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Abstract
Background and purpose: Acute flaccid myelitis (AFM) and transverse myelitis (TM) are 
serious conditions that may be difficult to differentiate, especially at onset of disease. In 
this study, we compared clinical features of pediatric AFM and TM and evaluated current 
diagnostic criteria, aiming to improve early and accurate diagnosis.
Methods: Two cohorts of children with enterovirus D68-associated AFM and clinically 
diagnosed TM were compared regarding presenting clinical features, additional investiga-
tions, and outcome. Current diagnostic criteria for AFM and TM were applied to evaluate 
their specificity.
Results: Children with AFM (n = 21) compared to those with TM (n = 36) were younger 
(median 3 vs. 10 years), more often had a prodromal illness (100% vs. 39%), predominant 
proximal weakness (69% vs. 17%), and hyporeflexia (100% vs. 44%), and less often had 
sensory deficits (0% vs. 81%), bowel and/or bladder dysfunction (12% vs. 69%), and hy-
perreflexia (0% vs. 44%). On magnetic resonance imaging, brainstem involvement was 
more common in AFM (74% vs. 21%), whereas supratentorial abnormalities were only 
seen in TM (0% vs. 40%). When omitting the criterion of a sensory level, 11 of 15 (73%) 
children with AFM fulfilled the diagnostic criteria for TM. Of children with TM, four of 33 
(12%) fulfilled the diagnostic criteria for probable/definite AFM.
Conclusions: Although there is considerable overlap between AFM and TM in children, 
we found important early differentiating clinical and diagnostic features. Meeting diag-
nostic criteria for AFM in children with TM and vice versa underlines the importance of 
thorough clinical examination and early and accurate diagnostic studies.
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INTRODUC TION

Both acute flaccid myelitis (AFM) and transverse myelitis (TM) are 
rare conditions, but with significant impact on individual patients. 
AFM is a poliolike disease characterized by acute flaccid limb weak-
ness of presumed anterior horn origin, most commonly occurring in 
childhood [1, 2]. The pathophysiology is not completely clarified, but 
an association with specific viruses, in particular enterovirus D68 
(EV-D68) and A71 (EV-A71) has been made [3–5]. According to the 
diagnostic criteria for AFM, as proposed by the international AFM 
Working Group in 2021, a definite diagnosis can be made based on 
the combination of acute flaccid paralysis (AFP), spinal cord gray 
matter abnormalities on magnetic resonance imaging (MRI), and 
pleocytosis in cerebrospinal fluid (CSF), in the absence of factors 
suggesting an alternative diagnosis [1].

TM is an immune-mediated condition of the spinal cord. The 
diagnosis is currently based on Transverse Myelitis Consortium 
Working Group (TMCWG) criteria [6]. These include (i) the presence 
of sensory, motor, and/or autonomic dysfunction attributable to the 
spinal cord; (ii) a clearly defined sensory level; and (iii) signs of inflam-
mation of the spinal cord, indicated by CSF pleocytosis, an elevated 
IgG index, or gadolinium enhancement of the spinal cord on MRI. 
The presence of a sensory level is, however, often omitted in chil-
dren [6–8]. Evidence of an associated systemic or infectious disease, 
as well as the presence of optic neuritis or brain MRI abnormalities 
suggestive of multiple sclerosis (MS), would exclude the diagnosis of 
idiopathic TM, but may lead to a diagnosis of disease-associated TM 
according to the TMCWG criteria.

Although early differentiation between AFM and TM is import-
ant, as there are significant differences with respect to treatment 
options and prognosis, this can be challenging, in particular at onset 
of disease [6, 8, 9]. This is especially true in children, for example, 
because of the difficulty of assessing sensory deficits on neurologic 
examination [9].

In this study, we aimed to find early differentiating clinical and 
diagnostic features between AFM and TM in children, by compar-
ing two well-described cohorts of children with these conditions. 
Furthermore, we aimed to evaluate the specificity of diagnostic cri-
teria for AFM and TM in these cohorts.

METHODS

Study cohorts

The AFM cohort comprised 21 pediatric cases (<18 years) from a 
previously described retrospectively collected cohort of 29 patients 
from Europe (adults and children) with AFM associated with EV-D68, 
diagnosed in 2015 or 2016 [2]. Part of this cohort was previously 
used for a comparison study between AFM and Guillain–Barré syn-
drome [10]. The diagnosis of AFM had been based on the presence 
of acute onset limb weakness, MRI abnormalities of the spinal cord, 
and/or CSF pleocytosis, fulfilling the Centers of Disease Control and 

Prevention (CDC) case definition from 2018 for probable or definite 
AFM [11]. Furthermore, EV-D68 had to be detected by polymerase 
chain reaction in a sample of any origin.

The TM cohort consisted of 36 children (<18 years old) with a clin-
ical diagnosis of TM, selected from acquired demyelinating syndrome 
patients included in the Dutch nationwide prospective multicenter 
PROUD-kids study (Predicting the Outcome of a Demyelinating Event 
in Childhood) [12]. Some of these patients with TM were described 
previously [13]. Cases in which a diagnosis of AFM was considered by 
the treating physician were excluded. In line with the TMCWG crite-
ria, children with TM in association with acute disseminated enceph-
alomyelitis, as well as those with optic neuritis or supratentorial MRI 
abnormalities suggestive of MS at onset of disease, were excluded for 
the current study. Generally, these cases can easily be differentiated 
from idiopathic TM and they follow a different clinical course [13, 14].

Comparison studies

Both cohorts were compared with respect to demographic features, 
prodromal features, clinical characteristics at first presentation, and 
time course. Furthermore, a comparison of MRI features in spinal 
cord and brain, CSF abnormalities, and microbiology test results at 
onset of disease was made. Treatment type and outcome measures 
were compared. Outcome was reported in terms of ability to walk 
independently and recovery at final follow-up (full, partial, or no re-
covery). Results of electrophysiologic studies for the AFM patients 
and serum aquaporin-4 (AQP4) and myelin oligodendrocyte glyco-
protein (MOG) antibody results tested by cell-based assay for the 
TM patients were reported if available.

Diagnostic criteria

The TMCWG criteria (Table S1) were applied to both cohorts. In the 
AFM group, the exclusion criterion of enterovirus-associated pathol-
ogy of the nervous system was discarded [6]. Both the presence of 
a sensory level and criteria for proven inflammation are often omit-
ted in children, as a sensory level may be difficult to assess and (re-
peated) CSF examinations are limitedly tolerated in children [7, 8]. 
Therefore, the whole set of criteria, and the criteria without a sen-
sory level and/or without proven inflammation, were both applied.

The AFM criteria (Table  S2), as proposed by the international 
AFM Working Group in 2021, were applied to both cohorts [15]. The 
criterion of decreased muscle tone in at least one of the weak limbs 
was not included, as this had not been recorded in both cohorts. 
Both (i) diagnostic features of AFM and (ii) factors suggestive for an 
alternative diagnosis were applied.

MRI examinations were reassessed if images were available; al-
ternatively, the report of the radiologist was used. Terms such as 
“mostly affecting the gray matter,” “presence of a central cord le-
sion,” and “anterior myelitis” were deemed consistent with gray mat-
ter involvement on MRI.
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Statistics

SPSS 23 was used for statistical analysis. Continuous data were 
presented as means and SD if normally distributed, and otherwise 
as medians and interquartile ranges (IQRs). Categorical data were 
presented as proportions. Continuous data of the two cohorts were 
compared with t-test if normally distributed and with Mann–Whitney 
U test if not normally distributed. Proportions were compared using 
the chi-squared or Fisher exact test. The Bonferroni correction was 
applied to correct for multiple comparisons. A two-sided p-value 
< 0.05 was considered significant.

Standard protocol approvals, registrations, and 
patient consents

Studies from which data were used, were approved by the medical 
ethical review committee of the coordinating centers.

RESULTS

Demographic characteristics

The AFM cohort consisted of 21 children with AFM associated with 
EV-D68, and the TM cohort comprised 36 children with a clinical di-
agnosis of TM. Median age at onset of disease was 3 years (IQR = 2–5, 
full range = 8) for the AFM group versus 10 years (IQR = 5.5–15.6, full 
range = 17) for the children with TM (p < 0.001; Table 1).

Most children with AFM presented between July and October 
of 2016 (16/21, 76%), whereas the month of presentation was more 
evenly distributed over the year in the TM group (no statistically sig-
nificant difference). Of 13 TM patients diagnosed after July 2016, 
when the first AFM case in the Netherlands was reported, three 
were diagnosed in a period of increased EV-D68 circulation. These 
patients had significant sensory deficits and recovered completely 
at final follow-up, which argues against a diagnosis of AFM. Also, all 
TM patients were diagnosed at a tertiary center with expertise in the 
field of inflammatory conditions of the central nervous system, and 
most children in the TM cohort had a considerably long follow-up 
period, so we do assume that the diagnosis was made correctly.

Clinical presentation and course

A prodromal illness was more commonly seen in children with AFM, 
compared to children with TM (100% vs. 39%, p < 0.001), and most 
often consisted of respiratory symptoms and/or fever in AFM pa-
tients (Table 1).

Limb weakness was commonly asymmetric in both AFM and TM 
(61% and 50%). Weakness in the legs was equally observed in both 
groups, whereas the arms were more often affected in AFM (90% vs. 

33%, p < 0.001). Furthermore, a different pattern of weakness was 
observed in which the legs were less often solitarily involved in AFM 
(10% vs. 56%, p < 0.001), whereas both arms and legs were more 
often involved in AFM (75% vs. 44%, p = 0.002). Proximal weak-
ness was often more prominent in AFM (69% vs. 17%, p = 0.002), 
whereas predominant distal weakness was only seen in TM (0% vs. 
34%, p = 0.005). Sensory deficits were only observed in children 
with TM (0% vs. 81%, p < 0.001), and a sensory level was observed 
in 15 of 30 TM patients in whom details regarding a sensory level 
were recorded. Hyporeflexia at nadir was present in all patients with 
AFM and in almost half of TM patients (100% vs. 44%, p < 0.001); 
hyperreflexia was not found in any patient with AFM, but in 44% of 
children with TM.

Autonomic dysfunction, most often presenting as bowel and/
or bladder dysfunction, was noted in 20% of AFM patients and in 
72% of TM patients (p < 0.001). Cranial nerve dysfunction on the 
other hand was more commonly seen in AFM patients (50% vs. 14%, 
p = 0.005; Table 1).

Time course, reflected in the time period between prodromal 
symptoms and onset of weakness (median = 6 vs. 12 days), and the 
time from onset of weakness to nadir (median = 3 vs. 4 days), did not 
significantly differ between both groups (Table  1). More children 
with AFM were treated with intravenous immunoglobulin (88% vs. 
38%, p < 0.001), whereas fewer were treated with steroids (61% vs. 
89%, p = 0.02). In both groups, one patient died because of respira-
tory failure. Relapses occurred in none of the AFM patients, but in 
four patients in the TM group. Most patients had residual deficits at 
final follow-up in both groups (95% and 81%), but the proportion of 
children walking independently was smaller in the AFM group (42% 
vs. 96%, p < 0.001). Follow-up duration was however also signifi-
cantly longer in the TM group (median = 30 months, IQR = 3–123 vs. 
median = 5 months, IQR = 2–12).

Additional diagnostic tests

Spinal cord MRI showed spinal abnormalities in 88% of AFM and 
97% of TM patients. These lesions affected the spinal cord gray mat-
ter in all 10 AFM patients for whom these data were obtained, but 
also in 23 of 29 of TM patients (79%) for whom MRI assessment was 
possible (Table 2).

Enhancement of the spinal cord was seen in a similar percentage 
in AFM and TM patients (33% vs. 29%). Nerve root enhancement 
was only recorded in AFM patients and was seen in 24% of these pa-
tients. Longitudinally extensive lesions were often reported in both 
groups (88% vs. 79%).

In AFM patients, MRI of the brain more often showed brain stem 
abnormalities (74% vs. 21%, p < 0.001). Nonspecific supratentorial 
abnormalities were not seen in AFM patients and in 13 of 32 TM 
patients (0% vs. 40%, p < 0.001). Of these 13, two had MOG anti-
bodies, one had AQP4 antibodies, and one was diagnosed with MS 
during follow-up, whereas nine had an idiopathic TM.
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TA B L E  1  Demography and clinical presentation of AFM and TM in children.

AFM, n = 21 TM, n = 36 p

Demography

Male:female (% male) 11:10 (52) 16:20 (44) NS

Age, years, median (IQR, full range) 3 (2–5, 1–9) 10 (6–16, 1–18) <0.001

Prodromal illness

Prodrome, n (%) 21/21 (100) 14/36 (39) <0.001

Time from prodrome to onset weakness, days, median (IQR, 
full range)a

6 (4–7,2–12) 12 (5–16, 1–18) NS

Respiratory symptoms, n (%) 20/21 (95) 7/36 (19) <0.001

Gastrointestinal symptoms, n (%) 7/21 (33) 4/36 (11) NS

Fever, n (%) 18/19 (95) 7/35 (20) <0.001

Time from onset weakness to nadir, days, median (IQR, full 
range)b

3 (2–5, 1–10) 4 (2–5, 1–20) NS

Neurological symptoms, n (%)

Limb weakness 20/20 (100) 32/36 (89) NS

Weakness in arms 18/20 (90) 12/36 (33) <0.001

Weakness in legs 17/20 (85) 31/36 (86) NS

Weakness in arms only 3/20 (15) 1/36 (3) NS

Weakness in legs only 2/20 (10) 20/36 (56) <0.001

Weakness in arms and legs 15/20 (75) 11/36 (31) 0.002

Proximal > distal 11/16 (69) 5/29 (17) <0.001

Distal > proximal 0/16 (0) 10/29 (34) 0.006

Asymmetric weakness 11/18 (61) 17/34 (50) NS

Bilateral symptoms 17/20 (85) 34/35 (97) NS

Sensory deficits 0/19 (0) 29/36 (81) <0.001

Sensory level 0/19 (0) 15/30 (50) <0.001

Areflexia/hyporeflexia at nadir 20/20 (100) 16/36 (44) <0.001

Hyperreflexia in affected limbs at nadir 0/20 (0) 16/36 (44) <0.001

Cranial nerve involvement 10/20 (50) 5/36 (14) 0.005

Autonomic dysfunction 4/20 (20) 26/36 (72) <0.001

Bladder and/or bowel dysfunction 2/17 (12) 24/35 (69) <0.001

Pain 6/19 (32) 19/36 (53) NS

Encephalopathy 2/19 (11) 1/36 (3) NS

Mechanical ventilation 13/21 (62) 1/29 (3) <0.001

Treatment, n (%)

Methylprednisolone 11/18 (61) 32/36 (89) 0.03

IVIG 16/18 (89) 10/36 (28) <0.001

Plasmapheresis 5/18 (28) 4/36 (11) NS

Follow-up

Follow-up duration, months, median (IQR, full range) 5 (2–12, 1–48) 30 (15–55, 3–123) <0.001

Complete recovery, n (%) 1/18 (5) 7/36 (19) NS

Walking independently, n (%) 9/21 (42) 27/28 (96) <0.001

Note: Data are presented as n (%) or median (IQR, full range). A p-value of >0.05 is noted as NS.
Abbreviations: AFM, acute flaccid myelitis; IQR, interquartile range; IVIG, intravenous immunoglobulin; NS, nonsignificant; TM, transverse myelitis.
aMedian time between prodromal illness and onset of weakness based on 18 AFM patients and 36 TM patients.
bMedian time between onset of weakness and nadir based on 17 AFM patients and 36 TM patients.
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Presence of such serum MOG and APQ4 antibodies was only re-
corded in TM patients. Of all tested patients, one patient had AQP4 
antibodies (4%) and three patients showed positivity for MOG anti-
bodies (13%; Table 2).

CSF investigations were performed in most AFM and TM pa-
tients (86% vs. 94%), but lumbar puncture was performed earlier 
after onset of weakness in AFM (1 vs. 4 days, p < 0.001; Table  2). 

Numbers of patients with CSF pleocytosis were not significantly dif-
ferent between AFM and TM patients (93% vs. 56%).

Electromyography was performed in nine AFM patients and re-
vealed abnormalities suggestive for axonal damage in eight. Virology 
testing was commonly performed in CSF in TM patients, whereas 
respiratory (16%) and fecal (14%) samples were tested in a limited 
number of patients.

TA B L E  2  Additional diagnostic test results in children with AFM and TM.

AFM, n = 21 TM, n = 36 p

MRI

Time from onset of weakness to MRI of spinal cord, days, median 
(IQR, full range)a

2 (2–2.3, 1–6) 4 (3–6, 1–50) NS

Spinal cord lesion, n (%) 15/17 (88) 35/36 (97) NS

Predominant gray matter involvement, n (%) 10/10 (100) 23/29 (79) NS

Cervical involvement, n (%) 14/16 (88) 24/34 (71) NS

Thoracic involvement, n (%) 8/16 (50) 25/34 (74) NS

Lumbar involvement, n (%) 6/16 (38) 11/34 (32) NS

Longitudinally extensive lesion, n (%) 14/16 (88) 26/33 (79) NS

Spinal cord enhancement, n (%) 2/6 (33) 7/24 (29) NS

Nerve root enhancement, n (%) 4/16 (25) NR np

Brainstem abnormalities, n (%) 14/19 (74) 6/29 (21) <0.001

Supratentorial abnormalities, n (%) 0/19 (0) 13/32 (40) <0.001

CSF

LP performed, n (%) 18/21 (86) 34/36 (94) NS

Time from onset of weakness to LP, days, median (IQR, full range)b 1 (1–2, 0–4) 4 (3–7, 1–27) <0.001

Leukocyte number in CSF, median (IQR, full range)c 81 (25–141, 3–175) 13 (3–43,0–239) NS

CSF pleocytosis, n (%) 14/15 (93) 19/34 (56) NS

Protein concentration in CSF, g/L, median (IQR, full range)d 0.43 (0.31–0.58, 0.21–1.6) 0.29 (0.20–0.62, 0.17–1.17) NS

Raised protein level, n (%)e 7/13 (54) 14/32 (44) NS

IgG index abnormal, n (%) NR 12/23 (52) np

CSF oligoclonal bands, n (%) NR 3/19 (16) np

Antibodies, n (%)

MOG antibodies NR 3/23 (13) np

AQP4 antibodies NR 1/26 (4) np

Virology abnormalities, n (%)

CSF 0/15 (0) 0/28 (0) NS

Respiratory material 18/19 (95) 1/6 (17) np

Feces 6/17 (35) 2/5 (40) np

Note: Data are presented as n (%) or median (IQR, full range). A p-value of >0.05 is noted as NS. Not all comparisons were performed, because of 
limited numbers; this is mentioned as np. Some items were not recorded in both patient groups, which is noted as NR.
Abbreviations: AFM, acute flaccid myelitis; AQP4, aquaporin-4; CSF, cerebrospinal fluid; IgG, immunoglobulin G; IQR, interquartile range; LP, lumbar 
puncture; MOG, myelin oligodendrocyte glycoprotein; MRI, magnetic resonance imaging; np, not performed; NR, not recorded; NS, nonsignificant; 
TM, transverse myelitis.
aThe median time between onset of weakness and MRI was available in 15 patients from the AFM cohort and in 36 patients from the TM cohort.
bThe median time between onset of weakness and LP was available in 15 patients from the AFM cohort and in 33 patients from the TM cohort.
cThe information on the number of leukocytes in CSF was available in 14 AFM patients and 33 TM patients.
dThe information on protein concentration in CSF was available in 12 AFM patients and 33 TM patients.
eRaised protein was defined as a protein level > 0.65 g/L for patients aged 1–3 months, >0.37 g/L for 3–6 months, >0.35 g/L for 6–12 months, 
>0.31 g/L for 1–10 years, and >0.49 g/L for 10–18 years.
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Evaluation of clinical criteria

The TMCWG criteria were applied to both cohorts (Figure  1a, 
Table  S1). None of the AFM patients fulfilled the complete set of 
TMCWG criteria for TM, because of the absence of a sensory level. 
When omitting the criterion of the presence of a clearly defined 
sensory level, 73% (11/15) of AFM patients in whom sufficient in-
formation was available fulfilled the criteria. If inflammation of the 
spinal cord was also not required, 83% (15/18) of patients fulfilled 
the criteria; in the remaining three patients, bilateral signs or symp-
toms attributable to spinal cord dysfunction, which is included in the 
TMWCG criteria, were not present.

Of 30 children with TM with sufficient information available, 
seven (23%) fulfilled all TCWMG criteria. In 15 of the remaining 
23 patients not fulfilling all criteria, no sensory level was found. In 
the other eight patients, no inflammation was demonstrated. When 
omitting the criterion of a sensory level, 61% (22/36) of TM patients 
fulfilled the criteria. In 13 of 14 patients not fulfilling the criteria, no 
inflammation was shown, whereas one patient did not have bilateral 
signs (Table S1). When omitting the criterion of proven inflammation, 
50% (15/30) of TM patients fulfilled the criteria. The 15 patients not 
fulfilling the criteria did not have a sensory level. When omitting 
both the presence of a sensory level and proven inflammation, only 
one TM patient without bilateral signs did not fulfill the criteria.

The AFM criteria, as proposed by the international AFM Working 
Group were applied to both cohorts (Figure 1b; Table S2). Of the 33 
patients with TM with sufficient information available, one (3%) ful-
filled the criteria for definite, three (9%) for probable, and nine (27%) 
for possible AFM (Figure 1b).

Nineteen TM patients with a sensory level, with supratentorial 
MRI abnormalities, and/or with MOG or AQP4 antibodies were ex-
cluded, as these factors are noted to be suggestive for an alternative 
diagnosis in the AFM criteria [15]. One patient with a time interval 
from onset to nadir of 20 days was also not included in the classifica-
tion (Table S2). Of the remaining 12 AFM patients who could be clas-
sified, seven (58%) fulfilled the criteria for definite and four (33%) for 
probable AFM. One patient (8%) was classified as uncertain, because 
no MRI was performed (Figure 1b).

DISCUSSION

This comparative study in two well-characterized pediatric cohorts 
of AFM and TM reveals both similarities and differentiating features 
between both disorders.

Both AFM and TM commonly present with acute onset limb 
weakness, which may be asymmetric, accompanied by pain and 
preceded by a prodromal illness. At onset of disease, hyporeflexia 
may be present in both conditions, including AFM and TM in the 
differential diagnosis of AFP. In both groups of patients, MRI of the 
spinal cord often reveals a longitudinally extensive lesion with sig-
nificant gray matter involvement and CSF often shows pleocytosis 
(Figure 2). The similarities between both conditions are further un-
derlined by the fulfillment of many of the diagnostic criteria for TM 
by AFM patients.

Besides described similarities, this study showed that upper 
extremity weakness is typical for AFM, as are predominance of 
proximal weakness, cranial nerve involvement, and brainstem ab-
normalities on MRI. On the other hand, the presence of a sensory 
level, bladder and/or bowel dysfunction, and hyperreflexia, probably 
explained by more diffuse spinal cord involvement, are more typical 
for TM. Furthermore, supratentorial abnormalities on MRI were only 
seen in TM.

The clinical characteristics and findings on ancillary investi-
gations described in this study are similar to previously described 

F I G U R E  1  (a) Performance of the Transverse Myelitis 
Consortium Working Group (TMCWG) criteria. Percentage 
of patients fulfilling the complete set of TMCWG criteria for 
transverse myelitis (TM), and the criteria without the presence 
of a sensory level and/or proven inflammation, in both cohorts 
for patients from whom sufficient information was available. (b) 
Performance of the acute flaccid myelitis (AFM) criteria, showing 
percentage of patients fulfilling the AFM criteria in both cohorts 
for the patients for whom sufficient information was available for 
classification. Nineteen patients with TM had clear signs suggestive 
of an alternative diagnosis (not shown).

0

20

40

60

80

100

AFM cohort TM cohort

Pe
rc
en

ta
ge

of
pa
tie

nt
s

TMCWG criteria applied in the different cohorts

All criteria

Without sensory level

Without proven
inflammation

Without sensory level and
proven inflammation

0

20

40

60

80

100

AFM cohort TM cohort

Pe
rc
en

ta
ge

of
pa
tie

nt
s

AFM criteria applied in both cohorts

Definite AFM

Probable AFM

Possible AFM

Uncertain

(a)

(b)

 14681331, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15861 by E

rasm
us U

niversity R
otterdam

 U
niversiteitsbibliotheek, W

iley O
nline L

ibrary on [19/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  7COMPARISON OF AFM AND TM IN CHILDREN

cohorts of AFM and pediatric TM, supporting the representative-
ness of our findings [16–20]. Some studies have investigated the 
differences between AFM and TM. One prospective study, aiming 
to find differences in treatment outcome in pediatric myelitis pa-
tients, compared children with AFM and TM within their cohort [21]. 
Similar to our study, weakness more commonly affected upper ex-
tremities and CSF leukocyte numbers were higher in the AFM group. 
Sensory deficits were noted in 24% of AFM patients, which is higher 
compared to our study and previous studies [19, 21]. More detailed 
clinical information was not presented, impairing further compari-
son. Furthermore, diagnosis of AFM was based on the presence of 
flaccid weakness and gray matter abnormalities on MRI, regardless 
of enterovirus status, possibly leading to more heterogeneity within 
the AFM cohort [21]. A comparison study between children with re-
strictively defined AFM and children fulfilling the AFM criteria of the 
CDC, but with a possible alternative diagnosis, including four with 
TM, showed some findings similar to our study. This includes the 
differences in reflex pattern and sensory abnormalities [22].

Differentiation between AFM and TM is important for several 
reasons. First, there are therapeutic consequences, because the 
first-line treatment in children with TM consists of high-dose corti-
costeroids, whereas there are indications that steroid treatment may 
worsen outcome in AFM [8, 23]. Second, although residual deficits 
are common in both conditions, the motor outcome in TM is usually 
better than in AFM, which is also indicated by the number of chil-
dren with TM who are ambulant at final follow-up in this study [8, 
24]. An adequate diagnosis will help in counseling patients and their 
parents on the expected disease course. Third, especially for AFM, it 
is important to be aware of new clusters of cases to be able to relate 
these with outbreaks of associated enteroviruses for epidemiologi-
cal purposes [25].

Children with TM may fulfill the clinical criteria for definite AFM. 
This underlines the need for thorough investigation, both clinically 
and with further diagnostic procedures, to search for factors sugges-
tive of TM in a suspected AFM case [9]. These include the presence 
of sensory deficits and supratentorial abnormalities, mentioned in 
the diagnostic criteria and confirmed as differentiating factors in our 
study [1]. Evaluation of MRI abnormalities may also provide valuable 

information, with the caveat that MRI abnormalities may be subtle or 
absent in AFM, especially at onset of disease. Finally, we believe that 
timely and adequate virologic tests are important, as the finding of 
associated enteroviruses will strongly support the diagnosis of AFM.

The TMCWG criteria were developed in 2002 to create a set 
of uniform diagnostic criteria for TM [6]. These criteria were intro-
duced before several important developments, in particular the 
discovery of AQP4 and MOG antibodies, and a new classification 
strategy has been proposed [26]. The TMCWG criteria are currently 
still in use and are believed to be applicable to children with sus-
pected TM [8]. Importantly, the presence of a sensory level as a cri-
terion, which would differentiate TM from AFM, is often omitted in 
childhood studies [7, 8]. The identification of a specific virus such 
as EV-D68 in suspected AFM cases would also lead to exclusion of 
idiopathic TM based on the criteria. However, as in many AFM cases 
no associated virus is isolated, possibly due to incomplete diagnos-
tic testing or incongruence between the viral infection and onset 
of weakness, AFM cases may often fulfill the criteria for idiopathic 
TM. Conversely, the early identification of AQP4 or MOG antibod-
ies would argue against an AFM diagnosis. Therefore, in children 
suspected of TM, a thorough clinical examination and complete di-
agnostic workup is important.

Our study has several limitations. First, the inclusion of patients 
was largely based on current diagnostic criteria, which may lead to 
circular reasoning. However, we do believe that this does not hinder 
the finding of differentiating features, which was the main purpose 
of this study. Second, sensory deficits are difficult to ascertain in 
young children. Although we do believe that these are less common 
in AFM patients, the younger age of the AFM cohort may have led 
to underreporting of sensory symptoms and overestimation of the 
differences found.

Third, the selection of children with EV-D68 impedes general-
izability of the distinguishing features for AFM in association with 
other viruses, such as EV-A71 [5]. This does however improve the ho-
mogeneity of this group and provides more certainty of the diagnosis.

Fourth, the retrospective questionnaire-based nature by which 
cases were identified in the AFM cohort and the selection of EV-
D68-positive cases may both have led to a bias toward more severe 

F I G U R E  2  Overlapping and 
differentiating features between acute 
flaccid myelitis and transverse myelitis. 
Venn diagram illustrating differentiating 
and overlapping features between acute 
flaccid myelitis (AFM) and transverse 
myelitis (TM) in children. Features 
mentioned under both conditions are 
suggestive for either diagnosis, but must 
be used in a clinical context, as they are 
neither exclusive nor always present. 
CSF, cerebrospinal fluid; MRI, magnetic 
resonance imaging.
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cases. The similarity between the presented cohort and previous 
cohorts, however, supports the representativeness of the differen-
tiating features found.

Fifth, certain tests may only be performed in selected patients 
in both cohorts, which may lead to confounding bias, inherent to 
the retrospective nature of this study. Finally, detailed information 
on the MRI results was not available from all children with AFM, so 
imaging characteristics could not be fully compared. This remains a 
topic for further research.

Patients were excluded from the TM cohort if, at onset of dis-
ease, signs of a disease-associated TM were present. As AQP4 and 
MOG antibody testing usually takes several weeks, and our aim was 
to find differentiating features at onset of TM presentation, we did 
not exclude the patients with a subsequent positive result for AQP4 
or MOG antibodies, or the patients with MRI lesions suggestive of 
MS during follow-up. Therefore, some patients of the TM cohort 
were finally diagnosed with MS (n = 1), AQP4-positive neuromyeli-
tis optica spectrum disorder (n = 1), and MOG antibody-associated 
disorder (n = 3). Importantly, the differentiating features identified in 
this study and recommendations made in the discussion need valida-
tion in a prospective cohort.

In conclusion, we provide early distinguishing features between 
AFM and TM in childhood. Both disorders may, however, present 
similarly and fulfill clinical criteria of the other condition. Therefore, 
a careful clinical evaluation with timely and adequate diagnostic 
tests is important to help differentiate between AFM and TM and 
guide decisions on treatment.
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Name Location Contribution
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