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ABSTRACT

After conducting a thorough analysis of clinical, neurophysiological, neuroimmunological, neurobiological,
and neuropathological research findings, the authors of the review question on the validity of the anti-NMDA
receptor encephalitis concept. The review highlights the significance of studying sanogenetic mechanisms in
medicine and warns against hasty interpretations of neurobiological data without clinical knowledge.
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Descriptions  of  “anti-NMDA! receptor
encephalitis” (ANMDARE) are identical to the
clinical presentation first outlined in 1849 by Luther
Bell [1]. Bell did not assign a name to the disease.
In the Wernicke—Kleist-Leonhard school, it was
defined as a hyperkinetic attack of cycloid psychosis
of mobility [2, 3]. In the International Classification
of Diseases, 10th revision, cycloid psychoses are
included in the categories F23.0 and F23.1.

Cycloid psychoses are characterized by an
intermittent course; however, hyperkinetic attacks
are accompanied by the risk of autochthonous
development of a life-threatening febrile status due to
diencephalic dysfunction.

According to existing research, unlike the genetic
factors of bipolar affective disorder and nonsystemic
schizophrenia (including periodic catatonia), which
have a greater proportion, cycloid psychoses and
systemic schizophrenia are associated with prenatal
infections [4—6]. The proposed mechanism is the
activation by the maternal immune system of the
secretion of pro-inflammatory cytokines that can
penetrate the blood-brain barrier, causing oxidative
stress and protein expression changes in the
developing structures of the diencephalon (in the first
trimester of pregnancy) or the cerebral hemispheres
(in the second trimester). This results in nonspecific
histopathological changes in the brain by aberrations
in neuronal growth/migration and receptor density,
axonal projections, dendritic arborization, and
congenital endocrine and immune imbalances [7-10].
Pro-inflammatory cytokines can cause long-term
changes in glucocorticoid receptor gene expression
with hyperreactive responses of the hypothalamic—
pituitary—adrenal axis to stress loads [11].

The effects of maternal immune activation during
pregnancy depend on the sex of the unborn child.
Because estrogen positively and androgen negatively
modulate corticotropin-releasing hormone synthesis,
stress reactions are accompanied by sharper increases
in glucocorticoid level in the blood plasma in women
[12]. A direct relationship was found between the
levels of pro-inflammatory cytokines (interleukin
(IL)-1B, IL-6, IL-8, and tumor necrosis factor a),
immunoglobulin IgG or IgM classes in pregnant
women, and the risk of psychosis in the postnatal life
oftheir offspring [13, 14]. Immune marker levels were
considerably higher in patients with acute transient
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psychotic disorders, including cycloid psychoses,
than in controls [15].

Studies showed that herpes viruses (e.g.,
cytomegaloviruses), influenza viruses, adenoviruses,
rhinoviruses, coronaviruses, rubella virus, bacterial
urogenital infections, and toxoplasma are pathogens
that may be etiologic factors of pathogenetic changes
in the central nervous system of the embryo or fetus
and manifest itself in the development of psychosis in
adult life [4, 12, 16-18]. Because vaccination during
pregnancy stimulates the maternal immune system
and cytokine response, its consequences may be
detrimental to the offspring [7].

The long-term psychiatric consequences of
maternal infections are not limited to systemic
schizophrenia and cycloid psychoses. A relationship
was found between maternal infections and mental
retardation, autism spectrum disorder, attention
deficit hyperactivity disorder, Gilles de la Tourette’s
syndrome, and obsessive—compulsive  disor-
der [7, 19, 20].

In cases where the mother’s cytokine response to
infection has a pathogenic effect on the development
of the child’s brain, its other components are
extremely beneficial. Diaplacental transfer of
maternal antibodies (immunoglobulins) ensures
humoral immunity to infectious agents, which is
crucial for survival, especially in early infancy [21].
Among them, antibodies to the GluN1 subunit of
glutamate NMDA receptors (NMDAR1-AB) can be
transmitted to the child [20, 22].

Classic neuronal (onconeural) autoantibodies
are antibodies produced by the body in response to
antigens of tumor cells, which attack the proteins
of the nuclei and cytoplasm of neurons, causing
their death, axonal degeneration, reactive gliosis,
and microglia activation, i.e., a neuroinflammation
pattern. Paraneoplastic autoimmune encephalitis and
encephalomyelitis with pathomorphological changes
in the brain develop in approximately 1% of cancer
patients.

In the 2Ist century, the list of mneuronal
autoantibodies has expanded significantly owing to
the discovery of immunoglobulins, which can also
appear in the blood plasma and cerebrospinal fluid in

'NMDA—N-methyl-D-aspartic acid.
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tumors; however, their effect is limited by the selective
binding of synaptic receptor proteins on the surface
of neurons. Almost 50 types of “autoantibodies to
neuronal membrane receptors” have been identified,
particularly antibodies to acetylcholine receptors,
dopamine D, receptors, and GABA-A’ and GABA-B
receptors. NMDAR1-ABs were the most common
[22-26].

The pathogenic role of autoantibodies on
membrane receptors is unclear. No evidence has
revealed that they cause inflammation or other
damages to the mature brain [23, 26]. NMDAR1-AB
are polypeptides like endorphins. The binding of
both with synaptic proteins are identical, i.e., the
corresponding receptors are temporarily immersed
in membrane lysosomes, which ensures reversible
desensitization. Their molecules do not penetrate
the bodies of neurons [16, 22]. The production
of endorphins is biologically beneficial, and its
enhancement in response to stress minimizes the
development of persistent post-stress disorders.

NMDARI1-AB belongs to the natural human
autoimmune repertoire. Extensive screening studies
in healthy people and patients with various mental and
somatic diseases have revealed high seroprevalence
(10%—15%). There is an exception that in patients
with Parkinson’s disease, NMDARI1-AB is detected
almost half as often as among age-matched people
without neuropsychiatric diseases. NMDARI1-AB
seroprevalence increases with age; hence, 20% of
people aged over 80 years are NMDAR1-AB carriers.
NMDARI-AB seroprevalence in migrants and
refugees is higher than that in the general population
[22, 24, 26-32]. Long-term follow-up of seropositive
patients showed fluctuations in NMDARI1-AB levels.
Various phenomena such as life stress, seasonal
infections, and intestinal microbiota disorders lead
to a temporary increase in their number [20, 28, 31].
Presented data indicate the neuroprotective function
of NMDARI1-AB; these antibodies can serve as an
indicator of its mobilization.

Neither the presence of NMDARI-AB in the
blood serum nor its titer predicts disease development
[24]. Seropositive patients with acute psychosis differ
from seronegative patients as regards the presence of
a history of obstetric complications or neurotrauma
and shorter duration of untreated psychosis. No
differences were noted in their symptom profiles [33].

American neurologists who described
ANMDARE in 20052007, owing to associations of
acute polymorphic psychosis with the simultaneous
detection of NMDAR1-AB in the cerebrospinal fluid
and ovarian teratoma in patients, initially considered
it “paraneoplastic” [34, 35]. However, further studies
showed that ANMDARE is associated with ovarian
teratoma in 20%—-30% of cases [36, 37].

ANMDARE can be triggered by herpes [38];
influenza [39]; coronavirus infection (COVID-19)
[40, 41]; vaccination against COVID-19 [40, 41];
vaccination against diphtheria, tetanus, pertussis,
and poliomyelitis [42]; cryptococcal meningitis
[43]; demyelinating process [44]; postpartum
hormonal changes [45]; immunotherapy after organ
transplantation [46]; emotional stress [47]; and
any condition accompanied by a vigorous immune
response [28, 31]. This is a strong argument in favor
of the idiopathic nature of the disease.

Teratomas are congenital tumors. Maternal viral
(usually adenoviral) infection during pregnancy is a
key etiologic factor of ovarian teratoma [48]. In cases
where an ovarian teratoma is observed in ANMDARE,
it is referred to as two consequences of the same
pathogenic exposure to pro-inflammatory cytokines
that occurred during the patient’s intrauterine life. The
interpretation of an asymptomatic congenital tumor as
a trigger for the sudden production of NMDAR1-AB
and development of acute psychosis seems unusual.
The resolution of psychosis after tumor resection can
be explained by the disappearance of NMDAR1-AB
from the blood during anesthesia [49], most likely
due to the activation of stress-limiting brain systems
(GABAergic, serotoninergic, and opioidergic)
produced by it.

Approximately 80% of ANMDARE patients
are women aged 1845 years without premorbid
characterological abnormalities [50, 51]. An attack
may be preceded by a short period (57 days) of
insomnia, headache, anorexia, nausea, vomiting,
and fever. Suddenly, aimless psychomotor agitation
with hyperkinesis, impulsive behavior,
oneiroid confusion, incoherent speech, sudden
changes in affect and delusional ideas, transient
illusions of vision and hearing, hyperthermia, and
autonomic instability. Sometimes the hyperkinetic

occurs

*GABA— y-aminobutyric acid.
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phase develops after the polar opposite phase of
torpor with freezing, catalepsy, akinetic mutism, and
lack of reactions to what is happening.

Psychosis lasts from several days to a year,
usually ending with complete recovery. However, in
8%—10% of cases, psychomotor agitation increases
at lightning speed and is replaced by “silent
hyperkinesia,” and after a few days, death occurs
[16, 34, 35, 51-54]. Approximately 50% of patients,
including those previously operated for ovarian
teratoma, subsequently have up to four relapses
of ANMDARE, which also do not lead to defect
formation. Intermissions last from 3 months to 13
years [37, 50, 53].

Several experts interpret any movement
abnormalities, such as agitation, pathetic poses,
immobility, and mutism, as “catatonic signs of
ANMDARE” [36, 51, 55]. Meanwhile, motor
disorders are limited to a quantitative increase or
suppression of expressive and reactive movements
(hyperkinesis or akinesia). Qualitative distortions of
motor skills characteristic of catatonia (Wernicke’s
parakinesia, frontostriatal symptoms), such as stable
muscle hypertonicity, step-by-step movements,
automatic muscle resistance to passive stretching
(not associated with the affect of fear), iterations,
stereotypies, echopraxia, spastic contractions of
individual muscle groups, dyskinesia, grimacing,
and others [56], are not revealed in descriptions
of ANMDARE not complicated by the use of
antipsychotics. Clinicians see in these descriptions
analogies with the presentations of Stauder’s “fatal
catatonia,” Mitsuda’s “atypical psychoses” [53, 55],
and Wernicke—Kleist-Leonhard’s cycloid psychosis
of mobility [54, 57], fundamentally separated by
these scientists from catatonia [2].

Approximately three-quarters of patients with
later identified NMDARI1-AB are hospitalized
in psychiatric hospitals with a diagnosis of acute
polymorphic psychotic disorder and suspected
psychoactive substance intoxication [16, 34] and/or
schizophrenia [55]. Antipsychotics are prescribed to
almost everyone [52, 58].

Because NMDARI1-AB deposits are mainly
detectedonthecytoplasmicmembranesofhippocampal
neurons [35], researchers investigated for symptoms
of memory deficits in patients with ANMDARE [36,
52]. Wernicke’s hypermetamorphosis of attention is
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typical for mobility psychosiss ANMDARE, in which
patients are extremely distracted by random stimuli.
Voluntary attention impairment is a common sign
of brain stem lesions, particularly of the thalamic
nuclei. Manifestations of Korsakoff syndrome, which
is characteristic of organic hippocampal lesions,
namely, fixation amnesia, amnestic disorientation,
and confabulations of everyday content, during
or at the end of an ANMDARE attack have not
been described [37, 59]. Congrade amnesia during
impaired consciousness is not a manifestation of
Korsakoff syndrome.

NMDARI1-AB has been identified as an
“ANMDARE diagnostic marker” [16]. However,
NMDARI1-AB is detected with similar success in
arterial hypertension, diabetes mellitus, systemic
lupus erythematosus, Sjogren’s syndrome, cerebellar
ataxia, traumatic brain injury, stroke, epilepsy, rapidly
progressing dementia, mania, schizophrenia onset,
and other diverse diseases.

The presence of these “potent and hazardous
autoimmune antibodies” is considered by some
experts to be a reason for diagnosing ANMDARE
and for immediate immunotherapy. They call
ANMDARE, which occurs in the form of acute
polymorphic psychomotor psychosis, “classical”; its
other imaginary forms are called “atypical forms”
[26, 55, 44].

Other authors argue against ANMDARE expansion
diagnostics. Antibody tests can be false-positive, and
not all mental/cognitive dysfunctions indicate organic
encephalopathy. The diagnosis of ANMDARE is
valid only if the paraclinical findings are consistent
with its “well-characterized phenotype” [60].

Others still attach decisive importance to the
“classical phenotype of autoimmune encephalitis,”
distinguishing between “seropositive” (=40% of
cases) and “seronegative” (~60%) forms. The
“pathogenic antibodies” that induce the development
of characteristic symptoms in seronegative cases have
not yet been identified. The diagnosis of seronegative
autoimmune encephalitis is the same basis for
immunotherapy, which theoretically can improve
long-term outcomes [61].

Indeed, seropositive and seronegative ANMDARE
do not differ in their clinical presentation,
outcomes, incidence of concomitant teratomas,
patterns of changes in the cerebrospinal fluid,
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electroencephalography, and neuroimaging data [23].
There is one seemingly paradoxical exception to this
rule: seronegative patients tolerate immunotherapy
better than seropositive patients [62].

Leukocytosis is detected in the blood of patients
with  ANMDARE along with normal levels of
C-reactive protein (a marker of inflammation) [63].
In the cerebrospinal fluid, moderate lymphocytic
pleocytosis may occur, and the protein content is
normal or slightly increased. These nonspecific
abnormalities do not correlate with the severity of the
condition and may persist during the recovery period
[50, 52, 53]. They may serve as markers of adaptive
humoral immunity activation [64]. The number of
T-helper cells and pro-inflammatory cytokines in
ANMDARE patients, regardless of immunotherapy,
decrease, instead of their increase typical for
encephalitis [22, 65].

On electroencephalogram, symmetrical high-
amplitude bursts of delta waves (“extreme delta
brush”) are recorded in the frontoparietal regions.
They do not correlate with tonic—clonic seizures, and
no epileptiform discharges are observed [53, 66]. In
the 1960s, this electroencephalographic pattern was
described in Mitsuda’s “atypical psychoses.” Slow
wave activity is directly proportional to the cortical
expression of brain-derived neurotrophic factor and
an increase in the number of cortical bonds [67].

High-amplitude deltaactivity inthe anterior parts of
the brain is a marker of special forms of consciousness
caused by the disconnection of the functional
connection between the thalamus and cortex. These
include dreams, deep meditation, and psychedelic
states induced by ayahuasca or subanesthetic doses of
ketamine. Phenomenologically, they are combined in
the following way:

a) Disconnection from the outside world

b) Spontaneous formation of visualized, scene-
like, and affectively rich ideas perceived in subjective
space, completely replacing reality

¢) Cognitive—motor dissociation

Bursts of delta waves coincide with the peaks of
dream experiences. It is believed that delta rhythms
are involved in the homeostatic processes of brain
activity, integration of mental functions, transitions
from unconsciousness to consciousness, processes
of anxiety and hyperactivity reduction, healing, and
restoration. Decreased delta activity correlates with

negative symptoms and cognitive deficits [68, 69].
Mayer—Gross considered “extreme delta brush” as
a biomarker of the “oneiric form of experience,”
accompanied by the mobilization of the protective
and restorative systems of the brain.

Magnetic resonance imaging of the brain
was unremarkable in this regard. In one-third of
ANMDARE patients, signal intensity from the
medial temporal lobes temporarily increases without
identifying areas of increased contrast accumulation
and edema [35, 50, 52].

Functional neuroimaging data in ANMDARE
indicate impaired integration of white matter fibers in
the thalamocortical, frontoparietal, and sensorimotor
neural networks. Frontotemporal hypermetabolism
is combined with hypometabolism in the parietal
and occipital cortex [70]. Meinert considered
disruption of the connectivity of the associative
fibers connecting the subcortical centers with the
cortex to be the brain basis of “amentia,” which is
acute idiopathic psychosis; one of its forms that he
identified coincides descriptively with ANMDARE.
Frontotemporal hypermetabolism is a distinctive
feature of the pathophysiology of cycloid psy-
choses [71].

Autopsies of patients who died from an
ANMDARE attack did not reveal any signs of neuro-
inflammation [23, 27, 26, 30, 63]. The pathoanatom-
ical presentation becomes more complicated if the
death was preceded by immunotherapy. Autopsies
showed nonspecific microglial activation, neuronal
degeneration, extensive gliosis, and fiber demy-
elination. However, in these cases, no hemorrhages,
neuronophagia nodules, complement protein deposits,
and T-lymphocyte infiltrates were observed—nothing
that would indicate inflammatory damage to the brain
(encephalitis) [34, 35, 44, 64, 72].

Outstanding clinicians K Wernicke, K Kleist, K
Stauder, and K Leonhard correlated the source of the
development of psychoses, which coincided with their
clinical description of ANMDARE, with disturbances
in the functioning of brain stem structures. Golant
called them “diencephalopathic psychosis with a
periodic course.” Shmaryan described the pathophys-
iological mechanism of diencephalopathic psychosis
as a “sensitization syndrome of the stem system,”
which sharply and specifically changes the functional
state of cortical processes under certain conditions.
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Modern studies on the role of stem structures in the
development of ANMDARE are few [73-76].

Ideas about the forms of diseases are always
formed empirically, and only then does pathophysi-
ology help understand their essence (Claude Bernard,
1865). The ANMDARE story clearly illustrates how
movement in the opposite direction can extremely
confuse cause-and-effect relationships, the relation-
ship between pathogenesis and sanogenesis, under-
standing the nature of the disease, and the rationale
for therapeutic interventions.

NMDARI1-AB does not cause inflammation or
brain tissue damage. This fundamentally contradicts
the theory of “autoimmune encephalitis,” which
defines the polymorphic presentation of acute tran-
sient psychomotor psychosis [23, 25, 26, 32, 35]. The
production of NMDARI1-AB is critical in humoral
autoimmunity. NMDARI1-AB has biologically rele-
vant regulatory, immunomodulatory, and neuropro-
tective functions [30, 31, 35, 43, 64, 77].

Symptoms can represent either a loss of one or
another functional ability or a protective or compensa-
tory mechanism that prevents further disorganization
of mental activity. The study of sanogenetic mecha-
nisms is no less crucial than the study of the patho-
genesis of diseases. To date, we have limited under-
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