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Abstract

Background: Pediatric acute-onset neuropsychiatric syndrome (PANS) is diagnosed by the abrupt onset of new obsessive
compulsive disorder (OCD) or food-restricting symptoms, and at least two of a variety of other neuropsychiatric symptoms.
Detailed clinical presentation of youth with this condition has not yet been provided in the literature.

Methods: We review the clinical charts of five youth meeting criteria for PANS in our PANS Clinic. These five patients were
selected for differing underlying causes thought to be driving an inflammatory response that appeared to impact psychiatric
symptoms.

Results: Five youth with varying potential etiologies impacting neuropsychiatric symptoms were identified. These youth
were from 8 to 18 years old at the onset of their PANS illness, and had bacterial, autoimmune, and unknown etiologies.
Treatment directed at presumed etiologies ranged from antibiotics to intravenous gamma globulin (IVIG) to other immuno-
modulatory regimens, and appeared to improve the psychiatric illness.

Conclusions: Youth with PANS may present in differing ways, with psychiatric and physical symptoms overlapping with
inflammatory or infectious diseases, pain syndromes, and other psychiatric diagnoses. Patients’ psychiatric symptoms may
respond to treatments targeting the underlying cause of physical illness. Faced with a pediatric patient demonstrating the abrupt
onset or exacerbation of psychiatric and physical symptoms, clinicians should consider PANS in their differential diagnosis.

Introduction and/or severely oppositional behaviors; 4) behavioral (develop-
mental) regression; 5) deterioration in school performance; 6)
sensory or motor abnormalities; and 7) somatic signs and symp-
toms, including sleep disturbances, enuresis, or urinary frequency.

In the fall of 2012, we started the first interdisciplinary clinic at
Stanford Children’s Health, designed to evaluate and treat youth
who meet criteria for PANS. Many of these youth have been ex-
tremely ill, with destructive rage outbursts, extreme compulsions
(licking shoes, barking), motor and vocal tics (wWhooping, wringing
hands), school dysfunction (caused by attention-deficit/hyperac-
tivity disorder [ADHD] symptoms, memory impairment, and
cognitive regression) and serial psychiatric hospitalizations.

In an effort to begin to describe the spectrum of presentations
and clinical courses of these patients, and to describe some eti-
ologies that have not been reported, we present five cases of youth
who met criteria for PANS, who have been seen in our clinic.

AS ITS NAME implies, the diagnosis of pediatric autoimmune
neuropsychiatric disorder associated with streptococcal in-
fection syndrome (PANDAS) requires documentation of a tem-
poral association between the sudden onset or exacerbation of
neuropsychiatric symptoms and a preceding infection with group A
streptococci (GAS). This requirement for association with GAS
created diagnostic difficulties for clinicians (Gabbay et al. 2008). It
has been recognized that other pathogens may also contribute to
acute neuropsychiatric disorders in youth, including herpes simplex
virus, influenza A virus, varicella zoster virus, human immunode-
ficiency virus, Mycoplasma pneumoniae, Borrelia burgdorferi, and
the common cold (Ercan et al. 2008; Morer et al. 2008; Chambert-
Loir et al. 2009; Rhee and Cameron, 2012). Although originally
described as ‘‘pediatric infection-triggered neuropsychiatric dis-
orders’” (PITANDs) (Allen et al. 1995), etiologic agents could not
always be identified. Therefore, the diagnostic category was
broadened to include all acute-onset neuropsychiatric cases and Cases
was named ‘‘pediatric acute-onset neuropsychiatric syndrome”
(PANS) (Swedo et al. 2012).

Diagnosing PANS requires documentation of an abrupt onset
of obsessive compulsive disorder (OCD) or food restriction, and A 13-year-old female with mild cognitive and learning dis-
at least two of the following associated symptoms: 1) Anxiety; abilities (but good school performance, as she achieved As and
2) emotional lability and/or depression; 3) irritability, aggression  Bs in a private/academically challenging school), no premorbid

Case 1 (PANS and probable inflammatory brain
disease/autoimmune encephalitis)

Stanford Children’s Health, PANS Clinic and Research Program, Stanford University School of Medicine, Stanford, California.
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psychiatric history, and good social functioning, was prescribed
minocycline by her pediatrician for facial acne. Within 1 week of
starting the antibiotic, she developed extreme anxiety. Minocycline
was, therefore, discontinued, and the anxiety symptoms fully re-
solved within 3 days. One month later she developed abrupt
(overnight) onset of severe obsessions regarding her braces, and
eating restrictions. She could not feed herself, swallow, or chew,
and food would fall out of her mouth if her mother fed her. For
example, it took 1.5 hours for her mother to coax her into drinking
one can of Ensure (237 mL), and she subsequently had an 11 pound
weight loss over the 1st week of illness. She also had severe in-
somnia (not sleeping for 4 consecutive days), nearly absent com-
munication (both talking and writing) except to discuss her braces,
constant wiping of her face with her right hand, and inconsolable
crying and screaming, and she was unable to engage in daily life
activities including bathing and other personal hygiene activities.
All of these symptoms developed overnight, and were at their
maximum intensity within 24 hours of illness onset. Her illness
stayed at this intensity with continued behavioral regression, cog-
nitive deterioration, anxiety, perseverations, repetitive self-sooth-
ing, delayed or absent verbal responses, persistent insomnia, poor
hygiene, poor oral intake with ongoing weight loss, and jaw tremor.
Her behavioral issues became unmanageable because of her con-
stant and obsessive hitting of her parents, crying and screaming,
running into the streets, hiding, and trying to jump out of moving
cars. Three weeks into the course of this illness she developed
urinary incontinence, and extreme persistent urinary frequency of
unknown cause, ultimately requiring her to wear diapers.

The patient was seen by a psychiatrist and diagnosed with bi-
polar disorder. The family psychiatric history was significant for
bipolar disorder (maternal aunt) and an unknown mood disorder
(maternal grandmother). Over the ensuing 6 months, the patient
was admitted to inpatient psychiatric hospitals on six occasions and
was treated with medications from nearly every psychotropic
medication class, with little beneficial effect, and significant ad-
verse effects, including sedation, drooling, and Parkinsonian
movements. Benzodiazepines caused severely disinhibited behav-
ior (sexualized gestures, cognitive impairment, and developmental
regression). Divalproex, quetiapine, and aripiprazole were titrated
to full dosages but were not helpful. Benztropine at 1 mg twice
daily caused sedation, but did not improve extrapyramidal symp-
toms. Lithium was initiated, and propranolol was given for a pre-
sumed lithium-induced tremor. This regimen had some benefit in
stabilizing the patient’s mood, but other psychiatric symptoms
continued. Other psychotropic trials included antidepressants (tra-
zodone, escitalopram, venlafaxine, bupropion) and benzodiaze-
pines (lorazepam, clonazepam). Multiple medications were used to
help with sleep, with poor efficacy.

Because her condition was refractory to these psychiatric med-
ications, she was referred for electroconvulsive therapy. At this
point (1 year after her initial presentation) the patient was evaluated
for a second opinion by a psychiatrist in the Stanford Pediatric
Bipolar Disorders Program, who immediately suspected an in-
flammatory etiology based on the sudden-onset nature of her ill-
ness, unusual course of the mania, significant OCD symptoms, poor
response to psychotropics, encephalopathic features, persistent
tremor, and choreiform movements of her fingers (piano playing
finger movements). She was, therefore, referred to the pediatric
neurology and rheumatology departments and was evaluated for
inflammatory encephalitis and systemic autoimmune diseases.

Based on brain imaging and serological and cerebrospinal
fluid analysis, the following diagnoses were excluded: Limbic
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encephalitis (negative voltage gated ion channel antibodies, nega-
tive N-methyl-D-aspartate [NMDA ]-receptor antibodies, negative
paraneoplastic panel per Mayo Clinic), Hashimoto’s encephalitis
(negative thyroid antibodies), lupus cerebritis (negative lupus
specific antibodies), and Sjogren’s disease (negative anti-Ro and
anti-La antibodies). Given her chorea, she was worked up for
antiphospholipid antibodies and found to have normal values for
lupus anticoagulant, dilute Russell’s viper venom time, antic-
ardiolipin antibodies, and f§ 2-glycoprotein I.

Primary and secondary central nervous system small vessel
vasculitis was ruled out with a normal brain MRI, including per-
fusion studies, negative antibodies previously mentioned, and
negative antineutrophil antibodies. Ongoing infectious encephali-
tis was thought to be unlikely given the patient’s course. She also
had negative infection screens (negative evaluations for Bartonella
species, Erhlichia chaffeensis, Babesia microti, Leishmania, Lyme
disease, West Nile virus, herpes simplex virus 1 and 2, Epstein—
Barr virus [EBV], syphilis, and enterovirus). Metabolic/genetic
evaluation was also negative for detectable abnormalities, and in-
cluded normal results for lactate, pyruvate, ammonia, fatty acid
profile, acylcarnitine profiles, serum/urine/cerebral spinal fluid
(CSF) amino acid profiles, mucopolysaccharide and oligopoly-
saccharide profiles, cytogenetic fluorescence in situ hybridiza-
tion (FISH), Fragile X, array comparative genomic hybridization,
and mercury. The CSF study analysis was normal, including cell
counts, glucose, protein, and immunoglobulin (Ig)G index. CSF
studies also indicated negative IgG bands and the negative infec-
tious and metabolic workup mentioned previously.

However, the patient was found to have an elevated anti-
nuclear antibody (ANA) titer (1:320), positive antihistone anti-
bodies, and low complement (C4) findings, which are nonspecific,
but are known to be associated with lupus. Minocycline-induced
lupus cerebritis was considered, but the short interval between
minocycline and symptom development is atypical for this con-
dition. The patient was later found to have antineuronal anti-
bodies targeting dopamine 1 receptors, dopamine 2 receptors,
lysoganglioside, and tubulin, which were detected under a re-
search protocol by Dr. Madeleine Cunningham. Preliminary
research on these antibodies suggests a link to the clinical syn-
dromes of Sydenham’s chorea and PANDAS (Kirvan et al. 2003,
2006, 2007). Both these disorders are thought to be caused by
inflammation involving the striatum (i.e., basal ganglia) (Dale and
Brilot 2012; Kumar et al. 2014).

The working diagnosis of inflammatory brain disease, most
likely striatal encephalitis (based on the acute and severe psychi-
atric presentation and choreiform movements of the patient’s fin-
gers) served as the basis for her treatment regimen. She first
received 3 days of high dose methylprednisolone (1000 mg daily
for 3 days) followed by a slow prednisone taper (60 mg p.o. twice
daily for 4 weeks followed by 10% reduction every 3 days). The
high dose steroid trial resulted in remarkable and sustained im-
provement, thus meeting criteria for ‘“‘steroid responsive enceph-
alitis”” (Vernino et al. 2007). The patient returned to 90% of her
baseline functioning, and psychotropic medications were stream-
lined. However, when attempts were made to wean the prednisone
below 60 mg daily, the patient started to develop a recurrence of
symptoms, most notably the return of insomnia and OCD symp-
toms such as washing, cleaning, and measuring herself repeatedly.
She was re-hospitalized for a second steroid induction with meth-
ylprednisolone (1000 mg daily for 3 days), again with good results,
and mycophenylate mofetil was added to her regimen in hopes
that this would allow further tapering of prednisone.
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During our second attempt to taper prednisone, now with my-
cophenylate added, there was a re-escalation of the patient’s psy-
chiatric symptoms at 15 mg/day, resulting in a second medical
hospitalization that lasted 3 months. The re-escalation of symptoms
was severe, and associated with a GAS exposure (from her sister),
but the patient did not test positive for streptococcus herself.
Monthly intravenous gamma globulin (IVIG) (2 g/kg) was added to
her regimen for 3 consecutive months. When the pre-IVIG anti-
neuronal antibody testing returned positive (i.e., Cunningham Re-
search Panel), and given the connection of these particular
antibodies to Sydenham’s chorea/PANDAS, antibiotics to treat and
prevent GAS were added to the patient’s regimen.

Although she improved on her new regimen of IVIG and my-
cophenylate, she again failed our third attempt to taper the pred-
nisone, which then resulted in a third prolonged hospitalization.
During all three prolonged hospitalizations the patient required a
1:1 sitter for 24 hour supervision because of severe behavior de-
terioration and OCD symptoms with regard to drinking fluids (e.g.,
water intoxication caused by obsessive water drinking; the patient
also drank nail polish remover and her own urine). Interestingly,
with each flare up of her disease, the nature of her OCD symptoms
changed.

During the third hospitalization, steroid escalation failed. Given
the patient’s critical state, she was treated with plasma exchange
(PEX) (1.5 volume exchange for 3 consecutive days) followed by
two infusions of rituximab (750 mg per infusion separated by 2
weeks). This regimen resulted in daily steady improvement and
allowed for successful weaning of prednisone. The patient achieved
80% of her baseline functioning at month 3, and 100% of baseline
at month 6 post- PEX/rituximab with no residual OCD, food re-
striction, anxiety, sleep issues, or other psychiatric symptoms. At
this point we considered her as having ‘“‘quiescent disease on ag-
gressive immunosuppressive therapy.”

The patient has had three disease flares after achieving ““quies-
cence.”” Each of these disease flares corresponded to our attempts to
wean her off of immunosuppressive therapy. She had a minor
disease flare up at month 6 following the initial rituximab/PEX, and
coincident with waning effects of the rituximab and prednisone
taper to low dose (7.5 mg daily), despite ongoing mycophenylate
therapy. This flare up consisted of behavior regression, return of
OCD, and polyuria, but her symptoms remitted 1 month after re-
dosing with rituximab. She had a more severe flare (same symp-
toms as mentioned, but also including life-threatening impulsivity)
at month 12 following initial rituximab/PEX, which also corre-
sponded to waning rituximab (second round) effect and another
attempt at decreasing her prednisone to low dose (7.5 mg/day). Her
third disease flare up occurred after stopping mycophenylate mo-
fetil, despite being adequately treated with rituximab. At this
point, she appears to require combined rituximab/mycophenylate
therapy, which is not unusual in inflammatory brain disease/
autoimmune encephalitis.

The patient has now had 22 months of relative quiescent disease
(90% of baseline), with only three disease flares, as mentioned,
which corresponded to reduction in immunosuppression and re-
sponded to re-escalation of steroids, rituximab, and mycophenylate
mofetil. Her new baseline is absent of OCD symptoms, impulsive
behavior, anxiety, sleep dysfunction, tremors, and other movement
abnormalities. Recent school testing indicates that her cognitive
function is currently above her premorbid baseline. After 2 years of
living in psychiatric institutions, our medical hospital, and a group
home, all of which provided 1:1 care; she is now living a normal
teenage life at home and has been successfully integrated back into
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public school. She remains on mycophenylate mofetil, rituximab,
hydroxychloroquine, low dose prednisone, and GAS prophylaxis
with cefadroxil. Lithium and all other psychotropic medications
were tapered and discontinued early in the course of her immu-
notherapy, except for quetiapine used as needed during her three
flare ups for sleep and mood control. She now functions well at
school and home without any the use of psychotropics.

While writing up this case, and having more understanding that
the patient’s antibody profile and symptom presentation were
similar to reports of Sydenham’s chorea and PANDAS, we went
back and questioned the family about prior episodes of chorea and
OCD. The family reported that in the fourth grade, the patient had
had abrupt-onset OCD (regarding frequent need to urinate) which
self-resolved after 4 days. Simultaneously, her best friend, who was
also in her school class, went through a similar illness of abrupt
onset OCD that lasted 3 months. We cannot definitively say that
GAS was the trigger for our patient’s earlier episode or her more
fulminant presentation described here. Also, we do not know why
the first episode of OCD was mild and self-limited whereas the
second episode was severe and requires ongoing immunosuppres-
sion to control symptoms. Given her response to and dependence
on immunotherapy, her case more closely matches striatal/basal
ganglia encephalitis.

Case 2 (PANDAS)

An 11-year-old boy, with a history of dyslexia and learning
disability, presented to our clinic with sudden-onset separation
anxiety and rage 2 weeks after a febrile illness with pharyngitis (no
throat culture was obtained). Four weeks after the onset of the
separation anxiety, he suddenly developed OCD symptoms, motor
tics, and vocal tics. OCD symptoms included tapping hallway
walls, checking rituals, counting rituals, contamination fears, re-
peating words, asking the same question repeatedly, and a need for
symmetry and exactness. His tics included blinking, shoulder and
neck movements, and complex vocal tics in which he would repeat
“Ga ga ga.” The following month he developed a mood disorder
characterized by depressed mood, anhedonia, insomnia, and irri-
tability that was punctuated by violent anger explosions. Ad-
ditionally, this illness was accompanied by new-onset physical
symptoms, including nocturia and severe joint pain requiring
crutches. His joint pain primarily involved his feet, knees, and
elbows, lasted 3—7 days at a time, and coincided with escalations in
anxiety and rage.

Six weeks after the presentation of psychiatric symptoms, the
patient’s pediatrician ordered antistreptolysin O (ASO) and an-
tideoxyribonuclease B titers (anti-DNase B) which were 368 and
666 Todd units/mL, respectively. As both of these were elevated
(Kaplan et al. 1998), suggesting recent GAS infection, his pedi-
atrician suspected PANDAS, and put him on azithromycin for 5
days, which resulted in temporary improvement in his OCD; for
example, his checking routine prior to bed that had previously
lasted 2 hours took only 2 minutes. His anxiety, motor tics, and
vocal tics completely resolved. However, impulsivity and im-
paired concentration continued, causing difficulties in school and
academic functioning.

Approximately 5 days following discontinuation of the antibi-
otics, the patient’s OCD, anxiety, tics, and irritability recurred.
Administration of azithromycin (250 mg daily) for 4 weeks resulted
in rapid and sustained improvement of the patient’s anxiety, tics,
OCD, and irritability. The psychiatric and physical symptoms
recurred when azithromycin was discontinued after 10 days;
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therefore, the pediatrician restarted the azithromycin and added
amoxicillin/clavulanate 500 mg twice daily.

Over the next year, the patient had falling ASO and anti-DNase
B titers, but had ongoing flare ups in psychiatric symptoms, tics,
nocturia, and joint pains that seemed to correlate with viral ill-
nesses. He was referred to a pediatric immunologist at our insti-
tution who prescribed IVIG, 2 g/kg. This infusion occurred 14
months after the patient’s initial presentation, and was associated
with subjective improvement. However, 2 weeks after his IVIG
infusion, he developed an upper respiratory infection and had an
acute worsening of his neuropsychiatric symptoms that eventually
self-resolved.

The patient was first evaluated in our PANS clinic 22 months
after the onset of his initial psychiatric/medical illness. At that
time, he had a pattern of waxing and waning neuropsychiatric
symptoms (oppositional behavior, irritability, depressed mood,
checking behaviors, motor tics) and physical symptoms (joint
pains, heel pain, neck pain, and nocturia). His symptoms seemed to
worsen after viral illnesses, but he would improve 2-3 weeks later.
He had a more severe exacerbation that corresponded to an increase
in his ASO and anti-DNase B titers. Multiple attempts were made to
discontinue the antibiotics, but his symptoms would recur 1-2
weeks after the antibiotic was discontinued, according to the
family. Approximately 2.5 years after onset, his antibiotics were
discontinued, and he remained largely symptom free, with good
functioning. He also benefited from weekly cognitive behavior
therapy (CBT) aimed at addressing his anxiety and mood disorders.
The family refused prophylactic antibiotics.

Case 3 (PANS and mycoplasma)

A 10-year-old girl presented to our clinic for evaluation of
sudden-onset behavioral changes, compulsions, and involuntary
movements. Three months prior to these behavior changes, her
parents reported that she had had an illness consisting of episodic
low-grade fever, unproductive cough, and sore throat, causing her
to miss school. After the third episode, she had an episode of
prolonged sleep (from 2:30 p.m. to 4:30 a.m.), after which she
awoke disoriented to time. Over the next few hours, she was ex-
tremely irritable and had tantrums, throwing furniture off the bal-
cony and racing around the house punching and kicking. She stated
that she could not control her legs. She huddled in her bed, thinking
her parents intended to kill her. Her parents described her as
looking like a trapped animal, scanning her room and repeating,
“Don’t kill me,”” over and over. On the drive to a medical clinic,
she attempted to jump out of the moving car.

A consulting neurologist considered the diagnosis of PANDAS
because of the acute nature of the onset of compulsions, and she
drew blood and initiated treatment with azithromycin 500 mg daily.
Over the next 5 days, the patient’s agitation decreased significantly,
but she continued to complain about uncomfortable leg move-
ments, and experienced a labile mood and passive suicidal ideation.
Her ASO and anti-DNase B titers were found to be within the
expected range for her age.

Three weeks after initiation of azithromycin, her mood and leg
movements improved substantially, but anxiety persisted. A week
later, she stated that she vaguely remembered her previous weeks as
if they had been a bad dream. At that time, with an apparent im-
provement coincident with azithromycin therapy; no evidence of
GAS infection; and premorbid unproductive cough, fever, and sore
throat history consistent with M. pneumoniae; serum antibody titers
were checked. M. pneumoniae 1gM level was high (2321 U/mL,
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reference >950 positive) as was M. pneumoniae 1gG (>5.00 im-
mune status ratio [ISR], reference > 1.10 positive). Five weeks after
the acute onset of symptoms, azithromycin was decreased to
250 mg per day.

The patient continued to improve, and returned to normal
function and development. Azithromycin was discontinued at 8
weeks, which coincided with escalation of behavior and mood
symptoms. Azithromycin was restarted with coincident improve-
ment in symptoms, and the patient remained asymptomatic on the
antibiotic for the ensuing 12 weeks. She has remained asymptom-
atic without antibiotics.

Case 4 (PANS and chronic sinusitis)

This female patient presented at 13 years of age with a chief
complaint of OCD and rage episodes that had been ongoing for 2
years. OCD symptoms were only partially responsive to cognitive
behavioral therapy, sertraline, and risperidone. OCD symptoms
suddenly began at 11 years of age, 2 months after her aunt died of
breast cancer. The patient felt that many things, including her
family, were contaminated by grease, so she avoided contact with
greasy food, her family, and their belongings. She saved wrappers
and paper towels. She became physically aggressive, hitting and
kicking if her (OCD) demands were not met. During these episodes,
she would flip from being aggressive and angry to feeling re-
morseful and sad.

A community psychiatrist diagnosed OCD, the onset of which
was attributed to stress caused by the loss of her aunt. Treatment
with CBT began when she was 11 years of age, which was
slightly helpful. Seven months after exposure therapy began, her
teachers reported that she appeared distracted in class and met
criteria for ADHD, except for age of onset. She was highly
sensitive to sound, which was a new symptom for her. Her mood
became labile, shifting within the week from manic euphoria,
with rapid speech, increased activity and increased irritability, to
depression, with crying spells and decreased appetite, sleep, and
motivation. The addition of risperidone improved mood symp-
toms. Concomitantly, she had a 9 day upper respiratory illness
that coincided with the descent of a ‘“‘black cloud of depressed
mood’’ and further escalation of rage. Divalproex was added to
her medication regimen, again with moderate improvement in
her mood symptoms.

Over the following months, her OCD and rage worsened, and
when she was 13 years of age, a new psychiatrist suspected PANS.
Her evaluation elicited a history of worsening of penmanship with
escalations in OCD, which is consistent with the PANDAS phe-
notype (Snider and Swedo 2004). Workup (ASO, anti-DNase B,
and throat culture) was negative. However, the window of oppor-
tunity to detect GAS most likely had passed.

Medical history was significant for parental report of ongoing
chronic sinus infections and a deviated septum. In addition to her
psychiatric medication, the patient had routinely taken loratadine
(to treat nasal allergies) and had many courses of antibiotics. Be-
cause of concern for ongoing sinusitis as an infectious source for
PANS, the psychiatrist gave her amoxicillin, which coincided with
a marked improvement in her symptoms.

Following a 3 week course of amoxicillin, the patient’s sinus
and psychiatric symptoms remained remarkably improved. Three
months later, she experienced another acute sinus infection that was
associated with worsening of her mood, and she was treated with
cefdinir for 2 weeks. Sinus and emotional symptoms improved and
the patient remained stable for 6 months.
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She had an acute exacerbation of psychiatric symptoms in the
winter of that year, with an abrupt return of mood lability, ag-
gression, OCD, and hypersensitivity to sounds and smells, but
without changes in urinary frequency, handwriting, or tics. She
developed severe irritability and aggression, leading her to kick and
dent the dishwasher, cut off pieces of her skin, cut on her wrists, and
threaten to jump from a moving car. Later, she did not remember
these violent outbursts. Over that winter and spring, her OCD,
mood issues, and aggression were so severe she was admitted to a
specialized residential OCD unit for adolescents, and received
cognitive behavior therapy for 2 months. She achieved remission of
OCD and mood symptoms.

Over the following 2 years, when she was 14-16 years of age,
she experienced many exacerbations of psychiatric symptoms co-
incident with acute sinusitis symptoms and responsive to antibiotic
treatment. She was seen by her otolaryngologist, who observed the
severely deviated septum, hypertrophied turbinates, and enlarged
maxillary sinus cyst seen on CT scan (obtained 4 years earlier) and
on recent MRI. He recommended sinus surgery, but the family
declined. Eleven months later, at age 17, the patient developed
another sinus infection associated with irritability, mood lability,
poor concentration, worsening OCD, and frequent urination.
Treatment with azithromycin and ibuprofen was initiated. La-
boratory results, including ANA, ASO, Anti-DNase B titers,
erythrocyte sedimentation rate (ESR), complete blood count
(CBC), EBV, Coxsackie A, and M. pneumoniae 1gM titers were all
negative.

Because of the persistence of debilitating psychiatric symptoms
for 2 months, the patient opted to go through with sinus cyst re-
moval and turbinate resection and reduction. Immediately follow-
ing the surgery, she experienced an almost complete remission of
her psychiatric symptoms, including her OCD and mood symp-
toms. She reported that, “They pulled the OCD right out of me
when they pulled out the cyst!”” She was maintained on cefdinir
postoperatively. Overall, she improved in her school and family
function. She continues on sertraline and risperidone. In the 12
months since the sinus surgery, the she has had several exacerba-
tions, each of which was associated with GAS pharyngitis, and
which resolved with antibiotic treatment. Interestingly, on these
occasions, the family contacted the psychiatrist with concerns
about worsening OCD, without searching for preceding or con-
comitant infection. We are in the process of conducting strepto-
coccus screening for family members and other close contacts with
the goal of identifying and eradicating close contacts who may be
reinfecting her. If this approach does not improve the issue with
recurrent streptococcus, then we will recommend prophylactic
antibiotics.

Case 5 (PANS following PANDAS, immunodeficiency,
spondyloarthropathy, and gluten sensitivity)

A 25-year-old man with a 7 year history of OCD, anxiety,
musculoskeletal pain, and abdominal complaints was evaluated for
continuing symptoms. His past medical history was notable for two
early episodes of PANDAS. At age 5 years, a few days after a
febrile illness, he had a sudden onset of irrational fears, separation
anxiety, OCD symptoms and polyuria. The symptoms self-resolved
in ~2 months. At age 8, he had another febrile illness followed by a
sudden onset of OCD, intense fears of the night, highly ritualized
bedtime routine, anger episodes, and depressed mood. The symp-
toms slowly remitted with the exception of mild anxiety. At age 18,
while taking citalopram, he had another symptom exacerbation

35

characterized by return of OCD and escalation in anxiety. Anti-
DNase B titers were elevated, but ASO titer was normal. Testing for
Lyme and mycoplasma were negative.

He was placed on azithromycin for 10 days, with a working
diagnosis of PANDAS. His OCD and anxiety symptoms improved
initially, then re-escalated after the antibiotic was stopped. There-
fore, he was restarted on azithromycin and his escitalopram dose
was increased. Although this helped initially, his symptoms even-
tually re-escalated to the point that he could not attend school.

At 18 years of age, he also developed chronic back pain, knee
pain, heel pain, pain on the bottoms of his feet, and vague ab-
dominal symptoms that included tenderness, discomfort, and
bloating. In addition, his past medical history was significant
for motor tics, migraines, frequent ear infections, and frequent
GAS pharyngitis. His family history was notable for acute rheu-
matic fever (maternal grandmother) and celiac disease (paternal
grandfather).

An immunology evaluation found him to have high IgE and low
IgG levels, and poor response to pneumococcal vaccine, suggesting
mild immunodeficiency. Therefore, he underwent a trial of IVIG
(2 g/kg), which was complicated by a hemolytic reaction, but re-
sulted in marked improvement in his OCD and anxiety symptoms.
Unfortunately, he contracted GAS pharyngitis 6 weeks later and
had re-escalation of his psychiatric symptoms. He requested repeat
IVIG treatment, which was denied because of the risk of another
hemolytic reaction and the lack of sustained improvement with the
initial IVIG treatment.

He was referred for rheumatologic examination at age 25. He
ranked his back pain as 4-6/10 on most days, with pain and stiffness
worse in the morning and with prolonged sitting or standing.
Movement made his pain better. Physical examination revealed
tenderness over his temporomandibular joints, sternocostal joints,
Achilles tendon insertion points, and sacroiliac joints. He had pain
with internal rotation of hips and a limited Schober’s test (limited
forward bending flexibility). Laboratory testing revealed negative
human leukocyte antigen (HLA) B27 but positive HLA B51. Be-
cause his presentation was consistent with inflammatory back pain,
he was started on naproxen (500 mg twice daily) and given a re-
ferral to physical therapy for core strengthening.

At rheumatology follow-up, the patient reported overall im-
provement of axial skeletal pain and stiffness, but he had ongoing
discomfort in his back requiring him to move every 60 seconds in
order to keep his back comfortable. Additionally, he described
ongoing distress from his neuropsychiatric symptoms including
OCD, anxiety, insomnia, difficulties with concentration, racing
thoughts, and mood instability. He again requested IVIG, which
was again denied, because the benefit of IVIG did not outweigh the
risk of a potentially life-threatening hemolytic reaction. Given his
continued back pain, and concern for spondyloarthropathy, the
rheumatologist initiated a trial of sulfasalazine and requested an
MRI of the patient’s back and sacroiliac joints.

When the patient was seen 4 months after starting sulfasalazine,
his back pain and stiffness had mostly resolved and, therefore, the
MRI was not pursued. He reported that his pain was 0—1/10 on most
days, and it was the first time that he recalled that he did not have to
be in constant movement to prevent back pain. He also had reso-
lution of knee, hip, heel, and foot pain. Interestingly, his OCD and
anxiety symptoms were also much improved and he stated that his
psychiatric symptoms were now ‘‘manageable.”” However, he had
occasional ““flares’ of pain and stiffness associated with abdominal
symptoms. In the interim, he had been treated by his primary care
physician with clarithromycin for presumed sinusitis. It is not clear
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which medication (sulfasalazine or clarithromycin) helped his
neuropsychiatric symptoms, because both were given during the
same time period.

Given the patient’s abdominal symptoms, associated back pain,
and OCD flares, his holistic medicine physician and rheumatologist
suggested a limited trial of removing wheat/gluten, dairy, and soy
from his diet. Four months later he reported that his back pain and
neuropsychiatric symptoms had completely resolved, and that he
had “‘never felt so good in his life.”” He adhered to his gluten/dairy/
soy-free diet with occasional slips. Interestingly, he reported that
when he initially went on a gluten-free diet, he developed head-
aches, dizziness, sleep difficulties (severe nightmares and night
sweats), mood instability, and agitation, but that these symptoms
self-resolved over a 10 day period. After achieving his new baseline
of no neuropsychiatric or musculoskeletal symptoms, accidental
exposures to gluten or soy triggered deterioration in the following
manner: 4—12 hours after the food exposure (especially gluten) he
would develop abdominal pain and distention; 12-24 hours after
exposure, back pain would ensue; 24-48 hours later headaches,
worsening mood symptoms, OCD, and anxiety would ensue. This
pattern was repeated at least eight times over the next 12 months.
He self-discontinued the sulfasalazine and did well overall, but he
noticed that while not taking the sulfasalazine, gluten and soy ex-
posures resulted in more intense abdominal symptoms, back pain,
and psychiatric symptoms as compared with when he was taking
sulfasalazine.

Overall, his new baseline was improved, as he was pain free and
had minimal psychiatric symptoms. Because multiple therapies
were introduced (limited course of antibiotics for sinusitis, anti-
rheumatic medication, dietary changes, and previous escalation of
selective serotonin reuptake inhibitor [SSRI]) it is not clear which
therapies were responsible for his recovery.

Discussion

The overlap of PANS and inflammatory disease processes (in-
fection, autoimmune disease, and rheumatological disorders) in
youth has not been previously described, and begs further investi-
gation into the role of inflammation in the etiology of PANS. All of
the youth described here meet the proposed criteria for PANS:
acute onset within 24—48 hours of OCD symptoms, with at least two
associated symptoms. Most youth had significant mood symptoms,
in some cases meeting criteria for major depression or manic epi-
sodes. Motor tics, vocal tics, and cognitive impairment were also
common. Physical symptoms and medical illnesses were observed
(abdominal pain, musculoskeletal pain, and sinus pain) and in some
cases led to medical interventions that appeared to improve both the
physical and psychiatric symptoms. Despite the consistency of their
psychiatric presentations, the youth had a variety of underlying
inflammatory illnesses/triggers including autoimmune encephalitis
(case 1), immunodeficiency (case 5), inflammatory back pain and
food intolerance (case 5), GAS (cases 2 and 5 and possibly 1),
mycoplasma (case 3), and sinusitis caused by an unknown pathogen
(case 4).

We have had little precedent to guide treatment in our PANS
clinic; therefore, we base our interventions on those useful for
PANDAS, for which most youth receive antibiotics (Snider et al.
2005) and failing a satisfactory response, IVIG, or plasma ex-
change (Perlmutter et al. 1999). In the cases presented, treatments
were aimed at controlling underlying infectious/inflammatory
disease: Immunosuppression for autoimmune process (case 1);
anti-inflammatory medication for rheumatic disease (case 5); IVIG
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for PANDAS (cases 2, 4, and 5), autoimmune encephalitis (case 1)
and immunodeficiency (case 5); antibiotics to treat mycoplasma,
sinusitis, and GAS (all cases); sinus surgery for recurrent sinusitis
(case 4); and removal of offending foods in a case of spondyloar-
thropathy/irritable bowel (case 5). These treatments resulted in
moderate to complete improvement, even in cases in which mul-
tiple psychotherapies had failed. Although relapses were common
in the cases presented, the relapses appeared to correspond to
withdrawal (weaning) of medical treatments (immunosuppres-
sion and/or antibiotics) or return/flare up of a medical illness (re-
exposure to streptococcus, recurrence of sinusitis, re-exposure to
a poorly tolerated food). Beneficial response to medical thera-
pies suggests that the underlying etiology of these PANS cases is
different from ‘‘typical” OCD, tic disorder, bipolar disorder,
and depression. Currently, it is unknown if any “‘typical” child-
hood psychiatric illness would also respond to antibiotic, anti-
inflammatory or immunomodulatory treatments. It is known that
OCD that is not PANDAS-related does not improve with PEX
(Nicolson et al. 2000).

The common underlying thread appears to be inflammation. For
PANDAS and post-streptococcal striatal encephalitis (basal gan-
glia encephalitis) this may be caused by antineuronal antibodies
(Kirvan et al. 2003, 2006 2007; Dale and Brilot, 2012; Dale et al.,
2012; Cox et al. 2013), a mechanism that is supported by studies in
rats exposed to GAS or IgG from GAS-exposed rats (Yaddanapudi
et al. 2010; Lotan et al., 2014). But for non-GAS causes, the in-
flammation might or might not be caused by similar mechanisms.
Exposure to other infectious agents, such as mycoplasma pneu-
moniae, might also lead to similar cross-reactive antibodies (Dale
and Brilot 2012). Underlying causes could also include other au-
toinflammatory and autoimmune processes as is the case in lupus
(Slattery et al. 2004) and other systemic autoimmune diseases, in
which an infection or medication can trigger dysregulation of the
adaptive and/or innate immune systems. Inflammation has in-
creasingly been investigated and implicated in psychiatric illness,
particularly depression and bipolar disorder (Goldstein et al., 2009;
Berk et al., 2013;), although it is not clear if it is etiologic or if it
occurs as a result of mood episodes. Therefore, whereas inflam-
mation could be occurring in all these patients, the mechanisms of
inflammation, and the reasons for neuropsychiatric symptoms,
could be subtly to grossly different.

PANS is diagnosed using clinical course and symptoms that may
stem from a variety of etiologies, acting through different disease
mechanisms. Even within the presumed neuroinflammatory cases
of PANS, it is likely that there are different immune dysregula-
tions that affect subgroups of PANS patients. Such is the case with
juvenile idiopathic arthritis (JIA), in which a broad clinical cate-
gory involves many distinct clinical subtypes with heterogeneous
mechanisms of dysfunction. The PANS phenomenon deserves
further empirical study in order to determine etiologies and proper
treatment algorithms.

Conclusion

Acute-onset neuropsychiatric symptoms in youth signal a seri-
ous risk for cognitive and psychosocial impairment. The hetero-
geneity of presentation and potentially serious sequelae of PANS
require clinicians to be alert to the possibility of PANS when faced
with youth who abruptly develop psychiatric and physical symp-
toms. When suspicious, psychiatrists need to work with pediatri-
cians and physicians with expertise in other disciplines to diagnose
and treat the underlying infectious and/or inflammatory diseases. In
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our cases, psychiatrists, pediatricians, immunologists, rheumatol-
ogists, neurologists, otolaryngologists, and infectious disease spe-
cialists collaborated. Alertness to the possibility of PANS and
cross-discipline coordination can lead to a positive treatment re-
sponse in youth with the illnesses described as PANS.

Clinical Significance

This case series highlights the varied presentation of youth with
PANS and how severe these cases can be. With proper diagnosis,
medical workup, and management, youth with PANS can have
significant improvement in their psychiatric symptoms and func-
tion. Long-term follow-up of these and other children with PANS
needs to be conducted to understand their course and outcome.
Even though we do not yet understand the mechanisms of how
inflammation affects the brain in PANS, it is our experience, as
illustrated here, that addressing the source of inflammation in pa-
tients with PANS (e.g., treating infections and rheumatologic
conditions) is associated with improvement in neuropsychiatric
symptoms overall.

References

Allen AJ, Leonard HL, Swedo SE: Case study: A new infection-
triggered, autoimmune subtype of pediatric OCD and Tourette’s
syndrome. J Am Acad Child Adolesc Psychiatry 34:307-311, 1995.

Berk M, Williams LJ, Jacka FN, O’Neil A, Pasco JA, Moylan S, Allen
NB, Stuart AL, Hayley AC, Byrne ML, Maes M: So depression is
an inflammatory disease, but where does the inflammation come
from? BMC Med 11, 200, 2013.

Chambert-Loir C, Ouachee M, Collins K, Evrard P, Servais L: Im-
mediate relief of Mycoplasma pneumoniae encephalitis symptoms
after intravenous immunoglobulin. Pediatr Neurol 41:375-377, 2009.

Cox CJ, Sharma M, Leckman JF, Zuccolo J, Zuccolo A, Kovoor A,
Swedo SE, Cunningham MW: Brain human monoclonal autoanti-
body from sydenham chorea targets dopaminergic neurons in
transgenic mice and signals dopamine D2 receptor: Implications in
human disease. J Immunol 191:5524-5541, 2013.

Dale RC, Brilot F: Autoimmune basal ganglia disorders. J Child
Neurol 27:1470— 1481, 2012.

Dale RC, Merheb V, Pillai S, Wang D, Cantrill L, Murphy TK, Ben-
Pazi H, Varadkar S, Aumann TD, Horne MK, Church AJ, Fath T,
Brilot F: Antibodies to surface dopamine-2 receptor in autoimmune
movement and psychiatric disorders. Brain 135:3453-3468, 2012.

Ercan TE, Ercan G, Severge B, Arpaozu M, Karasu G. Mycoplasma
pneumoniae infection and obsessive-compulsive disease: A case
report. J Child Neurol 23:338-340, 2008.

Gabbay V, Coffey BJ, Babb JS, Meyer L, Wachtel C, Anam S, Rabinovitz
B: Pediatric autoimmune neuropsychiatric disorders associated with
streptococcus: Comparison of diagnosis and treatment in the commu-
nity and at a specialty clinic. Pediatrics 122:273-278, 2008.

Goldstein BI, Kemp DE, Soczynska JK, McIntyre RS: Inflammation
and the phenomenology, pathophysiology, comorbidity, and treat-
ment of bipolar disorder: a systematic review of the literature.
J Clin Psychiatry 70:1078-1090, 2009.

Kaplan EL, Rothermel CD, Johnson DR: Antistreptolysin O and anti-
deoxyribonuclease B titers: Normal values for children ages 2 to 12
in the United States. Pediatrics 101:86-88,1998.

Kirvan CA, Cox CJ, Swedo SE, Cunningham MW: Tubulin is a
neuronal target of autoantibodies in Sydenham’s chorea. J Immunol
178:7412-7421, 2007.

37

Kirvan CA, Swedo SE, Heuser JS, Cunningham MW: Mimicry and
autoantibody-mediated neuronal cell signaling in Sydenham cho-
rea. Nat Med 9:914-920, 2003.

Kirvan CA, Swedo SE, Snider LA, Cunningham MW: Antibody-
mediated neuronal cell signaling in behavior and movement dis-
orders. J Neuroimmunol 179:173-179, 2006.

Kumar A, Williams MT, Chugani HT: Evaluation of basal ganglia and
thalamic inflammation in children with pediatric autoimmune
neuropsychiatric disorders associated with streptococcal infection
and Tourette syndrome: A positron emission tomographic (PET)
study using 11C-[R]-PK11195. J Child Neurol 2014 Aug 12 [Epub
ahead of print].

Lotan D, Benhar I, Alvarez K, Mascaro-Blanco A, Brimberg L,
Frenkel D, Cunningham MW, Joel D: Behavioral and neural effects
of intra-striatal infusion of anti-streptococcal antibodies in rats.
Brain Behav Immun 38:249-262, 2014.

Morer A, Lazaro L, Sabater L, Massana J, Castro J, Graus F: Anti-
neuronal antibodies in a group of children with obsessive-compulsive
disorder and Tourette syndrome. J Psychiatr Res 42:64-68, 2008.

Nicolson R, Swedo SE, Lenane M, Bedwell J, Wudarsky M, Gochman
P, Hamburger SD, Rapoport JL: An open trial of plasma exchange
in childhood-onset obsessive-compulsive disorder without post-
streptococcal exacerbations. J Am Acad Child Adolesc Psychiatry
39:1313-1315, 2000.

Perlmutter SJ, Leitman SF, Garvey MA, Hamburger S, Feldman E,
Leonard HL, Swedo SE: Therapeutic plasma exchange and intra-
venous immunoglobulin for obsessive-compulsive disorder and tic
disorders in childhood. Lancet 354:1153—-1158, 1999.

Rhee H, Cameron DJ: Lyme disease and pediatric autoimmune neu-
ropsychiatric disorders associated with streptococcal infections
(PANDAS): An overview. Int J Gen Med 5:163-174, 2012.

Slattery MJ, Dubbert BK, Allen AJ, Leonard HL, Swedo SE,
Gourley MF: Prevalence of obsessive-compulsive disorder in
patients with systemic lupus erythematosus. J Clin Psychiatry
65:301-306, 2004.

Snider LA, Lougee L, Slattery M, Grant P, Swedo SE: Antibiotic
prophylaxis with azithromycin or penicillin for childhood-onset
neuropsychiatric disorders. Biol Psychiatry 577:88— 792, 2005.

Snider LA, Swedo SE: PANDAS: Current status and directions for
research. Mol Psychiatry 9:900-907, 2004.

Swedo SE, Leckman JF, Rose NR: From research subgroup to clinical
syndrome: Modifying the PANDAS criteria to describe PANS
(pediatric acute—onset neuropsychiatric syndrome). Pediatr Thera-
peut 2:1-8, 2012.

Vernino S, Geschwind M, Boeve B: Autoimmune encephalopathies.
Neurologist 13:140-147, 2007.

Yaddanapudi K, Hornig M, Serge R, De Miranda J, Baghban A, Villar
G, Lipkin WI: Passive transfer of streptococcus-induced antibodies
reproduces behavioral disturbances in a mouse model of pediatric
autoimmune neuropsychiatric disorders associated with strepto-
coccal infection. Mol Psychiatry 15:712— 726, 2010.

Address correspondence to:

Kiki D. Chang, MD

Stanford University School of Medicine
Division of Child and Adolescent Psychiatry
401 Quarry Road

Stanford, CA 94305-5540

E-mail: kchang88 @stanford.edu



