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Objectives

* |[dentify the clinical presentation of acute flaccid myelitis
(AFM) in children

* Understand the epidemiology and potential etiologies of
AFM

* Recognize potential outcomes of AFM in children



Mark’s Story




What is acute flaccid myelitis (AFM)?

* |lIness with sudden onset of flaccid weakness in one or more
extremities AND distinct grey matter lesions in the spinal cord

* CDC investigating since 2014

e Cause often unknown

* Possibly caused by different viral pathogens including: enteroviruses
(including poliovirus and EV-A71), flaviviruses like West Nile virus or Japanese
encephalitis virus, herpesviruses, and adenoviruses



Acute flaccid myelitis in the US

Fall 2012:
California
reports 3
cases of
unexplained
sudden
paralysis
August 2014:
Cluster of
disease in
Colorado, in
midst of EV
D68 outbreak:

120 childrenin
34 states

2015: 22
people in 17
states
2016: 149
people in 39
states

2017: 35
casesin 16
states

2019: ???
2018: 134
confirmed
casesin 33
states
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Number of confirmed U.S. AFM cases reported to CDC by month of onset, August 2014 - October
2018
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2018 confirmed cases of acute flaccid myelitis (AFM) by state
(N=116)*

. Confirmed None reported

*Confirmed AFM cases as of November 23, 2018. Patients under investigation are still being classified,
and the case counts are subject to change. Case counts will be updated every Monday.



Demographics

No. of cases

Sex (% male)

Median age, years (range)
Pre-existing conditions, %
* Asthma

* Immunocompromised

120
59
7.1 (0.4-20.8)
21
10
2

30
59

4 (0.6-32)
NR
NR
NR

Messacar et al, Ann Neurol, 2017
CDC, 2018



How does AFM present?



How to Spot Symptoms of
Acute Flaccid Myelitis in Your Child

-

S y r r I p l O r r I S Acute flaccid myelitis, or AFM, is a rare but serious condition that affects the nervous system.

Symptoms of AFM The Nervous System

* Weakness in one or more limbs O
* may be accompanied by stiff neck,
headache, or pain in the affected o
limb(s)

* Onset of weakness is rapid (hours to
d few dayS) . Difficulty with

swallowing or

slurred speech

Spinal cord

e Cranial nerve abnormalities & >
* Facial or eyelid droop PN
* Difficulty swallowing or speaking o Sugman

* Hoarse or weak cry e

.
Seek medical care right away if your child has any of these symptoms.

www.cdc.gov/acute-flaccid-myelitis




Prodromal illness

Prodromal illness, % 90 99
* Fever 64 31
* Respiratory symptoms 31 78
* Gl symptoms NR 38

*Median 4.5 days from onset of illness to limb weakness

Messacar et al, Ann Neurol, 2017
CDC, 2018



Clinical presentation

| 20122015CDC__2018CDC

Neurologic illness/deficits, %

Altered mental status 11 NR
Limb weakness* 100 100
 UE weakness 77 48
* LE weakness 66 52
* Asymmetric 47 NR
Sensory involvement 21 NR
Cranial nerve dysfunction 28 NR

*Upper limb only in 48%, lower limb only in 9%

Messacar et al, Ann Neurol, 2017
CDC, 2018



Laboratory findings

CSF pleocytosis, % (median, range) 81 (44, 0-664) 83 (103, 6-814)
CSF protein 43 (17-921) 47 (9-289)
Virus identified in CSF, % 2 1

EV D68 in respiratory specimen, % 20 22

Non-D68 rhino/enterovirus, % 21 31

Messacar et al, Ann Neurol, 2017
CDC, 2018



Imaging findings

* Grey matter lesions in > 1 spinal segment — mostly cervical

e Ventral (anterior horn) cells most commonly involved

* May have entire central grey matter involved, producing
characteristic “H” pattern on axial images

* Ventral and dorsal nerve roots may demonstrate signal
abnormality

e Conus medullaris and cauda equina involvement frequent

* Hyperintensity on T2 and FLAIR weighted sequences and
are usually non-enhancing

* Brainstem involvement possible

Messacar et al, Ann Neurol, 2017
CDC, 2018



Imaging findings

90 100 91 96

T2 gray matter lesions spanning multiple vertebral

levels on spinal cord MRI (>3 levels) (>3 levels) (>3 levels) (>1 level)
Nerve root enhancement on spinal cord MRI 20 40 NR 34
Brainstem lesions on brain MRI NR 75 36 35
Supratentorial lesions on brain MRI 31 0 0 11

CDPH = California Department of Public Health. June 2012—-July 2015.
CHCO = Children's Hospital Colorado. August 1, 2014—October 31, 2014.
PCH = Primary Children's Hospital. February 2014—-January 2015.

Messacar et al, Ann Neurol, 2017



AFM differential diagnosis

* Synovitis * Stroke, including spinal stroke
* Neuritis * Tumor
* Limb injury e Acute cord compression
* Guillain-Barre syndrome e Conversion disorder
(GBS)

* Transverse myelitis



Clinical Presentation of Acute Flaccid Myelitis Compared to Other Neurologic Syndromes With Acute Limb Weakness

Acute Flaceid Myelitis Idiapathie Acute Inflammatory Acute Dizzeminated
Cazes in the United Transverse Demyelinating Encephalomyelitis
States 2012-201% Alvelitis Pobhmeuropathy
Prodrome Precedmg Febnle respiratory or Respiratory, Respiratory or Febnle respiratory illness
illness gastrointestinzl 1llness gastromtestinal, or gastrointesting] of VaccIination common
common, median of 7 systemic illness illness
days previeus COMINONn COmmon
o d ek orarcdionc
Assoriated Fever; meningeal signs; Dysesthesia and Afebnle no meningeal Fever; meningeal signs;
symptoms lmb/neck back paresthesias;back signs;leg encephalopathy
at onset PEINn COmMmOon pain pain, unsteady zait
Motor Progression  Progressien over hours Progression over Ascending weakness over  Progressien of multfocal
deficits to days hours to days hours to days, deficits over 4 to 7 days
padw by 2 to 4 weeks
Distmbution  Asymmetnc; Symmetric or Symmetnc Commonly asymmetric
upper=lower himb asymmetric;
halateral;below
level of lasion
Teone Flacmd Can be flaccid m Flaccud Spastic
acute phase,
then spastic
Deep Decreased or absent Can be decreasedm  Decreased or absent Increased
tendon acute phase,
reflexes then increaszed
Assoclated  Sensory Vanably present m Common, sensory Distal paresthesias with Common
deficiis deficits affected level present little objective
Limhb sensory loss; no sensory
loss
present in acute motor
axonal
peuwropathy vanant
Autononme  Bowel and bladdar Common, especially Common, especially Possible
deficits dysfuncton possible bowel or bladder cardiovascular
dy=funchon instability
Cramial Commeon, especially Uncommeon Uncommen, but may Possible, especially
nerve bulbar dysfunction, oceur with optic neuritis
deficits diplopia, facial weakness

vanants (Miller Fischer

Fever & meningeal sighs common

Flaccid (instead of spastic)

Cranial nerve deficits common

Messacar et al, Ann Neurol, 2017



Putting it all together

Progressive
ﬁ;:;dsr:ma' Neurologic Convalescent phase
Injury
* N ific prodromal ill
O n S p e C I I C p ro ro a I n e SS median 7 days | fo days months to years
® . >
= fever t=acute flaccid limb sfunctional improvements with rehabilitation
2 respiratory fever iweakness therapies
H E or Gl ~headache E-some with cranial =muscle atrophy in affected limbs
i R a p I d O n S et We a k n e SS E S symptoms estiffneck |nerve palsy, *most with residual limb weakness
S sneck/back |sensory deficits, +long-term prognosis unknown
oa flimb pain  ialtered mental
istatus
1 1 1 i 2 weeks 2 weeks
* MRI find matt . ' .
I n I n gs I n g rey a e r e :’-mild pleocytosis *pleocytosis resolves
%S i *normal to mildly =protein increases
0L ! elevated protein
o R y ? T i days foweeks weeks fo months
* -
e Cove r * S - 7 1 =confluent, -normalization of spinal cord imaging
= E «diffuse 1 longitudinally *nerve root enhancement
EQ spinal cord : extensive, anterior
o E gray matter ! hom predominant
lesions and ! gray matter spinal
edema i cord lesions
S * 1-3 weeks . months to 1 year .
° ° //:’ ! sreduced recruitment of MUPs  -low response amplitude of CMAPSs
ﬁ 5, EMG/MCY 1 *low response amplitudes of sreduced recruitment of MUPs
u% % may be : CMAPs and fibrillations «fibrillation potentials
normal ! variably present
Neurologic
Onset

Messacar et al, Ann Neurol, 2017



What do we know about
potential causes?






Enteroviruses?

* Enterovirus 71
* Typically causes hand-foot-mouth disease

* Known association with neurologic disease during outbreaks
e Acute flaccid myelitis

* Encephalomyelitis
* Enterovirus D68

e First described in 1962

* Respiratory illness



Pathogens CSF Respiratory SerumyFPlasma Stool/Rectal Swab
Enterovirus/rhinovirus 1/55 (2) 2456 (43) 0/43 (0) 11/54" (20)
EV-DE8 1/1 (100) 11/23 48) 0/11 {0}

Morn—EV-DE8 O/1 (0} 12/23 (62) . 11/11 (100)
Adenoviruses 0/48 (0) 0/44 {0) 1/39 (3) 5/47 (11)
Herpesviruses

Herpes simplex virus 1 0/41 (0} 0/35 (0} 0/33 (0)

Herpes simplex virus 2 0/41 (0} 0/35 (0} 0/33 (0)

Varicella zoster virus 0/41 (0) 0/35 D) 0/33 (0)

Epstein-Barr virus 1/41 (2) 3/35 19) 2/31 (6)

Human herpesvirus 6A 0/39 (0) 0/29 (0)

Human herpesvirus 6B 0/39 (0} 0/29 (0)

Cytomegalovirus 0/38 (0} S 0/26 (0) C
Panviral PCR platform 0/31 (0) 2/9 (22)° 116 (6)° 17 (14)®
Metagenomic next-generation seguencing 14/35 (40)f 1/1 (100)8 7012 (54"

Arboviruses (igh)

West Nile 0/2 (0) 0/35 (o)

St Louis encephalitis 0/2 (0} 0/35 (0)

La Crosse 0/4 (0) 0/35 (o)

Sejvar et al, CID, 2016




TABLE. Enterovirus/rhinovirus (EV/RV) type testing results* of specimens from patients with confirmed acute flaccid myelitis and specimens
positive for EV/RV, by specimen type — United 5tates, January-October 2018

CDC laboratory results

Stool/Rectal
C5F specimens Respiratory specimens swab specimens Total

Enterovirus and rhinovirus testing, by type in=21) (n=759) (n=45) (N=125)
EV- or RV-positive no. (%) 2(10) 31(53) 17 (38) 50
Subtype, no. (%) positiveT
EV-A71 1(50) 10 (32) 10 (59) 21 (42)
EV-D&s 1(50) 13{42) 1(5)} 15{30)

T )] T 2]
RV-A38 0— 1(3) 0— 1(2)
RV-A101 00— 1(3) 0— 1(2)
RV-A24/PeV-As 0— 1(3) 0— 1(2)
RV-AS81 0— 1(3) 0— 1(2)
RV-A54 00— 1(3) 00— 1(2)
CVA2 0— 0— 1(8) 1(2)
CVA4 00— 00— 1(5)} 1(2)
CVAS 0— 0— 1(8) 1(2)
CVA16 0— 0— 1(8) 1(2)
Pel-Al 00— 00— 1(5)} 1(2)
Montyped EV/RV 0— 2 (6) 1(8) 3(6)

Abbreviations: C5F = cerebrospinal fluid; CVA = Coxsackie A virus; PeV-A6 = parechovirus A6.
* Specimens tested at CDC laboratory.
t Among EV- or BV-positive specimens.

McKay et al, MMWR 2018



What about EV D687 — Bradford Hill Criteria

Strength

Consistency

/

Experiment

\

Coherence

Specificity

Temporality

h /

Dyda et al, Euro Surveill, 2018
Messacar et al, Lancet, 2018

Plausibility [ Bg'fa'gi'fﬁ'




Strength

* Exposure =2 higher risk of disease

* Increased AFM cases clustering during
periods of EV D68 circulation in 2014 and
2016

e Sporadic AFM cases with no clustering in
2015 when EV D68 not circulating

e 4.5-10.3 greater odds of detection in AFM
patients than respiratory controls in
Colorado case control study

Analogy

.

Temporality
o Biological
Plausibility ErdicnE

Dyda et al, Euro Surveill, 2018
Messacar et al, Lancet, 2018




Number of acute flaccid myelitis cases in the USA
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Messacar et al, Lancet, 2018



Consistency

* Repetition of findings

/’ |

* Cases of paralysis with enterovirus D68
detection reported from

* 14 countries on six continents with |
. o . . Coherence
consistent clinical presentation -

Temporality
y

o Biological
Plausibility

Dyda et al, Euro Surveill, 2018
Messacar et al, Lancet, 2018



Specificity

* Exposure causes one specific disease or
syndrome or specific population

/

* Partially fulfilled

D /
o Biological

Dyda et al, Euro Surveill, 2018
Messacar et al, Lancet, 2018




Temporality

* Exposure occurs before disease

/’ |

Febrile respiratory prodrome precedes onset of
neurological symptoms

Cases with samples collected during respiratory
prodrome positive before onset of neurological
oherence

symptoms :
. . o Biological
* Frequency of EV D68 detection decreases with

delayed sampling after AFM onset

Dyda et al, Euro Surveill, 2018
Messecar et al, Lancet, 2018



Biological gradient

* Dose-response relationship

* No dose-response relationship noted and
low level detection of in respiratory
specimens of some severe AFM cases

/’ |

\ S
o Biological
Plausibility

Dyda et al, Euro Surveill, 2018
Messecar et al, Lancet, 2018




Plausibility

 Conceivable mechanism

//’ |

5 case reports of acute flaccid paralysis or
AFM with EV D68 in CSF

* Most AFM cases with no EV D68 and no

alternative pathogens in CSF |
* One case with autopsy histopathology

consistent with enterovirus and EV D68 in
CSF

Dyda et al, Euro Surveill, 2018
Messecar et al, Lancet, 2018




Coherence

* Does not contradict previous knowledge

/ |

* Enteroviruses known to affect CNS

* EV A71 associated with neurological
complications and encephalomyelitis

\ /!
o Biological

Dyda et al, Euro Surveill, 2018
Messecar et al, Lancet, 2018




Experiment

Animal models

Recent strains cause paralytic myelitis in mouse
model, whereas historical strains do not

Enterovirus D68 infects and causes loss of motor
neurons in anterior horn of spinal cord in mice

Enterovirus D68 antibodies protect against paralytic
disease in mice, whereas immunosuppression leads
to increased paralysis and mortality

//’ |

Coherence

Temporality
y
o Biological
Plausibility

Dyda et al, Euro Surveill, 2018
Messecar et al, Lancet, 2018



Evidence for Enterovirus D68

e Mouse model

* EV D68 strain caused paralysis
by multiple routes of
inoculation:

* Intramuscular, 100%
* Intracerebral, about 50%
* Intraperitoneal, about 5%

* Intranasal, about 3%

—» A Kodr's postulates
/ Spinal cord kysate from paralysed

D‘ — || | mouse causaed paralysis in naive

animals

Spinal cord B
emoved T ™ Histodogy
Emterovirus D&E
VP2 proteinin motor
| neurons followed
s ALK by neuron loss
.. Antenn:lr Anterior
Bilateral hind-fimb hom
parakhysis

Enterovirus DEE strains —»  C Viral titre assays

tested that caused paralysis

in neonatal mica:
US/MO/14-18047 (im, ic, ip in)
LIS/ 14-18952 (ic tested)
LIS/KY/14-18953 (ic tested)
LIS/CAY 14- 4332 (i testad)

Enterovirus D&E infectiousvirus detected by cell
cuhture assays and enterovines D68 viral genome
detected by gRT-PCR and metagenomic deep

SEUAENCING

Messacar et al, Lancet, 2018



Analogy

* Association of similar exposure and disease
outcome

* Clinical presentation, neuroimaging,
electrophysiological findings similar to paralytic
disease due to poliovirus and EV A71

* Enterovirus D68 found less commonly in CSF
than poliovirus or EV A71

* Detection of poliovirus or enterovirus A71 from
stool when absent in CSF analogous to EV D68
detection in respiratory specimens

Analogy

.

Temporality

o Biological
Plausibility

Dyda et al, Euro Surveill, 2018
Messecar et al, Lancet, 2018




What can we do?



Potential Treatment Options

e Steroids

* IVIG

* Plasma exchange
* Antivirals

* Fluoxetine




29

/
a

Steroids p—" g

-~

¢

).
* Has often been given in combination with other therapies

* Higher mortality in mouse models
* Poorer outcomes with EV-71

* There is no indication that corticosteroids should be either preferred
or avoided in the treatment of AFM.

* There is no clear human evidence for efficacy of steroids in the
treatment of AFM, and there is some evidence in a mouse model with
EV-D68 that steroids may be harmful.
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VIG g
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3
 Efficacy in prevention of progression to neuroinvasive disease in g
rodent models

* All AFM patients tolerated the treatment regimens well without
major complications

* Neurologic improvement was seen in all patients regardless of
treatment, but in all except one patient, deficits persisted

» There is no indication that IVIG should be either preferred or avoided
in the treatment of AFM.

* There is no clear human evidence for efficacy of IVIG in the treatment
of AFM; evidence for efficacy is based on early treatment in animal
models and it has not been given in a systematic manner to AFM
patients to allow for measurements of efficacy.
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Plasma exchange > K

w -«

* Case reports

* There is no indication that plasma exchange should be either
preferred or avoided in the treatment of AFM.

e There is no clear human evidence for efficacy of plasma exchange in
the treatment of AFM, and it has not been given in a systematic
manner to AFM patients to allow for measurements of efficacy.

* Although there are inherent procedure-associated risks, there is no

evidence that using plasma exchange for patients with AFM is likely to
be harmful.



29

/

Antivirals >0 F

w

 Specific pathogen from a sterile site not identified in the majority of
AFM patients

* CDC testing revealed no activity against circulating strains of EV D68

e There is no indication that antivirals should be used for the treatment
of AFM, unless there is suspicion of herpesvirus infection (e.g.,
concomitant supra-tentorial disease or other clinical or radiologic
features of herpesvirus infection).



Tre atment No reported effect of any treatments...yet

Intravenous immune globulin, %

Plasmapheresis, % 22 17 9 15
Intravenous steroids, % 71 42 55 54
Antivirals, % 3 17 0) NR

CDPH = California Department of Public Health. June 2012—July 2015.
CHCO = Children's Hospital Colorado. August 1, 2014—October 31, 2014.
PCH = Primary Children's Hospital. February 2014—January 2015.

Messacar et al, Ann Neurol, 2017



CDC Recommendations \

RECOMMENDED

* For three main treatments used for AFM, intravenous immunoglobulin
(IVIG), corticosteroids, and plasmapheresis, there is not enough human
evidence to indicate a preference or an avoidance for their use at this time

e Treatment decisions should be made in conjunction with neurology and
infectious diseases experts.

* The possible benefits of using corticosteroids for spinal cord edema or white
matter involvement must be balanced by the possible harm due to
immunosuppression in the setting of a possible viral infection.

* There is no indication for the use of other immunosuppressive agents in the
management of AFM.



Fluoxetine?

 Selective serotonin reuptake inhibitor
* Activity against enteroviruses in vitro

* Both in a mouse model and retrospective case comparison of AFM
patients, neither showed improvement of neurologic outcomes

* There is no indication that fluoxetine should be used for the treatment
of AFM.



What can we do?

e Steroids

* IVIG

* Plasma exchange

* Antivirals

* Fluoxetine

* Supportive care

* Intensive rehabilitation therapy



Supportive Care

* Respiratory support
* Feeding

* Pain control

* Rehabilitation




What are the long term outcomes?

* Regain of function?
* Experimental surgery



Long term outcomes

Figure 2 Kaplan-Meier plot of time to neurologic recovery
= 100+
e Patients lost to
% follow-up (censored)
= B0+ (n=2)
3
2
Q Patient fully recovered
g 60+ (telephone interview)
E (n=1)
o .

[ . Fully recovered ~ 40% full neurologic
= (neurology visit) recovery at 12 months
3
o Bl
E L ]
Q
E 0%

| ' | ' 1 - T y T - T : |

0 2 4 6 8 10 12

Time to recovery (months)
Martin et al, Neurol, 2017



Long term outcomes

[ Table 1 Continued

Function (clinical
assessment)

Onset

Six months

One year

Patient 1

Horizontal
diplopia, SCM
weakness

Normal vision
and strength

Normal vision
and strength

Patient 2

R facial droop at
rest, unable to
fully close eye

Nasolabial fold
flattening

Nasolabial fold
flattening

Patient 3

Horizontal
diplopia

Patient 4

Horizontal
diplopia

Patient 5

Severe bulbar
weakness,
tracheostomy/
gastrostomy

Decannulated,
hypophonia

Hypophonia

Patient 6

Severe bulbar
weakness, NIPPV,
SCM weakness

Mild SCM
weakness

Mild SCM
weakness

Patient 7

Bilateral facial
droop, unable to
fully close eyes

R nasolabial fold
flattening

Normal strength

Patient 8 Patient 9

Severe bulbar
weakness,
intubated, NG
feeds

a

Patient 10

Subjective
difficulty
swallowing

Subjective
difficulty
swallowing

Subjective
difficulty
swallowing

Patient 11 Patient 12

Martin et al, Neurol, 2017



Muscle atrophy

Muscle atrophy of affected limbs in children with acute flaccid myelitis (AFM)

A

Martin et al, Neurol, 2017



cBS NEWS = October 11, 2018, 3:47 PM

Doctors pioneer surgical
treatment for rare, polio-
like virus

Share Tweet Reddit Flipboard Email

Health officials are investigating a disturbing uptick in cases of paralysis in
children from a rare illness in several states. Acute flaccid myelitis, also known as
AFM, affects the nervous system and causes the muscles and reflexes in the body
to become weak.

Its symptoms are likened to those caused by polio, which was eradicated in the
U.S. thanks to the polio vaccine.

The illness is thought to attack the body's nervous system, although it's not well
understood why. It can lead to paralysis and even death.

The U.S. Centers for Disease Control and Prevention said there have been 38
confirmed cases of AFM this year through the end of September. Fourteen cases
have been reported in Colorado and six in Minnesota, most of them children.
Earlier this week, three new cases were reported in patients being treated in
Pittsburgh. CBS Chicago also reported that a 2-year-old in Chicago is recovering
from the illness.

There is no specific treatment for AFM, but doctors at Children's Hospital Los
Angeles are pioneering a new therapy to help patients regain movement.

"About half of kids with AFM will strengthen up enough on their own that they
won't require any form of surgical intervention for their nerves. The other half
won't," Dr. Mitchel Seruya, director of the Brachial Plexus and Peripheral Nerve
Center at Children's Hospital Los Angeles, told CBS News.

Seruya iz working on a nerve transfer surgery to help these patients.

Four-vear-old Maipele Burns is one of the children receiving the treatment. She

was born with chronic asthma, but an attack just before her second birthday was
different




Conclusions

* We do not yet fully understand the pathogenesis of AFM
* Presentations variable and range from mild to severe

* Treatments have not been given systematically = difficult to
determine efficacy

* Long term outcomes unknown, but many patients have
residual deficits

* Published data limited



Advice for practitioners

* When AFM is suspected, hospitalization is recommended
* Do not ignore limb weakness!

* Monitor closely, consider ICU care

* Potential for rapid deterioration of weakness and respiratory
compromise

* Obtain brain and spine MRI
* Immediate consultation with neurology and ID



Mark — where is he now?




Questions

Imlistening..




