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Objectives

• Identify 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)?

• Illness with sudden onset of flaccid weakness in one or more 
extremities AND distinct grey matter lesions in the spinal cord 

• CDC investigating since 2014

• 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 children in 

34 states

2015: 22 
people in 17 

states

2016: 149 
people in 39 

states

2017: 35 
cases in 16 

states

2018: 134 
confirmed 
cases in 33 

states 

2019: ???







Demographics

2012-2015 CDC 2018 CDC

No. of cases 120 80

Sex (% male) 59 59

Median age, years (range) 7.1 (0.4-20.8) 4 (0.6-32)

Pre-existing conditions, % 21 NR

• Asthma 10 NR

• Immunocompromised 2 NR

Messacar et al, Ann Neurol, 2017
CDC, 2018



How does AFM present?



Symptoms

• Weakness in one or more limbs 
• may be accompanied by stiff neck, 

headache, or pain in the affected 
limb(s) 

• Onset of weakness is rapid (hours to 
a few days) 

• Cranial nerve abnormalities
• Facial or eyelid droop 

• Difficulty swallowing or speaking 

• Hoarse or weak cry



Prodromal illness

2012-2015 CDC 2018 CDC

Prodromal illness, % 90 99

• Fever 64 81

• Respiratory symptoms 81 78

• GI symptoms NR 38

*Median 4.5 days from onset of illness to limb weakness

Messacar et al, Ann Neurol, 2017
CDC, 2018



Clinical presentation
2012-2015 CDC 2018 CDC

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

Messacar et al, Ann Neurol, 2017
CDC, 2018

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



Laboratory findings

2012-2015 CDC 2018 CDC

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

• 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 

• 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

CDPH
(n=59)

CHCO
(n=12)

PCH
(n=11)

CDC
(n=120)

T2 gray matter lesions spanning multiple vertebral 
levels on spinal cord MRI

90
(>3 levels)

100
(>3 levels)

91
(>3 levels)

96
(>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

• Neuritis

• Limb injury 

• Guillain-Barre syndrome 
(GBS) 

• Transverse myelitis 

• Stroke, including spinal stroke 

• Tumor 

• Acute cord compression 

• Conversion disorder 



Messacar et al, Ann Neurol, 2017

Fever & meningeal signs common

Flaccid (instead of spastic)

Cranial nerve deficits common



Putting it all together

• Nonspecific prodromal illness

• Rapid onset weakness

• MRI findings in grey matter

• Recovery?

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

• Acute flaccid myelitis

• Encephalomyelitis

• Enterovirus D68

• First described in 1962

• Respiratory illness



Sejvar et al, CID, 2016



McKay et al, MMWR 2018



What about EV D68? – Bradford Hill Criteria

Strength

Consistency

Specificity

Temporality

Biological 
gradient

Plausibility

Coherence

Experiment

Analogy

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



Strength

• Exposure  higher risk of disease

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

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

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

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



Messacar et al, Lancet, 2018



Consistency

• Repetition of findings

• Cases of paralysis with enterovirus D68 
detection reported from

• 14 countries on six continents with 
consistent clinical presentation

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



Specificity

• Exposure causes one specific disease or 
syndrome or specific population

• Partially fulfilled

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 
symptoms

• 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

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

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

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



Evidence for Enterovirus D68

• Mouse model

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

• Intramuscular, 100%

• Intracerebral, about 50%

• Intraperitoneal, about 5%

• Intranasal, about 3%

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

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



What can we do?



Potential Treatment Options

• Steroids 

• IVIG

• Plasma exchange

• Antivirals

• Fluoxetine



Steroids

• 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.



IVIG
• Efficacy in prevention of progression to neuroinvasive disease in 

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.



Plasma exchange

• Case reports

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

• 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.



Antivirals

• 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

• 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). 



Treatment

CDPH
(n=59)

CHCO
(n=12)

PCH
(n=11)

CDC
(n=120)

Intravenous immune globulin, % 73 75 82 73

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

No reported effect of any treatments…yet



CDC Recommendations

• 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 

• 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?

• 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

Martin et al, Neurol, 2017

40% full neurologic 
recovery at 12 months



Long term outcomes

Martin et al, Neurol, 2017



Muscle atrophy

Martin et al, Neurol, 2017





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


