10, 98]. SII was also found to be 
associated with cognitive impairment and brain-imaging 
abnormalities [10, 26].

The effect of confounding variables known to affect 
inflammation response and depressive psychopathology 
must be considered when interpreting the reported find-
ings. Firstly, we expect to find an immune-inflammatory 
signature depending on the COVID-19 stage with a mixed 
innate and adaptive response in the acute phase also char-
acterized by the cytokine storm and, on the contrary, a low 
grade chronic inflammatory status at longer follow-up. 
Moreover, sex affects both inflammatory status and depres-
sive psychopathology. We have to consider that while males 
are at higher risk of COVID-19 severe outcome and related 
higher inflammatory response [121], females have a higher 
risk of developing depression than males [122]. Moreover, 
males tend to express a stronger age-dependent activation 
of the innate pro-inflammatory pathways [123], leading to 
higher chronic subclinical systemic inflammation than that 
observed in females [124]. Thus, accounting for this variable 
is of primary importance when searching for an inflamma-
tory biomarker.

In conclusion, evidence from the literature suggests 
that easily available biomarkers of innate inflammatory 
response such as CRP, NLR, and SII are associated with 
post-COVID-19 depressive symptoms. CRP, NLR, and SII 
are cheap, available in a real-life clinical setting, and repro-
ducible markers of the systemic inflammation, which can 
be derived from a routine blood cell essay. To date, several 
studies have proven their utility as inflammatory biomarkers 
of MDD episodes [125, 126].

5 � Potential Treatment for Post‑COVID‑19 
Depressive Symptoms

The large number of people infected with SARS-CoV-2 and 
the high prevalence of post-COVID-19 depressive symptoms 
may contribute to the emergence of a serious global prob-
lem and significantly increase the pool of people suffering 
from depressive disorders. Untreated depression is indepen-
dently associated with severe outcomes in pneumonia and 
respiratory diseases [127–129]. Even in COVID-19, meta-
analytic evidence suggested that comorbid depression was 
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associated with increased risk of hospitalization, intensive 
care unit admission, and mortality [14, 15]. Considering the 
new threat posed by the COVID-19 pandemic, we should 
improve our clinical practice to counteract its consequences. 
Current evidence suggests assessing psychopathology in 
COVID-19 survivors in order to quickly diagnose emergent 
depressive psychopathology, and to treat it as soon as pos-
sible with the aim of reducing the disease burden and related 
years of life lived with disability. Unfortunately, very few 
studies are available about the efficacy of pharmacological 
interventions for post-COVID-19 depressive symptoms.

5.1 � Conventional Antidepressants

Interestingly, increasing clinical data suggest that the use 
of antidepressants might be associated with a reduced risk 
of clinical deterioration in SARS-CoV-2-infected patients 
[130, 131]. To date, three independent clinical trials reported 
that early treatment with the selective serotonin reuptake 
inhibitor (SSRI) fluvoxamine could prevent clinical dete-
rioration and hospitalization rates in adults with COVID-
19 [132–134]. Moreover, our recent meta-analytic evidence 
showed a higher risk of COVID-19 severe outcome in mood 
disorders while pre-existing antidepressant treatment was 
not significantly associated with a worse prognosis after 
the adjustment for age, sex, and other covariates [14]. Anti-
inflammatory and antiviral properties of conventional anti-
depressants are suggested to mainly mediate their beneficial 
effect on COVID-19 outcomes [130, 131]. Some SSRIs, 
such as fluvoxamine, sertraline, fluoxetine, and citalopram, 
have a high to moderate affinity for sigma-1 receptor (S1R) 
[135]. SSRI activation of the S1R is associated with an 
anti-inflammatory action through the downregulation of 
cytokine production including IL-6, IL-8, IL-1β, and IL-12 
[136, 137]. Furthermore, antidepressants such as fluoxetine, 
sertraline, paroxetine, and amitriptyline may directly inter-
fere with the viral cell invasion through inhibition of acid 
sphingomyelinase activity [138]. Functional inhibitors of 
acid sphingomyelinase (FIASMAs) block the conversion of 
sphingomyelin to ceramide, thus complicating the SARS-
CoV-2 entry to the host cell [139]. Preclinical studies also 
suggest that antidepressants may exert antiviral effects on 
SARS-CoV-2 via lysosomotropic properties [140]. Cationic 
amphiphilic drugs such as fluvoxamine and fluoxetine tend 
to accumulate in the lysosomes, preventing mature viruses 
from escaping the host cell using lysosomes. Moreover, 
SSRIs like fluvoxamine have been shown to reduce loading 
of serotonin into platelets thus inhibiting platelet activation 
and aggregation [141]. In so doing, SSRIs may prevent the 
risk of inflammatory thrombosis and hyperserotonergic state 
leading to acute respiratory distress [142]. Finally, some 
SSRIs may increase plasma levels of melatonin by inhibi-
tion of cytochrome P450 enzyme CYP1A2, thus enhancing 

the anti-inflammatory, immunomodulatory, and antioxidant 
mechanisms of melatonin [143–145].

While growing evidence supports the promising role 
of SSRIs as effective repurposed drugs against a COVID-
19 severe outcome, to date, to the best of our knowledge, 
only one study has investigated the efficacy of conventional 
SSRIs in treating post-COVID-19 depressive episode [146]. 
In 60 patients who presented with a depressive episode in 
the 6 months after COVID-19, we observed a rapid anti-
depressant response (50% HDRS reduction) in 55 patients 
after SSRIs treatment. Specifically, 89% and 95% of patients, 
respectively, with or without a previous psychiatric history 
completely responded to SSRI treatment, thus suggesting 
that first and recurrent depressive episodes triggered by 
COVID-19 share the same good antidepressant response. 
From pre-treatment to the 4-week follow-up, a significant 
decrease over time of depressive symptoms as rated on the 
Hamilton Depression Rating Scale (HDRS) was reported 
(baseline HDRS = 23.37 ± 3.94, post-treatment HDRS = 
6.71 ± 4.41, F = 618.90, p < 0.001) irrespectively of sex, 
previous psychiatric history, and SSRI type. We hypothesize 
that SSRIs’ serotoninergic and anti-inflammatory proper-
ties can be particularly effective in counteracting post-
COVID-19 depressive episode triggered by SARS-CoV-2 
infection-related systemic inflammation. Antidepressants 
may decrease peripheral markers of inflammation includ-
ing IL-6, IL-10, TNF-α, and CCL-2, notably associated both 
with COVID-19 and with depression severity [137, 147]. 
Furthermore, in the CNS, SSRIs inhibit microglial activa-
tion and decrease cytokine production by these cells [148]. 
Moreover, SSRIs could directly neutralize the IDO-mediated 
detrimental effects of inflammation by potentiating serotonin 
neurotransmission, modulating tryptophan metabolism, and 
reducing the excitotoxic quinolinic acid [149]. In line with 
these hypotheses, an observational study found that COVID-
19 inpatients under pre-existing antidepressant treatments (n 
= 34) had a lower ARDS incidence than patients not taking 
an antidepressant (n = 402) (20.6% vs. 43.2%, p < 0.02) 
coupled with lower blood levels of IL-6 (12.1 vs. 25.4, p 
< 0.001) [150]. Accordingly, we have previously found a 
protective effect of the IL-1β and IL-6 receptor antago-
nist (anakinra and tocilizumab) against post-COVID-19 
depressive symptoms possibly associated with their effect 
in dampening SII [151]. This suggests that modulation 
of IL-6 may restore the prolonged systemic inflammation 
that could lead to the development of persistent depressive 
psychopathology.

Given this background, we suggest routinely monitoring 
psychopathology status after COVID-19 to treat as soon as 
possible emergent depressive symptoms in order to reduce 
the risk of a vicious cycle of infection, persistent sub-
chronic inflammation, and structural and functional brain 
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abnormalities [26] leading to subsequent treatment-resistant 
depressive symptomatology.

5.2 � Other Interventions

When considering post-COVID-19 depressive symptoms, to 
date, only scarce research has investigated the use of differ-
ent molecules known to target shared immunological path-
ways in depressive psychopathology and COVID-19.

Melatonin as well as SSRIs was found to be effec-
tive in reducing susceptibility, need for hospitalization, 
length of hospital stay, and symptoms of acute COVID-19 
[152–154]. Melatonin supplementation is known to restore 
the night–day circadian rhythm typically disturbed in depres-
sive episodes [155, 156]. Moreover melatonin increases 
heme oxygenase-1 (HO-1), thus enhancing its anti-inflam-
matory activity [157]. In animal models, melatonin has been 
shown to relieve a depressed behavioral state in mice as 
well as stimulating neurogenesis in the hippocampus [158, 
159]. The melatonin receptor agonist agomelatine, which is 
already approved for treating MDD episodes [155, 160], is 
known to reduce plasma and brain IL-1β, IL-6, and CRP lev-
els, and prevents microgliosis and astrogliosis in rat models 
[161–163]. Therefore, even if no studies are yet available, 
melatonin as well as agomelatine could prove beneficial in 
the treatment of post-COVID-19 depressive symptoms, due 
to its antioxidant, anti-inflammatory, and antiapoptotic prop-
erties [157, 161–163].

Pharmacological blockade of cytokines involved in the 
COVID-19-induced cytokine storm suggested a protective 
effect of IL-1 and IL-6 antagonism on hyper-inflammation 
and progression to respiratory failure [164, 165]. Given the 
central role of IL-1 and IL-6 in depressive psychopathology, 
we explored the effect of IL-1 and IL-6 blocking on depres-
sive symptoms [151]. Eighty-four male COVID-19 survi-
vors who during hospitalization had treatment as usual (n 
= 55) or combined with a cytokine blocking agent (n = 29) 
were prospectively evaluated 1 and 3 months after discharge. 
We observed a protective effect of treatment with cytokine-
blocking agents (anakinra and tocilizumab) in early phases 
of COVID-19 against the later onset of depressive symptoms 
(Time × treatment interaction: F = 3.96, p = 0.0228). Spe-
cifically, clinical depressive symptoms at 3 months’ follow-
up was found in 9/55 (16.4%) patients treated without and 
1/28 (3.6%) treated with cytokine blockers. This prelimi-
nary finding, suggesting a potential antidepressant effect of 
cytokine-blocking agents, needs to be replicated in a larger 
population in order to possibly identify new therapeutic 
strategies for treatment-resistant depressive symptomatol-
ogy [166].

Lithium salts classically belong to the pharmacologi-
cal class of mood stabilizers; moreover, antidepressant 
and anti-suicidal effects have been proven for lithium itself 

[167–169]. Among the immune-inflammatory mecha-
nisms of action, lithium has shown an anti-apoptotic effect 
on T-lymphocytes [170] and anti-inflammatory effects by 
reducing the cyclooxygenase-2 expression, IL-1β and TNF-α 
[171]. Moreover, lithium salt seems to have direct antivi-
ral properties by competing with magnesium that represent 
an essential cofactor for enzymes that are needed for the 
replication of viral proteins and nucleosides [172]. In this 
context, lithium was found to reduce COVID-19-related 
inflammation and immune response in six patients when 
compared to patients not treated with lithium [173]. Specifi-
cally, lithium significantly reduced CRP and NLR while pro-
moting T-cell proliferation. Interestingly, lithium influences 
T-cell proliferation and differentiation via a GSK3 pathway, 
and promotes white matter integrity in mood disorders by 
enhancing axial diffusivity, which is reduced by COVID-19 
[174, 175]. These preliminary findings encourage a possible 
evaluation of lithium as a potential treatment for severe cases 
of COVID-19 infection, and given its parallel anti-inflamma-
tory and anti-depressive efficacy, in post-COVID-19 depres-
sive symptoms.

Finally, in order to bolster both the inflammatory 
response related to SARS-CoV-2 infection, as well as treat 
post-COVID-19 depressive symptoms, the use of transcra-
nial direct current stimulation (tDCS), ayurveda, curcumin, 
and oxytocin have been considered, but not yet adequately 
tested. A single case report documented successful treatment 
of post-COVID-19 depressive and anxiety symptoms using 
tDCS [176]. tDCS is a promising nonpharmacological inter-
vention for treating depressive psychopatology [177], poten-
tially able to modulate the levels of IL-1β, IL-6, and TNF-α 
[178]. Ayurveda, proposed by the Indian government during 
the COVID-19 crisis, could positively influence immunity 
with possible direct effects on symptoms of depression or 
anxiety [179]. A potential modulation of monoamine func-
tion, stress axis response, and autonomic activity, paired 
with a reduction of anxiety and depressive symptomatology, 
has been postulated to be associated with ayurveda tradi-
tional practices [180]. Therefore, such a traditional practice 
could be beneficial both in terms of psychological effect 
and in terms of moderating the risk or severity of SARS-
CoV-2 infection, and its safety and efficacy should be tested 
in future studies [181]. Curcumin is known for an antiviral 
activity against many types of enveloped viruses, includ-
ing SARS-CoV-2 [182], by modulating NF-κB, inflam-
masome, IL-6 trans signal, and HMGB1 pathways [183]. 
Moreover, curcumin 1 g/day exhibits antidepressant activity, 
and improves cognitive/mood function [182], thus offering 
a promising option for treating post-COVID-19 depressive 
symptoms. Oxytocin is a peptide characterized by a well-
known anti-inflammatory, anti-oxidant, and immune-mod-
ulator activity [184] with possible efficacy in attenuating 
COVID-19 pathogenesis [185]. Considering that oxytocin 
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has proven to be effective for stress, anxiety, and depression 
[184], its activity could be useful in treating post-COVID-19 
depressive symptoms, maybe as add-on therapy.

All these mechanisms could potentially target the neu-
roinflammation triggered by SARS-CoV-2 associated with 
post-COVID-19 depressive symptoms, and its detrimental 
effects. However, despite the impressive rates of affected 
patients, no report is available about the efficacy of phar-
macological treatment of post-COVID-19 depressive symp-
toms. Given the alarming prevalence of post-COVID-19 
depressive symptomatology, further investigations are 
needed to explore the efficacy and tolerability of all these 
potential pharmacological interventions.

6 � Future Research Needs

Scientific evidence on post-COVID-19 depressive psycho-
pathology is still limited. Further research might increase 
our knowledge on how the immune-inflammatory response 
translates from organic to psychiatric illness, potentially 
providing some valuable insight into the etiopathogenetic 
underpinnings of depressive psychopathology and its thera-
peutic management.

Findings from different independent meta-analyses 
consistently showed a high prevalence of post-COVID-19 
depressive symptoms (see Table 1); however, to date there 
is still high heterogeneity that needs to be addressed in order 
to identify risk and protective factors. Several factors, such 
as social isolation, psychological stress, medical comorbid-
ity, and COVID-19 severity, are known to possibly increase 
the risk of presenting post-COVID-19 depressive symp-
tomatology by interacting with the neuro-immune pathway. 
Although it is reasonable that all these factors contribute to 
a higher risk of post-COVID-19 depressive symptoms, no 
clear answers have been provided from research apart from 
female sex and positive previous psychiatric history. Clari-
fying the underlying biological and psychological variables 
associated with post-COVID-19 depressive symptomatol-
ogy will provide new clinical insights to tailor effective and 
personalized treatments.

A growing literature is exploring the efficacy of antide-
pressants for treating acute SARS-CoV-2 infection [130, 
131]. In this context, we recommend all clinical trials of 
serotonergic compounds repurposed against COVID-19 to 
assess depressive symptomatology at baseline and follow-up 
in order to explore whether the direct antidepressant effect 
could reduce the risk for a vicious cycle of infection, inflam-
mation, depression, hospitalizations, and poor prognosis.

To date there are very few available studies that tested the 
efficacy and tolerability of conventional antidepressant and 
other pharmacological treatment on post-COVID-19 depres-
sive symptoms; furthermore these preliminary findings were 

based on single-case, case series, or small sample size studies. 
High-quality clinical trials investigating different drugs are 
needed to assess their efficacy for treating post-COVID-19 
depressive symptoms. In this context, future pharmacological 
research is needed to investigate whether the antidepressant 
efficacy would be paired with a reduction of inflammation, 
thus reversing the inflammation triggered by the infection. 
Anti-inflammatory drugs and immunomodulators that are 
currently being tested for treatment-resistant MDD and that 
have proved efficacious in reducing depressive symptoms in 
patients with inflammation could prove useful for inflam-
mation-induced depressive episodes both as prevention and 
as a treatment strategy [186]. Moreover, the potential effect 
of non-pharmacological interventions such as light therapy, 
non-invasive somatic stimulation, horticultural therapy, and 
nutraceuticals should be explored [187–189].

The available literature suggests that routine biomarkers 
of innate inflammatory response are associated with post-
COVID-19 depressive symptoms (see Table 2); however, 
larger studies are needed to replicate these preliminary 
findings. Therefore, we suggest all future investigations 
of post-COVID-19 depressive symptomatology should 
explore the potential association of depressive symptoma-
tology with routine biomarkers of inflammation. Moreover, 
future research needs to improve the in-depth immunophe-
notyping of post-COVID-19 depressive psychopathology by 
implementing cytokine assessment and T-cell subpopulation 
study. This approach could identify at-risk populations and 
possible new specific targets for the treatment of inflamma-
tion-related depressive conditions.

6.1 � Limitations

The main limitation of the present review deals with the small 
number of available studies exploring the biomarkers of post-
COVID-19 depressive psychopathology and investigating the 
pharmacological treatment of post-COVID-19 depressive 
symptoms that meant we had to conduct a narrative review 
without a quantitative approach. Moreover, in the majority of 
reviewed studies, psychopathological evaluation was based 
on self-assessment questionnaires in the absence of psychi-
atric interviews, thus allowing us to consider only depressive 
symptoms and preventing us from dealing with a diagnosis of 
a MDD episode. This limitation clearly affects the prevalence 
rate, the pathophysiology, and potentially the treatments.

7 � Conclusion

In conclusion, considering the alarming prevalence of post-
COVID-19 depressive symptoms and its impact on global 
functioning, according to current literature [3], follow-up 
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services for COVID-19 survivors should be implemented in 
order to monitor mental health and provide early treatment. 
From a clinical perspective, we suggest that routine assess-
ment of psychopathology of COVID-19 survivors will be 
critical for the rapid diagnosis and treatment of emergent 
depressive symptomatology, thus reducing the high disease 
burden typically associated with psychiatric conditions.
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