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A B S T R A C T   

Exacerbation of symptoms of obsessive-compulsive disorder (OCD) during COVID-19 or new onset of the OCD 
symptoms resulting from COVID-19 infection is an understudied area of research. It is possible that increased 
proinflammatory immune status is associated with the onset of obsessive-compulsive symptoms in patients with 
COVID-19 and that targeted anti-inflammatory treatments for COVID-19 infection can mitigate the new onset of 
Obsessive-Compulsive (OC) spectrum symptoms. In this review, we cover OCD pathogenesis as related to COVID- 
19, summarize the impact of cytokines on behavior, and suggest that anti-cytokine treatments can help mitigate 
post-COVID-19 and new onset of the OC symptoms.   

1. Introduction 

The COVID-19 pandemic has had an unprecedented impact on the 
world’s population. Very little is known on the effects of infection with 
COVID-19 on Obsessive-Compulsive (OC) spectrum patients. When 
preventive strategies against infection involve “repetitive behaviors” of 
hand-washing, there is a risk of increasing OC spectrum disorders 
symptoms (Banerjee, 2020). COVID-19 pandemic might trigger and 
reinforce obsessive thinking and compulsive behaviors, and aggravation 
of OCD might, in turn, correlate with worsening of anxiety and 
depressive symptoms (Rivera and Carballea, 2020; Nissen et al., 2020). 

Severe acute respiratory syndrome coronavirus 2 (SARS-Cov-2), the 
pathogen behind COVID-19, belongs to the order of Nidovirales, mem-
ber of the family Coronaviridae and subfamily Coronavirinae (Park, 
2020). Scientific evidence on the effects of COVID-19 on different organs 
of the human body (Nalbandian et al., 2021) and especially on neuro-
logical symptoms and mental health (Ellul et al., 2020) is still evolving. 
Neuropsychiatric manifestations are increasingly being reported in as-
sociation with COVID-19 (Muccioli et al., 2021). In a recent online 
cross-sectional survey, respondents who showed OCD symptoms since 
the start of COVID-19 were significantly more likely to have moderate to 
high stress levels and exhibit generalized anxiety disorder and major 
depressive disorder (Abba-Aji et al., 2020). Neuro-inflammatory mech-
anisms could be involved in the pathophysiology of the comorbid 
neuropsychiatric manifestations (Muccioli et al., 2021). Due to an 

increase in systemic inflammation, anti-cytokine treatments emerge as a 
possible mechanism of treatment for COVID-199 and comorbid neuro-
psychiatric conditions such as depression (Kappelmann et al., 2018), 
anxiety (Farzanfar et al., 2018), and OCD (Kutuk et al., 2020) symptoms. 
More research is needed to elucidate these relationships. 

Evidence from different lines of research suggests a possible role of 
immune abnormalities in the pathogenesis of OCD (Rao et al., 2015), 
especially in:  

1) Pediatric Autoimmune Neuropsychiatric Disorders Associated with 
Streptococcus infections (PANDAS), a term which was introduced by 
Swedo et al. (1998) in 1998 to describe a subset of childhood 
obsessive-compulsive disorders (OCD) and tic disorders triggered by 
group-A beta-hemolytic Streptococcus pyogenes infection (Moretti 
et al., 2008). PANDAS term has recently transformed in pediatric 
acute-onset neuropsychiatric syndrome (PANS) and/or Childhood 
Acute Neuropsychiatric Syndrome (CANS), which are both defined 
by the presence of typical OCD symptoms and tics (Marazziti et al., 
2018).  

2) MRI findings show that basal ganglia volume is less in children with 
streptococcus-associated OCD versus healthy children (Giedd et al., 
2000), and basal ganglia volume might be associated with anti-basal 
ganglia antibody titers (Peterson et al., 2000).  

3) Although more studies are warranted, patients with OCD might have 
significantly higher plasma levels of IL-1β, IL-6, and TNF-α levels 
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(Rao et al., 2015; Karaguzel et al., 2019). The combination of these 
findings opens a door for novel immunotherapeutics (Marazziti et al., 
2018) options and makes studies targeting neuroinflammation 
timely. 

This special issue of the Journal of Psychiatric Research discusses the 
exacerbation of OCD symptoms associated with COVID-19 due to fear of 
contamination and environmental stressors. However, little work has 
been performed in the area of exacerbation of OCD symptoms during 
COVID-19 infection. It is possible that increased proinflammatory status 
can be associated with the onset of OC symptoms in patients with 
COVID-19 and that treatment with anti-cytokine therapeutics can 
mitigate the new onset of OC Spectrum symptoms, and this is the topic of 
this article. 

2. OCD and COVID-19 

OCD is a highly disabling, chronic condition, causing significant 
impairment in social and occupational functioning (Pinto et al., 2006), 
and is recognized as one of the top ten causes of neuropsychiatric 
morbidity in terms of Disability-Adjusted Life Years (International, 
2010). Based on data from a nationwide survey in US adults, the Na-
tional Comorbidity Survey Replication, a lifetime prevalence of 2.3% in 
the general population is reported (Ruscio et al., 2010). OCD is thought 
to affect all ethnicities approximately equally (Pallanti, 2008). 

It is possible that the COVID-19 pandemic is more poorly tolerated by 
individuals with contamination symptoms (in comparison to individuals 
with other OCD symptoms) and by individuals who did not attain a state 
of remission before the quarantine (Davide et al., 2020). Patients with 
OCD that earlier expressed concerns to be contaminated with human 
immunodeficiency virus (HIV) or tuberculosis may now feel more pre-
occupied with the COVID-19 and perform more frequent hand washing 
paired with increased avoidance behaviors (Fontenelle and Miguel, 
2020). Davide et al. suggested that during the COVID-19 pandemic, 
there was a drastic rise in the severity of obsessions and compulsions in 
adult cases with OCD (Davide et al., 2020). There are also case reports of 
adult patients with worsening OCD symptoms during the COVID-19 
pandemic (Kumar and Somani, 2020; French and Lyne, 2020). A 
recent consensus paper by the International College of 
Obsessive-Compulsive Spectrum Disorders (ICOCS) advised pharmaco-
therapy as the first option for OCD patients with contamination fears 
and washing compulsions during the pandemia (Fineberg et al., 2020). It 
recommended substituting in vivo CBT with exposure and response 
prevention (ERP) with the imaginal exposure techniques due to safety 
concerns (Fineberg et al., 2020). There is a clear unmet need to improve 
strategies for relapse prevention during the time of social restrictions 
(Davide et al., 2020). There are not so many reports on the prevalence of 
OCD symptoms during the Pandemics. However, in times of easily 
transmissible diseases, people are urged to remain hypervigilant to 
prevent contamination of self and others (Abba-Aji et al., 2020). 

Reports suggest residual effects of SARS-CoV-2 infection, such as 
fatigue, anosmia, dyspnea, chest pain, cognitive disturbances, 
arthralgia, and decline in quality of life (Nalbandian et al., 2021; Var-
atharaj et al., 2020; Paterson et al., 2020). There are also case reports of 
SARS-CoV-2 infection associated with encephalopathies associated with 
delirium and psychosis, inflammatory CNS syndromes including en-
cephalitis, acute disseminated encephalomyelitis associated with hem-
orrhage, necrosis or myelitis, ischemic strokes related to a 
pro-thrombotic state, peripheral neurological disorders, and 
Guillain-Barré syndrome (Paterson et al., 2020). Although different in 
the mechanism of action, an interesting parallel in the neurological 
domain is found with other viruses known for being associated with 
neurological symptomatology, such as in the Spanish Influenza 
pandemic of 1918 and Encephalitis Lethargica (Ellul et al., 2020; 
Steardo et al., 2020; Pallanti et al., 2020). In 1917 the Austrian neuro-
psychiatrist Constantine Von Economo described encephalitis 

lethargica, characterized by sleep disturbances and parkinsonism(Lut-
ters et al., 2018). During the acute phase of encephalitis lethargica, 
typical symptoms included altered personality, lability of mood, hallu-
cinations, delirium, and catatonia-like states. In contrast, marked per-
sonality changes, obsessive-compulsive behaviors, mood disorders, and 
bradyphrenia were likely to emerge during the chronic phase (Lutters 
et al., 2018). Recent findings suggest that an autoimmune response in 
the basal ganglia plays a role in the etiology of this disease (Koning, 
2009). It is important to highlight that viral parkinsonism was present in 
some patients who survived the Spanish flu pandemic in 1918 with 
manifested symptoms of viral encephalitis (Eldeeb et al., 2020). These 
findings create an overlap between these diseases 
immune-inflammatory etiology and highlight the involvement of the 
basal ganglia. 

3. Anti-obsessional treatments with anti-inflammatory 
properties 

Classical treatments for obsessive-compulsive disorder (OCD) 
include cognitive behavior therapy (CBT) and selective serotonin re-
uptake inhibitor (SSRI) medication (Fineberg et al., 2018). Fluvox-
amine, an SSRI with Sigma-1 receptor (S1R) agonist effects, is an 
efficacious treatment of the obsessive-compulsive disorder (OCD)(Pal-
lanti and Sandner, 2007). The anti-obsessional effect of fluvoxamine is 
superior to non-serotonergic antidepressants (i.e., desipramine) and 
comparable in efficacy to clomipramine (a tricyclic antidepressant with 
potent serotonin reuptake inhibition) and other selective serotonin re-
uptake inhibitors (paroxetine and citalopram)(Dell’Osso et al., 2005). 
Moreover, S1R is a critical inhibitor of endoplasmic reticulum-driven 
inflammation (Rosen et al., 2019). Modulation of the S1R- 
Inositol-Requiring Enzyme 1α (IRE1) pathway was shown to be benefi-
cial in preclinical models of inflammation and sepsis (Rosen et al., 
2019). Stimulation of the S1R receptor was shown to reduce debilitating 
effects of the inflammatory response (Anderson, 2021). It was also 
demonstrated in a rat model of Parkinson’s disease that administering 
fluvoxamine may alleviate inflammation on injured striatal neurons by 
enhancing anti-inflammatory cytokines expression while diminishing 
proinflammatory cytokines (IL-1β, IL-6, and TNF-α) release in the brain 
(Dalle et al., 2017). 

In a recent study, administration of fluvoxamine given at a dose of 
100 mg three times a day for 15 days in a randomized trial setting that 
included 152 adult outpatients with confirmed COVID-19 (Lenze et al., 
2020) correlated with a reduction of clinical deterioration (Lenze et al., 
2020). More studies are needed to confirm if fluvoxamine might exhibit 
beneficial effects in COVID-19 patients due to its ability to significantly 
increase (~2–3-fold) nocturnal plasma levels of melatonin (Anderson, 
2021). 

Clomipramine is a tricyclic antidepressant with anti-inflammatory 
properties, which can easily pass the blood-brain barrier. Clomipra-
mine is likely to decrease peripheral and central inflammation and 
alleviate the acute and possible long-term consequences of SARS-CoV-2 
infection, but more studies are warranted (Nobile et al., 2021). 

A recent meta-analysis (Kohler et al., 2018) showcased that use of 
antidepressants may be associated with decreased plasma levels of 
proinflammatory cytokines, such as IL-10, TNFα, and CCL-2, which are 
associated with COVID-19 severity (Hojyo et al., 2020), as well as with 
reduced levels of IL-6, which is highly correlated with disease mortality 
(Hojyo et al., 2020; Hoertel et al., 2021; Ye et al., 2020). More studies 
investigating the anti-inflammatory properties of classical 
anti-obsessional treatments and their role in mitigating COVID-19 ef-
fects are warranted. 

4. Penetration of the SARS-CoV-2 virus in the CNS 

A few hypotheses have emerged to explain how SARS-CoV-2 pene-
trates the CNS: hematogenous dissemination, neuronal retrograde 
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transport, and the passage via the nasal cavity across the cribriform plate 
near the olfactory bulb (Pallanti et al., 2020; Zhou et al., 2020). The 
virus can be spread through the body via the bloodstream and target 
different organs by disrupting angiotensin-converting enzyme-2 (ACE-2) 
bearing endothelial cells (Pallanti et al., 2020; Varga et al., 2020). Once 
penetrated the human body through angiotensin-converting enzyme 2 
(ACE-2) receptors, SARS-CoV-2 rapidly replicates, activates the immune 
system and inflammatory mediators, including cytokines, and produces 
direct endothelial cells damage leading to thrombi and brain damage 
(Boldrini et al., 2021). This sequence of events likely causes acute 
symptoms of COVID-19 and underlies the long-term sequelae of 
SARS-CoV-2 infection (Wang et al., 2020). Cytokine release syndrome 
during COVID-19 is schematized in Fig. 1, “Cytokine release syndrome 
in COVID-19” below (Gubernatorova et al., 2020) (We obtained permis-
sion to use this figure from Elsevier, which was earlier published in Guber-
natorova et al., “IL-6: Relevance for immunopathology of SARS-CoV-2” 
Cytokine Growth Factor Rev. 2020 Jun;53:13-24). During this release of 
pro-inflammatory cytokines, increase of alveolar vessel permeability 
and recruitment of cells to the site of infection form a positive loop for 
pathological activation of IL-6, IL-1, TNF, and other pro-inflammatory 
cytokines and might trigger bursts of inflammation in the human body 
(Gubernatorova et al., 2020), possibly including CNS (Troyer et al., 
2020). It is also hypothesized that systemic inflammation induced by 
COVID-19 may lead to 1) decrease in monoamines and trophic factors 
levels, 2) activation of microglia, and 3) result in increased glutamate 
and N-methyl-d-aspartate (NMDA) (Boldrini et al., 2021) and excito-
toxicity (Boldrini et al., 2021). Overall, these chains of events could lead 
to an exacerbation of pre-existing neuropsychiatric conditions (Boldrini 
et al., 2021). In cases of viral encephalitis, gene sequencing confirmed 
SARS-CoV-2’s presence in the cerebrospinal fluid, confirming its neu-
roinvasive potential (Pallanti et al., 2020; Zhou et al., 2020). 

The following immunomodulatory therapies have been proposed in 
the treatment of COVID-19: intravenous immunoglobulin (IVIG), Janus 
kinase inhibitors (JAK) (e.g., baricitinib, ruxolitinib), anti-tumor ne-
crosis factor-α (e.g., infliximab, adalimumab), granulocyte-macrophage 
colony-stimulating factors (e.g., namilumab, lenzilumab, gimsilumab), 

anti-cytokines therapies such as interleukin (IL)-1 (anakinra) and IL-6 
receptor antagonists (e.g., siltuximab, sarilumab, tocilizumab), and 
convalescent plasma, with promising to negative trials and other data 
(Troyer et al., 2020; Mehta et al., 2020; Rizk et al., 2020). The efficacy of 
corticosteroids in treating COVID-19 in a clinical setting is still equiv-
ocal, with some groups advising against their use (Russell et al., 2020). 
Longitudinal follow-up of psychiatric and neurological symptoms and 
neuroimmune status in individuals exposed to SARS-CoV-2 is needed to 
fully assess the long-term impact of COVID-19 and mitigate its risks 
(Troyer et al., 2020). 

We obtained permission to use this figure from Elsevier, which was 
earlier published in Gubernatorova et al., “IL-6: Relevance for immu-
nopathology of SARS-CoV-2” Cytokine Growth Factor Rev. 2020 Jun; 
53:13–24. 

Post-COVID symptoms. “Sub-acute COVID” refers to persistent 
symptoms four weeks after COVID-19 infection (Nalbandian et al., 
2021), while “Chronic COVID’ or “post-COVID-19 syndrome” describes 
symptoms present more than 12 weeks since the onset of acute 
COVID-19 and are not caused by alternative diagnoses (Nalbandian 
et al., 2021; Chan et al., 2020). The effects of SARS-Cov2 can manifest 
months or years after initial infection. Therefore it is essential to follow 
up with patients who have been exposed to COVID-19. Emerging reports 
of “long-haulers” suggest that beyond the acute and subacute setting, 
some patients can exhibit persistent, long-lasting clinical manifestations 
(Al-Aly et al., 2021). Some patients present with anosmia, while others 
can experience “brain fog”, newly onset anxiety, depression, psychosis, 
and suicidal behavior (Boldrini et al., 2021; Woo et al., 2020). Long 
COVID-19 also contains a sum of impairing symptoms (including 
breathlessness, chest pain, and palpitations) which can persist for weeks 
after an incidence of a mild illness (Dani et al., 2021). Thus, in a 
cross-sectional study of persisting symptoms in “long COVID-19” pop-
ulation of 384 patients (mean age 59.9 years; 62% male) with COVID-19 
followed for a median of 54 days post-discharge, 53% reported persis-
tent breathlessness, 34% cough, and 69% fatigue and 14.6% had 
depression (Mandal et al., 2020). In a recent study on 538 COVID-19 
survivors conducted in Wuhan, China, it was found that survivors are 

Fig. 1. Cytokine release syndrome in COVID-19.  
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significantly more likely to develop clinical sequelae (including psy-
chosocial symptoms and general health symptoms) 3 months after 
discharge from the hospital than those without COVID-19 infection 
(Xiong et al., 2021). In a recent study in 236,379 patients with 
COVID-19 diagnosis, the estimated incidence of a neurological or psy-
chiatric diagnosis in the following six months was 33.62% (95% CI 
33.17–34.07) (Taquet et al., 2021). As to individual diagnoses, the 
COVID-19 cohort had estimated incidences of 17.39% (17.04–17.74) for 
anxiety disorder and 1.40% (1.30–1.51) for psychotic disorder (Taquet 
et al., 2021). In a recent study in 73,435 users of the Veteran Health 
Administration system users in the US with COVID-19 per 1000 patients, 
there was an increase in sleep-wake disorders (14.53 (11.53, 17.36)), 
anxiety (5.42 (3.42,7.29), and trauma and stress-related disorders (8.93 
(6.62,11.09) (Al-Aly et al., 2021). 

5. MRI findings in COVID-19 survivors 

In a recent retrospective study in patients with COVID-19-associated 
neurologic manifestations, 36 patients presented findings of the 
abnormal MRI, which included ischemic strokes, leptomeningeal 
enhancement, and encephalitis (Kremer et al., 2020). Confusion (53%), 
impaired consciousness (39%), presence of clinical signs of corticospinal 
tract involvement (31%), agitation (31%), and headache (16%) repre-
sent the most common neurological manifestations in these individuals 
(Kremer et al., 2020). The long-term sequelae of COVID-19 remain un-
known. Basal ganglia and other brain structures may be affected by 
aberrant hemorrhagic (Franceschi et al., 2020) or neuroinflammatory 
processes in the central nervous system (Dickman, 2001). A case report 
in the literature is evidencing bilateral basal ganglia hemorrhage in a 
confirmed COVID-19 patient (Daci et al., 2020). Therefore, basal ganglia 
dysfunctions might be associated with COVID-19 infection and its 
persistence (Pallanti et al., 2020). 

In a recent study in acute COVID-19 patients, among 73 patients 
enrolled, 43 have presented abnormal MRI findings, which included the 
following findings 2–4 weeks since initial symptoms onset: acute 
ischemic infarct (23.3%), deep venous thrombosis (1.4%), multiple 
microhemorrhages (11.3%), perfusion abnormalities (47.7%), restricted 
diffusion foci within the corpus callosum consistent with cytotoxic le-
sions of the corpus callosum (CLOCC, 4.1%), multifocal white matter 
enhancing lesions (5%) and basal ganglia abnormalities (5%) (Chougar 
et al., 2020). 

It is important to emphasize that individuals who experienced 
lockdowns and social distancing rules may also present elevated markers 
of inflammation (Pallanti et al., 2020; Eisenberger and Moieni, 2020). It 
was also described that depressed individuals might have higher levels 
of circulating proinflammatory markers (Eisenberger and Moieni, 
2020). 

Neuroinflammation is associated with a broad spectrum of neuro-
logical disorders (Brambilla, 2019) and may potentially influence 
GABAergic transmission (Versace et al., 2021). Peripheral cytokines 
could activate the microglia and the astrocytes inducing neural cyto-
kines release and result in brain inflammation (Harry and Kraft, 2008). 
Maladaptation of cortical processes within the primary motor cortex 
(M1) related to degeneration of inhibitory GABAergic intracortical cir-
cuits has been reported in association with central fatigue syndrome 
(Versace et al., 2021). A pilot data suggests the use of transcranial 
magnetic stimulation (TMS) as a diagnostic tool based on data from 12 
patients suffering from post-COVID-19 neurological complications 
(Versace et al., 2021). This study further finds a reduction of cortical 
GABAergic and possibly cholinergic activity in post-COVID-19 patients 
suffering from fatigue or cognitive disturbances (Versace et al., 2021). If 
performed in conventional frontal and temporal cortical regions, neu-
romodulation could be used to modulate the systemic immune response 
and, therefore, could contribute to prevention of COVID-19 induced 
neuroinflammation (Pilloni et al., 2020). 

Recent meta-analysis showcased that IL-6 concentrations are 2.9-fold 

higher in patients with complicated COVID-19 than in patients with the 
non-complicated disease (six studies; n = 1302; 95%CI, 1.17–7.19; I2 =

100%)(Coomes and Haghbayan, 2020). Macrophages produce a signif-
icant amount of IL-6. Therefore their presence may be associated with 
excessive inflammation during COVID-19. Macrophage activation syn-
drome may also be related to high serum levels of CRP during COVID-19 
(Paces et al., 2020). Higher circulating levels of IL-6 and CRP are also 
highly predictive of the need for invasive ventilation. Therefore, they 
could be potentially used to guide escalation of treatment in patients 
with COVID-19-related hyperinflammatory syndrome (Herold et al., 
2020). Some patients with COVID-19 may experience prolonged fatigue, 
depression, anhedonia, “brain fog”, insomnia and taste/smell alter-
ations, and this can be accompanied by elevated levels of CRP and/or 
IL-6 (Versace et al., 2021). A recent meta-analysis provided evidence 
that cytokine modulators may serve as novel treatments for depression 
in chronically inflamed subjects and that their antidepressant effect 
might be associated with baseline symptom severity (Kappelmann et al., 
2018). 

6. Cytokines and behavior in OCD and ASD 

Benros and colleagues (Benros et al., 2014) coined the term “Immune 
activation hypotheses” to account for the evidence that viral and 
bacterial-induced immune activation during the neurodevelopmental 
phase is a preeminent inducing factor of vulnerability to psychopatho-
logical aberrant behavioral manifestations. Early immune activation 
could manifest in common features of inhibitory control deficit, 
including OCD, chronic tics disorders, and Autism Spectrum Disorders 
(ASD) (Martino et al., 2020). 

Obsessive-compulsive disorder (OCD) is often manifested by intru-
sive and unwanted thoughts, urges, or impulses that are associated with 
significant distress and anxiety and/or repetitive, compulsive behaviors 
or mental rituals (merican Psychiatric, 2013). Repetitive behaviors 
represent acts performed by rigid rules (compulsions) that the person 
feels compelled to execute and which aim to decrease the resulting 
distress (Fontenelle and Miguel, 2020; Goodman et al., 2014). OCD is 
often present in individuals with Autism Spectrum Disorders (ASD), 
even though repetitive behaviors and intrusive, recurrent thoughts 
occur in both disorders and are difficult to differentiate (Postorino et al., 
2017). A dysregulated immune response in the ASD population might be 
characterized by an elevated expression of IL-1β, IL-6, IL-12, TNF-α, and 
IL-23 as compared to healthy controls (Ricci et al., 2013; Masi et al., 
2017). Increased IL-1β and IL-6 levels might also correlate with 
increased stereotypical behaviors in the ASD population (Ashwood 
et al., 2011). 

Patients with OCD might have significantly higher plasma levels of 
IL-1β, IL-6, and TNF-α levels (Rao et al., 2015; Karaguzel et al., 2019) 
and considerably higher levels of TNF-α, IL-6, and IL-17 expression 
levels in peripheral blood mononuclear cells in comparison to healthy 
controls (Kutuk et al., 2020). Compared to healthy controls, patients 
with OCD have significantly increased plasma levels of CCL3, CXCL8, 
sTNFR1, and sTNFR2 (Fontenelle et al., 2012). 

Overall, these findings suggest that a proinflammatory state can be 
involved both in OCD and ASD pathogenesis and open a door for novel 
immunotherapeutics (Marazziti et al., 2018) options and make further 
studies focused on neuroinflammation biomarkers timely. 

7. Treatment targets in Covid-19, OCD, and ASD 

Possible immune system-mediated treatment pathways common 
both for OCD and ASD and COVID-19 are summarized in Table 1 below. 
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8. Mechanisms of tocilizumab therapeutic action in 
neuroinflammation 

8.1. The role of IL-6 in neuroinflammation 

Interleukin (IL)-6 is associated with the pathogenesis of autoimmune 
and inflammatory diseases in the human body, including several 
neurological disorders (neuromyelitis optica, idiopathic transverse 
myelitis, etc. (Hofer and Campbell, 2016)) and therefore represents one 
of the critical cytokines in the regulation of innate and adaptive in-
flammatory response (Konuk et al., 2007; Wei et al., 2013; West et al., 
2019). Elevated levels of IL-6 in the brain, in turn, might contribute to 
the development of autism spectrum disorders via activated glia and/or 
maternal immune activation mechanisms (Bloch et al., 2010; Nadeem 
et al., 2020) and lead towards impairment of learning and memory (Wei 
et al., 2013). IL-6 could also be implicated in changing neural cell 
adhesion features, which could lead to an imbalance in inhibitory and 
excitatory synaptic transmissions (Wei et al., 2013). 

As IL-6 activation leads to chronic inflammation, it suggests a role for 
anti-inflammatory treatments for COVID-19 “long-haulers patients”, 
especially those with elevated inflammatory markers. Blocking of IL-6 
expression might represent a new pathway for therapeutics targeting 
dysregulated host responses in patients with COVID-19, and more 
research in this area is needed (Coomes and Haghbayan, 2020). 

Tocilizumab (TCZ) Reduces Inflammatory Response: TCZ may affect 
CNS function through two fundamental mechanisms. First, it was shown 
that soluble interleukin-6 receptor (sIL-6R) levels might be associated 
with disease progression rate in some autoimmune conditions and psy-
chiatric disorders (Patel et al., 2012). TCZ might bind soluble IL-6 re-
ceptors and impair them to cross the blood-brain barrier (BBB) and 
therefore prevent their effects on the CNS (Girgis et al., 2018). Second, 
IL-6 may be involved in activating a proinflammatory cascade both 
peripherally and centrally and thus exert its impact on the CNS (Girgis 
et al., 2018; Reyes and Coe, 1998). TCZ, after its binding to the IL-6 
receptor, might further impair this cascade (Girgis et al., 2018). 
Therefore, even if TCZ cannot penetrate the BBB, TCZ might successfully 
neutralize the detrimental effects of IL-6 in the CNS (Girgis et al., 2018). 
TCZ also decreases inflammatory markers, including CRP and MIF. In a 
recent study in rheumatoid arthritis (n = 26), TCZ at 8 mg/kg showed a 
significant decrease in CRP levels from 18 mg/l to 2 mg/l and signifi-
cantly improved anxiety symptoms on the HADS anxiety subscale in-
dependent of improvement in physical illness (Traki et al., 2014). In 
another study of adult patients with RA and primary depression, 
depressive symptoms correlated with IL-6 levels (p = 0.011), and TCZ 
significantly decreased depressive symptoms on the HADS depression 
subscale (p = 0.023) (Figueiredo-Braga et al., 2018). Case reports are 
emerging reporting the effectiveness of TCZ in treating COVID-19 
induced encephalopathies (Muccioli et al., 2020; Freire-Alvarez et al., 
2020), making it a plausible candidate for more extensive studies in OCD 
and neuro-COVID-19 indication. 

TCZ is FDA-Approved for Autoimmune Disorders: TCZ is an FDA- 
approved treatment for autoimmune illness, including cytokine release 

syndrome, rheumatoid arthritis, systemic juvenile idiopathic arthritis, 
and giant cell arteritis (Sheppard et al., 2017; Schirmer et al., 2018; 
Pasqualetti et al., 1990). TCZ mechanisms of action consist in binding to 
both soluble and membrane-bound IL-6 receptors (sIL-6R and mIL-6R) 
and have been shown to inhibit IL-6-mediated signaling through these 
receptors (https://www.accessdata.fd, 2016). Thus, TCZ might exert its 
effects in ASD via modulation of T-cell activation, induction of immu-
noglobulin secretion, and stimulation of hematopoietic precursor cell 
proliferation and differentiation. TCZ represents an entirely novel 
approach with a potential effect on ASD and OCD as it helps alleviate 
immune-inflammatory processes. Therefore, it might minimize rigidity 
and repetitive behaviors, symptom severity, and levels of inflammatory 
markers, which we expect will improve the quality of life. 

8.2. T regulatory cells and COVID-19 

In a recent study of 40 COVID-19 intensive care unit (ICU) patients, it 
was shown that COVID-19 patients had elevated responses of Th17 cells 
and diminished responses of T regulatory (T reg) cells as compared with 
controls, and this was associated with hyper inflammation, lung dam-
age, and disease pathogenesis (Sadeghi et al., 2021). Uncontrolled sys-
temic inflammation characterizing COVID-19 could, in turn, lead to 
adverse pregnancy outcomes in infected pregnant women (Muyayalo 
et al., 2020). Recently, in an animal model of Maternal Immune Acti-
vation (MIA), it was shown that adoptive transfusion of T reg cells could 
have therapeutic potential. That adoptive T reg cell transfer can be of 
use in neuropsychiatric disorders associated with immune alterations 
(Xu et al., 2021). More research is needed to investigate if an adoptive 
transfer of Treg cells could potentially alleviate post-COVID-19 symp-
toms and also help improve PANS/PANDAS symptomatology. 

9. Conclusions 

In this review, we described parallels of basal ganglia involvement in 
OCD pathogenesis, during COVID-19, in Spanish flu and encephalitis 
lethargica (von Economo). We outlined the anti-inflammatory proper-
ties of anti-obsessional treatments. We also reviewed mechanisms of 
SARS-CoV-2 virus penetration in CNS, post-COVID-19 symptoms, and 
MRI findings in COVID-19 survivors. We reviewed the literature as to the 
impact of cytokines on human behavior in OCD. We summarized how 
immune mechanisms involved in the pathogenesis of OCD might be 
targeted with the anti-cytokine therapeutics used for the treatment of 
COVID-19 and outlined in particular possible mechanisms of tocilizu-
mab therapeutic action in neuroinflammation, as well as T reg cells in-
fusions. Overall, there are inflammatory mechanisms of COVID-19 
pathogenesis, which may be similar to the mechanisms of the OCD 
onset. Therefore, anti-cytokine treatments, such as tocilizumab, might 
be used to treat neuropsychiatric comorbidities in COVID-19 with the 
new onset OC symptoms. 
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Table 1 
Possible treatment pathways are similar for immune mechanisms in OCD and 
COVID-19.  

Immune mechanisms in OCD Possible immune targets for the treatment of 
COVID-19 

IL-6(Rao et al., 2015;  
Karaguzel et al., 2019) 

Anti-IL-6 receptor antagonists(Rizk et al., 2020) 
tocilizumab, sarilumab, siltuximab 

TNF-α(Rao et al., 2015;  
Karaguzel et al., 2019) 

Anti- TNF-α(Rizk et al., 2020): adalimumab, 
infliximab 

IL-1β(Rao et al., 2015;  
Karaguzel et al., 2019) 

Anti-IL-1 receptor antagonist: anakinraa, (Rizk 
et al., 2020)  

a Anakinra is a human recombinant endogenous competitive antagonist of IL- 
1β/IL-1R1 axis (Terrone et al., 2019). 
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