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Abstract

PANDAS or Pediatric Autoimmune Neuropsychiatric Disorders Associated with Streptococcal infection is a concerning
disorder in childhood. Co-existence of the OCD and tic disorders after the infection of group A B-hemolytic streptococcus
may cause PANDAS. PANDAS supported molecular mimicry as the cause of disorder. Characteristic changes that may be
related to the alterations in the nervous system are demonstrated to be the first line of diagnosis. In PANDAS, some parts
of the brain may undergo changes like dysfunction in basal ganglia and inflammation in striatum, etc. In this disorder not
only do the symptoms tangle the nervous system, but also alterations in gut microbiota which correlate with the brain in
psychiatric diseases are feasible. In addition, the studies on genetic aspects of PANDAS showed that changes can lead
to the exacerbation in PANDAS. In this paper, we provide data related to signs and symptoms of PANDAS to clarify the
importance of this disorder in childhood and adulthood as a side effect of streptococcal infection.
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Highlights

Associated with Streptococcal infection or PANDAS is a con-
tentious topic that many details of it are still unclear [1, 2]. It
is defined as part of a larger group called PANS or Pediatric
Acute-onset Neuropsychiatric Syndrome [2]. The first de-
scription of this rare mental disorder was presented by Swe-
do et al. in 1998, based on 50 children with a sudden onset
. Effects of genetics on the severity of signs and symp- of obsessive-compulsive disorder (OCD) and tics [3]. Epide-

miologically, PANDAS is more common in men [2.6:1] and

toms of PANDAS : . .

usually occurs in childhood, but a minor percentage of cases
Introduction show that PANDAS can happen after puberty [4, 5]. In re-
cent years, scientists have suggested a connection between

The term Pediatric Autoimmune Neuropsychiatric Disorders group A B-hemolytic streptococcus (GABHS) infections and

*  Presence of Autoantibodies against group A beta-hemo-
lytic streptococcal antigen

* The acute onset of PANDAS in childhood and adoles-
cence

* The impact of PANDAS on behavior, the nervous sys-
tem, the gut microbiota, etc
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subsequent development of OCD and tic disorders in chil-
dren, the actual difference between PANS and PANDAS [1].
Consequently, there are some non-streptococcal infections
such as Bornavirus or Mycoplasma pneumoniae that reveal
the symptoms similar to those in PANDAS [6-8].
The hypothesis about the pathophysiology of PANDAS is mo-
lecular mimicry which involves antibodies produced against
streptococcal antigens that can cross-react with brain pro-
teins, particularly in the basal ganglia [3]. These antineuronal
antibodies include anti-pyruvate kinase, anti-dopamine re-
ceptor, anti-Tubulin, and anti-lysoganglioside GM1, plus the
receptors that antibodies cross-react with, including N-ace-
tyl-B-D-glucosamine, lysoganglioside, and group A carbohy-
drate epitopes, and receptors of Dopamine (D_1and D_2 L)
[2, 4, 5].
Neuroimmune interactions play a significant role in the patho-
physiology of a variety of neuropsychiatric illnesses [1]. For
instance, Both OCD and Tourette syndrome occur with alter-
ations in the Cortico-basal ganglia circuitry [1, 9]. Although
PANDAS is similar to a mental disorder called Sydenham
chorea (SC), there are differences in the age of conflict and
Systemic involvement [2].
As of 2017, The diagnostic criteria for PANDAS comprise five
sections [4, 5]
*  Presence of OCD and/or tic disorders (chronic motor or
vocal tic disorder)
* The onset of OCD and tics in childhood (between the
age of 3 years old and period of puberty)
* Association with group A B-hemolytic streptococcus
(GABHS) infection
» Co-existing with neurological abnormalities such as at-
tention deficit hyperactivity disorder (ADHD), choreiform
movements, etc.

+ Sudden onset and episodic course of symptoms

In addition, the state of Streptococcus pyogenes infection is
analyzed and measured by the antibody titers of ASO and/
or anti-DNase B in the blood sample and a positive throat
culture of GABHS [3-5]. However, as a result of 2019, the
increased number in specific antibodies of Streptococcus
pyogenes is more accurate than a positive culture and titer
evaluations because these are somehow misleading ways
to a carrier state [10]. Serological methods consider the pos-
sibility of the carrier state [3]. One of the more convenient
methods to diagnose PANDAS is Cunningham Panel. Based
on auto-antibody levels, it has shown an overall of 90% ac-
curacy, a sensitivity of 88%, and a specificity of 92% [11].
When evaluated by the changes in the number of positive
tests, the overall accuracy of the Cunningham panel drops to
86% and its sensitivity, and specificity decreases to 88% and
83% respectively [11].

Regarding PANDAS exacerbation, Swedo et al. described six
months between a GABHS infection and onset of OCD [12].
Nevertheless, studies showed that the cut-off periods vary
between 4 and 22 weeks [3]. The worsening of PANDAS is
30% due to GABHS infection, 20% because of non-strepto-
coccal illnesses, and 50% because of unknown factors [13].
PANDAS has profound effects not only on the central ner-
vous system but also on gut microbiota, general behavior,
remission period, and genetics (Table 1). Some factors cor-
relate with the PANDAS symptoms such as upper respiratory
infections, the age of onset, neurological impairments, family
history of autoimmune disorder or diseases that are asso-
ciated with GABHS like rheumatic fever (14). The purpose
of this paper is to review and summarize available articles
about the signs and symptoms of PANDAS to show how cru-
cial this condition is in childhood and adulthood.

Category of Symptoms | Signs and Symptoms References
Characteristic Symptoms* | tics, OCD, motor hyperactivity, urinary urgency such as enuresis, impulsivity, | (7, 14, 15)
anxiety, eating disorder, hallucination, insomnia, dilated pupils, aggressive-
ness, depression, and choreiform movements
Alterations in Nervous Basal ganglia (4)
system Striatum and Striatal Interneurons
Microglia
Alterations in Gut Micro- | Higher level: Bacteroidetes, Rikenellaceae and Odoribacteriaceae (4)
biota Lower level: Firmicutes and Actinobacteria
Total absence: Saccharibacteria and Turicibacteraceae, Tissierellaceae,
Gemellaceae, and Carnobacteriaceae, Corynebacteriaceae and Lachnospir-
acea
Genetic correlation with Variant in exon 1 of MBL2, polymorphism of codon 54 of MBL2, TNF-a -308 | (4, 16-18)
PANDAS AA polymorphism, the expression of SLITRK1, and epigenetic changes
*Behavioral-cognitive therapy and SSRIs are available to treat Characteristic Symptoms.
Table1: Summary of Signs and Symptoms of PANDAS Syndrome
J. Microb. Res. Vol. 2 Iss. 1 (009) Page-02
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Signs and Symptoms of PANDAS

GABHS and the Symptoms of Related Diseases

GABHS is responsible for the majority of diseases in children
like pharyngitis and rheumatic fever [15]. Streptococcal phar-
yngitis, difficulty in swallowing, nausea and vomiting, fever,
headache, and enlargement in anterior cervical lymph nodes
[16, 17]. Rheumatic fever is also an autoimmune disease
that shows inflammation in joints, myocarditis, marginal ery-
thema, subcutaneous nodules, and even incidents of SC [18,
19]. Indeed, 2%-4% of children with rheumatic fever are like-
ly to develop OCD [4]. The occurrence of OCD may accom-
pany SC [4]. SC is characterized by the following symptoms:
unilateral involuntary movements in facial and limb muscles,
emotional instability, irritability, and anxiety [20]. Besides the
sore throat due to GABHS, some skin infections such as
scarlet fever, lupus, petechiae, vasculitis, perianal redness
are associated with the onset of PANDAS, too [21, 22].

Characteristic Symptoms

PANDAS is a complicated condition that affects most chil-
dren’s lives. The main aspect of PANDAS cases is about
characteristic changes associated with alteration in the ner-
vous system. These symptoms may include tics, OCD, motor
hyperactivity, urinary urgency such as enuresis, impulsivity,
anxiety, hallucination, insomnia, dilated pupils, aggressive-
ness, depression, and choreiform movements of fingers and
toes which mainly appear in Huntington disease [14, 23,
24]. The symptoms impact school functioning of children oc-
curred rapidly, between 24 to 72 hours, and characterized
by math difficulties, low processing, fatigue, dysgraphia, dif-
ficulty with memorizing, and lack of concentration [4, 28]. It
is necessary to mention that in PANDAS, the characteristic
symptoms such as anxiety manifest more severe than so-
matic symptoms such as joint pain [29]. The rapid onset of
these symptoms makes it hard to clarify the difference be-
tween OCD and PANDAS [30].

Alterations in Nervous System

Basal ganglia belong to a group of subcortical nuclei em-
bedded in the brain hemispheres responsible for motor and
mental control [31]. Disruption in this part forms several
movement disorders such as parkinsonian syndrome, dys-
tonia, and tics [31]. The Striatum, a part of basal ganglia, is
essential for voluntary motor control [32]. Moreover, Striatum
involves neurons that signal our social action [32]. On the
other side, Microglia are known as resident immune cells lo-
cated in the central nervous system (CNS) [1, 33]. Their acti-
vation is associated with releasing reactive oxygen products
and inflammatory molecules [33]. There is evidence that Mi-
croglia have novel roles in neural development, phagocytize
dying cells, promote programmed cell death, regulating syn-
apse development, homeostasis, brain plasticity, and neuro-
genesis [1, 33-35]. PANDAS is identified by impairments in
the central or peripheral nervous system, or both and par-

ticularly in basal ganglia, Striatum and Striatal Interneurons,
Microglia, etc. [4].

Basal Ganglia

There is evidence that monoclonal antibodies attend to sig-
nal neuronal cells and stimulate them to release dopamine
and activate calcium-calmodulin dependent protein (CaM)
kinase Il in basal ganglia [4, 36]. This activation is associated
with the progression of the choreic movements [4]. The OCD
and tics show abnormalities in cortico-basal ganglia circuitry
[37]. The autoantibodies against M18 strain of Streptococcus
pyogenes bind to the receptors in basal ganglia [38]. And
also, the presence of anti-basal ganglia antibodies in affect-
ed individuals’ serum is a marker with high sensitivity and
specificity [39]. Epidemiologically, two-third of PANDAS pa-
tients show these antibodies [40]. On one hand, the corpus
striatum and basal ganglia are enlarged due to an increased
number of antineuronal antibody titers [41]. On the other
hand, it is clear that the gray matter of basal ganglia had a
greater volume, although the white matter shows a reduced
amount (based on Cabrera et al.) [42]. Nevertheless, the size
of related structures such as caudate, putamen, and globus
pallidus increased while the size of thalamus and cerebrum
stayed the same (Figure 1) [43]. Surprisingly, the severity of
symptoms doesn’t correlate with the enlargement of basal
ganglia [4]. The variations within basal ganglia volumes are
recognizable whereas there is no evidence about the chang-
es in basal ganglia [4].

Caudate nucleus
Globus pallidus
Putamen

Thalamus

[ Basal ganglia
B Related Structures

Figure1: Alterations in the nervous system is not just limited to bas-
al ganglia although the related structures may undergo changes
due to the presence autoantibodies

Striatum and Striatal Interneurons

As Giedd et al. reported and by PET imaging, the enlarge-
ment in the striatum in PANDAS and SC patients is observ-
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able [37, 43]. There is a close interaction between the dys-
regulation within striatal neurons and PANDAS behavioral
symptoms and it plays a significant role in tic disorders [37,
44]. More recently, the striatum may be inflamed in PANDAS
and Tourette syndrome [37]. However, the inflammation is
higher through the bilateral caudate and lentiform nucleus
(1, 4). The pathophysiology of tic disorder and Tourette syn-
drome is associated with cholinergic interneurons [45]. Fur-
thermore, the cholinergic interneurons express dopamine
receptors, which is a building-up situation for autoantibodies
to bind in patients [4, 37].

Microglia

The CD68+/Iba1+ activated microglia in the olfactory bulb
increases due to frequent internasal GABHS infections [46].
However, it has shown that microglia are beneficial to pres-
ent the GABHS antigens to immune cells such as Th17 [1,
47]. As mentioned before, microglia are necessary for brain
development and its regular action by synaptic pruning [1].
An animal experiment showed that synaptic pruning will in-
crease in PANDAS [47]. Fractalkine/fractalkine receptor sig-
naling pathways may disrupt in PANDAS and result in neural
and behavioral changes [48].

Alterations in Gut Microbiota

Gut microbiome includes anaerobic bacteria, fungi, para-
sites, and viruses that are significant as a part of every mam-
malian immune system and play a critical role in adult de-
velopment and homeostasis [49, 50]. If the homeostasis of
Gastrointestinal altered, the development and function of the
nervous system would considerably be affected (Figure 2)
[50, 51]. For instance, the brain-derived neurotrophic factor
(BDNF) levels can be affected by gut microbiota and bacte-
rial dysbiosis may produce systemic inflammation [49, 52].
The axis develops during the intrauterine period [4]. The anti-
microbial treatment during pregnancy, vaccination, exposure
to chemical or other microorganisms, types of childbirth, etc.
may affect this axis [53, 54]. Indeed, some disorders prove
the close interaction such as Parkinson’s disease, Alzhei-
mer’s disease, schizophrenia, multiple sclerosis, anxiety, au-
tism, anorexia nervosa, ADHD, alcohol dependence, bipolar

disorders, and migraine pain [4, 49]. The bacterial commen-
sals that produce y-aminobutyric acid in the gastrointestinal
tract may induce neuropsychiatric symptoms, too [4]. It is
concluded that the changes in gut microbiota can lead us to
enhance PANDAS development.

In his studies about the interactions between human microbi-
ota, gut, and brain, Quagliariello et al. found that the amount
of some bacterial families may change due to PANDAS (Ta-
ble 2) (55). The group of 4-8 years old patients presented
the increased level of Bacteroidaceae, Rikenellaceae, and
Odoribacteriaceae [4]. Contrariwise, the level of Firmicutes
and Actinobacteria were lower than expected in this group
of patients [4]. Also, TM7 phylum or Saccharibacteria, and
some of the Firmicutes families such as Turicibacteraceae,
Tissierellaceae, Gemellaceae, Carnobacteriaceae Coryne-
bacteriaceae, and Lachnospiracea were absent during the
incidence of PANDAS [4]. Given the fact that the age of con-
flict is a crucial factor in the discrepancy between gut micro-
biota levels, the patients above 9 years old represent differ-
ent results from the other group [4]. An increased level of
Peptostreptococcaceae and Erysipelotrichaceae and lower
levels of Rikenellaceae and Barnesiellacea were dramatical-
ly observable in these patients [4]. Furthermore, it is essen-
tial to mention that Bacteroidaceae presented as the most
inclusive family of gut microbiota in PANDAS patients [4].

Alterations in Behavior, Cognition,
Emaotion, Nociception

Healthy CNS Function

!

Normal Gut Physiology Abnormal Gut Physiology

Figure2: The interaction of gut microbiota and the brain is mutual
through the microbiota-gut-brain axis

Age Higher level

Lower level

Total absence

Bacteroidaceae*, Rikenel-
laceae, and Odoribacteria-
ceae

4-8 years old

Firmicutes Actinobacteria

Saccharibacteria Some of the fir-
micutes include Turicibacteraceae,
Tissierellaceae, Gemellaceae, and
Carnobacteriaceae Corynebacteria-
ceae and Lachnospiracea

Above 9 years old | Peptostreptococcaceae and

Erysipelotrichaceae

ellacea

Rikenellaceae and Barnesi-

Table2: Summary of the discrepancy between gut microbiota
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Genetic correlation with PANDAS

There are some genetic susceptibilities to psychiatric diseas-
es like OCD, anxiety, attention deficit hyperactivity disorder
(ADHD), pervasive developmental disorder (PDD), etc. [21].
According to what Murphy et al. mentioned, the rate of ma-
ternal autoimmune diseases increased in a group of patients
with either OCD, tic disorders, or both [56]. The expression
of the Trk-like family member 1 (SLITRK1) gene is associ-
ated with the cholinergic interneurons in the adult striatum
[27]. On the other side, GABHS is highly susceptible to bind
to Mannose-binding lectin (MBL), which is a critical part of
immune responses [4]. Surprisingly, any changes like vari-
ants in exon 1 or polymorphism of codon 54 of MBL2 in-
creases the probability of PANDAS [57]. Changes in TNF-a
like, TNF-a-308 AA polymorphism, is associated with the ex-
acerbation of PANDAS symptoms [26]. Since the incidence
and severity of autoimmune disorders like PANDAS vary
among identical siblings, we would have concluded that en-
vironmental factors mostly affect this discordance [25]. More-
over, prenatal and postnatal difficulties and early exposure to
GABHS may affect the development of the immune system
at the epigenetic level. Methylation of the DNA or modifica-
tions in the way histones package the DNA are examples of
epigenetic changes [25].

Exacerbation in Remission Period

mADHD

m 00D
Depression
Enuresis

Dysthymia

Figure3: According to the PANDAS cohorts, the percentages of
psychiatric comorbidities from more common to less common has
shown above

PANDAS treatment varies including antibiotic therapy (acute
antibiotic therapy and prophylaxis) such as Penicillin V, Azi-
thromycin, Amoxicillin-clavulanate, Cephalosporins, psycho-
active drugs such as selective serotonin reuptake inhibitors
(SSRIs) like fluoxetine, Escitalopram, Lorazepam, Nonste-
roidal anti-inflammatory drugs (NSAIDs), Corticosteroid,

Tonsillectomy, Intravenous immunoglobulin therapy (IVIG),
Plasmapheresis, Vitamin D, and behavioral-cognitive thera-
py [4, 58, 59]. The remission period of PANDAS may take 3.3
years on average (based on Leon et al.) [13]. Unlike PAN-
DAS, SC completes a remission in less than a year [60]. This
exacerbation includes ADHD, oppositional defiant disorder
(ODD), depression, enuresis, and dysthymia (Figure 3) [61].
After the remission of OCD and/or tic disorders, it is proba-
ble that children with PANDAS show signs of inattention, im-
pulsiveness, and emotional lability, too [4]. Affected children
also rarely encounter constant anxiety and fear as well as
OCD, whereas other symptoms have disappeared [4].

Conclusion

Even though PANDAS was first introduced in 1998 by Swe-
do et al,, it is still tough to distinguish its differences between
a typical OCD or tic disorder [4]. PANDAS can be counted as
a subgroup of PANS, characterized by restricted food intake
after infection [2]. PANDAS has a high similarity to Syden-
ham chorea, which is another side effect of GABHS infec-
tion [62]. Environmental factors, coexisting diseases such as
OCD, and genetic predispositions may be associated with
this disease [63]. Experts define PANDAS by its characteris-
tic symptoms ranging from typical anxiety to acute onset of
OCD. The size of some parts of the brain like basal ganglia,
striatum, caudate, and putamen is altered in PANDAS by
binding autoantibodies in the brain. As seen in some cases,
PANDAS may affect the gut microbiota, which in turn can ex-
acerbate the onset of disease. Besides the signs and symp-
toms, the antibody titers of ASO or anti-DNase B in the blood
sample and a positive throat culture of GABHS are helpful in
the diagnosis of PANDAS [3-5]. Another method used these
days is Cunningham Panel, which shows autoantibodies
produced in PANDAS [9]. Although the variety of PANDAS
treatments may take 3.3 years on average to cure children,
it has proven that children may experience psychiatric symp-
toms in the remission period [48]. PANDAS has been the
topic for many articles, but despite available studies, some
aspects of it are still unclear.
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