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a b s t r a c t 

“Pediatric acute-onset neuropsychiatric syndrome ”, or PANS, is a rare syndrome characterized by an acute on- 
set of obsessive-compulsive disorder (OCD), and/or severely restricted food intake accompanied by a variety of 
neuropsychiatric symptoms. To our knowledge, this is the first case report of twin adolescents with COVID-19- 
associated PANS. Dizygotic twin sisters in late teens, with abrupt and acute onset of severely restrictive food in- 
take, weight loss, OCD, anxiety with intermittent auditory and visual hallucinations, depression, attention deficit, 
and sleep disturbances, simultaneously accompanied by milder neurologic symptoms such as hand tremor, tin- 
nitus, dizziness, headache, and weakness of proximal muscles, were applied to child and adolescent psychiatry 
clinic. The only relevant agent underlying those neuropsychiatric and somatic complaints was COVID-19, and it 
was validated with laboratory testing, such as positive IgG titers of SARS-CoV-2 and negative biomarkers for other 
possible bacterial or viral agents. Generalized epileptic anomaly and a vermian/folial atrophy in the cerebellum 

were detected in further evaluations. Treatment options consisted of psychotropic agents, antibiotics, antiepilep- 
tic, and intravenous immunoglobulin transfusion finely treated the neuropsychiatric symptoms. Clinicians should 
consider SARS-CoV-2 as a potential agent, when a child presents with abrupt onset, dramatic neuropsychiatric 
symptoms also consisting of PANS, even in asymptomatic patients or with mild respiratory symptoms. 
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. Introduction 

Pediatric acute-onset neuropsychiatric syndrome (PANS) is an ‘ex-
lusion’ diagnosis, with an abrupt and dramatic onset of an obsessive-
ompulsive disorder (OCD), and/or a severely restricted food in-
ake which is accompanied by at least two of those following con-
itions, consisting of an extensive series of concurrent neuropsychi-
tric symptoms such as anxiety; emotional lability and/or depres-
ion; irritability, aggression and/or severely oppositional behaviors;
ehavioral/developmental regression; decline in academic/school per-
ormance due to deficit in attention and/or memory; sensory and/or
otor movement abnormalities; somatic symptoms like sleep distur-

ances, impaired urinary frequency, or enuresis ( Swedo et al. 2012 ;
hienemann et al. 2017 ). All these symptoms should not be explained by
ny other known medical or neurological conditions such as Sydenham
horea, lupus, etc. The sudden and simultaneous onset of psychiatric
ymptoms, accompanied by neurologic disturbances in a variety of dif-
erent severities, makes it possible to differentiate from other neurode-
elopmental disorders of childhood, despite to multiplicity of overlap-
Abbreviations: PANS, Pediatric acute-onset neuropsychiatric syndrome; PANDAS, P
nfections; OCD, Obsessive-compulsive disorder; SARS-CoV-2, Severe acute respirato
019; GAS, Group A B-hemolytic streptococcus; CNS, Central nervous system; IgG, Im
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ing symptoms ( Chang et al. 2015 ). Therefore, being in prior suspicion
f the diagnosis, obtaining a complete medical and psychiatric history,
s well as carrying out an exact physical examination and validation
ith laboratory tests, are all important for clinicians to diagnose PANS
 Chang et al. 2015 ). 

A common, multiple post-infectious immune-mediated etiology,
anging from autoimmune/auto-inflammatory disorders to recurrent
nfections and immunodeficiency syndromes, is suggested for PANS
 Chang et al. 2015 ; Hesselmark and Bejerot 2019 ). A growing num-
er of evidence, supporting the hypothesis of the close association be-
ween PANS/PANDAS and a variety of infections, has been accumu-
ated over the past two decades ( Hoekstra et al. 2005 ; Murphy and
ichichero 2002 ). A group of viral or bacterial agents such as varicella,

nfluenza, Epstein-Barr, Streptococcus pyogenes, Group A B-hemolytic strep-

ococcus (GAS), Mycoplasma pneumonia, and Borellia burgdorferi was de-
ned for the etiology ( Allen et al. 1995 ; Susan E. Swedo et al. 1998 ).
owever, these infection-related psychiatric syndromes are presumed

o cause also by a variety of disease mechanisms with multiple etiolo-
ies such as neuro-inflammatory, toxic, metabolic (e.g., leaky gut syn-
ediatric autoimmune neuropsychiatric syndrome associated with streptococcal 
ry syndrome coronavirus 2; COVID-19, Highly contagious coronavirus disease 
munoglobulin G; IVIG, Intravenous immunoglobulin. 
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rome), or endocrine disorders, via triggering autoimmune responses
 Clapp et al. 2017 ; Molina and Shoenfeld 2005 ; Zibordi et al. 2018 ). 

A novel coronavirus termed ‘severe acute respiratory syndrome coro-
avirus 2’ (SARS-CoV-2), and relevant disease now known as ‘highly
ontagious coronavirus disease 2019’ (COVID-19) causing a multiplic-
ty of symptoms holding different systems of the body, now poses the
iggest threat to infection-related syndromes, given that its pandemic
as affected a large proportion of the world’s population. However, rela-
ively little is known about its potential direct impacts on mental health,
espite growing recognition of the psychiatric and neurological impli-
ations of disease ( World Health Organization 2020 ). Preliminary data
uggest that patients with COVID-19 might exhibit delirium, confusion,
gitation, and altered consciousness, as well as depression, anxiety, and
leep disturbances. As if considering the psychiatric burden in both acute
nd longer post-illness stages, being experienced in previous coronavirus
pidemics, the clinicians should be vigilant to the contingency of high
ncidences of psychiatric disorders in the longer term. 

Neuropsychiatric consequences can arise either through direct ef-
ects of infection of CNS or indirectly via host immune response or med-
cal therapy. According to the reports of a case series from Wuhan, 36%
f clients admitted to the hospital with COVID-19 presented with neuro-
ogic symptoms which mostly consisted of mild symptoms such as dizzi-
ess and headache, and only some of them had an acute cerebrovascu-
ar disease or impaired consciousness as part of their systemic illness
 Mao et al. 2020 ). Even if severe neuropsychiatric consequences are
roportionately rare, a considerable number of individuals worldwide
ould be affected ( Troyer et al. 2020 ). Some plausible theories such as

he direct neuroinvasive ability of SARS-CoV-2 (as well as SARS-CoV-1),
ypercytokinemia/cytokine storm syndrome associated with neurologic
oldings, and/or triggered autoimmunity against neuronal antigens dis-
ourse used in terms of COVID-19 associated neuropsychiatric distur-
ances, despite to little evidence yet. 

The diagnosis of PANS is still under debate and not well de-
ned. Therefore, it is important to better understand the pathogenic
echanisms of PANS and to identify disease-specific biomarkers

 Wilbur et al. 2018 ). Given the severe and devastating nature of symp-
oms and the effects on family and children, the understanding of the bi-
logical basis and infectious agents in the background of this syndrome
nd the identification of evidence-based and effective therapies are nec-
ssary. This case report aims to recognize the first cases of SARS-CoV-
/COVID-19 associated PANS, who are dizygotic twin female adoles-
ents, and to contribute to the literature concerning neuropsychiatric
onsequences of SARS-CoV-2 infection in the pediatric population. 

. Case presentation 

Dizygotic twin sisters in their late teens were consulted to the
utpatient clinic of child and adolescent psychiatry (November 2020)
ith acute onset, severe and simultaneous restrictive food intake, and
bsessive-compulsive disorder, starting 2 months ago that was abruptly
xhibited after a couple of weeks of asymptomatic SARS-CoV-2 infec-
ion. Their complaints consisted of a sense of distaste for foods, inter-
ittent vomiting, restrictive food intake, and weight loss (average 6-8

g in two months, decrease of BMI from 19-20 to 17), and started with
n interval of two days between sisters. One of the twins had more se-
ere complaints, while the other one had milder. The more affected
ibling had simultaneously started severe psychiatric symptoms with
brupt onset, including obsessions such as doubt, contamination/dirt,
ggressive/catastrophic, superstitious/magical thoughts; compulsions
uch as washing, checking, and symmetry; anxiety symptoms such as
ree-floating anxiety, fear of the dark, somatic concerns and anxiety
ttacks with intermittent visual and/or auditory hallucinations; milder
epressive symptoms such as anhedonia, anergia, avolition, ruminative
houghts, irritability, depressed mood and agitation; and sleep distur-
ances such as difficulty in falling asleep, interruptions of sleep, and/or
ightmares. She also presented with attention-deficit, decreased aca-
2 
emic performance, irregular handwriting, and milder neurologic man-
festations such as tremors in the hands, weakness of proximal muscles,
ntermittent complaints of tinnitus, dizziness, widespread headache,
nd/or joint pain. However, the less affected sibling exhibited only
ilder contamination obsession, cleaning compulsion, anxiety, atten-

ion deficit, fatigue; and milder neurologic complaints such as weakness,
izziness, and headaches. 

The restrictive food intake and weight loss in both sisters were so
orrisome that, both of them have consumed merely a few types of
ackaged and odorless food for months. When questioned in detail,
oth sisters have never had a concern about weight gain or struggling
or weight loss, a special diet, or excess exercise, and the anamnesis
egarding lack of an eating disorder was also verified by parents’ re-
orts. Prior hospital application was particularly done for investigating
he etiology of somatic complaints, however, either restrictive food in-
ake/weight loss or weakness/dizziness was not found to be associated
ith a gastroenterological, infectious, or any other medical condition.
ny possibly suspected physical causes were also eliminated by the lab-
ratory tests performed at first application to the pediatric clinic in the
cute period of complaints, the sole positive result was mildly elevating
lasma lymphocytes in both sisters (3320/ 𝜇L and 2640/ 𝜇L; normal ref-
rence ranges: 0.4-2.5/ 𝜇L), and deficiency of vitamin-D in the more af-
ected one of twin (9.19 ng/mL, normal reference ranges: 20-85 ng/mL);
nd the throat culture results of both were negative for GAS, while the
CR test of SARS-CoV-2 was also detected as negative for both of them
on February 2021). Since all these complaints, particularly being fo-
used on restrictive food intake, weight loss, and fatigue, couldn’t have
een explained by an infectious or any other medical condition in acute
tages, they had been immediately referred to psychiatric assessment
ith a strong suspicion of a severe eating disorder by pediatricians. 

There had been no psychiatric application in the past premorbid his-
ory of both. No movement disorders or neuropsychiatric disturbances
ere previously reported in their medical history nor their family. How-

ver, they notably reported a history of a 15-day indoor quarantine
eriod for whole family members, after the hospitalization of their
randmother (who have been living in their home) with a diagnosis
f COVID-19-associated pneumonia. The symptoms of severe restrictive
ood intake, accompanied by simultaneous neuropsychiatric complaints
bruptly started after two weeks of indoor quarantine in which twin
isters had been reported as asymptomatic for common respiratory or
hysical complaints of COVID-19. 

In the premorbid history of these acute neuropsychiatric symptoms,
oth sisters have never had a recognized psychiatric symptom or a med-
cal disorder. Moreover, a normal scholar and social functionality were
escribed for both of them. This dizygotic twin’s natal history consisted
f prematurity (35 weeks of birth, with birth weights of 2300 and 2550
r, and normal spontaneous vaginal delivery), yet they didn’t experience
ny complications related to prematurity. Additionally, any significant
ndividual or hereditary psychiatric condition which could be either at
he diagnostic level or the subclinical symptom level was not detected
ccording to parents’ self-reports. 

. Results of laboratory tests and psychometric assessments 

After a detailed psychiatric and physical examination, psychomet-
ic assessments, laboratory tests, and treatments through suspicion of
ANS/PANDAS were planned and consultation with the pediatric neu-
ology department was performed. The plasma autoimmunity panels
uch as anti-TPO, anti-thyroglobulin, anti-endomysium, Anti-ds DNA, anti-

NAse, and Antistreptolysin-O (three measurements in different times; ASO)

ere all in normal ranges (negative). The autoimmune encephalitis
anel was negative. The plasma hormonal tests concerning thyroid func-
ions (TSH, f T 4 , and f T 3 ), plasma vitamin and mineral levels, general
rine analysis, positive and negative acute-phase reactants of infection
uch as sedimentation, C-reactive protein (CRP), or ferritin, were all de-
ected in normal ranges. Plasma ceruloplasmin (0.18 g/L for both, nor-
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Fig. 1. Cranial MRI Illustration of Atrophic Vermian Folia in Cerebellum 
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al reference ranges: 0.2-0.6) and copper (53.01 𝜇g/L and 51.33 𝜇g/L,
ormal reference ranges: 2-80) were also normal. 

The repeated throat cultures for both sisters were found as nega-
ive for GAS, and the results of PCR for SARS-CoV-2, repeating in the
sychiatric application again, were negative. However, the plasma IgG

f SARS-CoV-2 was notably positive ( > 10 mg/dL) . The plasma sero-
ogical study for main infectious agents (IgM levels) (Cytomegalovirus,
bstein-Barr virus, Hepatitis-A, -B, -C and -E virus, Herpes Simples virus
1 and -2, Mycoplasma pneumonia, Toxoplasma gondii, Rubella virus,
IV, etc.) were all negative/normal. The notable findings of the psy-
hometric assessments of more affected siblings and less affected sib-
ings were as follows: Childhood Depression Scales (cut-off: 19) were
7 and 12; State / Trait Anxiety Inventory-Children Version were 61
 55 and 54 / 47; Children’s Yale-Brown Obsessive-Compulsive Scale
 Total scores were 36 and 18; and, and total scores for Disgust Scale-
evised Form were 67 and 68. In neurological evaluation, mild atrophy

n vermian folia in cerebellum ’ ( Fig. 1 ) and ‘ primary generalized ac-

ive slow-spike wave (1.5-2 Hz) discharges (0.2-0.5 second, 10 times

er monitoring) ’ were detected in cranial-MRI and EEG of the more
ffected sibling. The results of MRI-diffusion and MRI-SWAN were all
ormal. 

As the first treatment option in suspicion of PANS, proper psy-
hotropic treatments and antibiotic agents (amoxicillin-clavulanate, 2
r/day, for 21 days) were administered to both sisters. The more af-
ected sibling was treated with fluoxetine (40 mg/day), risperidone (1
g/day), and sodium valproate (20 mg/kg/day) while the less affected

ibling with milder symptoms was treated with sertraline (50 mg/day).
fter one month following these treatment options, IVIG transfusion
as required, because of mildly decreased, however, severely continu-

ng psychiatric and somatic complaints. Surprisingly, the somatic com-
laints, restrictive food intake, OCD symptoms, severe anxiety with hal-
ucinations, depression, and even mild neurologic symptoms were sig-
ificantly decreased 1 week after the IVIG transfusion; and the patients
ad weight gain. 

. Discussion 

PANS is a syndrome characterized by a broad clinical spectrum of
europsychiatric comorbidities with an eating disorder, potentially trig-
ered by infections by a variety of microorganisms ( Swedo et al. 2012 ;
oufexis et al. 2015 ). Some common viral infections are known to di-
ectly infect the CNS or indirectly affect CNS by autoimmune and/or
3 
ytokine-associated mechanisms, causing neuropsychiatric syndromes
ncluding cognitive, affective, behavioral, and perceptual impairments
 Arciniegas and Anderson 2004 ). Until today, several bacterial and/or
iral agent has been defined as etiological factor of PANS. However,
o the best of our knowledge, there is no study, or even a case report
oncerning SARS-CoV-2/COVID-19-associated PANS. 

To date, approximately 2-5% of cases of COVID-19 involve chil-
ren, who appear to be less severely affected than adults, mainly with
ulmonary symptoms. These age-dependent differences in disease ex-
ression and severity in pediatric population have clear implications
or healthcare professionals. Children remain at high risk for incurring
nd spreading the virus, but majority of them remain asymptomatic.
owever, scarce data regarding acute and/or chronic neuropsychiatric

esults of SARS-CoV-2-associated infection in the pediatric populations
ave been harvested. A recent study concerning the psychosocial bur-
en of the pandemic on children indicated psychological repercussions
hich were associated with prolonged quarantine, infection-anxiety,
ervasive feelings of frustration and boredom, the disruption of for-
al education and contact with classmates/teachers, the lack of space

t home, and loss/fear of loss of loved ones ( Wang et al. 2020 ). Al-
hough there are many ways in which mental health might be adversely
ffected by a pandemic, psychiatric consequences of COVID-19 have
een reported as little yet. However, clinicians must be alert both to
trongly anticipated psychiatric results such as depression, anxiety, fa-
igue, or PTSB, and on rarely expected ones such as scarce neuropsychi-
tric syndromes (PANS, CANS, etc.) in the aftermath. Given the abrupt,
omplex, simultaneous onset and severe course of symptoms and fine
esponse to immunomodulatory treatment (IVIG), the neuropsychiatric
rame of our cases differs from the expected natural psychological con-
equences arising from the psychosocial burden of the pandemic on
dolescents. 

The ACE-2 receptor that is targeted for SARS-CoV-2 is expressed in
he olfactory lining as well, and olfactory dysfunction has even been
onsidered a biomarker for COVID-19. Moreover, 12-32% of cases with
OVID-19 were reported as presenting with olfactory and gustatory dis-
urbances ( Lechien et al. 2020 ). So, the sudden and dramatic restrictive
ood intake, which was the starting and predominant symptom of these
win cases, might be also relevant to their olfactory and gustatory dis-
urbances from COVID-19 even though all these symptoms have given
esponse to psychotropic, anti-microbial treatments, and IVIG. 

PANS research consortium suggests three complementary modes
f intervention for PANS in newly published guidelines: 1. Treat-
ent of symptoms with standard psychiatric care, behavioral, and

upportive interventions, 2. Removal of the source of inflam-
ation with antimicrobial treatments, 3. Administration of anti-

nflammatory and/or immunomodulatory therapies (corticosteroids
nd/or intravenous immunoglobulin-IVIG) against immune distur-
ances ( Cooperstock et al. 2017 ). Moreover, an initial course of an-
imicrobial treatment through streptococcal infection is strongly recom-
ended in newly diagnosed patients with PANS, regardless of whether

he identification of GAS infection or not ( Cooperstock et al. 2017 ); and
VIG is established to be effective in case of exacerbations and recur-
ences ( Kovacevic et al. 2015 ). 

. Conclusion and Perspectives 

As the clinical spectrum of pediatric presentation of COVID-19 has
et to be established, clinicians should be aware of the potential for
OV İ D-19 to present with other organ involvement, such as neuropsy-
hiatric symptoms; and also of the possibility of depression, anxiety,
atigue, post-traumatic stress disorder, and scarce neuropsychiatric syn-
romes in the longer term. As seen in this case, when a child presents
ith other potential causes for neuropsychiatric symptoms also con-

isting of PANS, clinicians should consider SARS-CoV-2 as a poten-
ial agent, even in asymptomatic patients or with mild respiratory
ymptoms. 
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