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A B S T R A C T   

Anti-myelin oligodendrocyte glycoprotein (MOG)-immunoglobulin G (IgG) associated disorder 
(MOGAD) is an immune-mediated central nervous system (CNS) inflammatory demyelinating 
disorder that has been widely recognized in recent years. It is distinct from multiple sclerosis (MS) 
and neuromyelitis optica spectrum disorder (NMOSD), which are separate disease spectrums. 
Here we report the case of a 5-year-old boy who was admitted for 3 days with fever, headache, 
and vomiting. Magnetic resonance imaging revealed abnormal hyperintensity in the left thalamus 
and positive serum IgM for M. pneumoniae. After treatment with azithromycin, the headache 
gradually disappeared, but paralysis and urinary retention occurred on the 6th day after 
admission. MRI re-examination showed that the original abnormal signal in the left thalamus was 
significantly weakened, but new abnormal signals appeared in the brain and cerebrospinal cord, 
and the serum MOG-IgG was positive. After treatment, the child has fully recovered and is still 
receiving follow-up care. We believe that this is a case of MOGAD in a child with a biphasic ADEM 
phenotype secondary to M. pneumoniae infection, which has potential value in elucidating the 
pathophysiology of MOGAD.   

1. Background 

Myelin oligodendrocyte glycoprotein (MOG)-immunoglobulin G (IgG) associated disorder (MOGAD) is a newly named 

Abbreviations: MOGAD, Anti-myelin oligodendrocyte glycoprotein (MOG)-immunoglobulin G associated disorders; CNS, central nervous system; 
MS, multiple sclerosis; NMOSD, neuromyelitis optica spectrum disorder; T2WI, T2 weighted images. 
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inflammatory demyelinating disease of central nervous system in 2018 [1], and its main symptom is optic neuritis (ON), myelitis, optic 
neuromyelitis, and acute disseminated encephalomyelitis (ADEM). In children, ADEM is a common clinical manifestation of MOGAD 
[2], and is thought to be related to previous stimuli such as a viral infection or immunity, with an annual incidence of approximately 
0.3–0.6 per 100 000 children [3]. ADEM cases caused by M. pneumoniae infection have been confirmed, but there are few reports of 
anti-MOG -IgG-related ADEM caused by M. pneumoniae infection [4]. However, the pathogenesis of CNS demyelination induced by 
M. pneumoniae infection remains unclear. Some scholars believe that it may be related to the direct damage of nerve cells by 
M. pneumoniae. Most scientists believe that M. pneumoniae infection triggers an immune attack leading to demyelination of the central 
nervous system [5]. Here, we report a case of MOGAD secondary to M. pneumoniae infection in a child presenting clinically as ADEM. 

2. Case presentation 

The child is 5 years old. He was admitted to the pediatric emergency department with fever, headache, and vomiting for 3 days. The 
child’s fever was irregular, with the highest body temperature of 38.7 ◦C. The headache was located in the front of the head, 
accompanied by non-projective vomiting 4–5 times. One week before the onset of fever, he had a mild cough that resolved sponta-
neously without treatment. Physical examination shows that the child was clear consciousness, listlessness, normal gait, neck resis-
tance, lung auscultation, heart and abdominal examination were normal. Knee and Achilles tendon reflexes were normal. Babinski is 
negative, normal muscle strength and tone in the extremities. The emergency department performed head CT examination for the 
child, which indicated brainswelling. Blood routine examination: white blood cells 33.02 × 10^9/L, neutrophils 87.9%. C-reactive 
protein 39.12 mg/L. Therefore, the emergency department admitted the child with encephalitis. 

After hospitalization, additional examinations were performed on the child. Cerebrospinal fluid pressure was 180 mmH2O, white 
blood cells were 28 × 10^6/L, mononuclear cells were 36%, and polymorphonuclear cells were 64%. Glucose, chloride, and protein 
were normal (Table 1). Brain MRI showed abnormal hyperintensity in the left dorsal thalamus on T2 weighted images (T2WI) 
(Fig. 1A–D). EEG results showed that the central area, parieto-occipital area, and temporal-middle-posterior area were mainly active at 
frequencies of 2–3 Hz and 4–7 Hz, and amplitudes of 50–140 μV, with poor background amplitude modulation and unstable baseline, 
suggesting impaired brain function. 1:32 Serum M. pneumoniae IgM test was positive. In addition, we performed cerebrospinal fluid 
and blood cultures, antibody testing for respiratory viruses (including respiratory syncytial virus, influenza, parainfluenza virus, and 
adenovirus), and interferon-gamma releasing assay for Mycobacterium tuberculosis, all of which were negative. According to the above 
medical history and examination results, we considered the possibility of meningoencephalitis caused by M. pneumoniae, and gave 
azithromycin (10 mg/kg/day) and mannitol to reduce brainswelling. After treatment, the mental state of the child improved, and 
symptoms such as headache and vomiting gradually disappeared. The child’s fever symptoms still existed, but the body temperature 
dropped from a heat peak of 38.7 ◦C–37.5 ◦C. 

However, on the 6th day after admission, he developed quadriparesis, hyperalgesia, dysuria, and his highest body temperature was 
38.6 ◦C. Physical examination revealed that the child was conscious, listless, without cervical resistance, and had a distended 
abdomen. The abdominal button examination showed that the bladder area rose to 2 cm below the navel, and the physiological re-
flexes such as abdominal reflex and knee reflex are normal. Babinski was negative, his limb strength was grade 4, and he could not walk 
independently. Considering that the child has spinal cord lesions and autoimmune diseases cannot be ruled out, we re-examined the 
cerebrospinal fluid and head MRI, adding a spinal cord MRI scan. In addition, MOG-IgG, AQP4-IgG and GFAP-IgG were also tested in 
serum. Cerebrospinal fluid examination showed an increase in white blood cells from 28 × 10^6/L to 214 × 10^6/L with a predom-
inance of multinucleated cells (94%), protein 0.83 g/L, and glucose and chloride normal (Table 1). Brain MRI T2WI showed that the 
original abnormal hyperintensity in the thalamus was significantly attenuated, but there were new abnormally asymmetrical 
hyperintensity with blurred borders in the bilateral frontal, parietal, and temporal lobes (Fig. 1E–I). In addition, the 3rd to 7th segment 

Table 1 
Summary of notable serum and spinal fluid studies.  

Test The 1st day after admission The 6th day after admission The 13th day after admission 

CSF studies 
White blood cell count (0–15 × 106/L) 28 × 106/L 214 × 106/L 8 × 106/L 
Mononuclear cells 36.0% 6.0% 87.0% 
Polymorphonuclear cells 64.0% 94.0% 13.0% 
Protein (0.15–0.45g/L) 0.23g/L 0.83g/L 0.16g/L 
Glucose (2.80–4.50mmol/L) 4.18mmol/L 4.21mmol/L 3.05mmol/L 
Chloride (120.0–132.0mmol/L) 119.0mmol/L 121.0mmol/L 124.6mmol/L 
IgG (0–0.04g/L) 0.060g/L 0.14g/L 0.000g/L 
IgA (0.0015–0.006g/L) 0.000g/L 0.000g/L 0.000g/L 
IgM (0–0.001g/L) 0.000g/L 0.000g/L 0.000g/L 
Lactate dehydrogenase (109–245U/L) 15.1U/L 31.9U/L 26.1U/L 
Adenosine deaminase (4–18U/L) 0.6U/L 0.0U/L 0.6U/L 
Serum studies 
Serum Mycoplasma pneumoniae IgM Positive (1:32 titer) Not tested Not tested 
Serum MOG IgG Not tested Positive (1:10 titer) Negative (2 months after illness) 
Serum AQP4 IgG Not tested Negative Not tested 
Serum GFAP IgG Not tested Negative Not tested  
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of the cervical spine, the 6th to 12th segment of the thoracic spine, and the medullary cone also had abnormally hyperintensity. 
According to the above clinical manifestations and examination results, the child was diagnosed as acute disseminated encephalo-
myelitis (ADEM), and given intravenous immunoglobulin (400 mg/kg/day, for 5 consecutive days) and methyl prednisolone treatment 
(20 mg/kg/day, for 3 consecutive days). After treatment with methyl prednisolone, oral prednisone was given as maintenance therapy. 
With the results of serum MOG-IgG positive at 1:10 and both AQP4-IgG and GFAP-IgG negative, we revised the diagnosis of this child to 
MOG-IgG-associated disease (MOGAD). 

After the above treatment, the child’s body temperature returned to normal on the 8th day after admission. On day 14, he felt much 
better, his limb strength returned to normal, and his dyuria disappeared. On the 15th day, the child was discharged from the hospital. 
He continued to receive prednisone maintenance therapy for 6 months after discharge. Two months after discharge, MRI was re- 
examined, and the original abnormal signals in the brain and spinal cord of the child were significantly weakened (Fig. 1J-N), and 
serum MOG-IgG was negative (Table 1). At present, the child is still under follow-up, and no special discomfort has been reported. 

3. Discussion 

MOGAD is a group of inflammatory demyelinating diseases of the central nervous system. According to the diagnostic criteria 
proposed by the research team of Sean J. Pittock research team in 2018 [1], the diagnosis of MOGAD needs to meet the following three 
conditions: a. Serum MOG-IgG positive based on cell method detection; b. Clinical manifestations are any of the following: 1).ADEM; 
2).ON, including chronic recurrent inflammatory optic neuropathy; 3).Transverse myelitis, including long-segment transverse myelitis 
and short-segment transverse myelitis; 4).Brain or brainstem syndrome with demyelinating disease; 5).Any of the above Combination; 
c. Exclude other diagnoses. The patient had the clinical manifestations of quadriparesis, hyperalgesia, and urinary retention. MRI of the 
head showed multiple demyelinating lesions in the brain, and MRI of the spine showed long-segment myelopathy involving the 
cervical，thoracic and conus cords, consistent with the imaging features of ADEM. Combined with the positive results of serum 
MOG-IgG, the diagnosis of MOGAD was confirmed. ADEM occurs in children, usually as a result of early infection or vaccination. 
According to some researchers, the early infection with viruses is more common, such as influenza virus, Epstein-Barr virus, measles 
virus, enterovirus, and coronavirus. M. pneumoniae infection has also been reported, but it is relatively rare [6]. The MOGAD pre-
senting as ADEM secondary to M. pneumoniae infection has only been reported by Bonagiri P et al. [4]. The case we report is unique 
because it represents a biphasic course. In the first stage, the clinical manifestations of the child were fever, headache, vomiting, 
positive meningeal irritation signs, mildly elevated white blood cells in the cerebrospinal fluid, and head MRI showed abnormal 

Fig. 1. MRI of the head and spinal cord. (A–D) On the 2nd day after admission. (A) the T2WI sequence showed hyperintensity in the left thalamus; 
(B) the FLAIR sequence showed hyperintensity in the left thalamus; (C and D) the FLAIR sequence showed that there was no obvious abnormal signal 
in the temporal lobe and semi-oval centers; (E–I). On the 6th day after admission. (E) the T2WI sequence showed a significant decrease in left 
thalamus hyperintensity compared with A; (F) the FLAIR sequence showed multiple asymmetric abnormally hyperintensity in bilateral temporal and 
occipital lobes at the temporal lobe level; (G) the FLAIR sequence showed multiple asymmetric abnormally hyperintensity in bilateral semi-oval 
centers; (H) the T2WI sequence showed abnormally hyperintensity of C3–C7 in the cervical spinal cord; (I) the T2WI sequence showed abnor-
mally hyperintense signals in the conus spinal cord; (J–N) 2 months after illness. (J) the T2WI sequence showed dissipation of the left thalamic 
lesion; (K) the axial FLAIR sequence showed bilateral temporal lobe level lesion dissipation; (L) the FLAIR sequence showed significant dissipation of 
bilateral semi-oval centers lesion; (M) the T2WI sequence showed that the cervical medullary lesion was basically dispersed. (N) the T2WI sequence 
showed that the conus lesions were basically dispersed. 
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hyperintense left thalamus in the T2WI sequence. The EEG slow wave increased in multiple parts, and the serum M. pneumoniae 
antibody was positive at 1:32. After treatment with azithromycin, the child’s clinical symptoms gradually improved, and the MRI 
review of the brain also showed that the original lesion in the left thalamus had subsided compared with before. All of these suggest 
that the first stage may be the course of mycoplasmal meningoencephalitis. However, we were not able to perform detection of 
M. pneumoniae in CSF such as high-throughput sequencing or PCR, which is a limitation in this case. In the second stage, the child 
develops persistent fever and new neurological symptoms such as quadriparesis and difficulty urinating. MRI showed multiple 
demyelinating lesions in the brain and spinal cord, and serum MOG-IgG was positive. The results indicated that the second stage of the 
ADEM phenotype induced by Mycoplasma meningoencephalitis is the MOGAD process. 

There are two main views on the mechanism of central nervous system injury after M. pneumoniae infection. On the one hand, 
M. pneumoniae enters the brain through the blood-brain barrier and directly damages the central nervous system. The mechanism is 
based on the detection of mycoplasma DNA in the cerebrospinal fluid of patients. Another view is that M. pneumoniae damages the 
central nervous system through the principle of molecular simulation through immune mechanism, and the detection of corresponding 
pathogenic antibodies in serum and cerebrospinal fluid is the evidence of this mechanism [5,7]. However, the pathogenesis of 
M. pneumoniae causing MOGAD remains unclear. The first stage of this case we reported may be the course of mycoplasma menin-
goencephalitis, suggesting that the pathological process at this stage may be the direct damage of mycoplasma to the central nervous 
system. The second stage of the pathological process supports the immune-mediated damage of the CNS by mycoplasma. Therefore, the 
mechanism by which mycoplasma damages the central nervous system may be different in different stages of the disease. 

Fever is not a common symptom in patients with demyelinating central nervous system diseases such as multiple sclerosis, neu-
romyelitis Optica, and ADEM. However, fever is a common symptom in MOG-IgG-positive ADEM. Lampros A et al. reviewed 146 
patients with MOGAD, 37% of whom developed fever, and 79% of whom had fever for more than 7 days. The cause of the fever is 
unknown, but it may be caused by encephalomyelitis and meningitis [8,9]. The biphasic course of this case may provide clues to 
explain the cause of fever in MOGAD cases. The fever in the first stage of the child improved after using azithromycin, suggesting that 
the fever in this stage may be caused by mycoplasma infection. The persistent fever in the second stage returned to normal after 
immunoglobulin and glucocorticoid treatment, suggesting that the cause of the fever in the second stage should be considered to be 
autoimmunity. 

4. Conclusion 

We believe that this is a case of MOGAD in a child with a biphasic ADEM phenotype secondary to M. pneumoniae infection, which 
has potential value in elucidating the pathophysiology of MOGAD. 
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