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Abstract:  

Background: Clusters of acute limb weakness in paediatric patients have been linked to 

outbreaks of non-polio enteroviruses, termed acute flaccid myelitis (AFM). Outside these 

clusters, in countries where polio is not endemic, this poliomyelitic-like illness is rare in 

childhood and its natural history is not well defined.  We describe presenting features, 

investigation findings and long-term outcome of a series of children with AFM.  

Methods: Retrospective cohort study.  

Results: Eight children (6 females) aged 3 months to 8 years (median age 5 years) met case 

criteria. Initial symptoms were pain (n=7) followed by limb weakness with hypotonia (n=8). 

Flaccid paralysis occurred in only three patients. Two had cranial nerve dysfunction. 

Magnetic resonance imaging of the spinal cord demonstrated gray matter involvement 

particularly affecting the anterior cord, with longitudinally extensive changes in three 

children. CSF examination showed pleocytosis in six children with raised CSF protein in 

five. Nerve conduction and electromyography findings were consistent with a motor 

neuronopathy.  Residual deficits were common, with moderate-severe weakness seen in five 

patients. Median follow-up was 28 months (range 17-108 months, 30.4 total patient years). 

Conclusion: AFM is an uncommon condition in childhood with a high rate of significant 

long-term morbidity. AFM should be considered in children presenting with acute limb pain 

and weakness. 
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•  

Introduction : 

In the post-polio vaccination era, acute flaccid paralysis (AFP) has become associated with a 

host of diagnoses, including spinal cord tumors, trauma, transverse myelitis (TM), Guillain-

Barré syndrome (GBS), and less common conditions such as botulism and porphyria. 

Infection remains an important cause of AFP, with flaviviruses, herpesviruses, adenoviruses 

and enteroviruses (EV) all causing this syndrome in the developed and developing world. The 

outbreak of respiratory illnesses caused by EV68 in the United States and Canada in 2014 

coincided with a cluster of myelitic disease [1, 2] termed ‘acute flaccid myelitis’ (AFM) by 

the Centre for Disease Control (CDC) [3], raising concerns about an epidemic of non-polio 

myelitis. Similar outbreaks of EV71 infections were described in Australia in 2013 [4]. 

AFM is typified by weakness and hypotonia in one or more limbs, with sensation and 

autonomic function being spared (in contrast to TM, in which sensory deficits and autonomic 

dysfunction are common). Weakness may be incomplete. Magnetic resonance imaging (MRI) 

of the spine demonstrates gray matter involvement with a predilection for the anterior horns, 

with or without concomitant brainstem involvement [2]. In severe cases longitudinally 

extensive myelitis can lead to respiratory failure and death. Long term outcomes are thought 

to be poor, although there is limited data on the natural history of this condition. 

Cerebrospinal fluid (CSF) examination frequently demonstrates a pleocytosis and raised 

protein, while neurophysiological assessment suggests a motor neuronopathy [2]. 

Most cohorts occur in the context of viral outbreaks. We present a cohort of children with 

sporadic AFM with the objective of describing their presenting symptoms, investigation 

findings and long-term outcome.   

Methods 

We ascertained a retrospective cohort of children presenting with AFM to the Royal 

Children’s Hospital Melbourne between 2001-2014 with the consent of the hospital ethics 

committee and reviewed their prospectively collected data. The Royal Children’s Hospital is 

the largest paediatric hospital in Victoria, Australia, with more than 355,000 patient visits per 

year (outpatient visits and inpatient admissions). AFM was defined as an acute onset of  limb 

weakness with an MRI showing a spinal cord lesion largely restricted to gray matter and 
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spanning one or more spinal segments [5]. Children with spinal cord trauma or malignancies 

were excluded. 

Children were investigated with a standardised protocol for myelitis.  Investigations for 

infectious causes included blood cultures, serology for mycoplasma, cytomegalovirus, 

Epstein-Barr virus, herpes simplex virus (HSV) and varicella zoster virus. CSF examination 

included biochemical testing, bacterial culture and polymerase chain reaction (PCR) testing 

for HSV and EV.  Stool samples were sent for viral cultures and PCR for EV and adenovirus. 

Where respiratory symptoms were present, nasopharyngeal aspirates or throat swabs for viral 

PCR arrays were performed. Flaviviruses are not seen in Victoria and were not routinely 

tested for. 

Blood tests including full blood counts, urea and electrolytes, C-reactive protein, erythrocyte 

sedimentation rates, anti-nuclear antibody testing, vitamin D testing, neuromyelitis optica 

(NMO) IgG antibodies (for cases presenting after 2006, when testing became available) and 

angiotensin-converting enzyme levels were performed in all patients. Paired serum and CSF 

oligoclonal bands were sent where CSF was obtained.  

MR imaging of the brain and spine was done at 1.5 T or 3.0 T, with intravenous gadolinium 

contrast being given in all cases. Nerve conduction studies (NCS) and electromyography 

(EMG) were performed according to standard techniques [6]. 

Results 

Eight children met the case definition above. All were residents of Victoria, Australia. The 

median age at presentation was 5 years (see Table 1). Recent prodromal illnesses were 

identified in all cases, occurring a median of three days prior to the onset of the weakness. 

Five children had upper respiratory tract infections (URTIs), two with exacerbation of 

previously-diagnosed asthma. Four of the eight children also reported additional (presumed 

viral) URTIs 2-6 weeks prior to the proximal prodromal illness. 

For seven children (87.5%), the initial neurological symptom was limb pain, followed within 

48 hours by weakness which progressed in all children to maximal disability over 4-72 hours. 

Three children presented with a true flaccid paralysis, while five developed a moderate to 

severe monoparesis (grade 3 or weaker on the Medical Research Council Scale for Muscle 

Strength [7]) in at least one muscle group in the most affected extremity. In three cases the 

contralateral limb was also affected to a lesser degree. Two children had cranial nerve 
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involvement. The deep tendon reflexes were depressed or absent in the affected limbs, but 

were normal elsewhere in all cases. Sensory and autonomic involvement was not seen. 

All children received their diagnosis of AFM at their clinical nadir, after  a variable duration 

of neurological symptoms (range 4 hours-127 days, median 9 days). Three children were 

initially thought to have psychogenic weakness, and one had been investigated for an irritable 

hip and occult fracture before referral. The child with the longest time to diagnosis (127 days) 

was initially diagnosed with transverse myelitis. 

Magnetic resonance imaging of the brain and spine was undertaken in all cases, and showed 

abnormalities in the spinal gray matter, predominantly affecting the anterior horn (see Figure 

1 and Table 2). Hyperintensity in T2-weighted sequences was seen in these regions, 

extending over two or more vertebral levels in all but one case (Case 5, imaged >3 months 

after the onset). On post-contrast sequences, the gray matter lesions showed enhancement in 

three cases, with ventral nerve root enhancement also being seen in three cases. T2-weighted 

imaging revealed hyperintensity within the dorsal pons and medulla in the two cases with 

cranial nerve involvement.  

CSF examination was performed in seven children. One had a traumatic tap. The others 

demonstrated a mild to moderate pleocytosis with a modest lymphocytosis seen in four and 

increased protein in five (see Table 2).  

NCS were performed in six cases (see Table 2). Concentric needle EMG was abnormal in all 

five subjects studied, showing decreased recruitment and motor unit action potential 

abnormalities consistent with a motor neuronopathy.  

Evidence of acute infection was found only in case 8, who had a positive stool PCR for 

EV71. Case 2 was travelling in Southeast Asia at the onset of her illness, so investigations to 

exclude malaria, Dengue fever, Chikungunya virus and West Nile virus were performed; all 

were negative. Case 2 had mycoplasma-specific IgM detected via an enzyme immune assay, 

however mycoplasma was not cultured from any specimen, specific antibodies were 

equivocal via particle agglutination and no convalescent sample was obtained, so the 

significance of this finding was questionable. All other testing for infectious aetiologies were 

negative, and other investigations demonstrated no evidence of NMO, neurosarcoidosis and 

multiple sclerosis.  

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved 

Treatment varied between children based on clinician preference and the timing of the 

diagnosis. Intravenous immunoglobulin (IVIg) 2g/kg and/or IV methlypredinsolone 

(15mg/kg/day for 3-5 days followed by an oral taper) was administered. Case 5 received no 

treatment for neuro-inflammation as she was initially managed and investigated for a 

suspected orthopaedic cause of reduced lower limb movement. The diagnosis of myelitis was 

not made until 77 days after the initial symptoms and it was felt immunotherapy would not 

alter the course. Case 6 was managed for transverse myelitis with methylprednisolone at her 

initial presentation; her final diagnosis of AFM was not made until 127 days later. 

The eight children were followed for a median of 28 months (range 17-108 months; 30 

patient years in total). Functional outcomes varied (see Table 1). Two children had a 

persistent flaccid paralysis with no improvement. All children with bilateral limb 

involvement had complete recovery in the less affected limb. Maximal recovery was 

achieved by a median of 6 months (range 1-24 months). 

Discussion 

This cohort of patients with AFM describes the presentation and outcome of this rare 

condition and demonstrates, with long term follow up in comparison to previous studies, that 

persistent sequelae are common. These findings are consistent with other reported cohorts 

with shorter follow up periods. Most children in this series were left with ongoing weakness 

of the primarily affected limb, but cranial nerve and other limb involvement resolved. 

Recovery was generally complete by six months, but could progress for as long as two years. 

The extent of final recovery was not predicted by age or by severity at presentation.  

The pathogenesis of AFM is uncertain. Histopathological data in this setting is not available. 

Direct CNS invasion has been seen in enteroviral encephalomyelitis [8], but it is not clear 

whether AFM reflects infectious or post/para-infectious inflammation. MRI changes in the 

brain stem and spine are seen with viral infections, but may also be present in autoimmune 

conditions. In other series, viral aetiologies were not identified in many patients, with the 

association with EV being inferred due to clusters of cases occurring during EV epidemics 

[2], so it is unsurprising infectious aetiologies were frequently not identified here. Also, due 

the considerable variation in time to presentation to the neurology service, some 

investigations were performed outside the optimal time frame, perhaps further explaining the 

paucity of identifiable infectious agents. 
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The place of immunotherapy for AFM is unclear.  Corticosteroids are the standard of care in 

TM, in which they have been shown to reduce disability and improve outcomes [9]. There 

were early reports of possible benefits of corticosteroid treatment during the acute paralytic 

phase of poliomyelitis [10], but these were counterbalanced by animal studies demonstrating 

worsening infections in animals inoculated with polio in the presence of corticosteroids [11].  

More recent observational data has suggested possible benefits from corticosteroid therapy in 

enteroviral and flavivrial infections [12, 13], however randomised control trials are not 

available and are unlikely to be obtainable. There is also no experimental evidence supporting 

the use of intravenous immunoglobulin in this context, however pathological data from fatal 

encephalomyelitis cases [14] suggests that inflammation may be a modifiable factor in this 

pathology, and observational data of patients presenting with neurological complications of 

EV supports its use [4]. Current recommendations from the CDC are for supportive therapy 

only [3]. In this series, children were treated with intravenous immunoglobulin, 

corticosteroids or both, but the efficacy of these interventions could not be assessed. 

In 1974, Hopkins reported 10 children seen in a single centre between 1968 and 1974 with 

polio-like symptoms 4-7 days after URTIs with symptoms of asthma [15]. Children presented 

with weakness and pain affecting one or more limbs, hypotonia, CSF pleocytosis, raised CSF 

protein level, and neurophysiologic findings suggestive of a neuronopathy, a conclusion 

supported by MRI of subsequent cases [16]. Several subsequent reports of Hopkins syndrome 

have been linked to various infections, including EV [17]. 

The similarities between the cases in this cohort and the previously described patients with 

Hopkins syndrome are striking. Two of the children in this cohort had illnesses consistent 

with the clinical syndrome described by Hopkins. These entities are likely variants of the 

same condition, as are recently described cases in adults with HIV [18].  

The retrospective nature of this analysis makes it difficult to estimate the prevalence of 

sporadic AFM due to ascertainment bias. Categorisation of cases relied on clinicians and 

radiologists being aware of the significance of the clinical presentation and MRI findings, 

meaning that this likely represents an incomplete survey of the AFM cases presenting in this 

population during this period, as even those who were eventually diagnosed with AFM were 

given a multitude of other diagnoses first.  

Delayed diagnosis or misdiagnosis of this condition as psychogenic weakness or orthopaedic 

illness was not uncommon. The rarity of this diagnosis and changing nosology for this 
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condition may contribute to delay in diagnosis, leading to inappropriate investigations and 

treatments  and hindering our ability to identify future outbreaks and define the prevalence of 

AFM. Improved clarity in nomenclature and increased awareness of this condition will help 

address these issues.  

Conclusion 

AFM is a rare entity comprised of limb weakness in the context of anteriorly/gray matter 

predominant myelitis as found on MRI, with or without cranial nerve involvement. This 

cohort provides clinical data consistent with previous findings and demonstrates that 

persistent weakness and disability are relatively common in children affected by AFM. This 

condition should be suspected in the setting of acute limb pain associated with a lower motor 

neuron pattern of weakness. 
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Figure 1: MRI spine 

Axial T2-weighted images demonstrate increased signal in the region of the anterior horns at 

the lower thoracic (A, case 4; D, case 8) and cervical regions (C, case 8; F, case 6). Increased 

signal could be unilateral (A, C, D) or bilateral (F). Post-contrast axial T1-weighted image 

demonstrates ventral nerve root enhancement (B, case 4). Sagittal T2-weighted images 

demonstrate the extent of signal changes ventrally (E, case 6; G, case 7).  

 

 

 

Table 1: Clinical characteristics, treatment and follow up 

Case 

No. 

1 2 3 4 5 6 7 8 

Age 

at 

onse

t 

8 

years 

6 years 21 

months 

4 years 14 

months 

6 years 7 years 3 

mont

hs 

Sex Femal

e 

Female Female Male Female Female Female Male 

Infec

tious 

prod

rome 

Viral 

URTI 

with 

asthm

a 

Fever,  

gastroen

teritis  

Viral 

URTI 

Viral 

URTI 

with 

asthma  

Fever, 

gastroente

ritis 

Viral 

URTI 

Viral 

URTI 

Feve

r 

with

out 

local

ising 
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symp

toms 

Days 

from 

prod

rome 

to 

wea

knes

s  

4 3 7 3 2 7 3 9 

Days 

to 

diag

nosis 

38 1 1 7 77 127 11 7 

Initi

al 

sym

ptom

s 

 

Acut

e 

flacc

id 

paral

ysis 

+ - + - - - - + 

Prim

ary 

limb 

Right 

leg 

Right 

arm 

Left leg Left 

leg 

Right leg Right arm Left arm Left 

leg 

Seco

ndar

y 

limb 

- Left arm Right 

leg 

- Left leg - - Righ

t arm 

Cran - - Bulbar - - - - Left 
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ial 

nerv

e 

invol

vem

ent 

facia

l 

Trea

tmen

t 

give

n 

IVIg + 

MePn

L  at 1 

mnth 

for 

poor 

recove

ry 

MePnL  MePnL 

+ IVIg 

MePn

L + 

IVIg  

Nil  MePnL  MePnL + 

IVIg at 3 

weeks for 

poor 

recovery 

MeP

nL + 

IVIg  

Leng

th of 

follo

w up 

(mo

nths) 

108 27 25 28 17 37 102 25 

Curr

ent 

level 

of 

funct

ion 

Flacci

d 

paraly

sis 

right 

leg 

with 

atroph

y 

Mild 

weaknes

s right 

arm, 

mild 

pain 

with 

normal 

function 

Flaccid 

paralysi

s left 

leg with 

atrophy 

and 

contract

ures 

Moder

ate 

weakn

ess left 

leg; 

able to 

weight 

bear 

Severe 

weakness 

right leg 

with 

atrophy 

and leg 

length 

discrepan

cy  

Mild 

weakness 

right arm 

with 

atrophy of 

shoulder 

girdle; 

normal 

function 

Moderate 

weakness 

left arm 

with 

atrophy; 

scoliosis; 

urinary 

incontinen

ce 

Nor

mal 

Tim

e to 

max 

funct

3 12 3 15 1 6 24 6 A
u
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ion 

(mo

nths) 

MePnL: methylprednisolone  

IVIg: intravenous immunoglobulin 

 

Table 2: Investigations 

Case No. 1 2 3 4 5 6 7 8 

MRI         

Gray 

matter 

involvem

ent 

Right 

anterior 

T12-L1 

Anterio

r C3-C7 

Anterio

r T11-

L1 

Anterio

r T12-

L1 

Anterio

r T12 

Anterio

r C2-C6 

Left 

anterior 

C2-T2 

Diffuse 

at C3-

C4 + 

T11-L1 

Gray 

matter 

contrast 

enhance

ment 

+ + - - - - + - 

Nerve 

root 

contrast 

enhance

ment 

- - + + - - + - 

Brainste

m 

involvem

ent 

- - + - - - - + 

CSF   

Polymor

phs 

(x106

2 

/L) 

0 1 0 Not 

done 

89 4 0 

Lympho 10 48 41 6 Not 7 2 5 
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cytes 

(x106

done 

/L) 

Erythroc

ytes 

(x106

250 

/L 

3 3 0 Not 

done 

>9999 1 15 

Protein 

(g/L 

Referenc

e Range 

0.2-0.4) 

0.67 0.33 0.77 0.51 Not 

done 

0.71 0.32 0.84 

NCS 

(days 

from 

symptom

s to 

study) 

(38 

days) 

Not 

done 

(1 day) (7 days) (77 

days) 

Not 

done 

(11 

days) 

(7 days) 

CMAPs Absent N/A Low 

amplitu

de, CV 

normal 

Normal Normal N/A Absent Normal 

SNAPs Normal N/A Normal Normal Normal N/A Normal Normal 

EMG Not 

done 

Not 

done 

   Not 

done 

  

Active 

denervati

on 

N/A N/A - + - N/A + - 

Polyphas

ia 

N/A N/A - Increas

ed 

Mildly 

increase

d 

N/A Increas

ed 

Mildly 

increase

d 

Amplitu

de 

N/A N/A Normal High High N/A High High 

Recruitm

ent 

N/A N/A Decreas

ed 

Decreas

ed 

Decreas

ed 

N/A Decreas

ed 

Decreas

ed 
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CMAPs: Compound muscle action potentials 

SNAPs: Sensory nerve action potentials 
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