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Post-streptococcal autoimmune neuropsychiatric disorders (PANDAS) are a group
of pathological condition characterized by sudden-onset obsessive-compulsive
and tic disorders following beta-hemolytic Streptococcus group A (GAS) infection,
hypothesized to be caused by autoimmune mechanisms targeting the basal ganglia.
Scant literature is available regarding the microbiota composition in children
with PANDAS, however few studies support the hypothesis that streptococcal
infections may alter gut microbiota composition in these patients, leading to
chronic inflammation that may impact the brain function and behavior. Notable
changes include reduced microbial diversity and shifts in bacterial populations,
which affect metabolic functions crucial for neuroinflammation. Elevated serum
levels of SNOX2-dp and isoprostanes indicate oxidative stress, while the presence
of lipopolysaccharides (LPS) may contribute to neuroinflammation. The aim of
this narrative review is to explore the link between PANDAS and gut microbiota
composition. The potential connection between gut microbiota and neuropsychiatric
symptoms in PANDAS might suggest the importance of dietary interventions, such
as promoting the Mediterranean diet and fiber intake, to reduce the inflammatory
state of this patients and therefore improve their outcome.
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Introduction

Pediatric Autoimmune Neuropsychiatric Disorders Associated with Streptococcal
Infections (PANDAS) represent a group of neurological tardive complications of Streptococcus
pyogenes (beta-hemolytic Streptococcus group A, GAS) infection in childhood (1). PANDAS
were first described as conditions of brain’s neurologic function impairment resulting in the
sudden manifestation of obsessive-compulsive disorders (OCD), tic disorders or other
behavioral symptoms due to the complications of GAS infection (1, 2). The close relation with
streptococcus infection led to the hypothesis of autoimmune pathogenesis of PANDAS. An
autoantibody mimicry mechanism may cause progressive damage of basal ganglia, leading to
neuropsychiatric behaviors (3). The diagnosis of PANDAS should be made in presence of
OCD and/or tics, complex or not observable in other disorders, with an acute onset and severe
episodic changes in behavior between the age of 3 years old and puberty, associated with GAS
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infection confirmed by positive pharyngeal swab and/or increased
titers of anti-streptolysin-O (ASLO) or anti-DNase B. PANDAS most
frequently occur in male children or adolescents (4, 5). Characteristic
symptoms are tics, hyperactivity, urinary urgency, anxiety, depression,
impulsiveness, oppositional defiant disorder eating disorders, and a
decline in school performance (1). Studies have shown that, after
initial infection, disease exacerbations could be associated with other
factors than GAS, such as different bacterial or viral infections, or
internal stimuli like stress. Pediatric Acute-Onset Neuropsychiatric
Syndrome (PANS) refers to the onset of similar symptoms secondary
to other bacteria or viral infections (6, 7).

PANDAS treatment

Treatment of PANDAS mainly includes psychoactive drugs,
immunotherapeutic with steroids, antibiotics, plasmapheresis, and
intravenous immunoglobins (1). The administration of antibiotics, in
particular penicillin, is useful only in case of active streptococcal
infection to eradicate the bacteria (1, 6). Regarding tonsillectomy as a
treatment, its effectiveness in limiting OCD symptoms is still debated.
Further studies are needed to demonstrate clear evidence of
benefit (8).

Most frequently used antipsychotic drugs include risperidone, for
severe behavioral symptoms, selective serotonin re-uptake inhibitors
(SSRIs), for the improvement of OCD symptoms, atomoxetine, used
in presence of attention deficit hyperactivity disorder (ADHD), and
lorazepam, for the improvement of motor activity and expressive
language. Unfortunately, only few studies have inquired into the
effects of psychiatric therapies in PANDAS. Additionally, this
treatment includes also psychoactive medications and behavioral-
cognitive therapy for children who present severe stress and anxiety.
Finally, there is scarce evidence concerning PANDAS treatment with
immunotherapy (1, 9): this includes therapies with corticosteroids or
cyclooxygenase (COX) inhibitors, probiotic treatment, IVIG, and
plasma exchange. Corticosteroid or non-steroidal anti-inflammatory
drugs have been observed to reduce the duration of symptom flares,
while IntraVenous ImmunoGlobulin (IVIG) and plasma exchange
have been demonstrated to significantly reduce Yale-Brown Obsessive
Compulsive Scale scores (6). Few studies have indicated that
therapeutic manipulations of the composition of the gut microbiota
might be an additional treatment for some neuropsychiatric symptoms.

The role of gut microbiota

The term microbiota refers to the composition of commensal
microbes (bacteria, viruses, fungi) in the body of a healthy individual
(1, 6). This complex system develops during intrauterine periods and
is influenced by various factors as maternal antimicrobial treatments,
vaccinations, exposure to chemicals, diet, type of delivery, and infant
feeding habits. Research has explored the relationship between the gut
microbiota and the development of psychiatric disorders (10, 11): in
fact, the hypothesis of the microbiota-gut-brain axis could explain the
correlation between the development of the central nervous and
gastrointestinal homeostasis (12). Their communication occurs
through a variety of complex mechanisms involving microbial
metabolites, immune cells, tryptophan metabolism, neural and
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endocrine pathway: these mechanisms are important regulators of
neurotransmitters such as y-aminobutyric acid (GABA) (2).
Neuropsychiatric disorders with a possible gastrointestinal etiology
include autism, anorexia nervosa, anxiety, Parkinsons disease,
Alzheimer’s disease, attention deficit hyperactivity disorder (ADHD),
schizophrenia, bipolar disorders, alcohol dependence, or migraine
pain (1). Several preclinical and clinical studies suggested that
alterations of microbiota are associated with neuroinflammation (3,
13). Furthermore, this relationship is well supported by studies that
have investigated the effects of probiotics, antibiotics, or even germ-
free animals on brain activity and function (3, 14, 15).

This narrative review aims at exploring the current knowledge
about the connection between PANDAS and the composition of gut
microbiota in children, underling the role of the communication
along the microbiota gut-brain axis. For this narrative review, the
authors have independently searched via PubMed/MedLine database
articles published in the last 15 years (2009-2024), based on the
following keywords: nutrition; diet; gut microbiota; Pediatric
Associated  with

Streptococcal Infection. A narrative synthesis approach was used to

Autoimmune Neuropsychiatric Disorders
summarize the results of the included studies. The main relevant case—
control studies available regarding the potential association between
PANDAS and gut microbiota are two: the first one analyzed the
microbiota composition in 30 children with PANDAS or PANS (2),
while the most recent one focused on the determination of oxidative

stress markers in 30 children with the same diseases (3).

PANDAS and gut-microbiota composition

According to the articles collected, evidence suggests that
streptococcal infections may alter the composition of gut microbiota
in pediatric patients with PANDAS, contributing to a persistent
inflammatory state that might indirectly influence brain function and
individual behavior. In a case-control study by Quagliariello et al. (2),
gut microbiota of 30 patients affected by PANS/PANDAS was analyzed
and compared with healthy individuals. In younger PANDAS patients
(y-PAN, 4-8 years old), reduced microbial diversity (a-diversity) has
been observed, with a significant increase in Bacteroidetes such as
Bacteroides, Odoribacter, and Oscillospira, and reduction of
Firmicutes and TM7 (Saccharibacteria) in comparison to healthy
controls. The group of patients who discontinued antibiotic therapy
and/or probiotic intake 2 to 4 months prior to the study showed
higher levels of Bacteroidaceae, Rikenellaceae, and Odoribacteriaceae
(2). Conversely, some Firmicutes families including Turicibacteraceae,
Tissierellaceae, Gemellaceae, and Carnobacteriaceae (Bacilli class),
Corynebacteriaceae, and Lachnospiraceae were absent.

The alteration of the microbiome is linked to crucial metabolic
capacities such as glycan degradation and the production of short-chain
fatty acids (SCFAs), known for their beneficial effects including anti-
inflammatory properties and support for intestinal barrier integrity.
When SCFA production is compromised due to altered microbiota,
chronic inflammatory state in the gut may worsen, leading to
neurological and behavioral alterations (2, 6). Association between high
levels of Anti-Streptolysin O (ASLO) titers and specific genera of
bacteria such as Dehalobacterium and Lactobacillus have also been
observed in the same study, suggesting a complex interaction between
immune response, intestinal microbiota, and neural functions (2).
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Antibodies produced in response to streptococcal infections may
influence the composition of the intestinal microbiota, potentially
affecting dopamine receptors and other neural processes crucial for
brain function, including those involved in tyrosine metabolism
associated with neuronal dysfunctions observed in conditions like
Parkinson’s disease (2). Regarding treatment, while antibiotics are
essential in treating acute Group A beta-hemolytic Streptococcus
infections, their prolonged use raises concerns regarding their
promotion of intestinal dysbiosis. Antibiotic therapy in PANDAS
patients should therefore balance the need to treat the primary infection
with preserving the integrity of the gut microbiota. Complementary
strategies, such as the use of biotics may be considered to minimize the
negative effects of antibiotics on the intestinal microbiota and potentially
improve clinical outcomes (16, 17). Other studies confirm the potential
link between gut microbiota and psychiatric symptoms, as highlighted
by clinical studies utilizing fecal microbiota transplantation (FMT). Two
studies conducted on children with Autism Spectrum Disorder (ASD)
and gastrointestinal issues demonstrated significant results (18, 19). In
the first study (18), 18 children received multiple sessions of FMT from
healthy donors after clearing their own gut microbiota. Eight weeks after
the last FMT session, gastrointestinal symptoms decreased by 77%, and
ASD symptoms improved by 24%. This improvement was associated
with an overall increase in microbiota diversity, including higher levels
of Bifidobacterium, Prevotella, and Desulfovibrio genera. Two years
after treatment, ASD and gastrointestinal symptoms had decreased by
47 and 58%, respectively, compared to pre-treatment levels. The second
study (19), conducted on 40 children with ASD and gastrointestinal
symptoms, reported similar findings. After 4 weeks of treatment with
donor microbiota, gastrointestinal symptoms decreased by 35%, and
ASD symptoms improved by 6%. It was observed that patients who
responded positively to treatment showed a significant decrease in the
prevalence of Eubacterium  coprostanoligenes compared to
non-responders. Additionally, a study involving adults with irritable
bowel syndrome (IBS) without psychiatric diagnosis showed that FMT
reduced non-clinical symptoms of depression and obsessive-compulsive
symptoms. Although these studies are promising and suggest that FMT
may positively influence psychiatric symptoms through changes in the
composition of the intestinal microbiota, it is important to note that
controlled placebo and double-blind studies are still lacking to confirm
these effects and to fully understand the underlying mechanisms (6).

PANDAS and inflammation

Another interesting aspect of available evidence about children
with PANDAS is the detection of elevated serum levels of soluble
NOX2 derived peptide (SNOX2-dp) and isoprostanes, indicators of
elevated systemic oxidative stress and relevant to the manifestation of
neuropsychiatric symptoms of the disease. NOX2 activation has also
been associated with other inflammatory neurological conditions,
suggesting a potential mechanism through which streptococcal
infection could influence the pathogenesis of PANDAS (3). Available
data (3) also suggest that the immune response triggered by
streptococcal infections may lead to the release of lipopolysaccharides
(LPS) by gram-negative bacteria, passing from the gut into the
bloodstream and potentially contributing to  observed
neuroinflammation. The evidence of a correlation between elevated

levels of serum LPS, sNOX2-dp, and isoprostanes suggests the
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presence of a potential mechanism through which LPS could promote
oxidative stress and neuroinflammation in the context of PANDAS.
The interaction between gut microbiota, antibiotics, and
treatments such as prebiotics plays a significant role in gastrointestinal
health and potentially also in psychological disorders. However,
further research is needed to fully understand the mechanisms
involved and optimize the clinical use of these therapies (20).

Discussion

The few studies available to date, regarding the gut microbiota
composition in children with PANDAS, suggest that this group of
patients may have an altered gut microbiota composition compared
to healthy controls, as well as a different expression of specific
metabolites involved in the inflammatory response, antibody
production, and associated with brain function (Figure 1). The study
by Loffredo et al. (3) has observed a correlation between increased
levels of serum LPS, sNOX2-dp, and isoprostanes, suggesting that LPS
might cause oxidative stress and neuroinflammation in
PANDAS. Further studies are needed to analyze the association
between NOX2 levels and the severity of the neurological
manifestations in children with PANDAS, as well as the effects of a
healthy dietary pattern useful to promote a healthy gut microbiota, or
antioxidant substances on the activity of NOX2 and LPS in this
population. The aim of such research would be to obtain new evidence
to provide physicians with specific guidelines on managing children
with PANDAS in terms of diet and appropriate pharmacological
treatment, in order to prevent the worsening of leaky gut and the
exacerbation of neurological symptoms.

Increasing data highlight how the severity of symptoms in many
neurodegenerative diseases can be linked to gut dysbiosis, thanks to
the bidirectional gut-brain communication pathway (21-23). In light
of the evidence of gut dysbiosis and the inflammatory state in children
with PANDAS, diet could play a role in improving the microbiota
composition and thereby reducing the severity of neurological
symptoms. Indeed, diet is one of the main factors influencing the
composition of gut microbiota and may be responsible for the
diversification of the microbial population (24, 25). However, it is
important to remember that pediatric patients require an adequate
intake of nutrients for proper growth and development, and it is
necessary to avoid a restrictive diet that could worsen obsessive-
compulsive symptoms and promote the development of eating
behavior disorders. As for patients with ASD, the restrictive diet that
many patients follow presents challenges in assessing the composition
of the gut microbiota, adding complexity in the definition of a
nutritional intervention as well. Moreover, considering the impact of
antibiotics and of the restrictive diets followed by children, the
intervention should be aimed at restoring the correct composition of
the gut microbiota. The use of antibiotics in patients with GAS
infection may also represent a significant bias in the assessment of gut
microbiota composition. Indeed, it is well known that antibiotic
treatment may lead to significant alterations, including reduced
species diversity, altered metabolic activity and selection of antibiotic-
resistant organisms, which can cause antibiotic-associated diarrhea
and recurrent Clostridioides difficile infections (26). It could be useful
to provide guidance on following an anti-inflammatory dietary
pattern, such as the Mediterranean diet, while avoiding a Western diet
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that is high in trans fatty acids, food additives, and ultra-processed
foods (27), while ensuring an adequate intake of fibers. A targeted
nutritional assessment is essential to identify individual dietary needs
and habits, allowing for a personalized intervention plan that
addresses each child’s unique health requirements. Despite these
considerations, there is currently no evidence supporting a specific
diet for managing PANDAS. Therefore, following a Mediterranean
diet—known for its anti-inflammatory benefits and balanced nutrient
profile (28)—may be advisable, always considering the individual
preferences of the children and implementing progressive and
personalized interventions based on the Mediterranean diet. To
improve the gut microbiota composition through food consumption,
it would be advisable to recommend foods rich in fiber (29) but given
the selectivity of these patients, promoting a change in dietary habits
may be challenging. In addition to foods, the use of prebiotics would
have an impact on the microbiota. However, postbiotics could also
be considered for their immunomodulatory effects on the immune
system (30).

In the pediatric population with PANDAS, a first retrospectively
nutrients or food-based dietary pattern analysis could be carried out
in order to understand the relationship between diet and health.
Further clinical studies could be conducted to evaluate the association
between gut microbiota composition and diet.

One of the limitations of the available studies is that both
PANDAS and PANS were included in the analysis, providing a
heterogeneous case group in terms of etiopathogenesis. Available data
in literature are not sufficient to demonstrate whether a different
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infection than GAS may affect microbiota composition differently,
however, a study conducted on murine model revealed that the gut
flora presented specific changes according to different antibiotics use
and treatment timing (31). Therefore, further studies including a more
conspicuous group of selected PANDAS patients are needed to
confirm reported data.

A close collaboration is essential among the numerous
professionals involved in the pathogenesis and treatment of this
complex pathological condition, including pediatricians,
rheumatologists, immunologists, neuropsychiatrists, infectiologists,
and nutrition experts. A multidisciplinary approach would allow a
faster integration of new discoveries, aiming to improve treatment and
care strategies. Additionally, it is important to widely disseminate
knowledge of these results to general pediatricians, who are the first
to manage these patients and can provide an initial effective
intervention to modulate the inflammatory response through proper
treatment and the implementation of an anti-inflammatory diet.

According to the limited data available, it may be postulated that
a relationship between PANDAS and altered gut microbiota
composition and that this may contribute to the severity of
neuropsychiatric symptoms in these patients. Current treatments,
including antibiotics and immunotherapies, are essential but may
disrupt gut microbiota, necessitating careful management.
Incorporating dietary strategies, aiming to increase the fiber intake
could offer beneficial outcomes. A multidisciplinary approach is
crucial for integrating new findings into clinical practice and

optimizing treatment strategies to improve patient care and outcomes.

frontiersin.org


https://doi.org/10.3389/fnut.2024.1477893
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Tagi et al.

Author contributions

VT: Investigation, Methodology, Writing - original draft,
Writing - review & editing. MT: Investigation, Methodology,
Writing - original draft, Writing - review & editing. IG: Investigation,
Writing - original draft. ES: Investigation, Writing — original draft. EV:
Conceptualization, Methodology, Supervision, Writing — review &
editing. GZ: Conceptualization, Funding acquisition, Supervision,
Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work was
supported by the Fondazione Romeo and Enrica Invernizzi.

References

1. BajJ, Sitarz E, Forma A, Wréblewska K, Karakula-Juchnowicz H. Alterations in the
nervous system and gut microbiota after -hemolytic Streptococcus group a infection-
characteristics and diagnostic criteria of PANDAS recognition. Int ] Mol Sci. (2020)
21:1476. doi: 10.3390/ijms21041476

2. Quagliariello A, Del Chierico E Russo A, Reddel S, Conte G, Lopetuso LR, et al.
Gut microbiota profiling and gut-brain crosstalk in children affected by pediatric acute-
onset neuropsychiatric syndrome and pediatric autoimmune neuropsychiatric disorders
associated with streptococcal infections. Front Microbiol. (2018) 9:675. doi: 10.3389/
fmicb.2018.00675

3. Loffredo L, Spalice A, Salvatori F, De Castro G, Guido CA, Zicari AM, et al.
Oxidative stress and gut-derived lipopolysaccharides in children affected by Paediatric
autoimmune neuropsychiatric disorders associated with streptococcal infections. BMC
Pediatr. (2020) 20:127. doi: 10.1186/s12887-020-02026-8

4. Chang K, Frankovich J, Cooperstock M, Cunningham MW, Latimer ME, Murphy
TK, 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. doi: 10.1089/cap.2014.0084

5. Thienemann M, Murphy T, Leckman J, Shaw R, Williams K, Kapphahn C, et al.
Clinical Management of Pediatric Acute-Onset Neuropsychiatric Syndrome: part
I-psychiatric and behavioral interventions. J Child Adolesc Psychopharmacol. (2017)
27:566-73. doi: 10.1089/cap.2016.0145

6. Hoffman KL, Cano-Ramirez H. Pediatric neuropsychiatric syndromes associated
with infection and microbiome alterations: clinical findings, possible role of the mucosal
epithelium, and strategies for the development of new animal models. Expert Opin Drug
Discov. (2022) 17:717-31. doi: 10.1080/17460441.2022.2074396

7. Murphy TK, Gerardi DM, Leckman JF. Pediatric acute-onset neuropsychiatric
syndrome. Psychiatr Clin North Am. (2014) 37:353-74. doi: 10.1016/j.psc.2014.06.001

8. Cocuzza S, Maniaci A, La Mantia I, Nocera F, Caruso D, Caruso S, et al. Obsessive-
compulsive disorder in PANS/PANDAS in children: in search of a qualified treatment-a
systematic review and metanalysis. Children. (2022) 9:155. doi: 10.3390/children9020155

9. Johnson M, Ehlers S, Fernell E, Hajjari P, Wartenberg C, Wallerstedt SM. Anti-
inflammatory, antibacterial and immunomodulatory treatment in children with
symptoms corresponding to the research condition PANS (pediatric acute-onset
neuropsychiatric syndrome): a systematic review. PLoS One. (2021) 16:€0253844. doi:
10.1371/journal.pone.0253844

10. Socata K, Doboszewska U, Szopa A, Serefko A, Wiodarczyk M, Zielifiska A, et al.
The role of microbiota-gut-brain Axis in neuropsychiatric and neurological disorders.
Pharmacol Res. (2021) 172:105840. doi: 10.1016/j.phrs.2021.105840

11. Kim Y-K, Shin C. The microbiota-gut-brain Axis in neuropsychiatric disorders:
pathophysiological mechanisms and novel treatments. Curr Neuropharmacol. (2018)
16:559-73. doi: 10.2174/1570159X15666170915141036

12. Larroya-Garcia A, Navas-Carrillo D, Orenes-Pifero E. Impact of gut microbiota
on neurological diseases: diet composition and novel treatments. Crit Rev Food Sci Nutr.
(2019) 59:3102-16. doi: 10.1080/10408398.2018.1484340

13. Clapp M, Aurora N, Herrera L, Bhatia M, Wilen E, Wakefield S. Gut Microbiota’s effect
on mental health: the gut-brain Axis. Clin Pract. (2017) 7:987. doi: 10.4081/cp.2017.987

14. Hoban AE, Stilling RM, Ryan FJ, Shanahan F, Dinan TG, Claesson M]J, et al.
Regulation of prefrontal cortex myelination by the microbiota. Transl Psychiatry. (2016)
6:€774. doi: 10.1038/tp.2016.42

15. Slattery J, MacFabe DF, Frye RE. The significance of the enteric microbiome on the
development of childhood disease: a review of prebiotic and probiotic therapies in

Frontiers in Nutrition

10.3389/fnut.2024.1477893

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The handling editor CC declared a past co-authorship with the
authors EV and GZ.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

disorders of childhood. Clin Med Insights Pediatr. (2016) 10:91-107. doi: 10.4137/
CMPed.$38338

16. Rees JC. Obsessive-compulsive disorder and gut microbiota dysregulation. Med
Hypotheses. (2014) 82:163-6. doi: 10.1016/j.mehy.2013.11.026

17. Person H, Keefer L. Psychological comorbidity in gastrointestinal diseases: update
on the brain-gut-microbiome Axis. Prog Neuro-Psychopharmacol Biol Psychiatry. (2021)
107:110209. doi: 10.1016/j.pnpbp.2020.110209

18. Kang D-W, Adams JB, Coleman DM, Pollard EL, Maldonado J, McDonough-
Means S, et al. Long-term benefit of microbiota transfer therapy on autism symptoms
and gut microbiota. Sci Rep. (2019) 9:5821. doi: 10.1038/s41598-019-42183-0

19.Li N, Chen H, Cheng Y, Xu E Ruan G, Ying S, et al. Fecal microbiota
transplantation relieves gastrointestinal and autism symptoms by improving the gut
microbiota in an open-label study. Front Cell Infect Microbiol. (2021) 11:759435. doi:
10.3389/fcimb.2021.759435

20.Tan J, Smith CH, Goldman RD. Pediatric autoimmune neuropsychiatric
disorders associated with streptococcal infections. Can Fam Physician. (2012)
58:957-9.

21. Vaia Y, Bruschi E, Tagi VM, Tosi M, Montanari C, Zuccotti G, et al. Microbiota
gut-brain Axis: implications for pediatric-onset Leukodystrophies. Front Nutr. (2024)
11:1417981. doi: 10.3389/fnut.2024.1417981

22.Raval U, Harary ], Zeng E, Pasinetti GM. The dichotomous role of the gut
microbiome in exacerbating and ameliorating neurodegenerative disorders. Expert Rev
Neurother. (2020) 20:673-86. doi: 10.1080/14737175.2020.1775585

23. Westfall S, Dinh DM, Pasinetti GM. Investigation of potential brain microbiome
in Alzheimer’s disease: implications of study Bias. ] Alzheimers Dis. (2020) 75:559-70.
doi: 10.3233/JAD-191328

24. Thursby E, Juge N. Introduction to the human gut microbiota. Biochem J. (2017)
474:1823-36. doi: 10.1042/BCJ20160510

25. Milani C, Duranti S, Bottacini F, Casey E, Turroni F, Mahony J, et al. The first
microbial colonizers of the human gut: composition, activities, and health implications
of the infant gut microbiota. Microbiol Mol Biol Rev. (2017) 81:¢00036-17. doi: 10.1128/
MMBR.00036-17

26. Ramirez J, Guarner F, Bustos Fernandez L, Maruy A, Sdepanian VL, Cohen H.
Antibiotics as major disruptors of gut microbiota. Front Cell Infect Microbiol. (2020)
10:572912. doi: 10.3389/fcimb.2020.572912

27.Tosi M, Montanari C, Bona F, Tricella C, Agostinelli M, Dolor J, et al. Dietary
inflammatory potential in pediatric diseases: a narrative review. Nutrients. (2023)
15:5095. doi: 10.3390/nu15245095

28. Bonaccio M, Costanzo S, Di Castelnuovo A, Gialluisi A, Ruggiero E, De Curtis A,
et al. Increased adherence to a Mediterranean diet is associated with reduced low-grade
inflammation after a 12.7-year period: results from the Moli-Sani study. ] Acad Nutr
Diet. (2023) 123:783-795.€7. doi: 10.1016/j.jand.2022.12.005

29. Snauwaert E, Paglialonga F, Vande Walle J, Wan M, Desloovere A, Polderman N,
et al. The benefits of dietary fiber: the gastrointestinal tract and beyond. Pediatr Nephrol.
(2023) 38:2929-38. doi: 10.1007/s00467-022-05837-2

30. Kandari A, Odat M, Alzaid E, Scott KP. Biotics and bacterial function: impact on
gut and host health. ISME J. (2024) 18:wrae226. doi: 10.1093/ismejo/wrae226

31. Wang J, Xiang Q, Gu S, Gu Y, Yao M, Huang W, et al. Short- and long-term effects
of different antibiotics on the gut microbiota and cytokines level in mice. Infect Drug
Resist. (2022) 15:6785-97. doi: 10.2147/IDR.S388687

frontiersin.org


https://doi.org/10.3389/fnut.2024.1477893
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.3390/ijms21041476
https://doi.org/10.3389/fmicb.2018.00675
https://doi.org/10.3389/fmicb.2018.00675
https://doi.org/10.1186/s12887-020-02026-8
https://doi.org/10.1089/cap.2014.0084
https://doi.org/10.1089/cap.2016.0145
https://doi.org/10.1080/17460441.2022.2074396
https://doi.org/10.1016/j.psc.2014.06.001
https://doi.org/10.3390/children9020155
https://doi.org/10.1371/journal.pone.0253844
https://doi.org/10.1016/j.phrs.2021.105840
https://doi.org/10.2174/1570159X15666170915141036
https://doi.org/10.1080/10408398.2018.1484340
https://doi.org/10.4081/cp.2017.987
https://doi.org/10.1038/tp.2016.42
https://doi.org/10.4137/CMPed.S38338
https://doi.org/10.4137/CMPed.S38338
https://doi.org/10.1016/j.mehy.2013.11.026
https://doi.org/10.1016/j.pnpbp.2020.110209
https://doi.org/10.1038/s41598-019-42183-0
https://doi.org/10.3389/fcimb.2021.759435
https://doi.org/10.3389/fnut.2024.1417981
https://doi.org/10.1080/14737175.2020.1775585
https://doi.org/10.3233/JAD-191328
https://doi.org/10.1042/BCJ20160510
https://doi.org/10.1128/MMBR.00036-17
https://doi.org/10.1128/MMBR.00036-17
https://doi.org/10.3389/fcimb.2020.572912
https://doi.org/10.3390/nu15245095
https://doi.org/10.1016/j.jand.2022.12.005
https://doi.org/10.1007/s00467-022-05837-2
https://doi.org/10.1093/ismejo/wrae226
https://doi.org/10.2147/IDR.S388687

	Pediatric autoimmune neuropsychiatric disorders associated with streptococcal infections and gut microbiota composition: what do we know?
	Introduction
	PANDAS treatment
	The role of gut microbiota
	PANDAS and gut-microbiota composition
	PANDAS and inflammation

	Discussion

	References

