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Abstract

Pediatric Autoimmune Neuropsychiatric Disorder Associated with
Streptococcical infection (PANDAS) and Acute-onset Neuropsychi-
atric Syndrome (PANS) are pediatric neurologic disorders clinically
characterized by a spectrum of neuropsychiatric symptoms, includ-
ing obsessive thoughts and compulsive behaviors. Both these en-
tities have been associated with viral or bacterial infections but the
pathogenetic mechanisms have not been completely defined.
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We describe a case of a 12-year-old boy affected by PANS, eo-
sinophilia and asthma, who was successfully treated with mepoli-
zumab and experienced PANS-associated neurological symptoms.

Background

Pediatric Autoimmune Neuropsychiatric Disorder Associated with
Streptococcical infection (PANDAS) and Acute-onset Neuropsychi-
atric Syndrome (PANS) are pediatric neurologic disorders clinically
characterized by a spectrum of neuropsychiatric symptoms including
obsessive-compulsive disorders (OCD), restricted food intake, tics,
hyperactivity, mild choreiform movements, anxiety/depression, irri-
tability, oppositional behavior.

PANDAS has been associated with group A B-hemolytic strep-
tococcal infections. A symptom complex similar to PANDAS has
been described in a group of patients without evidence of strepto-
coccal infection, identified as PANS. PANS has been associated with
HIN1 influenza, Epstein-Barr virus (EBV), Borrelia burgdorferi or
other infective agents, without evidence of streptococcal etiology [1].
Limited evidence hypothesizes the association between Mycoplasma
pneumoniae infection and OCD [2].

The pathogenesis of PANDAS/PANS is currently not completely
known, however, the involvement of autoimmune processes has been
recognized: antibodies directed against microorganisms cross-react
with antigenic epitopes on selected brain nuclei with a molecular
mimicry mechanism [3]. The autoimmune and inflammatory dis-
ruption of the cortico-striato-thalamo-cortical circuits is a feature of
PANS [4].

Furthermore, neuroinflammatory, toxic, environmental, metabolic
or endocrine factors and disorders are also presumed to be involved in
PANS via the triggering of autoimmune responses [5].

Regarding PANS diagnosis, the diagnostic criteria modified for
PANS were proposed by Swedo et al. [6] and include:

Abrupt onset of OCD or restricted food intake.

Presence of at least 2 of the following symptoms: anxiety; emo-
tional lability and/or depression; irritability/aggression; behavioral
regression; worsening of school performance; sensory or motor ab-
normalities; sleep disturbances/enuresis or urinary frequency.

Symptoms not better explained by another disorder, such as
Sydenham chorea, Tourette disorder or others.

Case Report

We describe the case of a 12-year-old boy who, at the age of two,
developed a M. pneumoniae pneumonia, resolved with antibiotic ther-
apy. Three years later he presented motor stereotypies, compulsive
behaviors and obsessive attention to hygiene and order, restriction in
food intake, hyperactivity and irritability and he was diagnosed with
PANS. Cognitive-behavioral psychotherapy was started with mild
improvements in neuropsychiatric symptoms.
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Since 2020, the patient has been affected by severe uncontrolled
allergic and eosinophilic asthma with chronic rhinosinusitis (CRS).

Total serum IgE were 1985 Ul/mL, serum specific IgE showed
sensitization to house dust mite, pollen and Alternaria alternata. Ab-
solute eosinophil blood count was 1,00 x10"9/L.

The patient has been treated with high doses of inhaled cortico-
steroid plus long acting beta-2 agonists (ICS/LABA) and leukotriene
antagonists with suboptimal asthma symptoms control. During 2022,
three pulses of oral corticosteroids (OCS) were required to control
wheezing, dyspnea and cough. During OCS pulses, the patient had
shown worsening in neuropsychiatric symptoms, in particular in
hyperactivity and irritability that worsened compulsive behaviors,
with wide impact on the patient’s and parents’ quality of life (QoL)
and productivity.

In October 2023 the patient was evaluated in a multidisciplinary
context. The Children’s Yale-Brown Obsessive-Compulsive Scales
(CY-BOCS) was used to evaluate neuropsychiatric involvement and
resulted in 27/40; moreover, the Clinical Global Impressions- Seve-
rity (CGI-S) was assessed resulting in a score of 4 (moderately ill).
Motor stereotypes were present. No radiological examinations were
allowed for patient claustrophobia.

Considering the restricted food intake, the microbiome test was
performed showing dysbiosis, so therapy with probiotics was intro-
duced. Moreover, a personalized dietary intervention was proposed.
Rifaximin and metronidazole prophylaxis was started.

Laboratory data confirmed 1,0 x 10° eosinophils/L and serum eo-
sinophil cationic protein (ECP) was >200 pg/L. Asthma control test
(ACT) was 12/25 and Sinonasal Outcome Test 22 (SNOT-22) was
75/110; considering the poorly controlled asthma and CRS symp-
toms and the need of OCS-sparing treatment, treatment with mepoli-
zumab 100 mg every 4 weeks was started.

After the third mepolizumab injection, the asthma and CRS symp-
toms improved (ACT was 22/25 and SNOT-22 was 42/110), eosi-
nophil count and ECP decreased to 0,14 x 10° cells/L and 56 pg/L,
respectively. No further pulses of OCS were required and no further
asthma exacerbations occurred.

Moreover, improvements in neuropsychiatric symptoms were ob-
served: both motor stereotypies frequency and obsessive thoughts/
compulsive behaviors reduced, CY-BOCS was 16/40. The Clinical
Global Impressions- Improvement (CGI-I) was employed to evaluate
changes from baseline and resulted in a score of 2 (much improved).
Data were confirmed six months after mepolizumab introduction: in
April 2024 blood eosinophils were 0.08 x 10"9/L and serum ECP was
11.8 pg/L; ACT was 21/25, SNOT-22 was 38/110. No asthma exa-
cerbations occurred and no OCS pulses were needed. The CY-BOCS
confirmed the stability in clinical neuropsychiatric involvement. The-
se results were confirmed after 9 months of mepolizumab treatment.

Discussion and Conclusion

OCD in childhood or adolescence is defined as an early-onset di-
sorder and it could be associated with other psychiatric manifesta-
tions, such as mood disorders, disruptive behaviors, tics or tourette
syndrome, speech disorders, nocturnal enuresis, Attention Deficit
Hyperactivity Disorder (ADHD) [7].

The OCD etiology is unknown, however many genetic risk fac-
tors contribute to altering the neurotransmitters setting, involving the
frontal-striatal-thalamic circuits.

Several analyses have focused attention on the SLC1A1/EAAT3
implication in the OCD pathogenesis: EAAT3 is a glutamate tran-
sporter, sequence variants in SLC1A1 gene could impact the gluta-
matergic neurotransmission increasing the OCD susceptibility [8].
Moreover, a role of the GRIN2B glutamate receptor gene has been
also hypothesized [9].

A dysregulated immune response to bacterial infections, such as
group A B-hemolytic streptococcus, has been linked to neuroinflam-
mation in the basal ganglia, OCD, tics or ADHD [10]. The overre-
gulation of immature monocytes-macrophages near the basal ganglia
neurons, the release of pro-inflammatory cytokines and the alterations
of cell metabolism are implicated in the neuroinflammatory process
[11]. Similar mechanisms, triggered by molecular mimicry between
bacterial-induced antibodies and antigenic epitopes on selected brain
nuclei, have been associated with PANDAS/PANS and lead to the
autoimmune disruption of the cortico-striato-thalamo-cortical circuits

(3]

As regarding PANDAS/PANS, currently different scales for clin-
ical evaluation of neuropsychiatric involvement are available and/or
applicable: the Yale-Brown Obsessive Compulsive Scale (Y-BOCS),
the Yale Global Tic Severity Scale (YGTSS), Modified Overt Aggres-
sion Scale (MOAS), Columbia Impairment Scale (CIS), PANS Glob-
al Impairment Score (GIS), and Children’s Global Assessment Scale
(CGAS).

Recently, the PANS 31-Item Symptom Rating Scale has been de-
veloped to identify and measure the severity of PANS symptoms with
encouraging preliminary results [12].

In this case, CGI scale has been used to evaluate clinical evolution.
Moreover, we performed the children’s Y-BOCS (CY-BOCS), con-
sidering that the OCD-related symptoms were the predominant and
more severe ones.

A significant effect of treatment for OCD has been defined as a
35% reduction in Y-BOCS/CY-BOCS score combined with a CGI-I
score of 1 or 2 (i.e., very much improved or much improved [13].

Elevated serum levels of Tumor Necrosis Factor (TNF)-alpha and
IL-6 have been observed in OCD and PANS patients [14]. Even if
key symptoms, such as anxiety and emotional lability, seem to be
shared symptoms, a clusterization of PANS patients has been pro-
posed with the identification of a cluster, operationally defined as
“cytokine-driven/physiological symptoms”, predominantly includ-
ing cytokine-related behavioral symptoms such as food restriction,
mydriasis, fatigue, depressive symptoms, psychotic symptoms and
complex tics and more frequently associated to mycoplasma positive
serology [15].

Recent evidence demonstrated the role of COVID-19 infection in
worsening PANDAS/PANS, confirming the central role of cytokines
setting in this disease [16].

Moreover, the folate receptor alpha autoantibodies (FRAAs) have
been associated with cerebral folate deficiency and autism spectrum
disorder (ASD). Both of these syndromes have overlapping character-
istics with PANDAS/PANS, suggesting a potential role of folate me-
tabolism abnormalities and autoimmunity in the development of the
symptomatology [17]. The treatment with leucovorin has improved
symptoms in ASD-FRAAs positive patients [18].
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Evidence has demonstrated that PANS is not rarely associated
with autoimmune or inflammatory diseases (or with a positive family
history for autoimmune diseases): inflammatory back pain and arthri-
tis were present in 21% and 28% of PANS patients, respectively, and
80% of these patients have autoimmune/inflammatory positive family
history [19].

In our allergic, eosinophilic severe asthma and PANS patient di-
etary modifications, together with the introduction of probiotics and
anti-IL5-directed monoclonal antibody treatment, have shown to im-
prove neuropsychiatric involvement.

The dysbiosis contribution to neurological diseases should not be
undervalued. Recent evidence has evaluated the association between
gut dysbiosis and both neurological and psychiatric diseases such as
Alzheimer’s disease, Parkinson’ disease, depression, anxiety, ASD,
Schizophrenia and bipolar disorder [20].

The imbalance in intestinal microbiome impacts the nutrient avail-
ability and triggers the immune system, leading to a chronic inflam-
matory status.

Different factors contribute in causing gut dysbiosis, such as the
use of antibiotics in early life and poor dietary habits and food choice.
Moreover, the allergen proteases action gives a huge contribution to
the epithelial barrier injury, directly involving the cellular junctions,
inducing the activation of immune response and the chronic inflam-
matory damage [21].

Probiotics, prebiotics or the association of both are currently
widely employed in the treatment of dysbiosis-related diseases. As
regarding the employment of probiotics in patients diagnosed with
neurological, psychiatric, or sleep disorders, promising results derive
from RCTs in alleviating the neuropsychiatric symptoms [22].

The link between the microbiota and neuronal activity has been
highlighted in recent years, leading to the concept of microbio-
ta-gut-brain axis.

The connection between gut microbiota and the central nervous
system is bidirectional, begins during intrauterine life and is affected
by many intrinsic and extrinsic factors, such as the type of birth, life-
style habits, living arrangements, dietary and medication intake [23].

Metabolic, endocrine, neural, and immunological pathways are
all involved, with the contribution of the vagus nerve, the hypothala-
mic-pituitary-adrenal axis, bacterial metabolites, immune mediators
and entero-endocrine signaling [24].

Gut pathogenic bacteria or toxic substances exposure induce the
inflammatory response, modulating the neuronal activity via the rele-
ase of neurotransmitters and cytokines [25].

Moreover, gut microbiota bacteria are involved in tryptophan me-
tabolism (the indole, melatonin and serotonin precursor) and in short-
chain fatty acid production, influencing the synthesis of neurotran-
smitters or their precursors, such as glutamate, GABA, dopamine and
serotonin. Low levels of serotonin have been linked to neurological
disorders.

The intestinal microbiota is responsible for synthesizing vitamins;
in particular, the group B vitamins play a fundamental role in the de-
velopment and maintenance of the neurological system trophism and
function.

The role of gut microbiota in neurological function has been con-
firmed by the evidence of improvements in neurological disorders
after fecal microbiota transplantation from a healthy control; more-
over, the gut microbiota contribution in neurological dysfunction has
been also proved by the appearance of neurological symptoms in he-
althy hosts after the fecal bacteria transplantation from donors with a
neurological disorder [26,27]. The gut dysbiosis could be considered
as a contributing factor in development of neuropsychiatric disorders
and it could be also considered as a potential biomarker in a group of
neurological diseases.

To our knowledge, the role of eosinophils and IL-5 in PANDAS/
PANS has not been described in previous studies. The eosinophils’
role in immunological type 2 (T2) diseases such as Eosinophilic gra-
nulomatosis with polyangiitis (EGPA) and hypereosinophilic syndro-
me (HES), in which the neurological involvement is common and
mepolizumab has shown efficacy, is well known. However, less evi-
dence is available about the potential contribution of T2 cytokines in
autoimmune disorders that are characterized by a predominant type 1
(T1) inflammatory response. We have recently described a case of au-
toimmune hepatitis with liver eosinophilic infiltrate that showed good
response to benralizumab [28].

The role of epithelial barrier dysfunction in allergic and autoim-
mune conditions such as asthma, atopic dermatitis, CRS, eosinophilic
esophagitis, coeliac disease and inflammatory bowel disease, is well
known. On the gut side, the leakiness of the gut epithelium has also
been associated with autoimmune, metabolic and inflammatory dise-
ases such as diabetes, obesity, multiple sclerosis, rheumatoid arthritis,
systemic lupus erythematosus, ankylosing spondylitis and autoimmu-
ne hepatitis. Moreover, a ‘leaky gut’ and microbiome changes are su-
spected to contribute to inflammatory responses in Alzheimer disease,
Parkinson disease, chronic depression and ASD [29].

Epithelial cytokines are released after the action of different types
of stimuli such as allergen proteases, virus and bacteria, and toxic
substances. The action of the IL-33/ST?2 axis is not restricted as a pro-
moter of T2 immune responses. IL-33 mediates activation of group 2
innate lymphoid cells (ILC2s), T reg cells, TH1 immune cells, CD8+
T cells, and NK cells as well as eosinophils, basophils, dendritic cells,
iNKT cells, B cells, neutrophils and macrophage. IL-33 amplifies and
stimulates the production of TNF-a, IFN-y, IL-6, IL-17, and IL-2 by
mast cells, basophils, NK and NKT cells [30].

Eosinophilic inflammation and epithelial dysfunction are strictly
linked, being common features of many inflammatory diseases, inclu-
ding asthma, CRS with nasal polyps, EGPA, HES. Dysbiosis could be
considered as one of the hallmarks of barrier damage similarly to the
staphylococcal enterotoxins sensitization, which has been demonstra-
ted to have a role in asthma and CRS phenotyping and evolution [31].
Allergen-induced epithelial barrier damage and eosinophilia could
have contributed to development or worsening of neuropsychiatric
symptoms in our PANS patient responsive to anti-IL5 and probio-
tic treatments. Although further studies are needed to confirm our
hypothesis, the simultaneous treatment of both epithelial damage and
eosinophilic inflammation led to the immunomodulation of injured
barrier mechanisms and to changes in proinflammatory-anti inflam-
matory balance, favoring a better neurological outcome in our patient.

Moreover, the better asthma symptoms control, together with the
OCS sparing, have undoubtedly contributed to the neurological im-
provements by favoring the reach of a better QoL in our patient.
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Finally, waiting for further data of mepolizumab efficacy in PANS,
we can sustain the safety of anti-IL5 treatment in PANS pediatric pa-
tients. If our results will be confirmed, targeting the barrier injury and
the eosinophilic inflammation could be considered between the thera-
peutic options in PANS. Patient’s parents consent has been obtained
for publishing this case.
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