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Abstract

Phenotypic and biological characterization of rare monogenic disorders represents 1 of the most
important avenues toward understanding the mechanisms of human disease. Among patients with
SH3 and multiple ankyrin repeat domains 3 (SHANK?3) mutations, a subset will manifest
neurologic regression, psychosis, and mood disorders. However, which patients will be affected,
when, and why are important unresolved questions. Authors of recent studies suggest neuronal
SHANKS3 expression is modulated by both inflammatory and hormonal stimuli. In this case series,
we describe 4 independent clinical observations of an immunotherapy responsive phenotype of
peripubertal-onset neuropsychiatric regression in 4 girls with pathogenic SHANK3 mutations.
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Each child exhibited a history of stable, mild-to-moderate lifelong developmental disability until
12 to 14 years of age, at which time each manifested a similar, subacute-onset neurobehavioral
syndrome. Symptoms included mutism, hallucinations, insomnia, inconsolable crying, obsessive-
compulsive behaviors, loss of self-care, and urinary retention and/or incontinence. Symptoms were
relatively refractory to antipsychotic medication but improved after immunomodulatory treatment.
All 4 patients exhibited chronic relapsing courses during a period of treatment and follow-up
ranging from 3 to 6 years. Two of the 4 girls recovered their premorbid level of functioning. We
briefly review the scientific literature to offer a conceptual and molecular framework for
understanding these clinical observations. Future clinical and translational investigations in this
realm may offer insights into mechanisms and therapies bridging immune function and human
behavior.

Characterization of monogenic variants represents an important avenue toward
understanding human behavior and disease. Deletions or point mutations affecting SH3 and
multiple ankyrin repeat domains 3 (SHANKS3), which encodes a postsynaptic scaffolding
protein, have been linked to autism spectrum disorder (ASD), Phelan-McDermid syndrome,
and schizophrenia.1=3 Peripubertal neurobehavioral regression, sometimes with mania and
catatonia, has been reported in some patients with Phelan-McDermid syndrome, but the
etiology is unknown.*-6 Emerging literature reveals the ability of physiologic signals (eg,
inflammatory stimuli, sex hormones) to regulate SHANK3 expression.’2

In this report, we describe 4 peripubertal girls with previously stable developmental
disabilities who exhibited subacute disabling symptoms that included mutism,
hallucinations, insomnia, inconsolable crying, diminished self-care, and urinary retention
and/or incontinence. Each child was evaluated by independent teams for suspected
autoimmune encephalopathy before detection of SHANKS3 point mutation. The families of
these patients verbally consented to inclusion in this study.

SE1

A 13-year-old girl had a history of mild-to-moderate developmental delay without ASD and
autoimmune thyroiditis on levothyroxine. Her family history was notable for autoimmune
disease in the father and brother. At 13 years, over several weeks, her symptoms progressed
from irritability to audiovisual hallucinations, insomnia, compulsivity, aggression, catatonia,
mutism, and urinary retention. Her symptoms were refractory to antipsychotics and
benzodiazepines.

Serology and thyroid function studies prompted consideration of Hashimoto encephalopathy.
At 14 years, 40 mg of oral prednisone taken daily for 2 weeks yielded no improvement, but
2 g/kg of intravenous immunoglobulin (IVIG) led to sustained improvement in language,
restlessness, and agitation within 2 days. Symptoms recurred 3 weeks later prompting
monthly IVIG, which demonstrated the same pattern of response. Attempts to increase
treatment intervals led to symptom reemergence.

At 16 years, she continues on IVIG (1 g/kg) and methylprednisolone every 4 to 6 weeks. She
has regained 2 of 6 independent activities of daily living (ADLs) from nadir and weaned off
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daily psychotropic agents but remains substantially below her premorbid baseline. Whole-
exome sequencing was pursued for unknown etiology of lifelong developmental delay and
identified a pathogenic de novo frameshift mutation in exon 21 of SHANKS3.

A 14-year-old girl had a history of moderate intellectual disability without ASD. Her
maternal grandmother had psychosis. At age 14 years, she developed 10-day episodes of
mania with psychotic features coinciding with menstruation with poor response to
antipsychotics. After her third event, she developed depression with catatonic features and
developmental regression. Daily oral contraceptives to suppress menses, lamotrigine, and a
switch from aripiprazole to olanzapine correlated with a gradual return to her
neuropsychiatric baseline over 8 months. At age 15 years, she developed myoclonic jerks,
athetoid, and choreiform movements. At age 16 years, she developed overnight onset of
severe anxiety, compulsions, insomnia, urinary incontinence, facial tics, sobbing, and loss of
self-care and academic skills. After 2 months of symptoms and an unrevealing workup, her
symptoms prompted treatment of seronegative autoimmune encephalitis using 2 g/kg of
IVIG, which was temporally associated with symptom resolution within 3 weeks. She was
maintained on olanzapine, lamotrigine, N-acetyl cysteine, methylated B vitamins, and oral
contraceptives. After 5 months, neuropsychiatric testing matched her premorbid baseline.

Two manic relapses occurred 6 months and 1 year later, both improving in conjunction with
IVIG. The latter event was notable for a seizure, echolalia, and anxiety. Within 1 hour, 0.5
mg of lorazepam for suspected catatonia yielded dramatic improvement. Mania and
catatonia relapsed 1 month later but resolved with daily lorazepam.

At age 18 years, she maintains all ADLs on a daily regimen of lorazepam, olanzapine,
lamotrigine, oral contraceptive, N-acetyl cysteine, vitamin D, folate, omega-3 fatty acids,
and monthly IVIG (1 g/kg). Whole-exome sequencing was pursued for unknown etiology of
complex neuropsychiatric illness and revealed a pathogenic frameshift mutation in exon 21
of SHANKS3, the inheritance of this mutation is unknown.

A 12-year-old girl had a history of mild intellectual disability, ASD, tics, and attention-
deficit/hyperactivity disorder. At age 12 years, 3 months after menarche, she developed
abrupt onset of hyperactivity, paranoia, mutism, akathisia, audiovisual hallucinations,
inconsolable screaming, and periodic staring spells. Her workup was notable for elevated
antinuclear antibody and slight elevation of white blood cell count in cerebrospinal fluid.
The symptoms were refractory to guanfacine and risperidone but improved with 30 mg/kg of
intravenous methylprednisolone within days but reemerged over weeks. IVIG (2 g/kg)
yielded significant improvement in language, social engagement, sleep, agitation, and
concentration, but the effect consistently waned at approximately 3 weeks. Mycophenolate
and rituximab were added. Over the next 2 years, she maintained stable premorbid language,
cognition, and ADLs but relapsed within 6 months of weaning immunomodulation at 14
years, prompting reinitiation of a similar regimen. She maintained her premorbid baseline
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for 3 years until at age 17 years, weaning of mycophenolate was associated with
neuropsychiatric decline, prompting a 3-week ICU admission with reinitiation of IVIG,
rituximab, mycophenolate, high-dose lorazepam, and ultimately electroconvulsive therapy
for catatonia. Within a month, she reapproximated her baseline.

At 18 years, her current treatment includes monthly IVIG, mycophenolate, and rituximab for
immunotherapy in addition to lorazepam, methylphenidate, trazodone, lithium, and
clonidine. Whole-exome sequencing was pursued for unknown etiology of complex
autoimmune encephalitis and lifelong developmental delay and identified a pathogenic de
novo frameshift mutation in exon 21 of SHANKS.

A 13-year-old girl who had a history of mild cognitive delay and learning disabilities
without ASD developed severe acute anxiety within 4 days of starting minocycline for facial
acne; the medication was discontinued. One month later, she developed overnight onset of
anxiety, obsessiveness, insomnia, inability to chew or swallow, aphasia, agraphia,
inconsolable screaming, impulsivity, and urinary incontinence. She was diagnosed with
bipolar disorder and hospitalized 6 times in the next 6 months but was poorly responsive to
antipsychotics, benzodiazepines, antidepressants, or anticonvulsants. Lithium conferred a
moderate, mood-stabilizing effect. After 1 year of symptoms, an autoimmune evaluation was
notable for elevated antinuclear and histone antibodies and low complement component 4,
which led to treatment with IV methylprednisolone. Within 3 days, she manifested improved
expressive language, transitioned to daily prednisone, and returned to her neuropsychiatric
baseline for several months. However, symptoms recurred with steroid weaning. After
transition to 2 g/kg of IVIG, mycophenolate, and rituximab, she maintained her premorbid
baseline for the next 2 years despite weaning all psychiatric medications. However, when her
immunosuppression was weaned off at 16 years, severe psychiatric symptoms returned.
Despite reinitiating intravenous methylprednisolone, 1VIG, mycophenolate, and rituximab,
and a trial of plasmapheresis, her symptoms persisted. She was subsequently administered a
6-month course of cyclophosphamide and clozapine. Her symptoms began to improve only
after her white blood cell counts began to fall.

At 20 years of age, she remains on rituximab and prednisone and has tolerated weaning of
mycophenolate. She maintains a relatively stable baseline independent in all ADLs with
intermittent “flares” of obsessive-compulsive/psychotic symptoms, often in the setting of a
systemic infection; these symptoms often self-resolve after treating the infection, sometimes
with the addition of steroids. Whole-exome sequencing was pursued because of unknown
etiology of psychosis and revealed a pathogenic de novo frameshift mutation in exon 14 of
SHANKS.

DISCUSSION

We describe 4 peripubertal girls with stable, lifelong developmental disabilities with and
without comorbid ASD caused by pathogenic mutations in SHANK3who developed a
subacute stereotyped, profoundly disabling neuropsychiatric syndrome that prompted 4
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independent clinical teams to initiate treatment of suspected autoimmune encephalopathy.
Behavioral symptoms were chronic and/or relapsing but often improved with
immunomodulatory therapies administered intermittently over several years (Table 1). Two
patients recovered to their premorbid function.

Each patient demonstrated symptom improvement typically within days of IVIG followed in
some by a waning effect within the following weeks. This pattern approximates a
theragnostic rule for seronegative autoimmune encephalopathies.1? Although the short-term
treatment effect was reproducible within and across cases, the degree to which
immunomodulatory therapy was responsible for long-term improvements in these patients
can be debated. A precise comparison is confounded by the heterogeneity of each course
including fluctuating symptoms, variation in immunomodulatory and psychotropic
regimens, and incomplete return to baseline in 2 individuals. Although all patients were
considered relatively refractory to antidepressant and antipsychotic medications, patients
reported variable responses to lorazepam, lithium, and/or hormonal contraceptives.

Experimental data offer possible molecular and conceptual mechanisms supporting the
notion of immune-mediated behavioral modulation via SHANK?3. At the molecular level,
SHANKS3 functions as a master scaffolding protein at the synapse, supporting several
neurotransmitter receptors (Fig 1). Three cases (cases 1-3) had truncating mutations in exon
21 encoding the proline-rich domain, which mediates contacts with the metabotropic
glutamate receptor, and 1 (case 4) had a truncating mutation in a well-characterized PDZ
domain that interfaces with N-methyl-D-aspartate (NMDA) and a-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid receptors.11

Exons 14 and 21 are subject to alternative splicing and intragenic promoters, such that
mutations in these regions are predicted to result in isoform-specific disruption of SHANK3
in the brain.11-13 Autoantibodies against the synaptic proteins supported by SHANK3
scaffolding have been implicated in the onset of classic autoimmune encephalitides.141°
Experimental models demonstrate neuronally mediated inflammatory signals capable of
reducing SHANK3 expression even in the absence of overt neuroinflammation.”-8 Sex
hormones modulate SHANKS3 expression in a similar fashion.®

The modulation of behavior via inflammatory signaling fits within the conceptual
framework of “sickness behaviors” (Fig 1), which constitute a diverse suite of evolutionarily
conserved responses (eg, irritability, mild encephalopathy, depressed mood, diminished self-
care, social withdrawal) that occurs to varying degrees within the setting of systemic illness.
16-18 |_inks between sickness behaviors and psychiatric disease have been widely
speculated.1® The molecular mechanisms underlying sickness behaviors have been studied
in animal models, which reveal a variety of molecular pathways linking systemic
inflammatory stimuli with neuronal and behavioral modulation. Genetic variants conferring
a gain or loss of function of key regulatory molecules within these pathways would be
expected to yield a phenotypic change in behavior conferring resilience or vulnerability to
inflammation. SHANKS3 perturbations, such as the putative loss of function mutations seen
in these 4 cases, have been implicated in autism, schizophrenia, and bipolar disorder, all of
which have been linked to immune dysregulation in genome-wide investigations, but the
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genetic complexity warrants further investigation because mania or autism has been seen in
patients with gain and loss of function mutations, and SHANK3 has immense transcriptional
complexity.2%-21 Thus, although experimental models’-8 and a previous case?? have
implicated SHANK3in immune-behavior connections, the 4 cases described in this series
may highlight the real-world clinical implications of this phenomenon.

Our cases, and others like them,5~7:22 support targeted genetic sequencing of SHANK3in
individuals with acute neuropsychiatric decline or catatonia in the context of preexisting
intellectual disability, with or without comorbid ASD given the heterogeneous presentations
of patients with SHANK3 mutations. The experience of these 4 patients lends support to
additional diagnostic evaluations, structured clinical trials, and further laboratory work to
investigate new mechanisms and therapies for acute neuropsychiatric events in patients with
SHANKS3 mutations. Immunomodulatory therapy carries risks and should only be pursued
in accord with existing guidelines.10 Insights gleaned from individuals with well-
characterized molecular perturbations may clarify our understanding of the neurobiological
basis of human behavior and highlight new therapeutic strategies.
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FIGURE 1.
Sickness behavior as a hypothetical model for conceptualizing SHANKZ's interface with the

immune system. SHANKS functions as an important scaffolding protein for
neurotransmitter receptors (see 1). A, In experimental models, systemic inflammatory
stimuli can decrease SHANK3 expression via nuclear factor x—light-chain enhancer of
activated B cells (NF-kB)-related signaling pathways (see 8). B, A variety of stereotyped
behaviors occur as codified responses to nonhomeostatic physiologic states (eg, acute
illness), each using unique molecular pathways to manifest adaptive, stimuli-specific
behavioral responses. C, Alteration of proteins within these pathways, such as via genetic
variants that confer a gain or loss of function, would be hypothesized to alter the associated
behavioral response. The diverse behaviors that accompany states of acute infection, known
as sickness behaviors, which include irritability, depressed mood, and social withdrawal,
offer a template for conceptualizing the molecular and behavioral phenomena that may
result from systemic inflammation and, conversely, be modified by its resolution (see 17).
Considered together with our case histories, the combined observations offer a reasonable
hypothesis implicating SHANK3 as a candidate protein involved in 1 or more molecular
pathways regulating clinically relevant sickness behaviors in humans. AMPAR, a-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid receptor; mGIuR, metabotropic glutamate
receptor; NF-kB, nuclear factor kappa-light-chain-enhancer of activated B cells; NMDAR,
N-methyl-D-aspartate receptor; NPy, common variant of a hypothetical neurobehavioral
protein; NP1, gain of function variant of neurobehavioral protein; NP5, loss of function of
neurobehavioral protein; NP, neurobehavioral protein.

Pediatrics. Author manuscript; available in PMC 2021 January 12.




Page 9

Bey et al.

SOA
SAA

eiseyde a19|dwod Jeau ‘saA

SAA

ON

swoldwAs anIs|Ndw02-aAISSaSqO [enjuans
pue ‘uonorisal Buiyes ‘uondnisip
das|s alanas ‘A1aIxue Jo 18su0 yBIuIBAO

owgAer

Kzt

13pJOSIP POOW Yl Jaylowpuelh
Jeusarew pue Jejodig Yim une [eulsiein

Aljigeisul poow Jo sassauj|l due1yaAsd
snoinaid ou yum pliya Buiuonouny
-yby ‘pabebus Ajje1oos ‘AddeH

sanss| Jojow
auly pue ‘1apiosip Buissadoid Aioyipne

‘yosads jo uonisinbae pakejap (82 OI)
sa|igesip Bulurea] pue aAmubod plIN
A9
(1

UOX® Ul J1ysawely onou ap d1uaboyyed)
XX%8§229v"d "Wsul[3pGesT 79812

116 pjo-A-€7

SOA
SOA

eiseyde a19|dwod ‘seA
SOA

SOA

BIUWIOSUI puR

‘sisoyoAsd ‘uonenbe Jo 18suo ybiuiano

owtAzr

ow oT ATT

SUOIIPUOD JUBA3|3I ON

Kot e
(39U0) 81nz18S 21UOJI-21UOY PaZIeIaUdD)

SO aHav

(55 O1) Aujigesip [enyoa||aiul a1eI9poiN
Kkg

(e
UOXa Ul Ylysaurely onou ap dluaboyred)

ETXSUIDELETIYL D 1DI8PITTH D
|16 pjo-A-zT

SOA
SOA
ON

SOA
SOA

swoydwAs anisjndwod
-9NISS3SUO 819ASS JO 13SU0 YBILIBAOD

ow ¥ AT

Azt

1apJosip
Jejodig yim JaylowpuelB [eussrein

A 218 sobe
wouy suondaful uosdnT Ajyauow yum
payeal) A g abe 1e Auagnd ainyewsald

Son @aHav

Ayredoeydaoua ainaeqns ‘ajgeloeliul
al0jaq A g Burluuibaq saposida
anIssaldap pue ‘eluoieled ‘eluew
lensisuswiiad 911949 Jo AIoISIH

(ov
O1) Aujigesip [enyosj|aiul 81es9poiN

Ky

(T2 Uoxa

Ul J1ysawely adueIIayul umouxun
olusbouyped) £GT«SHBAZYTTNGT d
‘LOI9pSZYE ered

|16 pjo-A-yT

SOA
SAA

eiseyde a19|dwiod ‘SaA

SAA

SOA

sISoyoAsd Jo 19suo
wBiulano Ag pamoy|oy |013U09 Jappelq
pue [amoq Jo Sso| anIssalbold ym-g

ow QT A€T

owyATT

sndn|
UM JaU104q aseasIp [amoq Alorewweful
pue s1S0J8]9s a|diNw Ym Jayre

(asepixoJad proiAy}
pue uijngojBolAy) 1sutebe sqy parens|e
‘auowloy Bunejnwins-pioAy) pajenss)

SNIp10JAYY sunwiwione Jo AoIsIH

sassau||1 oueIyaAsd snoinaid
ou yum pjiyd pabebus Ajjeroos ‘AddeH

(g5 O1 souewlopiad ‘87 OI
[eqan) ANJIGESIP [en1o8]|elul a1eispolN

Ay

(e
UOXa Ul 1J1ysawely oAou ap d1uaboyred)

69x8}9/2¢Tv'd ‘0dnp69€d
116 pjo-A-€7

Burjuiyy anIssasqo
A13IXUR 919A8S
wsnnw Jo eiseydy

BuiAio 1o/pue
Buiwealos ajgejosuoau]

suolreuldn|ey
lensinolpny

Jipeu onrewoldwAs
01 18SUO WOy dWI |
185U0 8Inaeqgns Je 8y

uonejuasald e swoldwAs
oureIydAsdolnau ainoegns

ayoteusw Je aby

Aloisiy Ajiwey

Aiois1y [eatpaw 1oy10

A101s1y pue auljaseq
auyeIyoAsdoinaN

au1jaseq aAIIuBo0INBN

dn-mojjoy Jo uoneing

uonemnw eMNvHS
Xas ‘afy

SaIN1eay [BOIUIND BUIjaseg

v 8sed

€3sed

¢ased

T8sed

Author Manuscript

Author Manuscript

T3149vL

SaLBLUWING 8seD [ealul]D

Author Manuscript

Author Manuscript

available in PMC 2021 January 12.

Pediatrics. Author manuscript



Page 10

Bey et al.

‘37e108] :01|00EI8W JO/PUR I11BUSD)
SNIIA0JBIUD

pue ‘sijiydAs ‘snaia Lieg-uiesd3

‘Z pue T sasnuiA xajdwis sadiay ‘snin
911N 1S9/ ‘|aued awWAT ‘eruewiysio 7
‘RosoIw eIsaqeg ‘SIsuaayeyd elyalliy3
'sa19ads zy/auoL/Eg 1Sa1pNIS SNONYBLU|
suabnue onsejdoaueted ‘sjiydosinau

‘| u104doak|B-z-g pue ‘uidijoipes
‘pidijoydsoyd ‘e7-nue ‘oy-nue ‘spuueyd
wnissejod payeb-abeljon ‘NG papues
-31gnop ‘urngojfoiAy} ‘asepixosadoAyy
“101da2al WYAIAIN :59160]013S gV [BWION

[ewJou
|Ie spueq [euoja0Bijo pue ‘xapul 9b|
‘urg)oud ‘as0on|b ‘sjjad pal ‘s|89 aMyM

(pazijewou
Apuanbasqgns) 12 uswajdwod moT

sqQv
auo3sly annsod ‘0ze:T + qV Jeajonunuy

Buifeansun urelq ayy Jo 1IN

J0WaJ} pue SIUBWSAOW PUBY WI0IBI0YD

elydesby
ON

JOWaJ] ‘Baloyd SBA

aouaunuUodUl Areuun
Aq pamojjoy erLinAjod punojoud ‘SsA

SAA
SaA

punosenn aiAjad {134 Apog-|In4
sunAydiod

pue ‘usalos apLreyddesAjodoanw

pue apiieydoesobijo suLn

‘|]aued Jewosixolad pue [ewososA| ‘B
pue 90| gjjauorieg ‘YONY ‘dWAzua
Bunuanuod-uisualolbue ‘sqy 101daoal
VAN wniss ‘jaued gy onsejdoauesed
‘€D ‘¥D ‘suljngojbounuwiwi

wnJss ‘qy ulingojboiAyinue

‘auowloy Burrejnwins-pioAy

‘u1a104d aAI19e8I-D) ‘B)e) UOITRIUBWIPAS

|ewou [Je a1am |aued qy onsejdoaueted
pue ‘qy 103da0a1 VAN “dOd AIH
“40d z pue T xajdwis sadiay ‘|NB| pue
96| ejoagn. ‘40d ewsejdodAw ‘4Od

9 snuinsadiay uewiny ‘4Od ShJIN0IBIUS
‘urels-wels) ‘yui eipuj ‘uabnue
Sn2202030A10 ‘a1e19e| ‘spueq Jeuojoobijo
‘xapul 96 ‘as0an|b ‘uteroud (s]j22

alym g—0 abuel fewuou sajkooydwA|
%EE ‘s|1ydoanau 95/9) S1180 8UYM 6

Buimols asnyip yum 933

09T:T + gV Jesjonunuy

Buijeanalun

peay 8y} Jo V1D ‘ureld VHIN/IYIN
|e90JUON

eloueled

SOA

BISIYIRYR [SBA

80UBUNUODUI O1pRIodS :SBA
SAA
SOA

ewole.al
10} s}|nsal anljebau ;SN [eulwopay
Buijeanaiun 933

Qv J01ds0a1 VAN

lewuou |fe uteoid
pue ‘as0on|B ‘s||8o pas ‘s|89 SMYM

JfauoLeg 104 191 (+) suljiapiog

ABojoJas || aseury| Juspuadap
-Uljnpowes—ijue Ul uolens|3
Buieanalun urelq ayr Jo 4N

5301
JO SIUBWISAOW WI0JI3I0YD ‘[eI0JUON

a|1els pajelabbexy

SOA
son

|e1oe) ‘1owaJ) ‘18suo ae1yoAsdoinau
81080 OW £— SISO}BYIE :SBA

ssau||1 Burinp aduaunuodul Areurn
awnAep Jo saposida a1pesods :SeA

SOA
SaA

Buireanaiun 933
sueoAjBoulesodA|B sunn ‘ajiyoid
auniuJes]Ade ‘pioe djuofewAylsw

‘aUIZ “eIUOWIWE ‘BUIIUIRD ‘SPIJe

oulwe ewse|d ‘sp1oe o1ueblo auun ‘X
aj16euy ‘Aesre wsiydiowAjod aprosjonu
a|buls :o1j0qe18W Jo/pUe 91BUBD [eWIoN
suljngo]Bounwiwi aAeIuenb ‘jaued
BurdAyousydounwiwi 189-1 pue ||99-g
0 uisAjoidansnue

‘101da%al WQIAIN Buipnjoul

1aued Ayredojeydaous sunwiwioine
0Ae|\ :53160]043S QY |BWION

JewJou
I1e spueq [euoja0Bijo pue ‘Xapul 9|
‘urg)oud ‘as0on|h ‘sjjad pal ‘s|18d aNyYM
S[eAaul

UaJayIp 1 moj pue ybiy Ajgreutaie 1
(parens|a) auowoy Burrejnwiis-ploAy)
(parens)a) Buipuig bt sisoifaouow
alsisiad (mof) ¥ swisjdwo)

(z> rewuou ‘qwyNi

802) av uingojbolAyinue (7> fewsou
Tw/N 0€8<) qV asepixoladoiAyinue
08:T + qV Jesjonunuy

aouauiwoud
JRINOLIUSA PJIU YN UTeIq 343 JO 1IN

[220JUON

eald ‘aousunuodUIl [amoq ‘uoissalbby

SAA

SIUBWIBAOW BISIYTRNE SOA

ERIENNTRIT]
pue uonualal Areunn punojoid :SaA

SAA
SAA

synsaJl Apns anirebau
10 [ewlou Jayr0

sa1pms [euldsolgaia)

s)nsal
Apnis [ewlouge Jaylo

13111 qV parens|3

BuibewioinaN

uolen|eAs 1s11y 18
uoleuIwEexd 9160j0INaN

sa1pnis sonsoubeig
1BYO

eluoleled

anauiadAH

3ouaunuodUI
10 uonualal Areurin

2180-J[35 4O SSO7

eluwosuj

v ased

€3s80

¢ase)

T8sed

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2021 January 12.

Pediatrics. Author manuscript



Page 11

Bey et al.

(aouaunuos ‘Bunajioy ‘Buires ‘Buissaip
‘Buiyreq ‘Buriisysueny) 9 :uspuadaq
0 :3uapuadapul

0 :Juspuadag
(s0uaunuos ‘Bunajio: ‘Bunes ‘Buissaip
‘Buiyreq ‘Buniiajsueny) 9 :juspuadapu|

Adesaylounwiwin

JO uonenIul Ja)je suoledIpaw
oueIyaAsd [[e 4o paueam AImolS
sauldazelpozuaq

pue ‘suonjeaipaw das)s ‘sjuessaidapriue
‘sanoyaAsdiiue Jo sper ajdnniA

9oUBUSIUIRW UO B[IYyM
SUOIIRQaIEX3 I10YIASd pjIw yym Ing
auljaseq Jeau :auosiupald pue qewixniy
‘asdejas A1ojoe.y0l

Jeal} 0} pasn sem apiweydsoydojahD
paueam uaym pasdejal

1ng arejousydodAw pue gewixnii

UO 31y 8u1|aseq Je paulejurew

Ajesauab swoldwAs oueiyoAsdoinau
:ajejouaydodAw pue qewixniy
Juawanoldwil woldwAs

UM pare|aniod Ajjesodwa) Al

p € ulyum panoidwi abenbuej :p €

Jo} Ajrep Bw 00T auojosiupasdjAyiaw Al

Aindsaw pue ‘uonezipugAy

a1wouab annesedwod Aelle ‘X

a|16e.4 ‘uo1rRZIPLIGAY NYIS U 92UBISBION|Y
2118uah01A2 ‘saji04d apLreyadesAjod

pue -061jo pue apLeydRSAj0doonw

‘4SO puUe WINJas ‘autn Jo

sa|1jo.d pioe oulwe ‘sajiyold auniuedjAoe
‘ai04d pioe Aney ‘eluowwre ‘syeantAd

(aousunuoa ‘bunajio ‘Buires ‘Buissaip
‘Buryreq ‘Buriaysuely) 9 :uspuadaq
0 :uapuadapuy

0 :uspuadaq
(0uaunuos ‘Bunajio: ‘Bunes ‘Buissaip
‘Buiyreq ‘Buriiagsuey) 9 :yuspuadapu|

ureb mm

pajeroosse sjozeididiie 10y UIWIONBIN
swioydwAs oruew 1ealy 03 asdejal

U981 1S0W BuLINp panes :wniyy|
uolyedIpaw

S1y1 4o Buiuesm Ajpualing ‘eluoiered
pue uonenbe 1oy pasn :wedszelo]
swoldwAs gHAV

‘daals 1oy ApuaniwIalul pasn :auIpIuojD
e 0

$8NUIIUOI ‘QHAY 104 :arepluaydjAylsIN
sI01AeYaq anadal Jojpue

Aljigelrin 1oy pauels :ajozesdiduy
AlaIXue pue sainyes} anIs|ndwod
-9AISS3SqO0 10§ pasn :aulfeas

uawiBal aAoqge 440 pauesm

uaym sasdeal a1anses ssa| ajdnnw

pue swoldwAs Auew ui Juswanoidwi
ynum aig bw oG/ srejousydooApy
Alyuow 63/6

T OIAI Aq pamojjoy 3uo 6%/6 g OIAI
ow g 1oy Ajyauow uayy ‘p € Joy

p Jad Bx/6w Qg auojosiupaidiAyiaw Al

(s0uaunuog ‘Bunes

‘Buissaip ‘Buiyreq) ¢ :Juspuadaq
(Bunajioy

‘Buriaysueny) g :uapuadspul

0 :uapuadaq

(sousunuoo

‘Bunajioy ‘Bunes ‘Buissalp

‘Buiyreq ‘Buriiaysuey) 9 :uspuadapu|

aInzias Jaye palels :aulbLijowe ]
uoiyeyife 1eal) 0} pauels

pue paddols AjgetLren :auipiuojd
(ureB im

paleroosse auidezue|o J0y) UIWIOKN
3s1n09 J0 1sow yBnoiyy

paulelurew :9A13dadeuod [elo Ajleq
85109 Juawieal) Buunp pauels

pue paddols AjgeLren :auidezue|O
9s1n09 wedazelo] Jaye Adesay)
aoueUSUIRW Se paleniul (wedazeuo|d
awanoidwi payrew

‘reIpawiwl Ym 9JA] JO 85109

B Y)IM paJalsiulupeod wedazelo

auljaseq
0} uInias pue swoydwAs poow

10 UOIIN|0Sal YIIM parejaiod ,asdejal
J1uew,, BuLInp A JO 850p puoIss
oW Z Jano auljaseq

piguowaid puoAaq uswanoidwi

SIM 7 UIYIM S101ABYSQ BAIS|NdWwod
-3AISS3SO JO UONN|Oosal 818]dwod
YN pare[a.iod uldAwolylize

Aq patuedwoade a91my 63/6 Z OIAI

(9uaunuos ‘Bunajio: ‘Bunes ‘Buissaip
‘Buiyreq ‘Buriiagsueny) 9 :uspuadaq
0 :uapuadapul

(Butyreq) T :uspuadaq
(s0usunuoo ‘Bunajiol ‘Buires
‘Buissaip ‘Burliaysuely) G :Juspuadapu]

sporsad

9121981p 10} UlUOYe|aW pue ‘jojouesdoid
‘@ UIWE}A ‘BUOpOZel) PaAISJa) 0S|
Adesaylounwwi jo A

T Jaye |Auiyle-jaisafiouons) o uonippy
Adesayjounwiwi Buunp

wedazelo| pue auopliadsi 440 paueapp

9A0QE 0} JejiwIs
:(Burobuo) Ajyruow uonesiuIwpeod B T
auojosiupaidiAyrsw A pue B/6 T OIAI
asop

1XaU 810J3q 1988 Buiuem yym swoldwAs
oureIyaAsdolnau ul Juswanosdul
paie|a.i09 Ajfesodwal ‘Jusisisuod

‘0w 1 1oy Ajypuows 6%/6 Z 9IAI
Juswanoldwi

ou Hm Jad sawn g auosiupaid Jelo Ajreq

Juswiablejua
o1UB|ds p[iw 10§ d|qeIOU [HIN [eUIWOPaY
[ewJou punosesl|n JlAjed

Jipeu o1rewoldwAS 1y

auljaseq pigJowsid 1y

dn-mojjo}
1SE| pUB ‘JIpeU ‘auljaseq
1e sainseaw Qv diseg

8s.n02 AdeJayjounwiwii
Burinp suoizeayipow
annadelay Jay1o

asuodsal pue suswibal
AdeJayounwiw]

suonuaAIzIul olNadesay |

v ased

€3s80

¢ase)

T8sed

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2021 January 12.

Pediatrics. Author manuscript



Page 12

Bey et al.

‘a1qeaijdde jou ‘— ‘punosesn ‘SN ‘y1 suIXoJAYl ‘v1 ‘Apognue SS/oy-1ue ‘oY ‘AydeiBowioy uoissiwa uoiisod ‘| 34 ‘uonoeal ureyd asesawA|od ‘40d
‘AydesBoibue aouruosal anaubew ‘wHIN ‘Apognue gss/e-nue ‘e {A ulingojfounwiwi ‘NG| ‘9 ulingojBounwiwi ‘9b| ‘AydesBowol paindwod ‘1D ‘pinyy eurdsoigaiad ‘4S9 ‘i usuodwod Juswadwod
‘0 ‘g auodwod Jusws|dwod ‘e bt usuodwod Juswsjdwod b1 a1p ul sig ‘alg ‘seipognue diwse|doifd jydotinaunue ‘YONY ‘apiosip AlanoeiadAyaionap-uonuaie ‘aHAy ‘Apognue ‘qy

0 :uspuadaq 0 :uapuadaq
0 :JuspuadaQ uoisiniadns syuestem Ajaisindwi ing (sousunuoo (s0uaunuoo ‘bunajioy
(s0uaunuos ‘Bunajio: ‘Bunes ‘Buissaip (0uaunuos ‘Bunsjio: ‘Bunes ‘Buissaip ‘Bunajioy ‘Bunes ‘Buissalp ‘Buissalp ‘Buiyreq) ¥ :uspuadag
‘Buiyreq ‘Buriiajsueny) 9 :juspuadapu| ‘Buiyreq ‘Buriiagsueny) g :uspuadapu)  ‘Buiyieq ‘Buriiasueiy) 9 Juspuadapul (Bunyes ‘Buriiaysueay) z :Juspuadapul JU323. IS0\
78sed gased Zzssed Tssed

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Pediatrics. Author manuscript; available in PMC 2021 January 12.



	Abstract
	CASE 1
	CASE 2
	CASE 3
	CASE 4
	DISCUSSION
	References
	FIGURE 1
	TABLE 1

