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Introduction
Post-infectious encephalomyelitis (PIEM) is predominantly
a disease of children, and, if preceded by a vaccination, is
called post-vaccinal encephalomyelitis. When no antecedent
infection or vaccination event is identifiable, historically or
microbiologically, the term acute disseminated encephalo-
myel i t i s  (ADEM) is  preferred.  PIEM is  usual ly a
monophasic, primarily inflammatory demyelinating
disorder of the central nervous system (CNS). PIEM is asso-
ciated with an antecedent or concomitant infection, usually
but not exclusively viral. A viral exanthem helps with diag-
nosis. In other cases, a temporal relation exists between the
onset of neurologic symptoms and the vaccination.

In 1931, McAlpine [1] described three sets of
patients with this disorder: 1) after vaccination, 2) after
infectious disease, and 3) spontaneous. All sets pre-
sented with abrupt development of multiple neurologic
signs. Those from group one and three did well despite
the lack of treatment and intensive care facilities; the
ones from group two fared poorly [1].

Patients with ADEM can relapse in the first few months
following the initial clinical illness. The term multiphasic

ADEM is then used. However, remote relapses should
caution of a chronic progressive immune process such as
multiple sclerosis (MS).

Recent, large case series demonstrated the heterogeneity
of these syndromes with regard to etiology and clinical
course. The availability of MRI has made these diagnoses
easier, although there are no well-defined diagnostic
criteria. Histopathologic evaluation complements the MRI
findings in certain cases and helps establish a diagnosis.
The challenge for the clinician is to differentiate between a
monophasic syndrome like ADEM and relapsing-remitting
MS in order to institute the right treatment.

Epidemiology
The exact incidence of PIEM is not known. In PIEM, in most
instances, the disease follows an exanthematous or non-
specific viral infection. Measles infection is the best
described syndrome. Before the introduction of immuniza-
tion against measles virus, the incidence was estimated to be
approximately 1:1000 cases with a high mortality rate and
major neurologic sequelae [2,3]. There is a much lower inci-
dence of PIEM after varicella-zoster virus and rubella virus
infections, estimated as 1:10,000 and 1:20,000 cases respec-
tively. This later entity was associated with a better prognosis
than PIEM that follows measles. In the United States, the
incidence of PIEM was significantly decreased following the
introduction of widespread vaccination; however, in devel-
oping countries and even in some developed countries,
because of incomplete vaccine coverage of the population,
the disease remains poorly controlled [4–6]. Other recog-
nized infectious precipitants for PIEM include other viral
pathogens such as Epstein-Barr virus [7],  herpes
simplex virus [8], human herpes virus-6 [9], HIV [10,11],
mumps virus [12], coxackie B virus [13], influenza virus
[14], and cytomegalovirus [15]. Post-infectious encephalo-
myelitis has also been described in association with bacterial
pathogens, including infections with Mycoplasma pneumo-
nia [16,17], Legionella cincinnatiensis [18], and other atypical
pneumonic infections. Unidentified viral illnesses can also
precede the syndrome and can also delay the diagnosis and
treatment. Nonspecific upper respiratory infections are now
the most common cause of PIEM [19•].

Post-vaccination encephalomyelitis is clinically indis-
tinguishable from the post-infectious form. In the past, it
was described following rabies immunization, especially
with the Semple type of anti-rabies vaccine. The incidence
of neurologic implications with this type of vaccine is
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1:600 to 1:1575 [20,21]. With the use of a non-neural
tissue–based rabies vaccine, the incidence rate of neuro-
logic complications including post-vaccinal encephalomy-
elitis decreased to 1:25,000 vaccinations [22]. Vaccines
prepared from whole, killed organisms (pertusis and influ-
enza) may cause post-vaccinal neurologic reactions with a
frequency of about 1:100,000 vaccine recipients and the
recovery is usually without sequelae. Vaccine prepared
from live-attenuated organisms (measles, mumps, rubella,
and trivalent oral poliovirus) can cause neurologic allergic
reactions including encephalomyelitis. The incidence is
approximately 1 in 1 million measles vaccine recipients for
post-vaccinal encephalitis. Therefore, the risk of encepha-
lomyelitis is 20 times lower after vaccination than after
natural measles virus infection [23]. PIEM may also be
associated with mumps, rubella, and pertusis vaccination
[24,25]. Also, post-smallpox vaccination encephalomyeli-
tis has been described. Presently in use is a live vaccinia
virus, closely related to variola virus, but a new, safer
vaccine is expected soon as the result of work of two World
Health Organization–designated laboratories, one in the
United States and the other in Russia. In the meantime, a
smallpox vaccination program has been initiated in the
United States as a result of bioterrorism threat. The post-
smallpox vaccination neurologic complications can be
attenuated by administration of anti-vaccinia gamma glob-
ulin at the time of vaccination [26].

Pathology and Pathophysiology
The exact molecular mechanisms responsible for post-
infectious/post-vaccinal encephalomyelitis are not com-
pletely understood. However, research involving animal
models indicates both an infectious mechanism and a
secondary autoimmune response responsible for the CNS
demyelination. When Theiter’s murine encephalomyelitis
virus is inoculated intracerebrally in susceptible mice, an
acute encephalomyelitis and demyelination results [27].
The molecular mimicry theory, which implies that a com-
mon antigen is shared by the infectious agent (or vaccine)
and a myelin epitope and can trigger an autoimmune
response, has been used to explain the pathophysiology of
this disease. Post-infectious/post-vaccinal encephalomye-
litis appears to be induced by a T-cell–mediated auto-
immune response to myelin antigens, such as myelin basic
protein, proteolipid protein, and myelin oligodendrocyte
glycoprotein [28]. Several studies have also focused on
the role of B-cells and antibodies to gangliosides, such as
GM1, GD1a, and GD1 in the mechanism of ADEM [29].

The pathologic findings in PIEM are very similar to
experimental allergic encephalomyelitis and consist of
areas of perivenous demyelination and infiltration of
lymphocytes and macrophages. In addition, there is hyper-
emia, endothelial swelling, vessel wall swelling, invasion
by inflammatory cells, periventricular edema, and hemor-
rhage. Later in the disease process, areas of fibrillary fibro-

sis are also seen in adjacent brain tissue. Post-infectious
encephalomyelitis typically involves the white matter;
however, lesions in the cortical gray matter, basal ganglia,
and thalamus have also been described [30].

Clinical Course and Prognosis
Post-infectious/post-vaccinal encephalomyelitis is more
common in children, but it can occur at any age. The
illness has a seasonal peak in winter and spring in keeping
with post-infectious etiology. There is a slight male
predominance in the pediatric population, but not in
adults, where it may be reversed. A clear infectious event or
vaccination precedes the onset of illness in about two thirds
of children but in less than half of adults [31]. Systemic
symptoms like fever, malaise, myalgias, headaches, nausea,
and vomiting often precede neurologic symptoms. The
mean time to beginning of neurologic disturbances after
infection in a long-term follow-up study of 84 pediatric
patients was 12 days (range, 2 to 30 days), with the most
common symptoms at presentation being unilateral or
bilateral long tract signs (85%), acute hemiparesis (76%),
changes in mental status (69%), and ataxia (59%), either
alone or in combination. In 16 cases, the level of conscious-
ness declined into coma. Seizures were also present and
mainly of partial motor status type (35%) [19•].

Occasionally, adolescents and young adults can present
with psychosis or cranial neuropathies, including bilateral
optic neuritis and transverse myelitis, which are fairly com-
mon. Extrapyramidal syndromes have also been reported in
childhood PIEM in association with group A β-hemolytic
streptococcal infections [32•].

A follow-up study of 40 adult patients shows that
there is a lower incidence of preceding infections than in
children and a relative infrequent presentation with
headaches, fever, and meningismus but a higher fre-
quency of sensory deficits [33•]. Tenembaum et al. [19•],
in their long-term follow-up study of 84 pediatric
patients, found that the majority of children have a
monophasic course with no further clinical relapses or
new MRI lesions (90%). However, 10% of children
showed a biphasic disease with only one relapse in all of
them between 2 months and 8 years following the initial
attack. After a follow-up of 3 to 16 years, these children
remained relapse free with no evidence of new lesions
on MRI and eventual complete recovery. Only 11% of
the entire series disclosed residual deficits, with disabil-
ity scores (ie, expanded disability status scale) between
3 and 6.5 [19•].

Patients start recovering within days, with complete
recovery in weeks to months. The mortality varies
between 10% and 30% [34], the poor prognosis being
correlated with severity and abruptness of onset of symp-
toms. Measles virus–associated encephalomyelitis carries
a worse prognosis whereas the cerebellar syndrome asso-
ciated with varicella carries an excellent prognosis.
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In acute hemorrhagic encephalomyelitis (AHEM),
death has frequently been reported within 1 week of onset
[35]. However, with the advent of intensive care and corti-

costeroid therapy, survival and recovery in some cases with
no neurologic sequelae have been reported [36,37].

Laboratory Features
No tests are diagnostic for post-infectious/post-vaccination
encephalomyelitis. However, the following ones can aid
with diagnosis in the right clinical setting.

Cerebrospinal fluid
Cerebrospinal fluid (CSF) examination can be normal
but frequently shows a lympocytic pleocytosis (up to
1000/mm3) and raised protein level usually less than 1.0
mg/L. It may contain an increased amount of gamma
globulin and IgG, as well as of myelin basic protein. The
myelin basic protein can be useful in differentiating
ADEM from encephalitis or encephalopathy, as high lev-
els may be seen [38]. Rarely, oligoclonal bands of IgG can
be demonstrated, more so in adults (58%) than in chil-
dren (3%–29%), and its production ceases as the patient
improves [32•,39].

Neuroimaging
Both computed tomography (CT) scanning and MRI
scans have been used when the suspicion for PIEM exists.
CT of the brain can be normal at least at onset and
becomes abnormal 5 to 14 days later; however, MRI is
frequently abnormal when neurologic symptoms and
signs are present. The brain CT/MRI scans show low
attenuation and multifocal lesions in the subcortical
white matter that may or may not enhance with contrast
[40]. In AHEM, CT of the brain may reveal hemorrhage
and edema. MRI is regarded as a superior technique.
However, at onset the MRI can be normal and delays of 5
to 14 days between the onset of clinical signs to MRI
abnormality have been reported [41]. On MRI there are
multiple, patchy areas of increased signal intensity on
conventional T2-weighted and proton density-weighted
images as well as on fluid-attenuated inversion recovery
sequence. They usually exhibit no mass effect and may
involve the white matter of the cerebral hemispheres and
posterior fossa (Figs. 1 and 2) as well as the spinal cord
(Fig. 3). Gray matter can also be affected, particularly
basal ganglia and thalami. Thalamic involvement is rare
in MS, but may be seen in 40% of ADEM patients [42].
Involvement of the cerebellum and brain stem is more
common in children than in adults. The brain white mat-
ter involvement tends to be extensive and relatively sym-
metric, unlike MS plaques [43]. Because PIEM is a
monophasic disease, all lesions should be of the same
age and enhance to the same degree, in contrast to the
temporal dissemination of MS. ADEM may also present
as large, tumor-like demyelinating lesions, a finding that
is atypical for MS but one that may require a biopsy to
exclude a malignancy, especially when associated with
mass effect [44].

Figure 1. Magnetic resonance image of an 18-month-old boy with 
rapidly decreasing mental status 2 weeks after infection with varicella-
zoster virus. (Courtesy of K. Chang, MD.)

Figure 2. Magnetic resonance image of a 23-year-old woman present-
ing with progressive hemiparesis. Acute disseminated encephalo-
myelitis was diagnosed by biopsy. (Courtesy of K. Chang, MD.)
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Other ancillary techniques that may help in 
the diagnosis
Electroencephalographic abnormalities are common but
lack sensitivity and specificity. They range from mild gener-
alized slowing to severe generalized slowing with
infrequent epileptiform discharges. In addition, peculiar
electroencephalographic features like spindle coma pattern
and alternating pattern have been described [45].

A recent case report showed marked hypometabolism
on 2-fluoro-2-deoxyglucose positron emission tomo-
graphy in an area of demyelination in a patient with
ADEM [46]. However, this technique needs further evalua-
tion and validation.

Differential Diagnosis
Post-infectious/post-vaccinal encephalomyelitis can be
diagnosed relatively easily if the patient presents with an
encephalopathic illness after a viral infection and/or
exanthem or immunization. A latent period along with
CSF pleocytosis and an MRI scan showing extensive
and symmetric white matter changes favor PIEM.
However, if there is no clinical information available in

a patient with decreased level of consciousness and
MRI showing white matter abnormalities, the differential
diagnosis would include infectious encephalitis, toxic/
metabolic encephalopathy, CNS vasculitis, and ADEM,
among others.

This article is not intended to discuss in detail the
differential diagnosis of altered mental status associated
with white matter abnormalities. In general, a combina-
tion of clinical and appropriate laboratory tests should be
done in any case to exclude a diagnosis of an infectious
encephalitis or a toxic/metabolic encephalopathy.

The most important issue associated with the diagno-
sis of PIEM is to be differentiated from the initial
manifestation of MS, which has long-term prognosis and
therapeutic implications. However, there are authors
who believe that ADEM is part of the MS spectrum [47].
In a follow-up study of 40 adult patients with initial
diagnosis of ADEM, Schwartz et al. [33•] noted that 35%
developed clinically definite MS over a mean observation
period of 38 months. They could not identify any
particular clinical, CSF, or MRI features that would dis-
criminate between these two conditions. However,
approximately 50% of patients with ADEM had MRI
abnormalities suggestive of MS [34]. In general, ADEM is
more common in children and MS is more common in
adults. ADEM in children has a slight male preponder-
ance; MS is twice as common in women. Adult patients
with ADEM tend to present with acute, multifocal neuro-
logic deficits, at times with impairment of consciousness
or even coma. Fever and meningismus, although more
common in children, are highly suggestive of ADEM and
atypical for MS. CSF pleocytosis, raised albumin fraction,
and proteins are in favor of ADEM, whereas oligoclonal
bands suggest MS. The MRI tends to show larger lesions
in the white matter with occasional mass effect and
edema, and at times gray matter involvement as well as
uniform gadolinium enhancement in ADEM. In MS, the
white matter lesions tend to be periventricular in
location with heterogeneous gadolinium enhancement
and also T1 hypointensities (black holes) in keeping
with the temporal dissemination [32•]. It is considered
virtually impossible to differentiate ADEM from MS on a
single MRI examination. Serial studies performed at least
3 months apart, according to McDonald MRI criteria for
MS diagnosis [48], may prove helpful. Normal or
resolving follow-up scans with no new lesions would
favor ADEM. New lesions and a mixture of enhancing
and nonenhancing lesions would suggest the temporal
dissemination of MS. However, the McDonald criteria
for diagnosis of MS allow the diagnosis to be made after
one attack if strict MRI criteria are met.

Treatment
Being a rare disease, at times with spontaneous recovery,
no formal clinical trials have been conducted or published.

Figure 3. Magnetic resonance image of a 23-year-old woman present-
ing with progressive hemiparesis (same patient as in Fig. 2) showing 
myelitis due to acute disseminated encephalomyelitis. (Courtesy of 
K. Chang, MD.)
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Thus, there is no standard treatment for ADEM. However,
the treatment is intended to suppress a presumed aberrant
immune response to an infectious agent or a vaccination
and reduce the inflammatory response. The main thera-
peutic options for ADEM are corticosteroids, intravenous
immunoglobulins, and plasma exchange.

Corticosteroids have been considered to be an effective
first-line treatment for ADEM. Early, high-dose intravenous
methylprednisolone (1 g/d intravenously for 3 days for
adults and 20–30 mg/kg administered for 5 consecutive
days for children) may be efficacious in severe, debilitating
encephalomyelitis [49,50]. Shahar et al. [50] reported the
outcome of 16 children with severe acute encephalomye-
litis treated with high-dose methylprednisolone or intra-
venous immonuglobulins separately or in combination.
Ten of the children remarkably responded to high-dose
methylprednisolone alone and recovered within 10 days.
The rest of the patients were treated with a combination of
intravenous methylprednisolone and immunoglobulins
with various outcomes. The authors recommended the
combination of the two therapies in children with very
severe forms of encephalomyelitis [50].

Plasma exchange (PE) is recommended where cortico-
steroids have failed. A course of four to seven PE sessions
was reported to be highly effective in patients that failed
corticosteroids alone or corticosteroids and intravenous
immunoglobulin (IVIg) therapy [51,52]. Keegan et al. [53]
reviewed 59 patients treated with PE for acute severe demye-
lination of the CNS. The group was formed of 10 patients
with ADEM and neuromyelitis optica and 22 patients with
relapsing-remitting MS. The rest of them had some other
demyelinating disorder such as acute transverse myelitis and
Marburg variant of MS. Among the patients with ADEM
and neuromyelitis optica, 50% showed moderate to marked
improvement. Factors associated with improvement
included male sex, preserved reflexes, and early initiation
of treatments [53].

Intravenous immunoglobulin has also been success-
fully used in some cases of steroid-resistant or recurrent
ADEM. Although the data derive mainly from case reports
and small series, IVIg has a demonstrated effect and
appears to be a convenient alternate to plasma exchange.
The protocol varies in different publications from 3 days to
several weeks with or without monthly pulse treatments.
The improvement was dramatic and often started after the
first few doses [54–56].

Bennetto and Scolding [32•] suggested a therapeutic
protocol that would start with intravenous methylpred-
nisolone, 1 g/d for 3 days, followed by a 4- to 8-week taper
of oral prednisone. For those patients that deteriorate on
steroids, PE (seven treatments over 14 days) or IVIg (2 g/kg
over 5 days) was recommended. For those patients that
continued to deteriorate, they further recommended intra-
venous cyclophosphamide, PE, or intravenous immuno-
globulin. Finally, for those that recover, vaccination should
be avoided for at least 6 months [32•].

Conclusions
Post-infectious/post-vaccinal/acute disseminated encephalo-
myelitis is an acute inflammatory demyelinating disease of
the CNS that is more common in children than in adults. MS
may be part of the same spectrum; however, whereas PIEM/
ADEM is usually a monophasic disease with a favorable
long-term prognosis, MS is a chronic, progressive disease and
its correct diagnosis has prognostic and therapeutic implica-
tions. Although no specific diagnostic tests exist for any of
these entities, the new McDonald diagnostic criteria for the
diagnosis of MS may help in the early diagnosis of MS (after
the first attack of neurologic deficit). Further research should
advance our understanding of the disease and eventually
lead to better diagnostic and therapeutic tools.
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