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Abstract

Acute Disseminated Encephalomyelitis (ADEM) is commonly associ-
ated with viral infections, but its occurrence after bacterial meningoen-
cephalitis is rare. This study presents a case of ADEM following bacte-
rial meningoencephalitis and reviews related case reports. A literature
search was performed using PubMed and EMBASE to identify case
reports of ADEM post-bacterial meningoencephalitis. A 37-year-old
woman developed right hemiparesis and encephalopathy after recov-
ering from pyogenic meningitis. Brain MRI revealed multiple T2/FLAIR
lesions consistent with post-infective ADEM. Treatment with steroids
and plasma exchange resulted in significant improvement, and she re-
mained asymptomatic after one year. A 37-year-old woman presented
with meningitis and improved with antibiotics. However, she later de-
veloped right-sided weakness and encephalopathy. Brain MRI showed
multifocal T2/FLAIR lesions, and post-infective ADEM was diagnosed.
She improved significantly after treatment with intravenous steroids,
with full resolution of symptoms after seven months. Eleven cases
were reviewed, with a median patient age of 41 years. Focal deficits
were common, reported in 81.8% of cases. Multifocal cerebral lesions
were present in all patients, and 90.9% had neutrophilic pleocytosis.
Causative bacteria were identified in 81.8% of cases, with clinical im-
provement in 90.9%. ADEM can develop after bacterial meningoen-
cephalitis and should be considered in cases of neurological decline
following initial improvement from the infection.

Keywords: Bacterial meningoencephalitis; Acute disseminated
encephalomyelitis; Post-infectious neurological syndrome; Molecular
mimicry.
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Introduction

Post-Infectious Neurological Syndromes (PINS) encompass a
wide range of clinical presentations, affecting both the Central
Nervous System (CNS) and Peripheral Nervous System (PNS) [1].
The association between Acute Disseminated Encephalomyeli-
tis (ADEM) and viral infections is well-established, with 50-75%
of adult ADEM cases linked to preceding viral infections [2].
However, there is limited literature regarding the association of
bacterial infections with ADEM. Some bacterial pathogens, such
as Mycoplasma pneumoniae, Borrelia burgdorferi, Legionella
pneumoniae, and Group A beta-hemolytic streptococci, have
been implicated in PINS [3].

In this report, we present two cases of patients initially diag-
nosed with bacterial meningitis who subsequently developed
ADEM. In addition, we provide a review of the literature to fur-
ther characterize this rare clinical entity of ADEM following bac-
terial meningitis or meningoencephalitis [4-12].

This paper aims to shed light on the under-recognized re-
lationship between bacterial meningoencephalitis and ADEM
and to emphasize the importance of considering ADEM as a dif-
ferential diagnosis in patients with clinical deterioration after
recovering from bacterial meningitis.

Case presentations
Case report 1

A 37-year-old woman presented with the acute onset of a
holocranial headache, fever, and multiple episodes of vomiting,
followed by encephalopathy over the course of 2-3 days. On ex-
amination, she was irritable, and meningeal signs were present.
Brain MRI revealed mild effacement of the sulcal and cisternal
spaces bilaterally (Figure 1A). Laboratory investigations at the
time of admission showed the following: hemoglobin of 7.8 g/
dL, white blood cell count of 12,700/uL (85% neutrophils), and
C-Reactive Protein (CRP) of 16 mg/L. Cerebrospinal Fluid (CSF)
analysis revealed a white blood cell count of 1,145 cells/uL,
with 90% polymorphonuclear cells, protein level of 600 mg/dL,
and glucose level of 54 mg/dL (random blood sugar: 100 mg/
dL). Gram staining of the CSF showed Gram-positive cocci, and
Staphylococcus aureus was cultured. Additional tests, including
CSF Ziehl-Neelsen (ZN) stain, cryptococcal antigen, Indian ink
preparation, CSF Tuberculosis (TB) PCR, and CSF TB GeneXpert,
were negative. A diagnosis of pyogenic meningitis was made,
and she was treated with antibiotics for two weeks, resulting in
complete symptom resolution.

However, one week after discharge, she developed a head-
ache and vomiting. Two days later, she experienced the acute
onset of right-sided weakness (modified Rankin Scale - mRS 5)
and slurred speech. Her sensorium progressively worsened. A
repeat brain MRI revealed multiple T2/FLAIR hyperintense con-
fluent lesions involving the subcortical deep and periventricular
white matter of the fronto-parietal and anterior temporal lobes
bilaterally (left greater than right), left basal ganglia, left insula,
corpus callosum, and midbrain (Figure 1B). Repeat CSF analysis
showed a white blood cell count of 2 cells/pL, protein level of
50 mg/dL, and glucose level of 115 mg/dL. Evaluation for auto-
immune encephalitis, including serum Antibodies for Aquapo-
rin-4 (AQP4) and Myelin Oligodendrocyte Glycoprotein (MOG),
was negative.

Due to her partial response to steroids, she underwent five
cycles of plasma exchange, after which she improved signifi-
cantly, though with some residual limb weakness (mRS 1). At
her one-year follow-up, she remained asymptomatic, and imag-
ing showed complete resolution of the lesions (Figure 1C).

Case report 2

A 37-year-old woman with no prior comorbidities presented
with an acute onset of headache, followed by multiple episodes
of vomiting and altered sensorium within one day. On clinical
examination, she was arousable to painful stimuli, with neck
rigidity noted. An initial Non-Contrast CT (NCCT) of the head
was normal. Cerebrospinal Fluid (CSF) analysis showed elevated
cell count, with a predominance of polymorphonuclear cells, el-
evated protein, and reduced glucose levels. CSF Gram stain and
culture were negative, as were CSF GeneXpert and TB PCR tests.
The patient was started on intravenous antibiotics and was dis-
charged after five days at her request, with a plan to continue IV
antibiotics for another five days at home. She showed improve-
ment and returned to her baseline level of functioning.

Two weeks after the initial presentation, her relatives ob-
served slowness in her activities, along with reduced movement
in her right upper and lower limbs, progressing over 2-3 days.
The next day, the patient became encephalopathic and was re-
hospitalized. A brain MRI at this stage revealed multifocal T2/
FLAIR hyperintense lesions involving the left fronto-parietal
white matter and the genu of the corpus callosum. A radiologi-
cal diagnosis of post-infective ADEM or tumefactive demyelin-
ation was considered, and the patient was referred to a higher
center, where she was subsequently admitted.

At our center, the patient was evaluated and found to have
non-fluent aphasia, right hemiparesis, and a positive right ex-
tensor plantar reflex. Repeat CSF analysis showed a Total Leu-
kocyte Count (TLC) of 15 cells/uL, with 33% neutrophils, protein
of 82 mg/dL, and glucose of 75 mg/dL. Testing for autoimmune
encephalitis antibodies, as well as serum aquaporin-4 (AQP4)
and Myelin Oligodendrocyte Glycoprotein (MOG) antibodies,
was negative. A repeat brain MRI demonstrated extension of
the lesion into the right frontal white matter. Infective workup,
including CSF Gram stain, culture, and GeneXpert, was negative.

The patient was started on pulse therapy with Intravenous
Methylprednisolone (IV MPS) for five days, which led to sig-
nificant improvement in her symptoms. She was subsequently
discharged on oral steroids. At her seven-month follow-up, she
had minimal residual symptoms and was independent in all her
activities. A repeat brain MRI showed near-complete resolution
of the lesion.
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Given the diagnosis of post-infective ADEM, she was treated
with a 1000 mg pulse of Intravenous (V) Methylprednisolone
(MPS) for five days. This led to some improvement in her sen-
sorium, although she had a persistent motor deficit. A repeat
MRI four weeks after disease onset showed new lesions in the
thalamus and left basal ganglia, an increase in the size of the
frontal lobe lesions, and regression of the lesion in the left an-
terior temporal lobe.



Methodology

Two authors independently conducted a literature review
to identify cases of Acute Disseminated Encephalomyelitis
(ADEM) following bacterial meningoencephalitis. The data-
bases PubMed and EMBASE were searched using the following
terms: PubMed: “Encephalomyelitis, Acute Disseminated” AND
“Meningoencephalitis,” and “Encephalomyelitis, Acute Dis-
seminated” AND “Meningitis, Bacterial”; EMBASE: “acute dis-
seminated encephalomyelitis” AND “bacterial meningitis,” and
“acute disseminated encephalomyelitis” AND “bacterial menin-
goencephalitis.” All relevant published articles were reviewed
for inclusion.

We included cases that met the following criteria: A) Clinical
presentation of fever and meningoencephalitis. B) Cerebrospi-
nal Fluid (CSF) analysis demonstrating neutrophilic pleocytosis
and/or evidence of bacterial infection, as confirmed by Gram
stain, CSF bacterial culture, CSF PCR, or CSF antigen testing. C)
Patients satisfying the International Paediatric Multiple Scle-
rosis Study Group criteria for pediatric multiple sclerosis and
immune-mediated central nervous system demyelinating dis-
orders, as revised in 2013. D) Patients aged over 14 years. E)
Articles published in the English language.

A total of 153 articles were initially screened for relevance.
After reviewing the cases, we identified 16 reported cases of
ADEM following bacterial meningitis. Of these, two were ex-
cluded due to being written in Japanese, three were excluded
due to patient age being less than 14 years, and one case was
excluded because it only described radiological findings sugges-
tive of ADEM without any clinical evidence of encephalitis. Ul-
timately, 11 patients, including the two cases presented in this
study, were included in the final analysis.

Results

The median age of the patients was 41 years (range: 35-
61.5). Co-morbid conditions were present in 54.55% (6/11) of
patients, and one patient had a history of vaccination within
four weeks of symptom onset. All patients presented with fever,
while 54.55% (6/11) experienced headaches, and 81.8% (9/11)
had neck rigidity at the time of admission. No patient reported
seizures during the course of the illness. Focal neurological defi-
cits were observed in 81.8% (9/11) of patients. Two patients
developed myelitis, and one patient had optic neuritis. None of
the patients experienced a relapse during a median follow-up
period of 12 months (range: 3-12 months). All patients had mul-
tifocal cerebral lesions, with 45.45% (5/11) showing infratento-
rial involvement. Spinal cord lesions were observed in 18.18%
(2/11) of patients.

CSF neutrophilic pleocytosis was noted in 90.9% (10/11)
of patients, with a median CSF white blood cell count of 635
cells/uL (range: 469-1132.5). Elevated CSF protein levels were
found in 90.9% (10/11) of patients, with a median protein level
of 193.5 mg/dL (range: 84.75-522.5). Bacterial pathogens were
isolated in 72.7% (8/11) of cases, with CSF culture being the
most common diagnostic method (45.45% [5/11]). Streptococ-
cus pneumoniae was the most frequently identified organism
(25%). None of the patients tested positive for any immunologi-
cal antibodies.

All patients received Intravenous (IV) antibiotics, either em-
pirically or based on culture sensitivity, to treat bacterial menin-
goencephalitis. IV Methylprednisolone (MPS) was administered
to 90.9% (10/11) of patients, while one patient received oral

steroids for ADEM. Only the present case was treated with plas-
ma exchange following IV MPS therapy. None of the patients
received Intravenous Immunoglobulin G (IVIG).

Clinical outcomes were reported for all patients. Improve-
ment was observed in 90.9% (10/11) of cases. Follow-up CSF
analysis was available for 72.7% (8/11) of patients, all of whom
showed a reduction in CSF white blood cell counts. Follow-up
MRI demonstrated a reduction in lesion size in 90.9% (10/11)
of patients. One patient had an increase in lesion size and died
during the course of the disease. No patients experienced a re-
lapse of ADEM or any other demyelinating events during the
median follow-up period of 12 months (range: 3-12 months).

Discussion

Acute Disseminated Encephalomyelitis (ADEM) is an inflam-
matory demyelinating disorder, more commonly seen in chil-
dren, with a male preponderance and an incidence of 0.2-0.4
per 100,000, as reported in various nationwide studies (Otallah
et al., 2021). Although ADEM is primarily associated with viral
infections, bacterial and parasitic infections have also been im-
plicated in its etiology [13]. The latency period between infec-
tion and the onset of symptoms typically ranges from two to
four weeks, and clinicians should investigate other causes when
the latency exceeds eight weeks [14,15]. Upper respiratory tract
viral infections are the most common triggers of ADEM; how-
ever, it can also be precipitated by exanthematous illnesses or
gastroenteritis. Post-bacterial meningitis ADEM is a rare occur-
rence, with only a few cases reported in the literature. In our
case, ADEM developed after Staphylococcus aureus meningitis.

The median age of patients in our report was older than that
reported for adult-onset ADEM in the literature. For example, in
a study by Koelman et al., the median age for adult-onset ADEM
was 37 years (range: 27-49) [16]. Another study by Marchioni
et al. reported a mean age of 46.7 years for post-infectious en-
cephalomyelitis [17].

The presence of fever and meningeal signs differentiates
post-bacterial meningitis ADEM from other forms of monopha-
sic ADEM. In the largest retrospective American cohort, 25% of
adult ADEM patients had a fever, and 10% exhibited meningeal
signs. In our literature review, we did not observe any gender
predilection, which is consistent with findings from previous co-
horts of post-infectious encephalomyelitis [16].

In the present cases, the initial clinical findings were consis-
tent with bacterial meningitis, supported by bacterial cultures
from the CSF in one case. Among the reported cases in this re-
view, the pathogen was not identified in 3 of 11 patients. This
is consistent with community-acquired meningitis, where caus-
ative organisms remain unidentified in approximately 20% of
cases [4]. The median CSF cell count and protein levels in our
cases were higher than those typically seen in ADEM, making
viral or fungal meningitis and early presentation of ADEM less
likely. The improvement in CSF findings after IV antibiotics fur-
ther supports the initial diagnosis of bacterial meningitis.

In our cases, after initial improvement, both patients expe-
rienced secondary deterioration characterized by a left-hemi-
spheric syndrome. MRI brain scans at the time of this second
clinical event revealed characteristic ADEM lesions, including
multifocal supratentorial and infratentorial lesions, large cor-
tical-subcortical lesions, and involvement of deep gray nuclei,
supporting the diagnosis of post-infectious ADEM.
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Figure 1: (A) Axial FLAIR image showing abnormal sulci hyperintensity s/o effacement of sulci. (B) Axial FLAIR image
showing hyperintense confluent lesions involving subcortical deep & periventricular white matter of bilateral fronto-
parietal lobes (left>right), left basal ganglia, bilateral anterior temporal lobes, left insula, bilateral thalami and corpus
callosum. (C) Axial FLAIR image of same patient after 12 months suggestive of resolution of lesion. (D) Coronal FLAIR
image showing sulci hyperintensity s/o effacement. (E) Axial FLAIR image showing hyperintensity in left fronto-parietal
white matter, right frontal white matter and genu of corpus callosum, suggestive of tumefactive demyelination. (F) Axial
FLAIR image of same patient after 7 months suggestive of resolution of lesion.

\_ P
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\\ Table 1: Clinical and demographic profiles of the cases & organisms isolated in CSF. /J
Publication Sex/Age Com?fbld Fever  Headache Men.mge FOFaI Myelitis Opt.lc. (?rgamsm Method
conditions al signs | deficts neuritis isolated
DM,CKD, .
2021/Ohnrnar et al. M/41 chronic active Yes No Yes No No No Sphlngomo.n‘as CSF
(Case 1) s paucimobilis culture
Hepatitis B
2020/Niederschwei M/62 None Yes No Yes Yes No No None NA
berer et al. (Case 2)
20151Kato et al. F/85 COPD Yes No Yes Yes Yes No None NA
(Case 3)
2014/Majzoobi et M/24 None Yes No Yes Yes No No Streptococ.cus Gram stain,
al. (Case 4) pneumoniae CSF culture
2014/ Huhn et al. F61 Splenectomy Yes Yes Yes Yes No No Streptococ.cus CSF & blood
(Case 5) Pneumoniae culture
2009/ Okada et al. Ff73 Hypertension Yes Yes Yes Yes No No Mycobacter/um CSF PCR
(Case 6) inracellufare
2008/Beleza et al. Hemophillus .
(Case 7) M/17 Glomerulopathy Yes Yes Yes Yes No No influenza B CSF antigen
2004/Assen et al. Borrelia CSF & Brain
(Case 8) M/45 None Yes No No Yes Yes Yes burgdorferi biopsy PCR
Gram stain,
2003/Proulx et al. F/33 None Yes Yes Yes No No No Pasteur.ella CSF & blood
(Case 9) multocida
culture
2024/Pliyadarshi et F/37 Iron deﬁm.ency Yes Yes Yes Yes No No Staphylococc us Gram stain,
al. (Case 10) anaemia aureus CSF culture
2024/Pliyadarshi et F/37 Gram stain,
al. (Case 11) None No Yes Yes No No No None CSF culture

Note: DM: Diabetes Mellitus; CKD: Chronic Kidney Disease; CSF: Cerebrospinal Fluid; COPD: Chronic Obstructive Airway Disease; PCR:
Polymerase Chain Reaction.

www.jcimcr.org

Page 4



( Table 2: CSF & MRI findings at the time presentation, follow up & outcome of the cases.

N

CSFTLC CSF. CRP MRI findings . Follow up |~ Follow up Clinical Total
Case (cells/uL) protein (mg/dl) (FLAIR hyperintensity) Treatment received CSF MRI Outcome follow up
(mg/dl) Improved? | Improved? (Months)
Case 1 2 14 Multifocal cerebral Cefepime, IV MPS NA Yes Improved 3
635 [PMN . Ceftriaxone, AmpiciUin,
Case 2 predominant] 220 NA Multifocal cerebral Acytlovir & IV MPS Yes Yes Improved 2.6
Multifocal cerebral,
brainstem, cerebellum Meropenern, Mininmally
Case 3 615 [P-95,M-5] 243 16 ! Oexanlethasone Yes Yes . 1
& LETM dorsal improved
& IV MPS
segment
Case 4 610 [P-60] 350 NA Multifocal Ceftriaxone, Vancornycin Yes Yes Improved 3
cerebral & pons & Orednisolone
Case 5 5200 [Ne'utrophlrc 580 420 Multifocal cerebral Penicillin G,rv MPS Yes Yes Improved 12
oredominannt]
. Streptomycin,
Case 6 1295 60 1.59 Multifocal cerebral & Rifampicin, Clarithromycin Yes Yes Improved 14
[P-60,L-40] cerebellum
& IVMPS

1120 . Cefotaxime, Rifampicin,
Case 7 [P-78,L-7,Mo-15] 144 7.55 Multifocal cerebral Gentamicin & IV MPS Yes Yes Improved 12

328 Multifocal cerebral, Ceftriaxone, Amoxiciltin,
Case 8 [Neutrophilic 264.8 1.3 pons, medulla & Erythromycin, Acyclovir Yes No Death -

predominant] thoracicspine and IV MPS

680 . Cefotaxime, Vancomycin,

Case 9 (P-78,L-1, Mo-21] 93 2.1 Multifocal cerebral Penicillin G & IV MPS NA Yes Improved 16
. Vancomycin,
Case 10 | 1145[P-90,l-10] = 600 16 M”'“focilnosembral’ Cefazolin, IV MPS & Yes Yes Improved 12
P Plasma excllange therapy

Case 11 15 [P-33,1-67] 82 75 Multifocal cerebral IV, IV MPS NA Yes Improved 7

Note: DM: Diabetes Mellitus; CKD: Chronic Kidney Disease; CSF: Cerebrospinal Fluid; COPD: Chronic Obstructive Airway Disease; PCR: Poly-

merase Chain Reaction.
*Differential cell counts not provided.

While the association of ADEM with viral infections is well-
established, its occurrence following bacterial infections is ex-
tremely rare, with limited literature available for support [3].
The leading cause of pathogen-based autoimmunity is molec-
ular mimicry. In this process, the antigenic similarity between
bacterial pathogens and brain epitopes triggers the activation
of anergic autoreactive T and B lymphocytes, resulting in CNS
inflammation and demyelination. These bacterial peptides ex-
hibit cross-reactivity with myelin autoantigens, such as Myelin
Basic Protein (MBP), Myelin-Associated Oligodendrocyte Basic
Protein (MOBP), Oligodendrocyte-Specific Protein (OSP), and
Myelin Oligodendrocyte Glycoprotein (MOG) [18].

One example of antigenic mimicry is the similarity between
N-acetyl-B-D-glucosamine on the cell wall of Streptococcus
pneumoniae and neuronal lysoganglioside GM1, as demon-
strated by Kirvan et al. in vitro [19]. Post-streptococcal CNS syn-
drome due to exotoxins inducing T cell-mediated anti-myelin
autoreactivity has also been proposed as a cause of the demy-
elinating lesions seen in ADEM [20].

In our patient, bacterial meningitis caused by Staphylococcus
aureus was followed by the development of ADEM. Staphylo-
coccus aureus has been demonstrated in in vitro studies to pos-
sess bacterial peptides that mimic Myelin Basic Protein (MBP).
Chastain et al. conducted an in vitro study to investigate the
ability of bacterial MBP antigen mimics to activate CNS T cell
clones and study their encephalitogenic potential. In this study,
humanized mice were primed with bacterial peptide mimics
from Hemophilus influenzae, Staphylococcus aureus, Mycobac-
terium avium, Mycobacterium tuberculosis, and Bacillus subti-
lis. A monophasic disease pattern was induced by all mimics,
except for Mycobacterium tuberculosis and Hemophilus influ-

enzae, with homology to MBP ranging from 20-33%. CD4 T cell
infiltration was observed in the cerebellum, and the degree of
infiltration correlated with disease severity [21].

Molecular mimicry is linked to two other mechanisms: by-
stander activation and epitope spreading [21]. Bystander acti-
vation involves the activation of costimulatory pathways and
cytokine release, leading to the nonspecific self-sensitization
of T cells against myelin autoantigens during active infection.
Epitope spreading, a consequence of persistent infection, oc-
curs when prolonged anti-pathogen-specificimmune responses
cause tissue destruction, releasing endogenous or cryptic self-
epitopes, which contribute to further cytokine-induced tissue
damage. These mechanisms are thought to contribute to the
demyelination seen in ADEM [18,21].

In a prospective study of post-infectious central demyelin-
ation syndromes, 24.6% of patients had a relapsing disease
course [17]. Relapsing ADEM has been reported in up to 10%
of cases in the literature [16]. However, we did not observe any
relapses in this review. Evidence supporting the use of IV Im-
munoglobulin (IVIg) and plasma exchange in post-infectious de-
myelination syndromes is limited. In a study of 112 cases of cen-
tral PINS, 3 of 8 (37.5%) patients responded to IVIg, but none
received plasma exchange [17]. In a study of 26 pediatric PINS
cases, 30% received IVIg, and only one patient was treated with
plasma exchange due to a partial response to steroids [1]. In our
case, plasma exchange therapy proved to be effective.

Conclusion

Our cases, along with the literature review, expand the spec-
trum of adult ADEM cases. Bacterial meningoencephalitis may
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act as a trigger for this acute inflammatory CNS response. Clini-
cians should consider ADEM as a differential diagnosis in cases
of deterioration following initial improvement from bacterial
meningoencephalitis, as it is a treatable condition with a poten-
tially favorable clinical outcome.
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