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Abstract: Background: Several treatment options have been proposed for pediatric acute-onset
neuropsychiatric syndrome/pediatric autoimmune neuropsychiatric disorder associated with strepto-
coccal infection (PANS/PANDAS). Still, no clear therapeutic protocol has been recognized to prevent
these neuropsychiatric diseases. The study aims to report on the literature evidence and different
treatment strategies related to these disorders. Methods: We analyzed the last 20 years’ English lan-
guage literature and performed a comprehensive review of the PANS/PANDAS treatment, including
studies reporting OCD outcomes post-treatment follow-up. Results: We covered 11 articles in our
systematic literature review for a total of 473 patients, of which four studies included 129 surgical
subjects and seven papers with 326 medically treated patients. Pooled outcomes analysis, surgical and
medical treatment reported an OCD reduction, but no statistical significance was obtained (p < 0.05
for both). Conclusions: Surgical therapy in selected patients can lead to promising results, although
further evidence is needed. On the other hand, the role of medical therapy remains controversial,
often due to the lack of univocal curative protocols and variable responses depending on the drug
used and the timing of administration. Therefore, further investigations are necessary to clarify the
most appropriate therapeutic procedure.

Keywords: PANDAS; adenotonsillectomy; ENT; OCD; behavioral disorders; orobuccal disorders; in-
fection

1. Introduction

Post-infectious autoimmune and neuro-inflammatory events have been recognized to
cause acute childhood neuropsychiatric disorders and have been designed with different
terms, but all presented with similar clinical-pathogenetic manifestations. These disorders
were previously indicated as paediatric infection-triggered autoimmune neuropsychiatric
disorder (PITND); pediatric autoimmune neuropsychiatric disorder associated with strep-
tococcal infection (PANDAS); paediatric acute-onset neuropsychiatric syndrome (PANS);
and childhood acute neuropsychiatric syndrome (CANS) [1–5].
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The clinical recommendations of the PANS Consensus Conference clarified the clinical
evaluation and diagnostic criteria of patients with young pediatric acute-onset neuropsy-
chiatric syndrome (PANS) [3].

PANS describes a clinical situation defined by the sudden and dramatic onset of
obsessive-compulsive disorders or severely restricted food intake, associated with acute
onset neuropsychiatric symptoms such as anxiety, emotional lability and/or depression,
irritability, aggression, and/or strongly oppositional behavior behavioral regression (de-
velopment), deterioration in school performance or memory impairment. On the other
hand, the PANDAS subgroup is defined by an acute prepubertal onset of tics or OCD
symptoms associated with GAS infection and specific neuropsychiatric symptoms. It is
distinguished from PANS by a sudden onset, and episodic course and tics have an “off/on”
and increasing/decreasing course. While PANDAS has a specific infectious pathogen
responsible, PANS foresee different microbes possibly implicated in the genesis of the
disorders postinfectious neurological such as H1N1 influenza, Epstein Barr virus, and
Borrelia burgdorferi (Lyme) disease [4,6–8].

The infectious etiology in OCD has been suspected based the various pieces of evidence
reported in the literature, involving viral or bacterial agents at the basis of the etiopatho-
genesis. These disorders linking OCD and infections have been described by Pavone et al.,
presenting two adolescents who acutely developed new OCD, neuropsychiatric, and motor
dysfunction symptoms consistent with PANS 2 weeks after a diagnosis of COVID-19 [4].
The term PANS/PANDAS has been connected with a clinical condition in children and
adolescents presenting with a sudden onset of various neuropsychiatric disorders, includ-
ing obsessive-compulsive disorder (OCD), severely restricted food intake, anxiety, and
inattention deficit hyperactivity disorder (ADHD). Therefore, diagnostic criteria have been
proposed in order to allow a clear identification of individuals affected by PANS/PANDAS
and consist of the onset of childhood/adolescent-related obsessive-compulsive disorder or
severe restrictive eating, associated with at least two of the following neuropsychiatric dis-
orders such as anxiety, emotional lability, and depression, irritability, aggression or strongly
oppositional behavior, behavioral and developmental regression [5]. Other disturbances
may include a deterioration in school performance, sensory or motor difficulties, somatic
signs or symptoms, including sleep disturbance, enuresis, or increased urinary frequency.
These disturbances should not be better explained or be related to a known neurologic or
medical disorder [4–10].

The simultaneous presence of additional neuropsychiatric symptoms has been associ-
ated with similarly severe and acute onset, such as anxiety, emotional lability or depression,
irritability, aggression, and severely oppositional behaviors, and sensory or motor difficul-
ties [11,12]. In addition, somatic signs or symptoms may also be reported, including sleep
disturbances, enuresis, or urinary frequency [12].

At the diagnosis of PANS/PANDAS, several types of treatment have been proposed
and used according to the prevalent clinical signs and the severity of the disturbances.
Antibiotics (penicillin V, azithromycin), anti-inflammatory drugs (cyclooxygenase (COX)
inhibitors, corticosteroids), immunomodulating treatments (intravenous immunoglobulin
–IVIG. plasma exchange) are the most applied treatment singularly or in association [13–27].

To clarify the role of the various types of treatments on PANS/PANDAS, we performed
the meta-analysis to reveal how some therapeutic interventions may influence the course
of OCD, one of the main features of these disorders.

2. Materials and Methods

We used the PRISMA statement to conduct the systematic review and meta-analysis [28],
while the PICOTS statements for the method presentation [29].

In particular, the following criteria were considered: Participants (PANS/PANDAS
children/adolescents); Intervention (Adenotonsillectomy); Control (Medical treatment);
Outcome (obsessive-compulsive disorder improvement), and study type (observational
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study). In addition, language, publication date, and publication status were imposed as
research restrictions.

The primary outcome was a significant improvement in the reduction at the clinical
examination of OCD at the post-treatment follow-up due to the accuracy and clearness
in comparing the results on behavioral disorders related to the syndrome. Moreover, ad-
ditional parameters reported in the studies were recognized as secondary outcomes. We
included all the studies that met the consequent criteria: (1) Original articles; (2) Articles
published in the English language; (3) Studies including PANS/PANDAS individuals
undergoing total surgical or medical treatment; (4) Studies that reported detailed infor-
mation on post-treatment OCD outcomes, several therapeutical modalities, and patient’s
comorbidities; (5) Excluded from the study were editorials, letters to the editor, case reports,
erratum, duplicates or reviews.

2.1. Protocol Data Extraction and Outcomes

The authors A.M., F.N., and D.C. investigated the literature data, resolving any dis-
agreements through discussion. We thus analyzed the included data to achieve all the
available clinical elements and guarantee eligibility among subjects enrolled. The main
patient’s features, including symptoms, age, gender, validated questionnaires, treatment
modalities (surgical or medical), were collected. The following information was also re-
ported: study design, author data, year, sample size, statistical analysis, outcomes, and
conclusions. We contacted the included ‘authors if the required data were not complete uti-
lizing the corresponding author’s email or Research Gate (http://www.researchgate.net/)
(accessed on 2 November 2021).

2.1.1. Electronic Database Search

Three different authors examined the PubMed, Scopus, and Web of Science electronic
databases for studies on OCD outcomes in PANS/PANDAS patients undergoing different
treatment modalities in the last 20 years’ literature (from 1 December 2001, to 1 June 2021).
We used MeSH, Entry Terms, and related keywords. The following search keywords were
adopted: “PANS and PANDAS patients”, “OCD”, “adenotonsillectomy”, “tonsillectomy”,
“obsessive-compulsive disorders”, “surgical treatment”, “medical treatment” separated by
Boolean operator “and/or”.

The “Related articles” option was also performed on the PubMed homepage. We
used reference manager software (EndNote version X7®, Thomson Reuters: Philadelphia,
PA, USA 2015) to collect references and remove duplicates. The investigators examined
titles and abstracts of papers available in the English language. The full texts identified
were screened for original data, and the references were retrieved to check manually other
relevant studies.

2.1.2. Statistical Analysis

According to the approved reporting items’ quality requirements for systematic review
and meta-analysis protocols (PRISMA) declaration, a systematic review was conducted [30].
The studies’ quality assessment (QUADAS-2) instrument was employed to estimate the
included studies’ and descriptively present the risk of bias [31]. The observational studies’
potential risk of bias was estimated using the Joanna Briggs Institute Critical Assessment
Checklist for Observational Studies.

Statistical analysis was conducted through the statistical software (SPSS, IBM Statis-
tics for Windows, version 25.0, IBM Corp., Armonk, NY, USA 2017). Random-effects
modeling (standard error estimate = inverse of the sample size) was used to assess sum-
mary effect measures by 95% confidence intervals (CI). Consequently, forest plots were
generated through the Review Manager software (REVMAN) version 5.4 (The Nordic
Cochrane Centre: The Cochrane Collaboration, Copenhagen, Denmark). The inconsistency
(I2 statistic) was thus calculated and the values for low inconsistency = 25%, moderate
inconsistency = 50%, and high inconsistency = 75% were established [31].

http://www.researchgate.net/
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3. Results
3.1. Retrieving Researches

We identified 418 potentially relevant studies through the systematic review of the
literature (Figure 1).
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Figure 1. PRISMA Flow-diagram.

After removing the duplicates and applying the criteria listed above, an overall number
of 415 records screened were potentially relevant to the topic. We excluded all the studies
not matching inclusion criteria through the records analysis and the following articles’
full-text screening (n = 404). Thus, the remaining 11 papers were included in qualitative
synthesis papers for the data extraction. After the meta-analysis established criteria, we
excluded five papers (partial data) and considered six studies for quantitative analysis. The
possible risk of bias is summarized as a graphical QUADAS-2 outcome in Figure 2.
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We confirmed eligibility among the symptoms reported in the papers, including only
OCD as a comparable parameter after the administered treatment.

The probable risk of bias in observational studies was assessed using the Joanna Briggs
Institute Critical Assessment Checklist for Observational Studies (Figure 3) [30].
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Figure 3. Risk of Bias summary author’s judgments for each included study, assessed by the Joanna
Briggs Institute (JBI). Critical Appraisal Checklist for Case-Control studies.

3.2. Patients Features

We provided 11 articles in our systematic literature review for a total of 473 patients sur-
gically or medically treated. The patients’ average age was 9.18 ± 1.47 years [14,15,20–24,32].
In addition, a significant difference in sex ratio was reported (59.9% male vs. 40.1% female).
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4. Surgical Treatment

Four papers included 129 patients surgically treated, reporting both pre-and post-
treatment OCD ratio (event/total) according to fixed effect model (Table 1) [13,22,23,32].

Table 1. Main studies’ Features. Abbreviations: PANDAS: Pediatric Autoimmune Neuropsychiatric
Disorder associated with streptococcal infections; IVIG, intravenous immunoglobulin; M, male; F,
Female; OCD, Obsessive-compulsive disorder; NSAID, Non-steroidal anti-inflammatory.

Surgical

Authors,
Year, Reference Study Design Patients Age (Mean ±

SD/Range) Gender Treatment OCD Treatment
Group

OCD Control
Group

Murphy et al.,
2013
[32]

Prospective
controlled study

43 PANDAS
vs. 69 Healthy 9.18 ± 2.38 68M vs. 44F 36 Surgery vs. 76

N-Surgery 35/36 (OCD) 69/76 (OCD)

Pavone et al.,
2014
[13]

Prospective
study controlled 120 PANDAS 11.05 ± 1.2 63M vs. 57F 56 Surgery vs. 64

N-Surgery 17/56 (OCD) 14/64 (OCD)

Prasad et al.,
2021
[20]

Retrospective
study controlled 60 PANDAS - - 28 Surgery vs. 10

N-Surgery 19/28 (OCD) 3/10 (OCD)

Demesh et al.,
2015
[22]

Retrospective
study controlled 10 PANDAS 6.5 8 M vs. 2 F

9 Surgery & N-Surgery
(Antibiotics) vs. 1

N-Surgery
9/9 (OCD) 5/10 (OCD)

NonSurgical
Murphy et al.,

2017
[16]

Prospective
randomized

controlled study
31 8.26 ± 2.78 20M vs. 11 F 17 Azithromycin vs. 14

Placebo 9/17 (OCD) 3/14 (OCD)

Snider et al.,
2005
[15]

Prospective
randomized

controlled study
23 7.9 ± 1.3 15 M vs. 8F 11 Penicillin vs. 12

Azithromycin 6/11 (OCD) 11/12 (OCD)

Spartz et al., 2017
[17]

Retrospective
study 77 8.3 ± 3.6 42 M vs. 35 F 77 NSAID 32/77 (OCD) -

Hesselmark
et al., 2019

[20]

Retrospective
controlled study 53 7.9 (1–20) 33 M vs. 20 F 46 Antibiotics vs. 17

IVIG 19/46 (OCD) 12/17 (OCD)

Brown et al.,
2017
[14]

Retrospective
controlled study 95

7.8 ± 3.8
Treatment vs. 8.6
± 3.2 Placebo

- 54 Corticosteroids vs. 44
Placebo 49/54 (OCD) 40/44 (OCD)

Murphy et al.,
2002
[21]

Prospective
controlled study 12 7 (range

5.4–10.11) 7 M vs. 5 F
5 Penicillin vs. 1 Amoxi-
cillina/Clavulanic vs. 6

Cephalosporin
6/12 (OCD) -

Williams et al.,
2016
[19]

Prospective
randomized

controlled study
35

placebo 9.61 ±
2.32 IVIG 8.99 ±

2.37
23 M vs. 12 F 17 IVIG vs. 18 Placebo 6/17 (OCD) 4/18 (OCD)

All patients underwent adenotonsillectomy for PANDAS, and the results obtained
were compared with a control group. On the pooled analysis, greater improvements in
OCD occurred in patients undergoing surgery than in controls (80/129; 62% vs. 91/160;
56.87%); however, no statistical significance was reached (p < 0.65) (Figure 4).
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The analysis using fixed-effects modeling for 150 surgical procedures (3 papers) [13,22,32]
demonstrated an OR of 2.17 [95% CI 1.11, 4.27], an overall effect Z score = 2.25 (p = 0.02), Q
statistic p = 0.39 and not statistically significant heterogeneity I2 = 0% as described in Figure 5.
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5. Medical Treatment

OCD outcomes after medical treatment were reported in seven papers (326 subjects), of
which four papers used antibiotics [15,16,20,21], two papers intravenous immunoglobulin
(IVIG) [19,20], one paper a non-steroidal anti-inflammatory (NSAID) [14], and one paper
(54 patients) corticosteroids [18].

At pooled analysis, OCD improvement was reported in 150/263 patients treated.
Moreover, the analysis using fixed-effects modeling for the OCD outcomes found an OR of
1.86 [95% CI 0.81, 4.28]. The reported overall effect Z score was 1.47 (p < 0.14), Q statistic
p = 0.41 (no significant heterogeneity), I2 = 0% as described in Figure 5.

6. Discussion

The PANDAS concept was first stated by Sweedo et al. in 1998 [1]. Among the various
diagnostic hypotheses reported in the literature, streptococcal and other infections have
been shown to trigger the development of symptoms such as OCD, tics and behavioral
disturbances [2,3,5]. Therefore, numerous studies have been performed on neurological
outcomes in PANDAS patients undergoing medical or surgical treatments, with the princi-
ple of adenotonsillar infection as the primary target [13–27,32,33]. Pavone et al. examined
whether adenotonsillectomy could impact both disease remission and affect the clinical
course, streptococcal antibody titers, neuronal antibodies, or the clinical severity of the
obsessive-compulsive disorder (OCD) [13]. Surgery did not affect symptom progression,
streptococcal and neuronal antibodies or clinical severity of neuropsychiatric symptoms
with comparable results for remission (17 surgical vs. 14 non-surgical; p = 0.29) and disease
recurrence (39 surgical vs. 50 controls; p = 0.09) [14]. Conversely, promising results have
been reported later by Demesh et al. [22]. The authors noted that nine surgically treated
patients achieved clinically significant relief, including those who had no response to an-
tibiotic therapy alone (p = 0.03). However, the sample of enrolled patients constitutes a
limitation for the reported study, reducing the significance of the evidence demonstrated.

However, the evidence that analyzes the efficacy of surgical treatment remains scarce,
especially in the differentiation of outcomes based on the type of intervention administered
(tonsillectomy, adenoidectomy or adenotonsillectomy). Furthermore, the results of the
surgical treatment should be compared with an adequate control group composed of a
homogeneous sample treated with a medical therapy validated in the literature.
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Prasad et al. attempted to compare the outcomes achieved through surgical treatment
alone versus those obtained from the combined surgical approach with intravenous im-
munoglobulins [23]. However, the authors enrolled a small group of patients, dividing
them into three different treatment arms: tonsillectomy and adenoidectomy (AT) (n = 28),
AT plus intravenous immunoglobulin (IVIG) (n = 22), or non-surgical treatment (n = 10).
Although caregivers did not report a decrease in symptom frequency depending on the type
of treatment except choreiform movement (p = 0.0296), TA was shown to be the treatment
with the greatest symptom impact for patients (p = 0.05).

Another limitation of the study was that it did not administer only the treatments
described in the three study arms. These patients benefited from further treatments such
as antibiotics (n = 60, 100%), rituximab (15%), steroids (20%), and plasma exchange (10%)
which constituted a potential risk of bias.

Another issue of concern remains the effectiveness of surgical treatment on disease
prevention by influencing the onset of neuropsychiatric symptoms. Nevertheless, when
examining the literature, the only quantifiable outcome remains the change in OCD before
and after treatment as reported in our systematic review, not allowing a quantitative
analysis of the results and, therefore, not drawing valid conclusions.

In this regard, Murphy et al. reported in 2013 poor prevention of neuropsychiatric
symptoms (e.g., OCD or tics) based on patient surgical status (p = 0.71), inferring a mis-
match between tonsillectomy and course of OCD/tics or concentration of streptococcal
antibodies [32]. In our meta-analysis, we found interesting data on OCD remission. Al-
though no statistical significance was achieved (p < 0.65), surgery demonstrated better
OCD outcomes than control (80/129, 62% vs. 91/160, (56.87%).

We interpreted these data as interesting because although statistical significance has
not been achieved, this may be simply due to the lack of evidence in the literature on
this subject, particularly insufficient sample sizes, study protocols, and non-standardized
selection criteria that do not allow adequate comparisons.

Using the same etiopathogenetic principle, antibiotic therapy has been proposed as a
treatment for PANDAS patients, boasting a dual purpose, acting both on the prevention of
the disease and relapses [15,16,20,21]. Murphy et al. in 2002 reported promising medical
therapy results, with a rapid resolution of the symptoms of OCD, anxiety and tics that
occur after 14 days of appropriate antibiotic treatment in 6/12 patients with PANDAS [21].
The authors put forward an interesting point of view regarding the management of related
symptoms. GABHS serological tests have been used as an objective evaluation of response
to treatment and the eradication of the germ by antibiotics has shown efficacy in the
resolution of OCD symptoms as well as any relapse after acute streptococcal infection.
Therefore, the authors consistently with what was hypothesized in the study, they obtained
the predetermined outcomes, even though they enrolled an insufficient sample of patients.

In reverse, different studies instead focus on the limits of the efficacy of antibiotics in
prophylaxis, affirming instead the therapeutic benefits during acute episodes. Snider et al.
reported a significantly reduced number of exacerbations of neuropsychiatric symptoms in
both penicillin and azithromycin-treated patients (p < 0.01 for both) [15]. Subsequently, the
possible role of antibiotic therapy was hypothesized by a study comparing the severity of
OCD on the Clinical Global Impression Scale (CGI-S). However, it should be noted that
the authors in this case did not correctly correlate the number of exacerbation and the
eradication of the germ to the reduction of specific symptoms.

In 2017 Murphy et al. comparing two different medical treatment for PANDAS
patients, demonstrated significant reductions in the azithromycin group (n = 17) matched
to the placebo group (n = 14) (p = 0.003) [16].

Other authors have instead evaluated the effects of reducing oropharyngeal and
nasosinus inflammation after treatment with non-steroidal anti-inflammatory drugs in an
attempt to improve neuropsychiatric symptoms, reporting unpromising results [18,19]. The
lack of efficacy has probably been interpreted in the role of the eradication of the germ in
the resolution of the pathology, regardless of the reduction of the episodes of inflammation.
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In particular, Brown et al. in 2017 found no significant improvement in OCD in patients
with PANDAS (n = 54) compared to placebo (n = 44) (p = 0.99) [18].

In response to a Group A Streptococcal infection, cross-reactive antibodies have been
hypothesized in the etiology and pathogenesis of PANDAS in susceptible individuals by
reacting to cell wall components and neuronal proteins of the basal ganglia [34–38]. For
this reason, some authors have tested the possible role of intravenous immunoglobulins
(IVIG) on the clinical course of the disease [19,24].

Although Williams et al. demonstrated that IVIG was safe and well-tolerated, differ-
ences between groups in the double-blind comparison did not demonstrate the superiority
of IVIG over placebo [19,24]. In this regard, the reported outcomes certainly suffered from
the disadvantage of small sample sizes and the lack of specific biomarkers predicting a
positive response to immunotherapy.

Exploiting the same concept of higher concentrations of cross-reactive antibodies in
acute serum samples, therapeutic plasmapheresis (TPE) has been proposed as an alternative
treatment. However, the support for the plasmapheresis use remains limited to a few
reports and controlled-placebo trials with a lessened population, demonstrating symptom
improvements mainly in the short-term follow-up.

Latimer et al. proposed therapeutic plasmapheresis (TPE) to treat 35 severely ill
children and adolescents with PANDAS disorders [38]. The authors reported an average
improvement of 65% at six months post-TPE and 78% at long-term follow-up. However, the
sample enrolled by the authors was not homogeneous, with possible confounding variables
not adequately identified. In agreement with what has been stated, our meta-analysis
performed showed an odd ratio clearly in favor of the experimental group of 0.98 (025,
3.89) for the fixed effect of the medical subgroup for Brown et al. and 1.91 (0.43, 8.48) for
Williams et al. However, the overall effect test on sub analysis did not reach statistical
significance (p = 0.14), probably due to the need to include large shorts from PANDAS
patients in the analysis.

The therapeutic effect of corticosteroids, also proposed in the treatment of PAN-
DAS, seems to be affected by the timing of drug administration. Indeed, while early
administration appears to be associated with shorter flare-up periods (p < 0.001) [39],
longer administrations are associated with better control of neuropsychiatric symptoms
(p = 0.014) [18]. The probable therapeutic hypothesis is the stabilization of the chronic
inflammatory state induced by the streptococcal infection and the maintenance of a low
antibody titre, although in the literature there are insufficient data in this regard.

At the overall pooled analysis performed for the subgroup of medical patients, the
improvement in OCD was recorded in 150/263 (57.03%) patients. However, at the subse-
quent meta-analysis of the data by subgroup fixed effects modeling although an OR of 1.86
was found [95% CI 0.81, 4.28], the overall effect Z score 1.47 (p < 0.14) heterogeneity I2 = 0%
(p = 0.41) were not significant. It should be noted that several medical approaches have
been adopted without any standardized protocol, which represents a major limitation for
the pooled analysis of the studies included.

From our analysis of the evidence reported to date on the treatment of patients
with PANDAS, it is clear how evident limitations are present in the literature. The sci-
entific evidence reported is scant, not sufficient to propose a clear line of treatment for
PANS/PANDAS and related disorders [9,33,40–43].

Study Limitations

The available studies are characterized in almost all cases by study cohorts that are too
small, with low-evidence study designs such as case reports or uncontrolled retrospective
studies. Furthermore, if there are prospective controlled or randomized studies, these do
not present clear patient selection criteria or standardized treatment protocols. Therefore,
the treatments administered are too heterogeneous and the results obtained are arbitrarily
evaluated both in prevention and after treatment, without a univocal rationale. In addition,
although each author proposes a different line of treatment, most do not propose a specific
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biomarker that evaluates the effectiveness of the therapy administered but rather uses those
previously known.

Therefore, the main limitations set out so far require the implementation of new
research protocols, designed with strict criteria for selecting patients and large study
samples, to eliminate any confounding factor in the outcome of the treatment and to
standardize and standardize the treatments administered according to appropriate analysis
of the evidence present to date.

7. Conclusions

Although PANS/PANDAS are disorders with well-defined diagnostic criteria, the pro-
posed therapeutic protocols report conflicting data to date. Furthermore, the effectiveness
of medical and surgical approaches on movements and behavioral disorders often does
not reach significant differences and is frequently affected by the timing of administration.
Finally, it is necessary to consider that the evidence in the literature does not follow a
unified therapeutic protocol, leading to poor enrolled samples and unsatisfactory results.

Author Contributions: Conceptualization, A.M. and F.N., S.C. (Salvatore Cocuzza); methodology,
P.P., A.M., S.C. (Sebastiano Caruso), D.C.; software, validation, G.I., C.V., S.C. (Sebastiano Caruso);
formal analysis, A.M.; investigation, E.P.; resources, F.N.; data curation, I.L.M., and A.M.; writing—
original draft preparation, D.C.; writing—review and editing, A.M.; visualization, J.R.L., S.C. (Salva-
tore Cocuzza); supervision, I.L.M. and P.P.; project administration, F.N. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Swedo, S.E.; Leonard, H.L.; Garvey, M.; Mittleman, B.; Allen, A.J.; Perlmutter, S.; Lougee, L.; Dow, S.; Zamkoff, J.; Dubbert, B.K.

Pediatric autoimmune neuropsychiatric disorders associated with streptococcal infections: Clinical description of the first 50
cases. Am. J. Psychiatry 1998, 155, 264–271. [CrossRef]

2. Swedo, S.E.; Leckman, J.F.; Rose, N.R. From Research Subgroup to Clinical Syndrome: Modifying the PANDAS Criteria to
Describe PANS (Pediatric Acute-onset Neuropsychiatric Syndrome). Pediatr. Ther. 2012, 2, 113. [CrossRef]

3. Chang, K.; Frankovich, J.; Cooperstock, M.; Cunningham, M.W.; Latimer, M.E.; Murphy, T.K.; Pasternack, M.; Thienemann,
M.; Williams, K.; Walter, J.; et al. Clinical Evaluation of Youth with Pediatric Acute-Onset Neuropsychiatric Syndrome (PANS):
Recommendations from the 2013 PANS Consensus Conference. J. Child Adolesc. Psychopharmacol. 2015, 25, 3–13. [CrossRef]

4. Pavone, P.; Ceccarelli, M.; Marino, S.; Caruso, D.; Falsaperla, R.; Berretta, M.; Rullo, E.V.; Nunnari, G. SARS-CoV-2 related
paediatric acute-onset neuropsychiatric syndrome. Lancet Child Adolesc. Heal. 2021, 5, e19–e21. [CrossRef]

5. Thienemann, M.; Murphy, T.; Leckman, J.; Shaw, R.; Williams, K.; Kapphahn, C.; Frankovich, J.; Geller, D.; Bernstein, G.; Chang, K.;
et al. Clinical Management of Pediatric Acute-Onset Neuropsychiatric Syndrome: Part I-Psychiatric and Behavioral Interventions.
J. Child Adolesc. Psychopharmacol. 2017, 27, 566–573. [CrossRef]

6. Ercan, T.E.; Ercan, G.; Severge, B.; Arpaozu, M.; Karasu, G. Mycoplasma pneumoniae Infection and Obsessive-Compulsive
Disease: A Case Report. J. Child Neurol. 2008, 23, 338–340. [CrossRef]

7. Caruso, J.M.; Tung, G.A.; Gascon, G.G.; Rogg, J.; Davis, L.; Brown, W.D. Persistent Preceding Focal Neurologic Deficits in Children
With Chronic Epstein-Barr Virus Encephalitis. J. Child Neurol. 2000, 15, 791–796. [CrossRef]

8. Fallon, B.A.; Kochevar, J.M.; Gaito, A.; Nields, J.A. The underdiagnosis of neuropsychiatric Lyme disease in children and adults.
Psychiatr. Clin. N. Am. 1998, 21, 693–703. [CrossRef]

9. Gamucci, A.; Uccella, S.; Sciarretta, L.; D’Apruzzo, M.; Calevo, M.G.; Mancardi, M.M.; Veneselli, E.; De Grandis, E. PANDAS
and PANS: Clinical, Neuropsychological, and Biological Characterization of a Monocentric Series of Patients and Proposal for a
Diagnostic Protocol. J. Child Adolesc. Psychopharmacol. 2019, 29, 305–312. [CrossRef]

10. Sigra, S.; Hesselmark, E.; Bejerot, S. Treatment of PANDAS and PANS: A systematic review. Neurosci. Biobehav. Rev. 2018, 86,
51–65. [CrossRef]

11. Wilbur, C.; Bitnun, A.; Kronenberg, S.; Laxer, R.M.; Levy, D.M.; Logan, W.J.; Shouldice, M.; Yeh, E.A. PANDAS/PANS in
childhood: Controversies and evidence. Paediatr. Child Heal. 2018, 24, 85–91. [CrossRef]

http://doi.org/10.1176/foc.2.3.496
http://doi.org/10.4172/2161-0665.1000113
http://doi.org/10.1089/cap.2014.0084
http://doi.org/10.1016/S2352-4642(21)00135-8
http://doi.org/10.1089/cap.2016.0145
http://doi.org/10.1177/0883073807308714
http://doi.org/10.1177/088307380001501204
http://doi.org/10.1016/S0193-953X(05)70032-0
http://doi.org/10.1089/cap.2018.0087
http://doi.org/10.1016/j.neubiorev.2018.01.001
http://doi.org/10.1093/pch/pxy145


Children 2022, 9, 155 12 of 13

12. Tipton, P.W. Searching for tics. Neurol. Neurochir. Polska 2019, 53, 315–316. [CrossRef]
13. Pavone, P.; Rapisarda, V.; Serra, A.; Nicita, F.; Spalice, A.; Parano, E.; Rizzo, R.; Maiolino, L.; Di Mauro, P.; Vitaliti, G.; et al. Pediatric

Autoimmune Neuropsychiatry Disorder Associated with Group a Streptococcal Infection: The Role of Surgical Treatment. Int. J.
Immunopathol. Pharmacol. 2014, 27, 371–378. [CrossRef]

14. Brown, K.D.; Farmer, C.; Freeman, G.M.; Spartz, E.; Farhadian, B.; Thienemann, M.; Frankovich, J. Effect of Early and Prophylactic
Nonsteroidal Anti-Inflammatory Drugs on Flare Duration in Pediatric Acute-Onset Neuropsychiatric Syndrome: An Observa-
tional Study of Patients Followed by an Academic Community-Based Pediatric Acute-Onset Neuropsychiatric Syndrome Clinic.
J. Child Adolesc. Psychopharmacol. 2017, 27, 619–628. [CrossRef]

15. Snider, L.A.; Lougee, L.; Slattery, M.; Grant, P.; Swedo, S.E. Antibiotic prophylaxis with azithromycin or penicillin for childhood-
onset neuropsychiatric disorders. Biol. Psychiatry 2005, 57, 788–792. [CrossRef]

16. Murphy, T.K.; Brennan, E.M.; Johnco, C.; Parker-Athill, E.C.; Miladinovic, B.; Storch, E.A.; Lewin, A.B. A Double-Blind
Randomized Placebo-Controlled Pilot Study of Azithromycin in Youth with Acute-Onset Obsessive–Compulsive Disorder.
J. Child Adolesc. Psychopharmacol. 2017, 27, 640–651. [CrossRef]

17. Spartz, E.J.; Freeman, G.M., Jr.; Brown, K.; Farhadian, B.; Thienemann, M.; Frankovich, J. Course of Neuropsychiatric Symptoms
After Introduction and Removal of Nonsteroidal Anti-Inflammatory Drugs: A Pediatric Observational Study. J Child Adolesc.
Psychopharmacol. 2017, 27, 652–659. [CrossRef]

18. Brown, K.; Farmer, C.; Farhadian, B.; Hernandez, J.; Thienemann, M.; Frankovich, J. Pediatric Acute-Onset Neuropsychiatric
Syndrome Response to Oral Corticosteroid Bursts: An Observational Study of Patients in an Academic Community-Based PANS
Clinic. J. Child Adolesc. Psychopharmacol. 2017, 27, 629–639. [CrossRef]

19. Williams, K.A.; Swedo, S.E.; Farmer, C.; Grantz, H.; Grant, P.J.; D’Souza, P.; Hommer, R.; Katsovich, L.; King, R.A.; Leckman, J.F.
Randomized, Controlled Trial of Intravenous Immunoglobulin for Pediatric Autoimmune Neuropsychiatric Disorders Associated
With Streptococcal Infections. J. Am. Acad. Child Adolesc. Psychiatry 2016, 55, 860–867.e2. [CrossRef]

20. Hesselmark, E.; Bejerot, S. Patient Satisfaction and Treatments Offered to Swedish Patients with Suspected Pediatric Acute-Onset
Neuropsychiatric Syndrome and Pediatric Autoimmune Neuropsychiatric Disorders Associated with Streptococcal Infections. J.
Child Adolesc. Psychopharmacol. 2019, 29, 634–641. [CrossRef]

21. Murphy, M.L.; Pichichero, M.E. Prospective Identification and Treatment of Children With Pediatric Autoimmune Neuropsy-
chiatric Disorder Associated With Group A Streptococcal Infection (PANDAS). Arch. Pediatr. Adolesc. Med. 2002, 156, 356–361.
[CrossRef] [PubMed]

22. Demesh, D.; Virbalas, J.M.; Bent, J.P. The Role of Tonsillectomy in the Treatment of Pediatric Autoimmune Neuropsychiatric
Disorders Associated With Streptococcal Infections (PANDAS). JAMA Otolaryngol. Neck Surg. 2015, 141, 272–275. [CrossRef]
[PubMed]

23. Prasad, N.; Johng, S.; Powell, D.; Williams, M.; Latimer, E.; Harley, E. Role of tonsillectomy and adenoidectomy in parental
satisfaction of treatments for PANDAS. Am. J. Otolaryngol. 2021, 42, 102963. [CrossRef] [PubMed]

24. Perlmutter, S.J.; Leitman, S.F.; Garvey, M.A.; Hamburger, S.; Feldman, E.; Leonard, H.L.; Swedo, S.E. Therapeutic plasma exchange
and intravenous immunoglobulin for obsessive-compulsive disorder and tic disorders in childhood. Lancet 1999, 354, 1153–1158.
[CrossRef]

25. Storch, E.A.; Murphy, T.K.; Geffken, G.R.; Mann, G.; Adkins, J.; Merlo, L.J.; Duke, D.; Munson, M.; Swaine, Z.; Goodman, W.K.
Cognitive-Behavioral Therapy for PANDAS-Related Obsessive-Compulsive Disorder: Findings From a Preliminary Waitlist
Controlled Open Trial. J. Am. Acad. Child Adolesc. Psychiatry 2006, 45, 1171–1178. [CrossRef]

26. Nadeau, J.M.; Jordan, C.; Selles, R.R.; Wu, M.S.; King, M.A.; Patel, P.D.; Hanks, C.E.; Arnold, E.B.; Lewin, A.B.; Murphy, T.K.;
et al. A Pilot Trial of Cognitive-Behavioral Therapy Augmentation of Antibiotic Treatment in Youth with Pediatric Acute-Onset
Neuropsychiatric Syndrome-Related Obsessive-Compulsive Disorder. J. Child Adolesc. Psychopharmacol. 2015, 25, 337–343.
[CrossRef]

27. Moher, D.; Shamseer, L.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P.; Stewart, L.A.; PRISMA-P Group. Preferred
reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst. Rev. 2015, 4, 1. [CrossRef]

28. Riva, J.J.; Malik, K.M.; Burnie, S.J.; Endicott, A.R.; Busse, J. What is your research question? An introduction to the PICOT format
for clinicians. J. Can. Chiropr. Assoc. 2012, 56, 167–171.

29. Whiting, P.F.; Rutjes, A.W.S.; Westwood, M.E.; Mallett, S.; Deeks, J.J.; Reitsma, J.B.; Leeflang, M.M.; Sterne, J.A.; Bossuyt, P.M.;
QUADAS-2 Group. QUADAS-2: A Revised Tool for the Quality Assessment of Diagnostic Accuracy Studies. Ann. Intern. Med.
2011, 155, 529–536. [CrossRef]

30. Moola, S.; Munn, Z.; Tufanaru, C.; Aromataris, E.; Sears, K.; Sfetcu, R.; Currie, M.; Lisy, K.; Qureshi, R.; Mattis, P.; et al. Chapter 7:
Systematic reviews of etiology and risk. Rev. Man Joanna Briggs Inst. 2017. [CrossRef]

31. Zhou, Y.; Dendukuri, N. Statistics for quantifying heterogeneity in univariate and bivariate meta-analyses of binary data: The
case of meta-analyses of diagnostic accuracy. Stat. Med. 2014, 33, 2701–2717. [CrossRef] [PubMed]

32. Murphy, T.K.; Lewin, A.B.; Parker-Athill, E.C.; Storch, E.A.; Mutch, P.J. Tonsillectomies and Adenoidectomies Do Not Prevent the
Onset of Pediatric Autoimmune Neuropsychiatric Disorder Associated With Group A Streptococcus. Pediatr. Infect. Dis. J. 2013,
32, 834–838. [CrossRef] [PubMed]

33. Farhood, Z.; Ong, A.A.; Discolo, C.M. PANDAS: A systematic review oftreatment options. Int. J. Pediatr Otorhinolaryngol. 2016, 89,
149–153. [CrossRef] [PubMed]

http://doi.org/10.5603/PJNNS.a2019.0050
http://doi.org/10.1177/039463201402700307
http://doi.org/10.1089/cap.2016.0193
http://doi.org/10.1016/j.biopsych.2004.12.035
http://doi.org/10.1089/cap.2016.0190
http://doi.org/10.1089/cap.2016.0179
http://doi.org/10.1089/cap.2016.0139
http://doi.org/10.1016/j.jaac.2016.06.017
http://doi.org/10.1089/cap.2018.0141
http://doi.org/10.1001/archpedi.156.4.356
http://www.ncbi.nlm.nih.gov/pubmed/11929370
http://doi.org/10.1001/jamaoto.2014.3407
http://www.ncbi.nlm.nih.gov/pubmed/25569020
http://doi.org/10.1016/j.amjoto.2021.102963
http://www.ncbi.nlm.nih.gov/pubmed/33706120
http://doi.org/10.1016/S0140-6736(98)12297-3
http://doi.org/10.1097/01.chi.0000231973.43966.a0
http://doi.org/10.1089/cap.2014.0149
http://doi.org/10.1186/2046-4053-4-1
http://doi.org/10.7326/0003-4819-155-8-201110180-00009
http://doi.org/10.46658/JBIMES-20-08
http://doi.org/10.1002/sim.6115
http://www.ncbi.nlm.nih.gov/pubmed/24903142
http://doi.org/10.1097/INF.0b013e31829062e2
http://www.ncbi.nlm.nih.gov/pubmed/23518825
http://doi.org/10.1016/j.ijporl.2016.08.008
http://www.ncbi.nlm.nih.gov/pubmed/27619047


Children 2022, 9, 155 13 of 13

34. Kirvan, C.A.; Swedo, S.E.; Snider, L.A.; Cunningham, M.W. Antibody-mediated neuronal cell signaling in behavior and movement
disorders. J. Neuroimmunol. 2006, 179, 173–179. [CrossRef]

35. Kirvan, C.A.; Cox, C.; Swedo, S.E.; Cunningham, M. Tubulin Is a Neuronal Target of Autoantibodies in Sydenham’s Chorea. J.
Immunol. 2007, 178, 7412–7421. [CrossRef]

36. Hallett, J.J.; Harling-Berg, C.J.; Knopf, P.M.; Stopa, E.G.; Kiessling, L.S. Anti-striatal antibodies in Tourette syndrome cause
neuronal dysfunction. J. Neuroimmunol. 2000, 111, 195–202. [CrossRef]

37. Dileepan, T.; Smith, E.; Knowland, D.; Hsu, M.; Platt, M.; Bittner-Eddy, P.; Cohen, B.; Southern, P.; Latimer, E.; Harley, E.; et al.
Group A Streptococcus intranasal infection promotes CNS infiltration by streptococcal-specific Th17 cells. J. Clin. Investig. 2015,
126, 303–317. [CrossRef]

38. Latimer, M.E.; L’Etoile, N.; Seidlitz, J.; Swedo, S.E. Therapeutic Plasma Apheresis as a Treatment for 35 Severely Ill Children and
Adolescents with Pediatric Autoimmune Neuropsychiatric Disorders Associated with Streptococcal Infections. J. Child Adolesc.
Psychopharmacol. 2015, 25, 70–75. [CrossRef]

39. Jonasson, G.; Wilkinson, S.R. Prednisolone-induced obsessive-compulsive behavior in a child. Tidsskr. Den Nor. Legeforen. 1993,
113, 3162–3163.

40. Blankenship, P.; Kurek, K. Azithromycin Prophylaxis in an AdolescentWithPANDAS. J. Pediatr. Pharmacol. Ther. 2020, 25, 6163.
[CrossRef]

41. Rajgor, A.D.; Hakim, N.A.; Ali, S.; Darr, A. Paediatric Autoimmune Neuropsychiatric Disorder Associated with Group A
Beta-Haemolytic Streptococcal Infection: An Indication for Tonsillectomy? A Review of the Literature. Int. J. Otolaryngol. 2018,
2018, 2681304. [CrossRef] [PubMed]

42. Cocuzza, S.; Marino, S.; Gulino, A.; Pustorino, E.; Murabito, P.; Maniaci, A.; Sabino, L.; Taibi, R.; Di Luca, M.; Falsaperla, R.; et al.
ENT involvement and orobuccal movements’ disorders in Pandas patients: As-sessment and rehabilitations tools. Eur. Rev. Med.
Pharmacol. Sci. 2019, 23, 4110–4117. [CrossRef] [PubMed]

43. Calaprice, D.; Tona, J.; Murphy, T.K. Treatment of Pediatric Acute-Onset Neuropsychiatric Disorder in a Large Survey Population.
J. Child Adolesc. Psychopharmacol. 2018, 28, 92–103. [CrossRef] [PubMed]

http://doi.org/10.1016/j.jneuroim.2006.06.017
http://doi.org/10.4049/jimmunol.178.11.7412
http://doi.org/10.1016/S0165-5728(00)00320-9
http://doi.org/10.1172/JCI80792
http://doi.org/10.1089/cap.2014.0080
http://doi.org/10.5863/1551-6776-25.1
http://doi.org/10.1155/2018/2681304
http://www.ncbi.nlm.nih.gov/pubmed/29675045
http://doi.org/10.26355/eurrev_201905_17912
http://www.ncbi.nlm.nih.gov/pubmed/31173280
http://doi.org/10.1089/cap.2017.0101
http://www.ncbi.nlm.nih.gov/pubmed/28832181

	Introduction 
	Materials and Methods 
	Protocol Data Extraction and Outcomes 
	Electronic Database Search 
	Statistical Analysis 


	Results 
	Retrieving Researches 
	Patients Features 

	Surgical Treatment 
	Medical Treatment 
	Discussion 
	Conclusions 
	References

