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SUMMARY
Acute disseminated encephalomyelitis (ADEM) is a 
demyelinating, autoimmune disease of the central 
nervous system (CNS). It causes motor and sensory 
deficits, altered mental status and other neurological 
symptoms. Though rarely fatal, it has been associated 
with residual motor and neurocognitive deficits. Our case 
consisted of a 4-year-old girl who presented with fatigue 
and unsteady gait after a respiratory illness. During 
her hospital course, she became progressively weaker 
and experienced seizures. Imaging showed sections of 
demyelination in the CNS, and appropriate treatment 
was started. Additional labs resulted in positive 
Mycoplasma pneumoniae serum serology. Antimyelin 
oligodendrocyte glycoprotein (anti-MOG) antibodies 
were also found, which is a risk factor for relapsing, 
multiphasic ADEM. To our knowledge, this is the first 
case of anti-MOG antibody-associated ADEM due to M. 
pneumoniae infection. Our patient has made a complete 
recovery. The parents only report slightly increased 
fatigue and irritability.

Background
Acute disseminated encephalomyelitis (ADEM) is 
an acute, autoimmune, demyelinating disease of the 
central nervous system (CNS) thought to be due 
to a preceding stimulus, such as a viral infection 
or immunisation. It is considered one of the most 
common demyelinating disorders of childhood, and 
has an annual incidence of approximately 0.3–0.6 
per 100 000 children.1 The median age of onset is 
5–8 years with a slight male predominance with 
studies reporting male:female ratios between 1.2:1 
and 2.6:1.1 2 Mortality is low (1%–3%), but residual 
motor and neurocognitive deficits may persist.1 The 
presentation of ADEM can be diverse with various 
combinations of constitutional symptoms, altered 
mental status, motor and sensory deficits, and other 
neurological symptoms. Several studies demon-
strated that despite resolution of lesions on MRI, 
some children had lower cognitive deficits in certain 
categories such as attention and visuospatial/visuo-
motor functioning.3 4 Although ADEM is typically 
monophasic, the presence of antibodies against 
myelin oligodendrocyte glycoprotein (anti-MOG 
antibodies) have been shown to have predic-
tive value in relapsing, multiphasic ADEM.5 The 
current literature only reports anti-MOG antibody-
associated ADEM after an influenza or Epstein-Barr 

virus (EBV) infection.6 To our knowledge, no cases 
of anti-MOG antibody-associated ADEM have been 
reported due to an Mycoplasma pneumoniae infec-
tion. Here we present one such case.

Case presentation
A 4-year-old girl presented to her primary care clinic 
with fever for 6 days, mild cough and congestion as 
well as weakness for the past day. Her highest fever 
of 102 °F (38.9°C) was 2 days prior to presentation 
and had been improving since. Though afebrile at 
presentation, her father reported increased fatigue 
and unsteady gait as well as mild cough and conges-
tion, but no other symptoms. On physical exam, the 
patient was unsteady while standing and stumbled 
when trying to walk. No other abnormal findings 
were noted. The patient was sent to the emergency 
department (ED), where on repeat physical exam, 
the patient had mild dysmetria, and her gait tilted 
to the left side. Strength was unable to be assessed. 
The patient was admitted to the paediatric ward for 
further workup and imaging.

Six hours after admission, the patient began to 
experience non-bloody, non-bilious vomiting and 
worsening lethargy, decreased global tone, and 
truncal instability. During an episode of emesis, the 
patient had a 10 s episode of upper extremity stiff-
ness, tachycardia and bruxism that was concerning 
for a seizure. A second episode of stiffness lasting 
approximately 1 min occurred 1 hour later. The 
next morning, she had two episodes of urinary 
incontinence. On repeat physical exam, she was 
unresponsive to tactile stimulus in all extremities, 
had bilateral ptosis, weakness of the left periph-
eral face, flattening of the left nasolabial fold, and 
was noted to have 3+ bilateral upper and lower 
extremity deep tendon reflexes (DTR) with bilat-
eral clonus (2–3 beats), and an upgoing great toe on 
the right side (positive Babinski reflex).

Investigations
Laboratory tests in the ED were notable for a 
leucocyte count of 18.9×109/L (normal=5–15.5 
×109/L) with 86% neutrophil (normal=25%–
71%). A urinalysis was unremarkable, and naso-
pharyngeal respiratory syncytial virus (RSV), and 
influenza PCR tests were negative. A CT scan of the 
head with intravenous contrast showed no mass, 
enhancement or abscess. The description of the 
study by radiology noted a ‘localised volume of loss 
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Figure 1  Axial T2 periodically rotated overlapping parallel lines 
with enhanced reconstruction (PROPELLER) image demonstrating 
hyperintensity in right dorsal medulla.

Figure 2  Axial T2 PROPELLER image demonstrating hyperintensities 
in bilateral dorsal pons and left middle cerebellar peduncle.

Figure 3  Axial T2 PROPELLER image demonstrating hyperintensity in 
bilateral ventral pons.

of L anterior frontal lobe’ and a ‘focal hypodensity in L frontal 
periventricular white matter’. An MRI study of the head showed 
non-enhancing T2 hyperintensity abnormalities in ventral/dorsal 
pons, right dorsal medulla, left middle cerebellar peduncle and 
bilateral superior cerebellar peduncles, as well as grey matter 
abnormalities extending from the mid-cervical to mid-thoracic 
spinal cord (figures  1–4). An electroencephalography showed 
normal drowsiness and sleep evidenced by theta and delta waves.

Cerebrospinal fluid (CSF) showed lymphocytic predomi-
nant pleocytosis, with normal protein levels, negative bacterial 
cultures, negative PCR testing for enterovirus, herpes simplex 
virus (HSV) and varicella zoster virus (VZV). M. pneumoniae 
PCR from the CSF was negative. All studies performed on CSF 
were done at the same time. A qualitative serum M. pneumo-
niae IgM was positive and serum EBV serology was negative. 
On repeat MRI about a week later, the several hyperintensities, 
specifically in the medulla, dorsal pons, dorsal midbrain, left 
middle cerebellar peduncle and left superior cerebellar peduncle, 
previously reported, had become more hyperintense whereas 
those signal abnormalities in the cervical and mid-thoracic spinal 
cord had become less hyperintense. There were also new find-
ings of non-enhancing T2 hyperintensities within the subcor-
tical white matter in the frontal, parietal and temporal lobes 
(figures 5–11). At this time, serum antibodies for neuromyelitis 
optica and MOG were sent to an outside laboratory. Both were 
fluorescence-activated cell sorting (FACS) assays for IgG1 anti-
bodies. The former was negative, but the latter was positive with 
a titre of 1:10 000 (normal <1:20).

Differential diagnosis
The differential diagnoses were very broad for this patient’s 
presentation. Acute cerebellar ataxia secondary to viral infection 
was initially considered due to the history of fever, respiratory 

symptoms and physical findings (mild dysmetria and gait ataxia) 
consistent with ataxia. Other diagnoses entertained during 
her admission included ADEM, acute flaccid myelitis (AFM), 
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Figure 4  Sagittal fluid-attenuated inversion recovery (FLAIR) image 
demonstrating hyperintensities in ventral and dorsal pons.

Figure 5  Axial T2 PROPELLER image demonstrating worsening of 
hyperintensity in right dorsal medulla.

Figure 6  Axial T2 PROPELLER image demonstrating worsening of 
hyperintensities in bilateral dorsal pons and left middle cerebellar 
peduncle.

Figure 7  Axial T2 PROPELLER image demonstrating worsening of 
hyperintensities in bilateral ventral pons.

Guillain-Barre syndrome (GBS), encephalitis and toxin inges-
tion. Ultimately, acute cerebellar ataxia was discounted as the 
gait instability was thought to be due to weakness and not a 
primary cerebellar process. The presence of DTRs made GBS 
less probable. Infectious encephalitis secondary to several aetiol-
ogies such as M. pneumoniae, enterovirus, HSV, VZV was ruled 
out based on negative PCR testing from the CSF. Toxin ingestion 

was an unlikely aetiology as no substances in the patient’s house-
hold were identified which could have precipitated the symp-
toms. After the initial head MRI, AFM was the leading diagnosis 
based on the appearance and distribution of the grey matter 
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Figure 8  Sagittal FLAIR image demonstrating worsening 
hyperintensities in ventral and dorsal pons.

Figure 9  Axial FLAIR image showing multiple hyperintensities in 
subcortical white matter in parietal and temporal lobes.

Figure 10  Axial FLAIR image showing multiple hyperintensities in 
subcortical white matter in bilateral temporal lobes.

Figure 11  Axial FLAIR image showing multiple hyperintensities in 
subcortical white matter in frontal and temporal lobes.

lesions, but after the repeat MRI demonstrated hyperintensities 
within the white matter, ADEM was felt to be the most likely 
unifying diagnosis.

Treatment
Based on the MRI findings and concern for AFM, the patient 
was given intravenous immunoglobulin (IVIg) 1 g/kg per day for 
2 days. Additionally, she received intravenous ceftriaxone and 
acyclovir, which were discontinued when the bacterial cultures 
and HSV and VZV PCR came back negative. After the positive 

serum M. pneumoniae IgM titre, the patient received a 5-day 
course of azithromycin. Additionally, based on the repeat MRI 
findings a week later, a 3-day course of intravenous methylpred-
nisolone 20 mg/kg/day was given on hospital days 9–11.

Outcome and follow-up
After a 2-week hospitalisation, the patient was transferred to an 
outside facility for inpatient rehabilitation and was discharged 
4 days later from the rehabilitation centre. On her initial 
follow-up 2 months later, she appeared to be at her baseline of 
normal health, with the exception of some ongoing difficulties 
with balance and a slight dysarthria. A repeat MRI performed 3 
months after discharge reported significant improvement in both 
T2/FLAIR hyperintensities in subcortical white matter and T2 
hyperintensities in pons, medulla and cerebellum. At a follow-up 
6 months after initial presentation, her mother reported that the 
patient was at her neurological baseline except that she was more 
irritable and easily fatigued than prior to her illness. Because 
of positive anti-MOG antibody titre (and risk of multiphasic 
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ADEM), the patient will be followed closely, but is generally 
doing well and has made a nearly complete recovery. A repeat 
anti-MOG titre was performed 6 months later. Though still 
positive, the titre was much lower (1:100). Based on the MRI 
findings and anti-MOG titre, the risk of multiphasic ADEM is 
considered low.

Discussion
The majority of ADEM cases have been associated with a 
preceding viral infection or an immunisation. Less commonly, 
ADEM occurs after a bacterial infection. Though rare, ADEM 
secondary to M. pneumoniae infection should be included in the 
differential for a patient with neurological symptoms following 
a respiratory disease given the ubiquity of M. pneumoniae infec-
tions. Of note, M. pneumoniae infection has been implicated in 
5%–10% of patients with acute, febrile CNS disease.7

The pathogenesis of CNS disease due to M. pneumoniae 
infection is a topic of debate. On histopathological examina-
tion of white matter, ADEM is defined as ‘perivenular sleeves 
of demyelination associated with inflammatory infiltrates 
of myelin-laden macrophages, T and B lymphocytes, occa-
sional plasma cells, and granulocytes’.1 M. pneumoniae has 
been postulated to contribute to the development of ADEM 
through both a direct neuroinvasion (M. pneumoniae DNA 
has been identified in CSF of patients via PCR) as well as by 
indirectly stimulating the production of steroid responsive 
autoantibodies directed against myelin proteins via molecular 
mimicry.7 A known example of this includes autoantibodies 
directed against a myelin glycoprotein, galactocerebroside, 
found in cases of M. pneumoniae-associated CNS disease.8 
Direct neuroinvasion by M. pneumoniae may be associated 
with earlier onset of ADEM, while a delay in onset may be 
correlated with indirect disease caused by autoantibodies.8 
Cerebrospinal fluid M. pneumoniae PCR failed to detect 
evidence of direct neuroinvasion in this patient. Instead our 
case may point towards an indirect mechanism because though 
some signal abnormalities were found on imaging early in the 
course of disease, MRI evidence of demyelination was not 
observed until later in the time course. One hypothesis of the 
indirect mechanism is molecular mimicry-induced production 
of antibodies against myelin proteins. This could lead to depo-
sition of immune complexes in the small venules of the CNS 
leading to the perivenular inflammation seen in ADEM.7

An example of autoantibodies found in some cases of ADEM 
include anti-MOG antibodies (found on the surface of oligoden-
drocytes), most commonly associated with influenza and EBV 
infection. Similar to antibody production against galactrocerebro-
side, molecular mimicry caused by M. pneumoniae could induce 
production of antibodies against MOG. Interestingly, although 
anti-MOG antibodies in the setting of ADEM is typically transient, 
patients with persistent anti-MOG seropositivity are more likely to 
have a relapsing, multiphasic course of ADEM.5 9

As of 2013, MRI finding representative of demyelinating 
disease is required for ADEM diagnosis according to the Inter-
national Pediatric Multiple Sclerosis Study Group.1 Findings 
can be varied, but are often diffuse, multiple, asymmetrical, T2 
hyperintense lesions in both white and grey matter.10 As noted 
above, our patient showed both grey and white matter lesions 
throughout the CNS. Additionally, as in our patient, MRI find-
ings may not be apparent on initial imaging.10 This could be due 
to a delayed indirect, autoimmune process that leads to ADEM.

Treatment for ADEM due to M. pneumoniae is based on 
empirical evidence from case reports. First-line treatment 

includes both immunosuppressive therapy such as an intra-
venous steroid plus an M. pneumoniae-specific antibiotic. In 
our case, this was methylprednisolone and azithromycin. Some 
patients have shown poor response to initial steroid therapy.11 
Additionally, IVIg and plasmapheresis have been used if there 
is a poor response to intravenous steroids.11 Perhaps our 
patient showed excellent response to steroids because she was 
treated with two doses of IVIg previously when AFM was in 
the differential.

A brief note should be included about the serological testing 
used in this case. Cell-based assays such as FACS are consid-
ered the gold standard for the detection of anti-MOG-IgG1 
antibody.12 Two studies provide good evidence about the sensi-
tivity and specificity of the FACS. Using sera of 1109 patients, 
Waters et al found the assay to have a sensitivity of 24% and 
specificity of 100%.13 Similarly, a subsequent study by Waters 
et al compared three neuroimmunology laboratories and found 
all three had similar sensitivities (23.1%–27.5%) and speci-
ficities (98.1%–100%).14 The reported sensitivities and spec-
ificities for IgM serology for M. pnuemoniae infection vary 
between assays and studies. For example, Medjo et al found 
IgM serology to have a sensitivity of 81.82% and specificity of 
100% when compared with IgG serology.15 On the contrary, 
Chang et al reported a lower sensitivity of 62.2% and spec-
ificity of 85.5%.16 To add to the discrepancies, Busson et al 
compared four IgM assays and found that although the sensi-
tivities for all four were 100%, the specificities were lower 
(68.93%–80.58%).17 Clearly, the sensitivity and specificity of 
M. pneumoniae IgM serology are not uniformly reported. In 
this case, the combination of respiratory symptoms, positive 
M. pneumoniae serology and negative serology for other infec-
tious causes points towards a true symptomatic M. pneumo-
niae infection as opposed to a false-positive or coincidental 
asymptomatic infection.

Though not a common presentation, secondary ADEM due to 
M. pneumoniae infection should be kept in the differential when-
ever a patient develops neurological symptoms following a respi-
ratory illness. ADEM is not typically fatal but has been known to 
cause long-term disabilities. Treatment with intravenous steroids 
and an M. pneumoniae-specific antibody followed by IVIg and 
plasmapheresis if initial therapy fails should be implemented as 
soon as possible to prevent long-term consequences.

Learning points

►► Though not common, acute disseminated encephalomyelitis 
(ADEM) should be on the differential for a patient with 
neurological signs after an infection.

►► Treatment for ADEM includes intravenous steroids and 
intravenous immunoglobulin as well as treatment of the 
underlying infection.

►► Follow-up with antimyelin oligodendrocyte glycoprotein 
antibody testing is necessary to test for relapsing, multiphasic 
ADEM.
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