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Introduction: Accumulating evidence supports a role for inflammation in psychiatric illness, and the
onset or exacerbation of psychiatric symptoms may follow non-CNS infections. Here, we provide the first
detailed description of obsessive-compulsive and related psychiatric symptoms arising concurrently with
sinusitis.
Methods: We reviewed the charts of 150 consecutive patients evaluated in our Pediatric Acute-onset
Neuropsychiatric Syndromes clinic for documented sinusitis as defined by the American Academy of
Pediatrics guidelines. Sinusitis treatments, sinonasal imaging, and neuropsychiatric symptoms before,
during, and after sinusitis onset were noted. Patients were included in the final review if they had a clear
diagnosis of isolated sinusitis (without concurrent illness and/or immunodeficiency), and were evaluated
during an episode of sinusitis.
Results: 10/150 (6.6%) patients had isolated sinusitis at the time of their neuropsychiatric deterioration.
Eight patients received antibiotics to treat sinusitis, three of whom also received sinus surgery. Neuro-
psychiatric symptoms improved in all eight patients concurrent with resolution of sinusitis per parent
report and clinician assessment. One patient did not follow through with recommended sinus surgery or
antibiotics and her psychiatric symptoms persisted. One patient was lost to follow-up.
Conclusions: Improvement of psychiatric symptoms correlated with resolution of sinus disease in this
retrospective study. Identification, treatment, and resolution of underlying infections, including sinusitis,
may have the potential to change the trajectory of some neuropsychiatric illnesses. Randomized clinical
trials are needed.

© 2016 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

A growing body of literature supports a link between inflam-
mation and psychiatric symptoms [1e5]. Concurrent inflammatory
disease and psychiatric symptoms have been described in condi-
tions including neuropsychiatric systemic lupus erythematosus [6],
schizophrenia [7], acute disseminated encephalomyelitis (ADEM)
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rved.
[8], Behcet's [9], anti-NMDA-receptor encephalitis [10], pediatric
autoimmune neuropsychiatric disorder associated with group A
streptococcus (GAS) [11,12], and toxoplasmosis [13]. To our
knowledge, no one has yet reported neuropsychiatric changes with
isolated sinusitis.

Research criteria for a condition labeled “Pediatric Acute-onset
Neuropsychiatric Syndrome (PANS)” were created to study a
group of children who have an abrupt, dramatic onset of obsessive
compulsive (OC) symptoms and/or eating restriction accompanied
by an equally abrupt onset of at least two co-morbid neuropsy-
chiatric symptoms, which may include anxiety, emotional lability,
depression, irritability, aggression, oppositionality, deterioration in
school performance, behavioral (developmental) regression, sen-
sory amplification, movement abnormalities, sleep disturbance,
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and urinary frequency [14,15]. The Stanford PANS program was
created to research etiology and treatment for this disorder and
conducts an interdisciplinary clinic designed to evaluate and treat
youth with suspected PANS. Although the clinic focuses on evalu-
ating and treating acute-onset cases, it follows a small subset of
patients who presented with unclear or sub-acute onsets of PANS-
like symptoms, since, over time, many of these patients' clinical
conditions deteriorate acutely in subsequent relapses. The mech-
anism by which PANS develops is unknown and is likely
multifactorial.

Children suffer an estimated six to eight viral upper respiratory
infections per year. Up to 13% of these infections can be complicated
by bacterial rhinosinusitis [16,17]. In children with common vari-
able immunodeficiency (CVID), sinusitis is one of themost common
infectious presentations [18]. In 2015, we reported that 11% of pa-
tients seen in the Stanford PANS clinic noted presence of sinusitis
within either threeweeks prior to or during the development of the
first PANS symptoms [19]. To date, no one has described patients'
course of neuropsychiatric illness before, during, and after sinusitis.

Here we report ten cases of patients whose escalation in psy-
chiatric symptoms coincided with sinus disease.

2. Methods

The Stanford Panel on Human Subjects Institutional Review
Board approved this retrospective study.

We reviewed the medical and psychiatric records of 150 pa-
tients who presented to the multidisciplinary PANS clinic between
September 2010 and August 2015. Each patient underwent a
comprehensive neuropsychiatric and medical evaluation, and this
data was incorporated into patients' medical records. Data extrac-
ted from the medical record included: demographic data, the
presence or absence of neuropsychiatric symptoms, and the pres-
ence or absence of symptoms consistent with acute bacterial rhi-
nosinusitis or chronic sinusitis. Patients with a diagnosis of acute,
subacute, recurrent acute, chronic, or acute superimposed on
chronic bacterial rhinosinusitis based on American Academy of
Table 1
Diagnostic criteria used to identify patients with bacterial sinusitis.

Sinusitis symptoms:
� Purulent cloudy or colored nasal discharge
� Nasal obstruction reported as congestion, blockage, or stuffiness
� Facial pain/pressure/fullness involving the anterior face, periorbital region, or manif

Types of sinusitis Diagnostic criteria/a

Acute sinusitis [20, 22] (Duration: >10 days and <30 days) � Purulent nasal drai
� Worsening or new

improvement OR
� Severe onset with c

consecutive days

Subacute sinusitis [16, 22] (Duration: 30e60 days) � Mild to moderate a
worse at night

� May have low grad

Recurrent acute sinusitis [16, 22] (Duration: <30 days and
separated by at least 10 days without sinusitis symptoms)

� 3 episodes of acute
� 4 episodes of acute

Chronic sinusitis [16, 22, 29] (Duration: >90 days) At least two of the fo
� Mucopurulent nasa
� Persistent residual
� Decreased sense of
� Polyps
� Purulent mucus or
� Radiographic imag

Acute superimposed on chronic sinusitis [16] � Development of ne
AND
� Treatment with an

remain
Pediatrics (AAP) clinical practice guidelines (Table 1) [16,20], and
who met criteria for a diagnosis of PANS [14,15], or who otherwise
met PANS criteria but had a subacute onset, were included for
further review.

Patients for whom a comprehensive neuropsychiatric evalua-
tion was not available or for whom a diagnosis of sinusitis was
unclear were excluded from the study (Fig. 1). Patients who pre-
sented with an additional concurrent illness and/or immunodefi-
ciency were also excluded. These patients were excluded because
the effect of the interaction between sinusitis, the concurrent
illness, and its treatment (such as immunomodulatory therapy to
treat arthritis or intravenous immunoglobulins (IVIG) to treat un-
derlying immunodeficiency) on the psychiatric symptoms could
not be determined. A detailed description of these patients can be
found in Table A1 (Appendix A). Signs of immunodeficiency were
defined as leukopenia or diagnosed CVID based on significantly
decreased levels of immunoglobulin G and immunoglobulin A or
immunoglobulin M in addition to a poor antibody response to
vaccination [21].

Sinonasal imaging (computed tomography [CT], magnetic
resonance imaging [MRI]) ordered as part of routine clinical care
was obtained for included patients when available. A board certi-
fied pediatric otolaryngologist re-reviewed all images for the
presence or absence of sinonasal abnormalities.

We then evaluated all patients with a neuropsychiatric deteri-
oration and concurrent sinusitis to describe the relationship be-
tween the course of PANS and sinusitis.

3. Results

3.1. Patient characteristics

Of the 150 childrenwho presented to the PANS clinic during the
study period, 70 patients (47%) had mention of sinus disease in
their medical record. Of these, 41 patients were excluded because
their sinusitis resolved prior to being seen in our clinic. Six patients
were excluded for an unclear diagnosis of sinusitis, and 13 patients
ested as a localized or diffuse headache

ssociated symptoms

nage and/or daytime cough that persists for >10 days with no improvement OR
nasal discharge, daytime cough, or fever within 10 days after an initial

oncomitant fever of at least 102.2�F and purulent nasal discharge for at least three

nd often intermittent nasal discharge of any quantity and/or cough that is often

e periodic fever

bacterial sinusitis in 6 months OR
bacterial sinusitis in 12 months

llowing symptoms for >90 days:
l drainage
respiratory symptoms such as cough, rhinorrhea, and nasal obstruction
smell

edema in the middle meatus or ethmoid region
ing shows inflammation of paranasal sinuses

w respiratory symptoms on top of residual respiratory symptoms

tibiotics results in resolution of new symptoms but underlying residual symptoms



Fig. 1. Breakdown of patients excluded from review because their sinusitis resolved prior to their being seen in PANS Clinic, their diagnosis of sinusitis was unclear, or they
presented with a concurrent other illness. *SREAT ¼ Steroid Responsive Encephalitis associated with Thyroiditis.
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were excluded because they presented with an additional concur-
rent illness and/or signs of immunodeficiency (Fig. 1 and Appendix
A).

The remaining ten patients had isolated sinusitis without other
concurrent infections or inflammatory diseases, andmet criteria for
sinusitis at the time of initial presentation of psychiatric symptoms
or flare in psychiatric symptoms after a stable mental health tra-
jectory. These ten patients ranged in ages 6e17 years old. Six were
male and four were female. These ten patients are presented in
Tables 2 and 3. All ten patients had severe OC symptoms as part of
their clinical presentation and experienced serious disruption in
their psychosocial health and school performance. Five were not
able to attend school for periods of time (patients 3, 4, 6, 8, & 9).
Two patients with isolated sinusitis (patients 3 & 8) required psy-
chiatric hospitalizations, mental health services from the state, and
extensive school services. Aside fromminor residual symptoms, six
of the seven patients who ultimately experienced resolution of
their sinus symptoms and psychiatric symptoms were able to re-
turn to, or nearly to, their neuropsychiatric baseline and service
needs were decreased. In contrast, patient 5, who did not follow
through with recommendations to have sinusitis treated, had
ongoing sinus and psychiatric symptoms at her 20-month follow-
up in conjunction with other disabling psychiatric and physical
symptoms.
3.2. Imaging findings

Four patients (patients 4, 5, 8, & 9) underwent imaging (CT or
MRI) due to concerns for anatomic abnormalities contributing to
sinusitis and/or evaluation of other organic brain issues. Upon re-
view, all four patients had confirmed paranasal sinus abnormalities
consistent with acute or chronic disease. For the remaining pa-
tients, their high neuropsychiatric impairment rendered imaging
unfeasible.

3.3. Sinus surgery

Surgery was recommended by a community otolaryngologist for
four patients and three followed through with sinus surgery (pa-
tients 4, 8, & 9). Indications for sinus surgery included chronic
maxillary (patients 4, 5, & 8), ethmoid (patients 5 & 8), and/or
sphenoid (patient 5) sinusitis and/or abnormal sinus anatomy
(patients 8 & 9). Review of the surgical reports revealed chronic
maxillary (patient 4 & 8), sphenoid (patient 9), and/or ethmoid
sinusitis (patient 8 & 9). Maxillary mucoceles and a benign sphe-
noid sinus cyst were removed from patients 4 and 9, respectively.
Sinus cultures were obtained during surgery for one patient (pa-
tient 4). This patient's culture found methicillin-resistant Staphy-
lococcus aureus (MRSA) sinusitis resistant to all penicillins, all
cephalosporins (except anti-MRSA cephalosporins), and beta-
lactam inhibitor combinations. The three patients who went
through with recommended surgeries also completed a recom-
mended antibiotic course. All three experienced improvement of
psychiatric symptoms following surgery. The fourth patient (pa-
tient 5) refused sinus surgery and did not complete her prescribed
antibiotics regimen.

3.4. Antibiotics

All patients were prescribed standard treatment for acute bac-
terial sinusitis (amoxicillin/clavulanic acid) per AAP guidelines [22].
Among patients with isolated sinusitis, five received an alternative



Table 2
Characteristics of patient at presentation of neuropsychiatric symptoms & isolated sinusitis.

# Pre-existing neuropsychiatric
symptoms

Sinusitis type New onset or dramatic escalation of symptoms during sinusitis

Psychiatric/cognitive symptoms Physical symptoms

1 Sensory & motor abnormalities/tics. Acute Acute onset: OC symptoms, anxiety,
emotional lability, irritability,
behavioral regression, attention
difficulties, deterioration in school
performance.

Sensory abnormalities.

2 Anxiety, sensory & fine motor
abnormalities, sleep disturbances
(parent report).

Recurrent Acute onset: Severe OC symptoms,
anxiety, emotional lability, irrational
behaviors, attention difficulties,
deterioration in school performance.

Sleep disturbance, joint pain.

3 OC symptoms, anxiety, panic episodes,
emotional lability, irritability/
aggression, attention difficulties,
motoric hyperactivity, light sensitivity
(all mild per parent report).

Acute Acute onset: escalation of OC
symptoms, emotional lability, increased
irritability, personality change,
deterioration in school performance,
motoric hyperactivity.

Simple and complex tics, piano playing
fingers, dystonia, truncal instability,
sleep disturbance, fatigue, sound
sensitivity, abdominal pain,
constipation.

4 Mood/emotional issues, sensory
abnormalities.

Chronic Acute onset: OC symptoms, anxiety,
panic episodes.

Piano-playing finger movements on
standing Romberg, milkmaid grip,
stress dystonia, truncal weakness and
instability, sleep disturbance, enuresis,
fatigue, joint pain.

5 None. Chronic Acute onset: OC symptoms, emotional
lability, depression, irritability,
cognitive changes, sensory
abnormalities.

Tics, fatigue, joint pain, back pain.

6 None. Acute Acute onset: mild OC symptoms,
emotional lability, irritability,
behavioral regression.

Tics, sleep disturbance, migraines, foot
pain, dizziness, sensory abnormalities.

7 Fine & gross motor abnormalities. Acute superimposed
on Chronic

Subacute onset: OC symptoms, anxiety,
emotional lability, depression,
irritability, cognitive changes.

Sleep disturbance, back pain, diffuse
tenderness, pain amplification.

8 Mood issues, irritability, sensory
abnormalities.

Chronic Subacute onset: anxiety, emotional
lability, depression, irritability,
aggression.

Simple and complex tics, truncal
instability, sleep disturbance.

9 None. Chronic Acute onset: OC symptoms, mild
anxiety, mild irritability, mild cognitive
changes.

Neck and body pain.

10 Anxiety, learning disabilities, finemotor
abnormalities, speech delay.

Chronic Subacute onset: OC symptoms,
restrictive food intake, anxiety,
emotional lability, depression,
aggression, behavioral regression,
cognitive changes, deterioration in
school performance.

Piano-playing finger movements on
standing Romberg, simple and complex
tics, tongue fasciculation, sleep
disturbance, urinary frequency
widespread pain, abdominal pain,
numbness, shooting electrical pains,
sensory abnormalities.
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antibiotic due to parent or physician concerns for compliance with
a twice daily medication or a history of failed treatment with
amoxicillin/clavulanic acid, specifically: clarithromycin (n ¼ 1),
clindamycin (n ¼ 2), azithromycin (n ¼ 2). One patient (patient 4)
switched to sulfamethoxazole/trimethoprim after MRSAwas found
in his sinuses during surgery.

One patient (patient 6) was lost to follow-up, and another (pa-
tient 5) did not complete her antibiotics regimen or her recom-
mended sinus surgery, as mentioned above. Her sinus symptoms
and psychiatric symptoms including depression, anxiety, and OC
symptoms persisted at her 20-month follow-up.

Overall, ten of our patients (10/150, 6.6%) presented with iso-
lated sinusitis (no other illness or immunodeficiency) concurrent
with their neuropsychiatric deterioration. Eight of these ten pa-
tients followed through with prescribed treatment and returned to
our clinic for follow-up; of these, seven experienced complete
resolution of their sinusitis without need for other treatments. The
eighth patient, who was treated with both antibiotics and predni-
sone, experienced incomplete resolution of sinusitis and
subsequent recrudesce of sinus disease. All eight patients experi-
enced improvement in neuropsychiatric symptoms concurrent
with resolution or improvement of sinusitis. Three patients expe-
rienced recrudesce of sinus symptoms and concurrent recrudes-
cence of neuropsychiatric symptoms. One patient had
recrudescence of neuropsychiatric symptoms following GAS
exposure, suggesting that his constellation of neuropsychiatric
symptoms may wax and wane with a variety of inflammatory
illnesses.
4. Discussion

Sinusitis is a common infection in the general pediatric popu-
lation [16]; however, there are few reported associations between
sinusitis and neuropsychiatric deteriorations. The children in our
case series may represent a groupwho are vulnerable to psychiatric
exacerbations for reasons we do not understand. Their sinusitis
could represent a non-specific trigger that “tips the balance” into
having these overt psychiatric symptoms. Alternatively,



Table 3
Course of PANS illness, sinusitis, & treatment.

# Neuropsychiatric symptoms after resolution of sinusitis Time, sinus treatment
to max improvement

Course of sinusitis and neuropsychiatric symptoms

1 Resolved: all symptoms (OC symptoms, anxiety, emotional
lability, irritability, behavioral regression, attention difficulties,
deterioration in school performance, sensory abnormalities).

3 weeks Improvement sustained for two weeks after completion of
amoxicillin/clavulanic acid course. Deterioration after antibiotics
were stopped. Amoxicillin/clavulanic acid restarted with
corresponding psychiatric symptom improvement, which was
sustained during and several weeks after treatment with antibiotics.
Mild flare in psychiatric symptoms at GAS exposure.

2 Improved: most symptoms (severe OC symptoms, emotional
lability, irrational behaviors, attention difficulties, deterioration
in school performance).
Residual: anxiety.

Within 10 daysa Improvement sustained for 4 months, contracted another sinus
infection, OC symptoms and attention difficulties returned. All
symptoms improved within 10 days on amoxicillin/clavulanic acid,
over the next four years the patient had three more
neuropsychiatric flares with sinus infections that improved with
antibiotics.

3 Improved: mood, aggression, sensory abnormalities.
Residual: OC symptoms, anxiety, emotional lability, irritability,
deterioration in school performance, tics.

10 days Improvement sustained, currently 4 months.

4 Improved: OC symptoms, anxiety, panic episodes.
Residual: fatigue, photosensitivity, intermittent joint pain.

Within 15 weeks OC symptoms, anxiety and panic episodes improved while on
antibiotics and prednisone, then resolved following sinus surgery
and course of sulfamethoxazole/trimethoprim. Sinus symptoms
recurred 8months later with concurrent escalation of body pain and
generalized fatigue. All symptoms improved after restarting
sulfamethoxazole/trimethoprim and prednisone.

5 N/A (Sinusitis did not resolve.). N/A All symptoms persisted: OC symptoms, emotional lability,
depression, irritability, cognitive changes, motor tics, sensory
abnormalities.

6 N/A (Lost to follow-up.) N/A N/A

7 Improved: OC symptoms, anxiety, mood, irritability, attention
difficulties, cognitive changes, pain, sleep disturbance.

Within 4 monthsa Improvement sustained for 4months, deterioratedwhen completed
course of clindamycin, clindamycin restarted, improved mood and
anxiety within 6 weeks but some sinus symptoms persisted,
deteriorated 2 months later concurrent with resurgence of sinus
symptoms, on allergist's recommendation removed tree nuts from
diet. Sinus symptoms, anxiety, emotional lability, and depression
improved, 4 months later sinus symptoms and neuropsychiatric
symptoms returned. Received sinus surgery, IVIG, and anti-
psychotic medication.

8 Improved: emotional lability, depression, irritability, tics, sleep
disturbance, body pain, fatigue.

8 months Gradual improvement for 8 months, improvement sustained,
currently at 16 months post-operation.

9 Resolved: OC symptoms, cognitive issues, pain.
Residual: mild anxiety and mild irritability.

Within 6 weeksa Improvement sustained, currently at 27 months.

10 Improved: OC symptoms, anxiety, depression, aggression,
behavioral regression, cognitive changes, sleep disturbance.
Resolved: tics, pain, tongue fasciculation.

24e48 h Slowly deteriorated, then switched to antibiotics to azithromycin,
gradually improved, improvement sustained.

a Interval between appointments.
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characteristics of the immune response or location of inflammation
within the sinonasal anatomy may uniquely contribute to neuro-
psychiatric deteriorations. Indeed, new evidence from a mouse
model suggests that antigen-specific Th17 cells generated within
the nasal-associated lymphoid tissue can migrate along olfactory
tracts past the cribiform plate and into the brain to promote blood-
brain barrier breakdown, microglial activation, and changes in
synaptic physiology [23].

In this study, we describe the clinical course of ten patients with
sinusitis coinciding with a neuropsychiatric deterioration. Addi-
tional physical symptoms consistent with central nervous system
(CNS) dysfunction were also present frequently (e.g. tics, dystonia,
truncal instability/hypotonia, tongue fasciculations, pain, sensory
amplification, sleep disturbance [Table 2, third column]). Patients
who subsequently experienced resolution of their sinus disease
also had significant concurrent improvement or resolution of their
neuropsychiatric and physical symptoms (Table 3), suggesting a
potential pathophysiologic relationship.

Prior research has demonstrated an association between acute-
onset OC symptoms and GAS infections [11,12]. Transient behavior
regressions with infections have been described in patients with
developmental delay [24] and in normal healthy childrenwith GAS
[25]. Interestingly, a previous case series reported onset of anorexia
nervosa and OC symptoms in the setting of GAS and sinusitis with
improvement in the psychiatric symptoms following resolution of
these infections [26]. Similarly, in our case study, neuropsychiatric
deterorations were also reported in patients with GAS and con-
current sinusitis (see Appendix A, patients 11e17, 21, & 22). While
only the minority of patients presenting to our PANS clinic had
isolated sinusitis coincident with neuropsychiatric deterioration
(10/150, 6.6%), this small group of patients may provide insight into
a potential inflammatory trigger worthy of further investigation.

All patients with sinusitis in our clinic were prescribed antibi-
otics, per AAP recommendations [22]. However, it is unknown
whether patients' sinusitis would have resolved organically in the
absence of antibiotics. Prior randomized, placebo-controlled
studies examining the efficacy of antibiotics as treatment for
sinusitis in children have described conflicting results [17,27,28].
Randomized control trials will be necessary to determine whether
sinus directed therapies improve the trajectory of neuropsychiatric
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illnesses.
Our experience also indicates that future studies of neuropsy-

chiatric disorders should track sinusitis closely, along with other
potential infectious triggers and common complications of upper
resipiratory infections in children. Culturing the sinuses of patients
who present with sinusitis concurrent with neuropsychiatric de-
teriorations may provide insight into specific organisms that may
correlate with these deteriorations. This approach may be espe-
cially useful given that the treatment of sinusitis was relatively safe,
rapid, and low cost as compared to treatment of refractory psy-
chiatric disease.

A limitation of this study is that we may be underestimating the
total number of neuropsychiatric deteriorations that were coinci-
dent with sinusitis in our patient population for three reasons. First,
we chose to describe only the small fraction of patients who pre-
sented to our clinic with isolated sinusitis. Second, we only included
cases of active sinusitis at the time of neuropsychiatric deteriora-
tion, but a large portion (47%) of patients in our clinic reported a
past history of sinus symptoms. We were unable to assess neuro-
psychiatric deteriorations occurring alongside sinusitis prior to
presentation to our clinic or confirm a diagnosis of sinusitis when
patients presented to other providers with neuropsychiatric de-
teriorations, and thus, these cases were excluded. Third, we
excluded 13 patients that had other concurrent illnesses and/or
immunodeficiency because the effects of sinusitis could not be
isolated from the effects of the concurrent illness and treatments
(i.e. IVIG and other anti-inflammatory treatments). Interestingly, of
these 13 patients, 10 experienced resolution of sinus symptoms,
and of these 10, nine experienced improvement in psychiatric
symptoms coincident with resolution of sinus symptoms (see
Appendix A, patients 13e15, 17, 18, & 20e23).

Another limitation is that specific evaluation for symptoms of
sinusitis was not routinely done during the first year of our
multidisciplinary clinic, limiting our sample size. Furthermore,
children's psychiatric symptoms can be so overwhelming for fam-
ilies and providers, such that physical signs and symptoms of
sinusitis may not always be appreciated.

5. Conclusion

Accumulating evidence suggests that inflammation [3e5] or
infection [2,23] originating outside the CNS can impact neuropsy-
chiatric health. Our findings extend this literature and offer the
intriguing, but preliminary possibility that the identification,
treatment, and resolution of underlying infections, including
sinusitis (sinus inflammation), can improve the trajectory of some
neuropsychiatric illnesses. Observations in our patient population
suggest that clinicians should consider sinusitis among potential
triggers when evaluating patients with neuropsychiatric de-
teriorations and recommend future research to further study the
relationship between sinonasal disease and neuropsychiatric
deteriorations.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Conflicts of interest

None.

Acknowledgements

The authors would like to acknowledge George Mark Freeman,
M.D., Ph.D., Stanford University School of Medicine, and Joanne M.
Cheung, B.S., Stanford University School of Medicine, for critical
review of the paper and data collection, respectively. Joanne
Cheung and George Mark Freeman received no compensation for
their contributions.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.ijporl.2016.10.034.

References

[1] R. Dantzer, J.C. O'Connor, G.G. Freund, R.W. Johnson, K.W. Kelley, From
inflammation to sickness and depression: when the immune system sub-
jugates the brain, Nat. Rev. Neurosci. 9 (2008) 46e56, http://dx.doi.org/
10.1038/nrn2297.

[2] K.A. Williams, S.E. Swedo, Post-infectious autoimmune disorders: sydenham's
chorea, PANDAS and beyond, Brain Res. 1617 (2015) 144e154, http://
dx.doi.org/10.1016/j.brainres.2014.09.071.

[3] A.H. Miller, E. Haroon, J.C. Felger, Therapeutic implications of brain-immune
interactions: treatment in translation, Neuropsychopharmacology (2016)
1e26, http://dx.doi.org/10.1038/npp.2016.167.

[4] O. K€ohler, M.E. Benros, M. Nordentoft, M.E. Farkouh, R.L. Iyengar, O. Mors,
J. Krogh, Effect of anti-inflammatory treatment on depression, depressive
symptoms, and adverse effects, JAMA Psychiatry 71 (2014) 1381e1391, http://
dx.doi.org/10.1001/jamapsychiatry.2014.1611.

[5] R.H.B. Mitchell, B.I. Goldstein, Inflammation in children and adolescents with
neuropsychiatric disorders: a systematic review, J. Am. Acad. Child. Adolesc.
Psychiatry 53 (2014) 274e296, http://dx.doi.org/10.1016/j.jaac.2013.11.013.

[6] A. Bortoluzzi, C.A. Scir�e, S. Bombardieri, L. Caniatti, F. Conti, S. De Vita, A. Doria,
G. Ferraccioli, E. Gremese, E. Mansutti, A. Mathieu, M. Mosca, M. Padovan,
M. Piga, A. Tincani, M.R. Tola, P. Tomietto, G. Valesini, M. Zen, M. Govoni, Study
group on neuropsychiatric systemic lupus erythematosus of the italian society
of rheumatology, development and validation of a new algorithm for attri-
bution of neuropsychiatric events in systemic lupus erythematosus, Rheu-
matol. Oxf. 54 (2015) 891e898, http://dx.doi.org/10.1093/rheumatology/
keu384.

[7] M.E. Benros, P.R. Nielsen, M. Nordentoft, W.W. Eaton, S.O. Dalton,
P.B. Mortensen, Autoimmune diseases and severe infections as risk factors for
schizophrenia: a 30-year population-based register study, Am. J. Psychiatry
168 (2011) 1303e1310, http://dx.doi.org/10.1176/appi.ajp.2011.11030516.

[8] S. Tenembaum, N. Chamoles, N. Fejerman, Acute disseminated encephalo-
myelitis: a long-term follow-up study of 84 pediatric patients, Neurology 59
(2002) 1224e1231, http://dx.doi.org/10.1212/WNL.59.8.1224.

[9] E. Calikoglu, M. Onder, B. Cosar, S. Candansayar, Depression, anxiety levels and
general psychological profile in Behçet’s disease, Dermatology 203 (2001)
238e240, 51756.

[10] J. Dalmau, A.J. Gleichman, E.G. Hughes, J.E. Rossi, X. Peng, M. Lai, S.K. Dessain,
M.R. Rosenfeld, R. Balice-Gordon, D.R. Lynch, Anti-NMDA-receptor encepha-
litis: case series and analysis of the effects of antibodies, Lancet. Neurol. 7
(2008) 1091e1098, http://dx.doi.org/10.1016/S1474-4422(08)70224-2.

[11] M.L. Murphy, M.E. Pichichero, Prospective identification and treatment of
children with pediatric autoimmune neuropsychiatric disorder associated
with group a streptococcal infection (PANDAS), Arch. Pediatr. Adolesc. Med.
156 (2002) 356, http://dx.doi.org/10.1001/archpedi.156.4.356.

[12] S.E. Swedo, H.L. Leonard, M. Garvey, B. Mittleman, A.J. Allen, S.J. Perlmutter,
L. Lougee, S. Dow, J. Zamkoff, B.K. Dubbert, Pediatric autoimmune neuropsy-
chiatric disorders associated with streptococcal infections (PANDAS): clinical
description of the first 50 cases, Am. J. Psychiatry 155 (1998) 264e271, http://
dx.doi.org/10.1176/ajp.155.2.264.

[13] J. Flegr, Neurological and neuropsychiatric consequences of chronic toxo-
plasma infection, Curr. Clin. Microbiol. Rep. 2 (2015) 163e172, http://
dx.doi.org/10.1007/s40588-015-0024-0.

[14] S. Swedo, J. Leckman, N. Rose, From research subgroup to clinical syndrome:
modifying the PANDAS criteria to describe PANS (pediatric acute-onset
neuropsychiatric syndrome), Pediatr. Ther. 2 (2012) 113 (Accessed 2
February 2016), http://www.omicsonline.org/from-research-subgroup-to-
clinical-syndrome-modifying-the-pandas-criteria-to-describe-pans-
pediatric-acute-onset-neuropsychiatric-syndrome-2161-0665.1000113.php?
aid¼4020.

[15] K. Chang, J. Frankovich, M. Cooperstock, M.W. Cunningham, M.E. Latimer,
T.K. Murphy, M. Pasternack, M. Thienemann, K. Williams, J. Walter,
S.E. Swedo, Clinical evaluation of youth with pediatric acute-onset neuro-
psychiatric syndrome (PANS): recommendations from the 2013 PANS
Consensus Conference, J. Child. Adolesc. Psychopharmacol. 25 (2015) 3e13,
http://dx.doi.org/10.1089/cap.2014.0084.

[16] A.A. of Pediatrics, Subcommittee on management of sinusitis and committee
on quality improvement, Clinical practice guideline: management of sinusitis,
Pediatrics 108 (3) (2001) 798 (Accessed March 10, 2016), https://scholar.
google.com/scholar?q¼AmericanþAcademyþofþPediatrics%

http://dx.doi.org/10.1016/j.ijporl.2016.10.034
http://dx.doi.org/10.1016/j.ijporl.2016.10.034
http://dx.doi.org/10.1038/nrn2297
http://dx.doi.org/10.1038/nrn2297
http://dx.doi.org/10.1016/j.brainres.2014.09.071
http://dx.doi.org/10.1016/j.brainres.2014.09.071
http://dx.doi.org/10.1038/npp.2016.167
http://dx.doi.org/10.1001/jamapsychiatry.2014.1611
http://dx.doi.org/10.1001/jamapsychiatry.2014.1611
http://dx.doi.org/10.1016/j.jaac.2013.11.013
http://dx.doi.org/10.1093/rheumatology/keu384
http://dx.doi.org/10.1093/rheumatology/keu384
http://dx.doi.org/10.1176/appi.ajp.2011.11030516
http://dx.doi.org/10.1212/WNL.59.8.1224
http://refhub.elsevier.com/S0165-5876(16)30380-9/sref9
http://refhub.elsevier.com/S0165-5876(16)30380-9/sref9
http://refhub.elsevier.com/S0165-5876(16)30380-9/sref9
http://refhub.elsevier.com/S0165-5876(16)30380-9/sref9
http://dx.doi.org/10.1016/S1474-4422(08)70224-2
http://dx.doi.org/10.1001/archpedi.156.4.356
http://dx.doi.org/10.1176/ajp.155.2.264
http://dx.doi.org/10.1176/ajp.155.2.264
http://dx.doi.org/10.1007/s40588-015-0024-0
http://dx.doi.org/10.1007/s40588-015-0024-0
http://www.omicsonline.org/from-research-subgroup-to-clinical-syndrome-modifying-the-pandas-criteria-to-describe-pans-pediatric-acute-onset-neuropsychiatric-syndrome-2161-0665.1000113.php?aid=4020
http://www.omicsonline.org/from-research-subgroup-to-clinical-syndrome-modifying-the-pandas-criteria-to-describe-pans-pediatric-acute-onset-neuropsychiatric-syndrome-2161-0665.1000113.php?aid=4020
http://www.omicsonline.org/from-research-subgroup-to-clinical-syndrome-modifying-the-pandas-criteria-to-describe-pans-pediatric-acute-onset-neuropsychiatric-syndrome-2161-0665.1000113.php?aid=4020
http://www.omicsonline.org/from-research-subgroup-to-clinical-syndrome-modifying-the-pandas-criteria-to-describe-pans-pediatric-acute-onset-neuropsychiatric-syndrome-2161-0665.1000113.php?aid=4020
http://www.omicsonline.org/from-research-subgroup-to-clinical-syndrome-modifying-the-pandas-criteria-to-describe-pans-pediatric-acute-onset-neuropsychiatric-syndrome-2161-0665.1000113.php?aid=4020
http://dx.doi.org/10.1089/cap.2014.0084
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0


T. Mahony et al. / International Journal of Pediatric Otorhinolaryngology 92 (2017) 38e4444
2CþSubcommitteeþonþManagementþofþSinusitisþandþCommitteeþ
onþQualityþImprovement.þClinicalþmanage&btnG¼&hl¼en&as_sdt¼0%
2C5#0.

[17] E. Wald, D. Nash, J. Eickhoff, Effectiveness of amoxicillin/clavulanate potas-
sium in the treatment of acute bacterial sinusitis in children, Pediatrics 124 (1)
(2009) 9e15 (Accessed 2 December 2015), http://pediatrics.aappublications.
org/content/124/1/9.short.

[18] A.K. Knight, C. Cunningham-Rundles, Inflammatory and autoimmune com-
plications of common variable immune deficiency, Autoimmun. Rev. 5 (2006)
156e159, http://dx.doi.org/10.1016/j.autrev.2005.10.002.

[19] J. Frankovich, M. Thienemann, J. Pearlstein, A. Crable, K. Brown, K. Chang,
Multidisciplinary clinic dedicated to treating youth with pediatric acute-onset
neuropsychiatric syndrome: presenting characteristics of the first 47
consecutive patients, J. Child. Adolesc. Psychopharmacol. 25 (2015) 38e47,
http://dx.doi.org/10.1089/cap.2014.0081.

[20] L. Hauk, AAP releases guideline on diagnosis and management of acute bac-
terial sinusitis in children one to 18 years of age, Am. Fam. Physician 89 (2014)
676e681 (Accessed 3 March 2016), http://www.ncbi.nlm.nih.gov/pubmed/
24784128.

[21] H. Chapel, C. Cunningham-Rundles, Update in understanding common vari-
able immunodeficiency disorders (CVIDs) and the management of patients
with these conditions, Br. J. Haematol. 145 (2009) 709e727, http://dx.doi.org/
10.1111/j.1365-2141.2009.07669.x.

[22] E.R. Wald, K.E. Applegate, C. Bordley, D.H. Darrow, M.P. Glode, S.M. Marcy,
C.E. Nelson, R.M. Rosenfeld, N. Shaikh, M.J. Smith, P.V. Williams, S.T. Weinberg,
Clinical practice guideline for the diagnosis and management of acute bac-
terial sinusitis in children aged 1 to 18 years, Pediatrics 132 (2013)
e262ee280, http://dx.doi.org/10.1542/peds.2013-1071.

[23] T. Dileepan, E.D. Smith, D. Knowland, M. Hsu, M. Platt, P. Bittner-Eddy,
B. Cohen, P. Southern, E. Latimer, E. Harley, D. Agalliu, P.P. Cleary, A. Group,
Streptococcus intranasal infection promotes CNS infiltration by streptococcal-
specific Th17 cells, J. Clin. Invest. 126 (2016) 303e317, http://dx.doi.org/
10.1172/JCI80792.

[24] H. Jyonouchi, L. Geng, A. Cushing-Ruby, H. Quraishi, Impact of innate immu-
nity in a subset of children with autism spectrum disorders: a case control
study, J. Neuroinflammation 5 (2008) 52, http://dx.doi.org/10.1186/1742-
2094-5-52.

[25] T.K. Murphy, L.A. Snider, P.J. Mutch, E. Harden, A. Zaytoun, P.J. Edge,
E.A. Storch, M.C.K. Yang, G. Mann, W.K. Goodman, S.E. Swedo, Relationship of
movements and behaviors to Group A Streptococcus infections in elementary
school children, Biol. Psychiatry 61 (2007) 279e284, http://dx.doi.org/
10.1016/j.biopsych.2006.08.031.

[26] M.S. Sokol, Infection-triggered anorexia nervosa in children: clinical
description of four cases, J. Child. Adolesc. Psychopharmacol. 10 (2000)
133e145, http://dx.doi.org/10.1089/cap.2000.10.133.

[27] E.R. Wald, D. Chiponis, J. Ledesma-Medina, Comparative effectiveness of
amoxicillin and amoxicillin-clavulanate potassium in acute paranasal sinus
infections in children: a double-blind, placebo-controlled trial, Pediatrics 77
(1986) 795e800 (Accessed 2 December 2015), http://www.ncbi.nlm.nih.gov/
pubmed/3520469.

[28] J. Garbutt, M. Goldstein, E. Gellman, A randomized, placebo-controlled trial of
antimicrobial treatment for children with clinically diagnosed acute sinusitis,
Pediatrics 107 (4) (2001) 619e625 (Accessed 2 December 2015), http://
pediatrics.aappublications.org/content/107/4/619.short.

[29] S.K. Chandran, T.S. Higgins, Pediatric rhinosinusitis: definitions, diagnosis and
management - an overview, Am. J. Rhinol. Allergy 27 (2013) 2013e2016,
http://dx.doi.org/10.2500/ajra.2013.27.3896.

https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
https://scholar.google.com/scholar?q=American+Academy+of+Pediatrics%2C+Subcommittee+on+Management+of+Sinusitis+and+Committee+on+Quality+Improvement.+Clinical+manage&amp;btnG=&amp;hl=en&amp;as_sdt=0%2C5#0
http://pediatrics.aappublications.org/content/124/1/9.short
http://pediatrics.aappublications.org/content/124/1/9.short
http://dx.doi.org/10.1016/j.autrev.2005.10.002
http://dx.doi.org/10.1089/cap.2014.0081
http://www.ncbi.nlm.nih.gov/pubmed/24784128
http://www.ncbi.nlm.nih.gov/pubmed/24784128
http://dx.doi.org/10.1111/j.1365-2141.2009.07669.x
http://dx.doi.org/10.1111/j.1365-2141.2009.07669.x
http://dx.doi.org/10.1542/peds.2013-1071
http://dx.doi.org/10.1172/JCI80792
http://dx.doi.org/10.1172/JCI80792
http://dx.doi.org/10.1186/1742-2094-5-52
http://dx.doi.org/10.1186/1742-2094-5-52
http://dx.doi.org/10.1016/j.biopsych.2006.08.031
http://dx.doi.org/10.1016/j.biopsych.2006.08.031
http://dx.doi.org/10.1089/cap.2000.10.133
http://www.ncbi.nlm.nih.gov/pubmed/3520469
http://www.ncbi.nlm.nih.gov/pubmed/3520469
http://pediatrics.aappublications.org/content/107/4/619.short
http://pediatrics.aappublications.org/content/107/4/619.short
http://dx.doi.org/10.2500/ajra.2013.27.3896

	Improvement of psychiatric symptoms in youth following resolution of sinusitis
	1. Introduction
	2. Methods
	3. Results
	3.1. Patient characteristics
	3.2. Imaging findings
	3.3. Sinus surgery
	3.4. Antibiotics

	4. Discussion
	5. Conclusion
	Funding
	Conflicts of interest
	Acknowledgements
	Appendix A. Supplementary data
	References


