
Acute Flaccid Myelitis:
AFM Preparedness for 2020 and Beyond

Carlos A. Pardo, MD
Division of Neuroimmunology and Neuroinfectious Disorders
Johns Hopkins Myelitis and Myelopathy Center

September 7, 2020 1

Johns Hopkins Myelitis & Myelopathy Center

AFM
Consensus
Discussion

Clinical 
assessment & 
Management

Laboratory
Methods  &

Diagnosis

Research 
Opportunities

Patient & 
Family 

Advocacy

Rehabilitation 
& Surgical  
Function  
Recovery

Neuro-
physiology

ICU 
managementAcute 

Flaccid Myelitis
Working 
Group



Educational objectives

• An update on preparedness for AFM outbreaks
– Our response
– Diagnosis and management
– Public health effort and research
– The future on management
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Acute Flaccid 
Myelitis

In most of the cases of AFM there 
is preceding history of upper 
respiratory Infection in almost all 
member of the
Household
• Age 1-12 ys in average
• No sex predilection ; 

Male:Female

Environmental factors associated
• Seasonality



AFM

Factors in Acute 
Flaccid Myelitis

After many members of 
a household are affected 
by infectious symptoms 
only one subject is 
affected by AFM



https://www.cdc.gov/acute-flaccid-myelitis/cases-in-us.html
Data current as of July 31, 2020 

Epidemiology of AFM in the USA: 2014-present
Aug 2014 – July 2020 (n > 630)

2014: 
120 cases

2015: 
22 cases

2016: 
153 cases

2017: 
38 cases

2018: 
238 cases

2019: 
46 cases

2020: 
16 cases..?

https://www.cdc.gov/acute-flaccid-myelitis/cases-in-us.html




https://www.cdc.gov/acute-flaccid-myelitis/cases-in-us.html
Data current as of June 1, 2020 

Epidemiology of AFM in 2028 (n=238) and 2020 (n=16)
Widespread distribution in 42 states in 2018

2018 2020

https://www.cdc.gov/acute-flaccid-myelitis/cases-in-us.html


Tissue susceptibility to Enterovirus-D68 Infection

EV-D68

Viral infections

Immune response

Tissue damage



94% experience 
preceding  illness

56 %

41%

3%

• Aggressive disease
• Need ICU admission
• 26% quadriplegic

• Inpatient care
• Moderate disease

• “Mild” 
disease/Outpatient care

5 days Hours-48 hs Days to weeks Months/Years

43% Upper 
extremities only

26% Quadriplegic

13% Lower 
extremities only

Acute stage Hospitalization Acute Rehabilitation Outpatient Rehabilitation

The Clinical Profile of Acute Flaccid Myelitis 2018
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What do we need?

How we 
need to be 
connected

Diagnosis
Improvement 

CDC
University Hospitals

Pharma/industry

Patient Care
University 
Hospital-
network 
support

Family 
Support

Research
NIH
CDC

DARPA

Education
CDC-Hospital 

network
Primary care 

networks
Hospitals

Surveillance
CDC

State Health 
Departments



Acute 
Flaccid Myelitis
Working 
Group

A model of horizontal collaboration to 
achieve consensus on the clinical 
diagnosis, management and research 
focused on acute flaccid myelitis (AFM)

Objectives:
• To establish a consensus for diagnosis and 

management of AFM during the acute and chronic 
stages of disease

• Conceive, develop, and conduct collaborative 
clinical studies to understand the natural history of 
AFM

• To facilitate clinical and basic science research to 
accelerate the discovery of treatment approaches 
in AFM



AFM Working group Network

q UCSF Benioff
Children Hospital

q Kaiser Permanente
San Francisco
Medical Center

q Stanford University,
Dept. of Neurology
and Pediatrics

q Children’s Hospital
Los Angeles

q J. Craig Venter
Institute, La Jolla

q Mayo Clinic (Rochester, MN)
q Children's Hospital of Wisconsin (Milwaukee)
q The Hospital for Sick Children (SickKids), U. of

Toronto (Canada)

q Children’s Hospital
Colorado (Aurora)

q University of
Colorado, Dept. of
Neurology (Aurora)

q Vanderbilt University
Medical Center (Nashville)

q Medical University of South
Carolina (Charleston)

q Columbia University,
Dept. of Neurology

q Columbia University
Vagelos College of P &S

q Weill Cornell School of
Medicine

q Mt. Sinai Hospital

q Yale School of Medicine,
Dept. of Pediatrics and
Neurology

q Children’s Hospital of 
Philadelphia

q University of Pennsylvania, 
Dept. of Neurology

q Boston Children’s
Hospital

q Massachusetts
General Hospital

q Children’s National Medical 
Center (Washington, DC)

q Johns Hopkins University School 
of Medicine (Baltimore)

q Johns Hopkins Bloomberg School 
of Public Health (Baltimore)

q Kennedy-Krieger Institute 
(Baltimore)

q Sinai Hospital, Dept. of Pediatric 
Neurology (Baltimore)

q National Institutes of Health 
(Bethesda)

q UT Southwestern Dpt.
of Neurology and
Neurotherapeutics
and Dpt. Of Pediatrics
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A Consensus on 
Clinical Diagnosis 
of Acute Flaccid 

Myelitis 2020 

Murphy O. et. al. Under review, 2020
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Acute Flaccid 
Myelitis 2020 

• Acute Management
• Respiratory status
• Sedation
• Pain and autonomic dysfunction
• Immunomodulatory and antiviral therapies
• Early rehabilitation

• Inpatient rehabilitation
• Nerve and tendon transfer 

surgeries
• Medium and long-term 

rehabilitation
• Long-term medical 

management
Murphy O. et. al. Under review, 2020



AFM has changed the spectrum of 
pediatric myelopathies:

Age-profile in patients at JHMMC 2010-2018
n=131 patients

Garcia-Dominguez, M, Gordon-Lipkin  E, Murphy O, Pardo CA et al.
JHM&M Center 2019, unpublished

Without AFM cases

Autoimmune

Vascular
myelopathies

Non-AFM
Infection
related

Others



Take-home message:
• Vascular and inflammatory 

myelopathies occur at all 
spectrum of ages in children

• Since 2014, AFM has 
changed the epidemiology of 
myelitis in the USA. AFM 
occurs mostly in very young 
children.

• Vascular and autoimmune 
myelopathies are frequent in 
older children and teenagers.

Pediatric Myelopathies:
Age-profile in patients at JHMMC 2010-2018

n=131 patients

Garcia-Dominguez, M, Gordon-Lipkin  E, Murphy O, Pardo CA et al.
JHM&M Center 2019, unpublished



….there is a long road in front of us for understanding AFM

How we 
need to be 
connected

Diagnosis
Improvement 

CDC
University Hospitals

Pharma/industry

Patient Care
University 
Hospital-
network 
support

Family 
Support

Research
NIH
CDC

DARPA

Education
CDC-Hospital 

network
Primary care 

networks
Hospitals

Surveillance
CDC

State Health 
Departments

What do we need to learn about AFM?
• What is the role of viruses in 

pathogenesis?
• How the immune system is involved 

in AFM?
• How to improve diagnosis?
• Factors associated with prognosis 

and outcomes
• Strategies to improve diagnosis 
• Strategies to improve treatments and 

outcomes
• Development of preventive measures 

and possible vaccines



Acute Flaccid 
Myelitis: 
What we have 
learned in order 
to be prepared
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Google: AFM Virtual Symposium Youtube



https://www.youtube.com/playlist?list=PLXi60bECkjnWc16yfgMVN1u7qOuRM8d14

https://www.youtube.com/playlist?list=PLXi60bECkjnV2Iqm1SxKm_V2QvDHfg3yR

https://www.youtube.com/playlist?list=PLXi60bECkjnVje4VHjzW5pzkeYtSJBdqt

https://www.youtube.com/playlist?list=PLXi60bECkjnVwvAk3_fPWS700NR6JeBaS

https://www.youtube.com/playlist?list=PLXi60bECkjnVSYQ3C8lte69RmWbaguX_I

Part I

Part II

Part III

Part IV

Part V

Acute Flaccid Myelitis: 
What we have learned in order to be prepared 

Google:    AFM Virtual Symposium Youtube

https://www.youtube.com/playlist?list=PLXi60bECkjnWc16yfgMVN1u7qOuRM8d14
https://www.youtube.com/playlist?list=PLXi60bECkjnV2Iqm1SxKm_V2QvDHfg3yR
https://www.youtube.com/playlist?list=PLXi60bECkjnVje4VHjzW5pzkeYtSJBdqt
https://www.youtube.com/playlist?list=PLXi60bECkjnVwvAk3_fPWS700NR6JeBaS
https://www.youtube.com/playlist?list=PLXi60bECkjnVSYQ3C8lte69RmWbaguX_I


NIH Natural History Study of AFM
DMID #19-0005

A PROSPECTIVE STUDY OF ACUTE FLACCID MYELITIS (AFM) TO DEFINE NATURAL HISTORY, 
RISK FACTORS, AND PATHOGENETIC MECHANISMS



l Stanford University

l University of California SF, Benioff Child Hosp
l University of Southern California, Los Angeles

l Children’s Hospital of Orange County
l University of California San Diego

Florida
l University of South Florida Morsani College of 

Medicine

New York
l Cohen Children's Medical Center
l SUNY Syracuse
l University of Rochester

Texas
l Cook Children’s Medical Center
l Baylor College of Medicine

l Emory University

Georgia
Louisiana

l Louisiana State University Shreveport

Mississippi
l University of Mississippi

Massachusetts
l Boston Children’s Hospital

Washington
l Children’s Hospital & Regional MC Seattle

Arkansas
l University of Arkansas for Medical Sciences

Kentucky
l University of Louisville SOM

South Carolina
l Medical University of South Carolina

l University of Alabama at Birmingham
l University of South Alabama

Alabama

North Carolina
l Carolina’s Medical Center

New Jersey
l Children's Hospital at St. Peters Univ Hospital

District of Columbia
l Children’s National Medical Center

Maryland
l Johns Hopkins University SOM

Tennessee
l Vanderbilt University Medical Center

Colorado
l University of Colorado Denver

Nebraska
l University of Nebraska

Missouri
l Washington University St. Louis

Pennsylvania
l Children’s Hosp of Philadelphia
l Unversity of Pittsburgh

Wisconsin
l Medical College of WisconsinMinnesota

l University of Minnesota Ohio
l Nationwide Children’s Hospital 

Toronto, Canada
l The Hospital for Sick Children (Sickkids)

California

Peru

United Kingdom

Illinois
l Lurie Children’s Hospital

NIAID Acute Flaccid Myelitis Natural History 
Study Sites



Group 1 (AFM Cases)
Inclusion and Exclusion Criteria
Inclusion Criteria:

• Signed informed consent from parent(s) or 
legal guardian(s), and assent from participant 
if indicated

• Onset of flaccid limb weakness involving one 
or more extremities suggestive of possible, 
probable, or confirmed AFM within previous 
30 days

• MRI of spinal cord that has been or will be 
obtained clinically

• Age < 18 years

• Weight ≥ 7.8 kg

• Agrees to Future Use of Specimens

Exclusion Criteria:

• Known condition other than AFM causing the 
flaccid limb weakness

• Any condition that, in the opinion of the 
investigator, would place the subject at an 
unacceptable injury risk or that may interfere 
with successful study completion

Note: Subjects enrolling in Group 1 may subsequently be 
determined by the Protocol Adjudication Committee to not 
have AFM.  This assessment will not occur in real time.  If a 
subject is deemed to have AFM, they will be classified as 
Group 1A cases (possible, probable, or confirmed AFM 
cases).  If a subject is deemed to not have AFM, they will 
be classified as Group 1B cases (non-AFM cases) and 
analyzed accordingly.





Group 2 (controls)
Inclusion and Exclusion Criteria
Inclusion Criteria:
• Signed informed consent from 

parent(s) or legal guardian(s), and 
assent from participant if indicated

• Residing household contact of a child 
enrolled in Group 1 of this study 
within previous 30 days

• Weight ≥ 6.0 kg
• Agrees to Future Use of Specimens

Exclusion Criteria:
• Flaccid limb weakness involving one 

or more extremities
• Any condition that, in the opinion of 

the investigator, would place the 
subject at an unacceptable injury risk 
or that may interfere with successful 
study completion

Note: If a subject enrolled in Group 2 subsequently 
develops findings suggestive of AFM, they may be 
asked if they would like to enroll into Group 1 of the 
study and be followed and analyzed accordingly.





AFM

Factors in Acute 
Flaccid Myelitis

Despite the presence of 
infection in the
entire household only one 
younger member 
of the family is affected 
• Genetic predisposition?



Johns Hopkins AFM Case-Control Study 
2014-present

Acute Flaccid Myelitis Cases Recruited 
Nationally through network of clinicians 

and via families

Clinical Characterization 
and Sub Classification of 
heterogeneous AFM

Host genetic sequencing 
of AFM cases and families 
to identify susceptibility 
genes

Enterovirus antibody profiles 
and identification of host 
genetic regions of control

Investigators from Johns Hopkins: Priya Duggal, Aaron Milstone, David Thomas, Matthew Elrick, Tom 
Crawford, Carlos Pardo, Ben Larman Plus an incredible national network of physicians dedicated to AFM

https://wearesrna.org/resources/genetic-study-of-afm/SRNA Podcast series:

https://wearesrna.org/resources/genetic-study-of-afm/


Hixon AM, Clarke P, Tyler KL. Evaluating Treatment Efficacy in a 
Mouse Model of Enterovirus D68-Associated Paralytic Myelitis. 
J Infect Dis. 2017 Dec 5;216(10):1245-1253

Treatment Approaches
For Acute Flaccid Myelitis
• Steroids??
• Plasma exchange??
• IVIG?
• Fluoxetine??

• Rehabilitation!!
• Nerve transfers ?!

There is not a good treatment 
approach for AFM yet!!



What do we need?

What 
families are 
struggling 

with

Diagnosis

Treatment
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Awareness

What is in the future of treatments?
• Developments of new antiviral 

medications
• Use of specific antibodies for EV-D68
• Vaccines for EV-D68 and other 

pathogens
• New rehabilitation strategies
• Nerve and tendon transfers and 

surgeries
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