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Abstract

Purpose of Review To explore the immunological underpinnings of psychosis in the COVID-19 patients.

Recent Findings COVID-19 pandemic led to a surge in psychiatric morbidities, including psychosis. Various putative bio-
logical and psychosocial changes have been implicated in COVID-19-related psychosis. COVID-19 is a proinflammatory
state. Alterations in immunological processes both as a direct consequence of infection or secondary to the hyperimmune
response heuristically explain the etiopathogenesis of psychosis in the affected individual. The uses of immunosuppressant
and immunomodulatory drugs may be the other moderators of a psychotic presentation in COVID-19 patients. Evidence
to substantiate this hypothesis is still lacking however, which further studies should address. Because of its management
implications, a better understanding of the involved immunological mechanisms becomes extremely important.

Summary Evidence suggests a putative role of immunological alterations in the pathogenesis of COVID-19-related psycho-
sis. The immunological abnormalities are primarily attributed to the pathophysiology of COVID-19 infection, medications

used, and stress.

Keywords COVID-19 - Psychosis - Immunological changes

Introduction

The COVID-19 pandemic has significantly affected almost
all the countries globally. The world has witnessed several
peaks in the number of cases and mortality in the form of
waves. As per the World Health Organization (WHO) availa-
ble data, the USA, India, Brazil, several European countries,
and South American countries faced the most devastating
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aspect of the COVID-19 pandemic [1]. COVID-19 attrib-
utes significant morbidity and mortality globally with higher
mortality rates in hospitalized patients, particularly those in
intensive care units [2]. A systematic review and meta-anal-
ysis of the studies that measured the immediate and long-
term mental health sequel of the severe acute respiratory
syndrome (SARS) in the past reported that anxiety disor-
ders, depressive disorders, and post-traumatic stress disorder
are common immediate as well as long-term complications
associated with SARS [3]. Recently, emerging shreds of
evidence also support the findings of previous researches
on SARS.

The impact of COVID-19 on mental health is an enor-
mous and growing body of research that suggests that a sig-
nificant number of people affected with COVID-19, peo-
ple at risk, healthcare workers, and the general population
at large develop mental health sequels due to COVID-19
[4-7]. A recent study retrospectively analyzed the electronic
databases of patients with COVID-19 diagnosis in a sample
of 236,379 patients and found that nearly one-third of the
patients (33.62%) had a psychiatric or neurological diagnosis
at 6 months follow-up period [8ee]. Patients with COVID-
19 diagnosis hospitalized to an intensive care unit had a
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psychiatric or neurological diagnosis, as high as 46.42% at
6 months follow-up [8ee].

The impact of COVID-19 on the brain of the patients
is significant. The SARS-CoV-2 infection produces brain
inflammation mediated by specific immunologic mecha-
nisms, which in turn impairs normal brain function [9].
The disrupted neurological function may be responsible for
developing various neurological and psychiatric disorders,
including cognitive impairment [9].

Over a period of 6 months follow-up after COVID-19
diagnosis, 17.4% of people diagnosed with anxiety disorder,
whereas 1.40% people had diagnosable psychotic disorder; but,
when it goes to the patients hospitalized in intensive care units,
the diagnosis of anxiety disorder and psychosis at 6 months
follow-up becomes 19.15% and 2.77%, respectively [8ee].

COVID-19 Pathophysiology

It is crucial to understand the pathophysiology of COVID-19
because it causes multi-system involvement, including the
central nervous system. In addition, various immunological
changes that occur during the course of the disease can cause
several neurological abnormalities and psychological issues.

COVID-19 is caused by the SARS-CoV-2 virus. SARS-
CoV-2 belongs to the Coronaviridae family, members of which
have led to significant outbreaks like Severe Acute Respiratory
Syndrome Coronavirus-1 (SARS-CoV-1) in 2002 and Mid-
dle East respiratory syndrome Coronavirus (MERS-CoV) in
2012. Fortunately, they were contained before taking the shape
of a pandemic. SAR-CoV-2 was thought to have a zoonotic
transmission associated with the seafood market in Wuhan,
China, in the initial part of the outbreak. Later it was realized
that human-to-human transmission played a major role in the
spreading of the disease. The mode of transmission is respira-
tory droplets or aerosol generated by sneezing and coughing
of an infected person. Fomites also can be a source of trans-
mission. Asymptomatic disease occurs in a significant frac-
tion of the affected people, like in many other viral infections
[10]. There are many false negative (in RT-PCR) cases that
are asymptomatic but have close contact history. Many peo-
ple remain asymptomatic or mildly symptomatic and untested
[10]. Thus, the immune system plays a significant role.

The dysregulation of both innate and adaptive immune
systems is responsible largely for the ultimate patient out-
come. Cytokine storm is a major event in the later part of the
illness that has caused many mortalities [11e]. Uncontrolled
and excessive activation of cytokine-secreting cells leads to
a poor prognosis in these patients. In addition, lymphocy-
topenia occurs in such cases. The study has demonstrated
that a higher viral load of SARS-CoV-2 is negatively cor-
related with lymphocyte count. There is, however, a marked
increase in neutrophil count and C-reactive protein (CRP)

in patients with a high load of viruses in them. Overwhelm-
ing immune response results in the progression of severity
[12]. Neurodegenerative changes have been seen to occur
in patients of COVID-19 patients, and survivors have been
speculated to develop psychiatric illnesses in the long run
[13].

The virus has four structural proteins—the spike protein
(S), membrane protein (M), envelop protein (E), and nucle-
ocapsid (N) protein. Spike (S protein)-like structures on the
virus’ surface act as the viral ligand for Angiotensin Con-
vertase Enzyme-2 (ACE-2) receptors present in different parts
like respiratory epithelium, lung alveolar cells, and GI epithe-
lium. SARS-CoV-2 also uses transmembrane protease serine
2 (TMPRSS?2) as a co-receptor. S protein has 2 subunits, S1
and S2. S1 is responsible for binding to the ACE-2 receptor
and S2 causes fusion of viral and host cellular membranes.
On binding to the ACE-2, S protein undergoes activation via a
two-step protease cleavage: the first one for priming at the S1/
S2 cleavage site (brought about by TMPRSS-2) and the second
cleavage for activation at a position adjacent to a fusion peptide
within the S2 subunit. The conformational change in S2 results
in the fusion of membranes [10, 14, 15¢e].

Following the entry into the pulmonary epithelium, the viral
replication occurs. The viral RNA, which is single-stranded
positive sense, converts itself into negative-sense RNA, with
the help of RNA-dependent RNA polymerase (RARP) enzyme
and helicase enzyme, then translates into viral proteins. This
coincides with the formation of viral genomic RNA by rep-
lication. After translation, these viral structural proteins are
localized to the Golgi bodies and endoplasmic reticulum, from
where they reach the cell surface, budding occurs. New virions
assembled along with total genomic RNA are thus released
from the cell and ready to infect other nearby host cells. Apart
from the four structural proteins, various non-structural pro-
teins are also formed, which are responsible for various func-
tions of the virus. Proteins like NSP-1 (non-structural pro-
tein-1) and ORF-8 (Open Reading Frame-8) have been seen
to be responsible for downregulating the immune system and
letting the virus evade it [16, 17] Viral proteins can inhibit
antiviral response by blocking RIG I and IRF3/7 pathway on
different levels, causing inefficient production of type 1 inter-
ferons and thus impaired antiviral response. In addition, they
can increase NF-kB activation, proinflammatory cytokine pro-
duction, and necroptosis. All these events can lead to increased
hyper-inflammation, increased cellular death, and cytokine
storm.

COVID-19 and Immunological Changes
Immunological changes are one of the hallmarks of COVID-

19 [18]. A study on COVID-19 patients had revealed that the
function of T cells and natural killer (NK) cells is critically
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altered in severely ill patients [18]. It is found that the ratio
between interleukin-2 (IL-2) and interferon-gamma (IFN-
y) is one of the sensitive indicators of outcome and disease
progression [18]. However, current evidence showed a high
concentration of interleukin-6 (IL-6) related to severe illness
[11e]. Postmortem examination lung tissue study has shown
excessive infiltration of proinflammatory cells, mainly mac-
rophages and T-helper 17 cells [11e]. Flow cytometric analy-
ses have shown an increase in the percentage of CD4+ naive
T cells and decreased memory helper T cells in peripheral
blood. The percentage of cytotoxic T cells and regulatory T
(Treg) cells is lower [10].

Specific or adaptive immune system response includes
virus-specific neutralizing antibodies. IgM antibodies
develop and reach a peak within about 7-10 days of ill-
ness in the acute phase. This is subsequent to the develop-
ment of IgG antibodies, which protect from the virus for
a longer time. This is peculiar to SARS-CoV-2 infection
[10]. Also, IgM and IgG levels were seen to be higher in
severely ill patients [10]. In addition, IgA antibodies can pro-
vide mucosal immunity. CRP, lactate dehydrogenase (LDH),
procalcitonin, ferritin, erythrocyte sedimentation rate (ESR),
D-dimer, etc. have also been used as predictors for progres-
sive severity. All these factors can have an impact in the long
run on the brain and cause neuropsychiatric manifestations
[19¢]. They also contribute to disseminated intravascular
coagulation (DIC), thrombocytopenia, and decreased fibrin-
ogen in patients leading to thromboembolic phenomenon
and bleeding manifestations, which can have neurological
manifestations in the survivors.

Drugs like tocilizumab, corticosteroids, antimalarials
(hydroxychloroquine), and ivermectin have been tried at
different stages of illness (different severity level) to find
any beneficial outcome in COVID-19 patients. These are
immunomodulatory drugs and have adverse effects like
producing psychiatric symptoms. These drugs have been
implicated in inducing psychiatric manifestations when used
in other illnesses [20]. For example, steroid can produce
mood symptoms; psychosis-like symptoms may be induced
by hydroxychloroquine.

COVID-19 and Psychosis

The association of psychosis with viral pandemics is well
known. During the influenza pandemic of the early 1900s,
there was an emergence of more number of cases of psy-
chosis [21ee].

Evidences support the association of SARS-CoV-2
infection with inflammatory changes in the brain and pos-
sible new-onset psychosis [6]. Psychosis in COVID-19 can
be explained by various mechanisms [22]:

@ Springer

e Immune and inflammatory changes occurring in the
brain in COVID-19 patients may be responsible for the
development of psychosis.

e Patients with COVID-19 with relatively severe symp-
toms often receive steroids, and steroid is implicated
in the development of psychosis.

e Several patients with COVID-19 also receive treat-
ments like chloroquine and hydroxychloroquine, which
are known to induce psychotic symptoms like halluci-
nations and delusions [21ee].

e The circumstantial changes happening during COVID-
19 are stressful, and it is well known that stress is a
precipitating factor for psychosis, and it may flare up
the psychotic symptoms in patients with pre-existing
psychotic disorders.

There have been reports that found the association of
psychosis (new-onset) with elevated C-reactive protein,
serum ferritin, lactate dehydrogenase (LDH), D-dimer, and
derangements of white blood cells [21ee, 23-25]. In addi-
tion, it has been reported that autoimmune changes in the
brain due to the development of novel neuronal autoanti-
body are associated with psychosis which is refractory to
antipsychotic treatment [26].

The clinical presentation of psychosis in COVID-19
patients is often characterized by delusions along with fea-
tures of confusion [23]. A study from China reported that
COVID-19 patients with new-onset mental illness report
delusion, insomnia, and aggressive symptoms more fre-
quently than non-COVID-19 patients with new-onset men-
tal illness [25]. The psychotic symptoms in the COVID-19
patient may persist for a longer time, and the symptoms
may present despite normal neuroimaging findings, elec-
troencephalogram (EEG), and cerebrospinal fluid exami-
nation [27]. The development of psychosis in COVID-19
patients may occur without a family history of psychosis
[28-31]. COVID-19 patients with new-onset psychosis
may respond well to antipsychotic treatment with rapid
resolution of their psychotic symptoms [32]. The onset of
psychotic symptoms may occur in a later age without any
prior history of psychosis [30, 31]. It has been seen that
delirium has prominent psychotic features, which is often
misdiagnosed as psychosis [33ee]. The brain changes that
occur in COVID-19 patients may result in a delirious state.
Therefore, the clinician needs to be cautious while making
a diagnosis of psychosis in COVID-19 patients.

There is robust evidence regarding the association of
immune-biological factors in the development of psychosis
in COVID-19 patients (Fig. 1), alternate explanations like
the role of socio-cultural factors and stress associated with
COVID-19 pandemic in the development of psychosis [29,
34].
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Immunological Links Associated
with Psychosis

Inflammatory response associated with COVID-19 virus
infection is thought to be implicated with neuropsychiat-
ric symptoms through various immunological mechanisms
[35, 36]. COVID-19 is a proinflammatory state, and several
inflammatory cytokines like IL-6, IL-8, IL-10, tumor necro-
sis factor-alpha, IL-2R, and CRP are elevated in a patient
suffering from COVID-19 infection [37]. These inflamma-
tory markers are the predictors of the impending cytokine
storm and reflect the disease severity.

Now, we have ample evidence suggesting COVID-19 as
a proinflammatory condition, but how does this state paved
a fertile base for a neuropsychiatric illness like psychosis?
The answer lies in the exhaustive literature highlighting the
immunological basis of psychosis [38ee, 39-41]. Several
studies done so far link the numerous psychiatric symptoms,
including psychosis, with an underlying immunological
process. Hematological [42ee, 43] and CSF findings [44]
in patients with psychosis have shown increased levels of
inflammatory markers. For instance, the post-mortem brain
studies have revealed diverse immunological and inflamma-
tory abnormalities in the patients suffering from schizophre-
nia [42ee, 43]. Also, studies have demonstrated an increase
in proinflammatory state in the same patients. The explana-
tory model is the “vulnerability stress inflammation model,”
which explains an underlying predisposition associated with
the state and a stressful state that could trigger a psychotic
episode [41].

The major finding of the several studies shows that the
major inflammatory abnormalities are:

Fig. 1 Factors attributing to
psychosis in COVID-19 affected
individuals

PSYCHOLOGICAL
STRESS

PROINFLAMMATORY
CONDITIONS

1. Microglial activation and proliferation in dorsolateral
prefrontal, anterior cingulate, superior temporal corti-
ces regions of the brain, areas of functional relevance to
psychosis

2. Upregulation of proinflammatory cytokines and matrix
metalloproteinases

Other findings include increased “CSF: serum albumin
ratio” (studied in patients with drug-resistant schizophrenia)
which reflects the blood-CSF barrier hyperpermeability; ele-
vated neopterin and elevated cytokines levels; and increased
intrathecal synthesis of IgM, IgG, or IgA [45]. This along
with microglial activation and proliferation and increased
blood-brain permeability and disruption of blood-CSF bar-
rier leads to trans-endothelial inflammatory cell migration
and increased interaction between the brain’s innate immu-
nity and peripheral adaptive immunity.

Recent studies have postulated the underlying immuno-
logical process in the development of psychosis and have
suggested an entity named autoimmune psychosis and have
also attempted to given an etiological subclassification for
the same [38ee] (Table 1).

CNS autoimmune and inflammatory disorders like sys-
temic lupus erythematosus, autoimmune vasculitides, multi-
ple sclerosis, and sarcoidosis are also implicated in psycho-
sis. It has been demonstrated that many of the autoimmune
illnesses are associated with alleles in the MHC region
(located on chromosome 6). HLA association has emerged
as a consistent genome-wide association study (GWAS)
finding in schizophrenia. Apart from the HLA association,
studies have also focused on the associations with genes
expressed in B-lymphocyte lineages (CD19 and CD20).
GWAS has postulated the following major processes based

T-CELL AND B-CELL
DYSREGULATIO

MEDICATION
INDUCED
(Steroids,HCQ

etc.)

Psychosis
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Table 1 Etiological subclassification of autoimmune psychosis

Psychosis associated with classical systemic inflammatory and autoim-
mune disorders

Psychosis associated with autoantibodies targeting well-characterized
synaptic and neuronal cell surface proteins

Seronegative but probable autoimmune encephalitis (SPAP)

Neuropsychiatric systemic lupus erythematosus, neuroinflammatory
disorders, autoimmune encephalitis associated with antibodies target-
ing intracellular antigens

NMDAR antibodies, AMPAR antibodies, GABA4R antibodies, VGKC-
protein complex antibodies, CASPR2 antibodies

Unknown autoantibodies

Innate- or T-cell autoimmunity?

on the findings: T-cell activation; B-cell activation; role of
transforming growth factor-f signalling. Animal studies have
also demonstrated C4 variations regulating the microglia-
mediated synaptic pruning in schizophrenia [45].

Studies have also shown the immunological link with
the development of postpartum psychosis. The proinflam-
matory state during pregnancy changes the levels of vari-
ous cytokines, chemokines, and growth factors. There is
an increase in the levels of transforming growth factor-beta
(TGF-b), and IL-4, IL-5, IL-10, and a decrease in IL-2,
interferon-gamma (INF-g), and tumor necrosis factor-a
(TNF-a)[41]. Also, there are peculiar changes in the mater-
nal immune cells with increased activity of regulatory T
cells, macrophages, granulocytes, and natural killer cells.

Apart from studies in the patients with postpartum
psychosis, increased in number of B-cell have also been
studied in acute un-medicated psychosis. Steiner et al.
in the flow cytometry studies have found higher CD197
lymphocyte populations in patients with acute psychosis
who were in an un-medicated group than healthy controls
[46]. A similar study found that after 6 weeks of antipsy-
chotic treatment, there were decreased CD19* lymphocyte
populations. Miller et al. in a meta-analysis have found
an increased CD4:CD8 ratio and reduced CD3" lympho-
cyte levels in patients versus controls. These findings were
reversed after antipsychotic medication. A previous study
by Maino et al. also found the elevated CD19* counts and
reduced CD3* counts in un-medicated patients which
decreased to within normal level after antipsychotic treat-
ment [47]. Thus, all these studies suggest strong immuno-
logical links associated with psychosis.

Implications

Thus far, we have discussed the direct and indirect ways
in which COVID-19 may lead to the advent of psycho-
sis. It is clear that the neural inflammation and acute sys-
temic inflammatory states can lead to the development of
psychosis. COVID-19 infection being a proinflammatory
state may have a possible role in developing psychosis
in affected individuals. To our knowledge, no existing
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studies delineate the individual contributions of risk states,
including the various biological and psychosocial altera-
tions during the pandemic. Thus, the potential immune
system—mediated psychosis described here concerning
COVID-19 infection warrants further investigation. It may
have diagnostic and management implications. It will lead
the healthcare providers to make treatment decisions such
as whether to manage both the disorders independently or
simply manage the COVID-19 inflammation, eventually
resolving co-occurring psychosis.

Furthermore, the role of immunomodulators and
cytokine inhibitors in the management will become
clearer. Similarly, answers to the complex enquiries related
to glucocorticoid use, a causal factor for psychosis, in
COVID-19 management are needed. Besides, research
investigating the association of clinical characteristics
and outcomes of psychosis with COVID-19 inflammatory
markers in the brain and periphery will help in establish-
ing the causal relationship.
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