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Abstract 

Background  Monkeypox virus (MPXV) has emerged as a significant global health concern with outbreaks world-
wide. While MPXV is primarily known for its dermatological and systemic manifestations, it can also cause central nerv-
ous system (CNS) complications. This systematic review describes the demographic, clinical, diagnostic, and therapeu-
tic characteristics of MPXV-associated CNS neuroinflammatory disorders.

Methods  We systematically reviewed the literature to identify cases of MPXV-associated CNS neuroinflammatory dis-
orders. Data on demographics, systemic and neurological manifestations, diagnostic methods, treatment strategies, 
and outcomes were extracted and analyzed.

Results  Eighteen cases of MPXV-associated neuroinflammatory disorders were identified. The mean age of patients 
was 27.8 years (range: 28 days to 43 years), with a male predominance (66.7%). Diagnosis included The most com-
mon diagnoses were acute disseminated encephalomyelitis in nine cases (50.0%), encephalitis/meningoencephalitis 
in seven cases (38.9%, isolated transverse myelitis in one case (5.6%), and transverse myelitis with encephalitis in one 
case (5.6%). The latency between the onset of systemic symptoms and neurological involvement averaged 6.2 days. 
MPXV detection was confirmed in 13 of 18 (72.2%) cases, primarily using quantitative real-time polymerase chain 
reaction from various biological specimens. Among the 12 cases with documented treatment, the most commonly 
administered therapies were tecovirimat (58.3%) and intravenous methyl-prednisolone (66.7%). Outcomes were 
reported in 17 cases, with complete recovery in 29.4%, partial recovery in 41.2%, and death in 29.4% of patients.

Conclusions  MPXV-associated neuroinflammatory disorders of the CNS are rare but cause significant complications. 
The findings underscore the need for clinical vigilance, advanced diagnostic approaches, and targeted therapeutic 
strategies. Further research is essential to elucidate mechanisms underlying MPXV neurovirulence and develop effec-
tive treatments for these life-threatening conditions.
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Background
Monkeypox virus (MPXV), a zoonotic pathogen of the 
Orthopoxvirus genus within the Poxviridae family, has 
evolved from being primarily endemic in Central and 
West Africa to becoming a growing global health con-
cern. The resurgence of MPXV gained attention in 2017 
following a significant outbreak in Nigeria and escalated 
further in 2022, prompting the World Health Organiza-
tion to declare it a Public Health Emergency of Interna-
tional Concern [1]. Recent data reveal concerning trends: 
as highlighted by Bunge et  al. [2], the total number of 
human MPXV cases has increased, particularly in the 
Democratic Republic of the Congo, where the median 
age at diagnosis rose from 4 years in the 1970s to 21 years 
in later years of observation.

The MPXV is classified into two primary clades: the 
Central African (Congo Basin) clade (clade I) and the 
West African clade (clade II), each with distinct epide-
miological and clinical features [3]. The Central African 
clade exhibits higher virulence, with a case fatality rate 
of up to 10.6%, compared to 3.6% for the West African 
clade [2–4]. Recent outbreaks, particularly the global 
emergence of clade IIb (a sub-lineage of the West Afri-
can clade) since 2022, have highlighted significant shifts 
in transmission patterns, with human-to-human spread 
dominating and milder clinical presentations observed 
[5]. Emerging sub-lineages, such as the clade I variant 
identified by Khan et al. [6], further, emphasize the need 
for ongoing research into MPXV evolution and its impact 
on public health.

While MPXV is primarily known for its character-
istic dermatological manifestations, such as rash and 
skin lesions, emerging evidence suggests that the infec-
tion can lead to severe neurological complications. Khan 
et  al. [6] conducted a systematic review of 22 studies 
that reported various neurological symptoms associ-
ated with MPXV infection. Their findings revealed that 
the most commonly reported neurological manifesta-
tions included headache (48.8%) and myalgia (27.5%), 
while severe complications like encephalitis (0.8%), sei-
zures (0.3%),  encephalomyelitis (0.2%), coma  0.1%), and 
transverse myelitis (0.1%) were also documented, under-
scoring the spectrum of neurological complications asso-
ciated with MPXV.

Similarly, Badenoch et al. [7] performed a meta-analy-
sis of 19 studies involving 1512 participants, identifying 
pooled prevalence rates for seizures (2.7%), confusion 
(2.4%), and encephalitis (2.0%). Despite the relatively low 
incidence of severe complications, these findings empha-
size the need for heightened clinical vigilance. This study 
also highlighted substantial variability in reported data, 
likely due to heterogeneity across studies, complicating 

the determination of definitive prevalence rates for 
MPXV-related neuropsychiatric conditions.

Neuroinflammatory disorders of the central nervous 
system (CNS) encompass a diverse spectrum of patho-
logical conditions characterized by CNS inflammation. 
These conditions frequently involve the activation of glial 
cells, such as microglia and astrocytes, alongside immune 
system dysregulation, resulting in neuronal damage and 
dysfunction. Neuroinflammatory processes are integral 
to the pathogenesis of numerous neuroinvasive diseases, 
with systemic infections like SARS-CoV-2, West Nile 
virus, and other pathogens playing significant roles in 
driving these mechanisms [8–11].

Despite these insights, the neuroinflammatory pro-
cesses associated with MPXV infection remain poorly 
understood. The mechanisms underlying viral invasion, 
replication, and immune-mediated damage within the 
CNS are largely unexplored, underscoring the need for 
further investigation into this emerging pathogen.

The purpose of this systematic review is to synthesize 
evidence on de novo MPXV-mediated neuroinflamma-
tory manifestations of the CNS. This paper provides a 
comprehensive overview of the current understanding of 
MPXV’s neuro-inflammatory complications, with a focus 
on pathogenesis, clinical manifestations, and immuno-
logical correlates of CNS involvement. By consolidating 
these findings, the review aims to highlight the mecha-
nisms underlying MPXV-induced neuroinflammation 
and its potential clinical consequences.

Understanding the neuroimmunological aspects of 
MPXV infection is critical for developing effective ther-
apeutic strategies, and management plans to mitigate 
its impact. As the global MPXV situation continues to 
evolve, this review serves as a resource for clinicians, 
researchers, and public health officials, shedding light on 
the neurological complications associated with MPXV 
infection. Furthermore, it aims to guide future research 
directions in this emerging field, emphasizing the impor-
tance of targeted interventions and improved surveillance 
for MPXV-associated neuroinflammatory disorders.

Methods
Design
This systematic review adhered to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines (CRD42024583269). We included 
studies relevant to MPXV infection cases with suspected 
or confirmed CNS inflammatory disorders.

Search strategy
We utilized pre-specified search strategies to retrieve 
data from PubMed, EMBASE, Cochrane Library, Web 
of Science, and PsycINFO databases up to September 
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10, 2024. The search strategy integrated terms associated 
with MPXV infection and CNS inflammatory manifesta-
tions. Relevant Medical Subject Headings (MeSH) and 
keywords were employed, including Mpox (monkeypox), 
monkeypox virus, MPV, central nervous system diseases, 
neurological disorder, neurologic manifestations, neu-
rogenic inflammation, encephalitis, meningitis, myeli-
tis, demyelination, demyelinating autoimmune diseases, 
CNS, spinal cord diseases, transverse myelitis, multiple 
sclerosis, meningoencephalitis, and encephalomyelitis.

We also hand-searched additional MPXV-specific 
articles using reference lists of selected studies, rel-
evant journal websites, and pre-print servers (medRxiv, 
bioRxiv, and pre-prints.org) from 2022 to September 10, 
2024. To mitigate publication bias, we examined refer-
ences of all studies potentially missed in the electronic 
search. Context experts also searched gray literature for 
relevant articles.

Study selection criteria
We included all peer-reviewed and pre-print cohort stud-
ies, case–control studies, case series, and case reports 
that adhered to our pre-defined inclusion and exclusion 
criteria.

Inclusion criteria: Studies were included if they met 
the following conditions: (i) focused on MPXV-positive 
patients with suspected or confirmed neuroinflamma-
tory diseases of the CNS; (ii) investigated associations 
between MPXV infection and neuroimmune disorders 
involving the brain or spinal cord; and (iii) were pub-
lished in English.

Exclusion criteria: Studies were excluded if they 
involved individuals with pre-existing primary demyeli-
nating disorders, lacked confirmed MPXV infection, or 
were published in languages other than English. Review 
articles, viewpoints, perspectives, commentaries, and 
studies that did not provide data on neuroimmune dis-
eases affecting the CNS were also excluded.

Data extraction
To ensure a standardized interpretation of the inclusion 
and exclusion criteria, three reviewers (GB, VS, and PS) 
conducted calibration exercises using a sample set of 
studies before initiating the screening process. Discrep-
ancies identified during these sessions were resolved 
through discussion, resulting in further refinement of the 
criteria.

During the main screening phase, the first reviewer 
(GB) independently screened titles and abstracts, while 
the second and third reviewers (VS and PS) cross-verified 
these results and reviewed the selected studies. Eligible 
full texts were independently assessed by RM, with verifi-
cation by SD and JBL. A structured adjudication process 

was implemented to resolve conflicts, with JBL making 
the final decision when consensus could not be reached.

Piloted forms were utilized during both the screening 
and data extraction phases to ensure consistency and 
accuracy. These forms were tested and refined in the ini-
tial stages, standardizing the recording of study charac-
teristics, clinical data, and outcomes.

Quality assessment
The quality of included studies was assessed using the 
Newcastle–Ottawa Scale, which evaluates study selec-
tion, comparability, and outcome measures.

Statistical analysis
Both quantitative and qualitative data were expressed 
as percentages. Discordances among variables were 
resolved by converting them to a standard unit of meas-
urement. A p value < 0.05 was considered statistically sig-
nificant but could not be calculated due to insufficient 
data. A meta-analysis was initially planned to analyze 
associations between demographic findings, symptoms, 
biochemical parameters, and outcomes but was omitted 
due to insufficient data.

Results
We identified 760 articles from databases and 178 from 
pre-print servers. After removing 169 duplicate records, 
769 unique records remained. Following title and abstract 
screening, 650 records were excluded, leaving 119 articles 
for full-text review. Of these, 84 articles were excluded 
based on study type (e.g., reviews, correspondence, view-
points, or commentaries) or failure to meet inclusion 
criteria. A total of 35 articles were assessed for eligibility, 
of which 13 were included in the quantitative synthesis, 
and the remaining 22 were synthesized narratively. This 
process is illustrated in the PRISMA flow diagram (Fig. 1, 
Table 1).

Tables 2 and 3 summarize the demographic and clinical 
features of patients with CNS neuroinflammatory disor-
ders associated with the monkeypox virus and the results 
of ancillary tests, respectively.

Demography and clinical diagnosis
Among the 18 MPXV-infected cases, seven were 
reported from the USA, three from Nigeria, two from 
Colombia, and one each from the Democratic Republic 
of the Congo, Saudi Arabia, India, Spain, the UK, and 
Sweden (Fig.  2). Of the 18 cases, 12 were men (66.7%), 
four were women (22.2%), and two (11.1%) did not report 
age or sex. The mean (median) age was 27.8 (30.0) years, 
ranging from 28 days to 43 years.

Diagnoses included acute disseminated enceph-
alomyelitis in nine cases (50.0%), encephalitis/
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Fig. 1  PRISMA flow diagram: identification and selection of studies for the systematic review on monkeypox virus-associated neuroinflammatory 
disorders of the central nervous system

Table 1  Summary of studies reporting neuroinflammatory disorders of the central nervous system associated with monkeypox virus

Authors Country Article title Number 
of cases

Hammad et al. [12] Saudi Arabia Unusual neurological complications in a patient with monkeypox: a case report 1

Money et al. [13] USA Monkeypox-associated central nervous system disease: a case series and review 3

Moore et al. [14] USA Transverse myelitis associated with Mpox infection 1

Cole et al. [15] UK Monkeypox encephalitis with transverse myelitis in a female patient 1

Marín-Medina et al. [16] Colombia Encephalomyelitis in a patient with monkeypox: an unusual complication 1

Pastula et al. [17] USA Two cases of monkeypox-associated encephalomyelitis — Colorado and D.C 2

Rodríguez et al. [18] Colombia Acute disseminated encephalomyelitis in a patient with monkeypox: a case report 1

Karin et al. [19] Sweden Monkeypox virus-associated meningoencephalitis diagnosed by detection of intrathe-
cal antibody production

1

Yadav et al. [20] India An imported case of fatal encephalitis associated with Mpox virus infection 1

Sejvar et al. [21] USA Human monkeypox infection: a family cluster in the Midwestern United States 1

Jezek et al. [22] Democratic Republic 
of the Congo

Human monkeypox: clinical features of 282 patients 1

Ogoina et al. [23] Nigeria Clinical course and outcome of human monkeypox in Nigeria 3

Reuters (Faus) [24] Spain Spain reports second monkeypox-related death in Europe 1
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in

gs
Se

ru
m

 
bi

oc
he

m
ic

al
 

an
d 

se
ro

lo
gi

ca
l 

pa
ra

m
et

er
s

Cl
in

ic
al

 
di

ag
no

si
s

Cl
in

ic
al

 
fe

at
ur

es
 

of
 th

e 
m

on
ke

yp
ox

 
vi

ru
s

La
te

nc
y 

of
 

ne
ur

ol
og

ic
al

 
m

an
ife

st
at

io
ns

Tr
ea

tm
en

t
O

ut
co

m
e

Se
jv

ar
 

et
 a

l. 
[2

1]
6-

ye
ar

-
ol

d 
fe

m
al

e

Fe
ve

r, 
so

re
 

th
ro

at
, 

m
al

ai
se

, 
an

or
ex

ia
, 

he
ad

ac
he

So
m

no
le

nc
e,

 
ac

ut
e 

un
re

sp
on

-
si

ve
ne

ss
, p

up
ill

ar
y 

di
la

tio
n,

 m
us

cl
e 

rig
id

ity
, s

us
ta

in
ed

 
cl

on
us

, a
nd

 b
ila

t-
er

al
 B

ab
in

sk
i s

ig
ns

N
on

e
N

on
e

Po
si

tiv
e 

by
 p

ol
ym

er
-

as
e 

ch
ai

n 
re

ac
tio

n 
an

d 
vi

ra
l c

ul
-

tu
re

 fr
om

 s
ki

n 
le

si
on

s 
an

d 
O

rt
ho

-
po

xv
iru

s 
Ig

M
 

de
te

ct
ed

 
in

 c
er

eb
ro

sp
i-

na
l fl

ui
d

W
hi

te
 b

lo
od

 
ce

lls
: 2

1 
ce

lls
/

m
m

³ (
60

%
 

po
ly

m
or

ph
on

u-
cl

ea
r c

el
ls

, 3
4%

 
ly

m
ph

oc
yt

es
), 

pr
ot

ei
n 

32
 m

g/
dL

, a
nd

 g
lu

co
se

 
94

 m
g/

dL

N
or

m
al

 
el

ec
tr

ol
yt

es
, 

liv
er

 fu
nc

tio
n,

 
an

d 
m

et
ab

ol
ic

 
pa

ne
ls

M
on

k-
ey

po
x-

as
so

ci
at

ed
 

en
ce

ph
a-

lit
is

Ve
si

cu
lo

pu
st

u-
la

r r
as

h 
ev

ol
v-

in
g 

un
ifo

rm
ly

, 
pr

ed
om

in
an

tly
 

on
 e

xt
re

m
iti

es
, 

pa
lm

s, 
so

le
s, 

an
d 

fa
ce

6 
da

ys
 a

ft
er

 s
ys

-
te

m
ic

 s
ym

pt
om

 
on

se
t

Em
pi

ric
 in

tr
a-

ve
no

us
 c

ef
tr

ia
x-

on
e,

 a
cy

cl
ov

ir,
 

ph
en

ob
ar

bi
ta

l, 
m

id
az

ol
am

, 
an

d 
su

p-
po

rt
iv

e 
ca

re
 

w
ith

 m
ec

ha
ni

-
ca

l v
en

til
at

io
n

Im
pr

ov
ed

 
en

ce
ph

al
op

at
hy

, 
w

ith
 re

so
lu

tio
n 

of
 fe

ve
r a

nd
 re

co
v-

er
y 

of
 n

eu
ro

lo
gi

ca
l 

fu
nc

tio
n.

D
is

ch
ar

ge
d 

16
 

da
ys

 a
ft

er
 a

dm
is

-
si

on
 w

ith
 c

om
-

pl
et

e 
ne

ur
ol

og
ic

al
 

re
co

ve
ry

 n
ot

ed
 

at
 fo

llo
w

-u
p.

Je
ze

k 
et

 a
l. 

[2
2]

3-
ye

ar
-

ol
d 

fe
m

al
e

N
ot

 re
po

rt
ed

N
ot

 re
po

rt
ed

N
ot

 re
po

rt
ed

N
ot

 re
po

rt
ed

N
ot

 re
po

rt
ed

N
ot

 re
po

rt
ed

N
ot

 re
po

rt
ed

En
ce

ph
a-

lit
is

N
ot

 re
po

rt
ed

N
ot

 re
po

rt
ed

N
ot

 re
po

rt
ed

D
ec

ea
se

d

O
go

in
a 

et
 a

l. 
[2

3]
43

-y
ea

r-
ol

d 
m

al
e

N
ot

 re
po

rt
ed

Se
iz

ur
es

H
IV

-1
 in

fe
ct

io
n 

N
ot

 re
po

rt
ed

N
ot

 re
po

rt
ed

N
ot

 re
po

rt
ed

N
ot

 re
po

rt
ed

En
ce

ph
a-

lit
is

N
ot

 re
po

rt
ed

N
ot

 re
po

rt
ed

N
ot

 re
po

rt
ed

D
ec

ea
se

d

28
-d

ay
-

ol
d 

fe
m

al
e

N
ot

 re
po

rt
ed

G
en

er
al

iz
ed

 
se

iz
ur

es
N

ot
 re

po
rt

ed
Br

on
ch

op
ne

u-
m

on
ia

N
ot

 re
po

rt
ed

N
ot

 re
po

rt
ed

N
ot

 re
po

rt
ed

En
ce

ph
a-

lit
is

N
ot

 re
po

rt
ed

N
ot

 re
po

rt
ed

N
ot

 re
po

rt
ed

D
ec

ea
se

d

N
ot

 
re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 re

po
rt

ed
En

ce
ph

a-
lit

is
N

ot
 re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 re

po
rt

ed

Re
ut

er
s 

(F
au

s)
 

[2
4]

N
ot

 
re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 re

po
rt

ed
En

ce
ph

a-
lit

is
N

ot
 re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 re

po
rt

ed
D

ec
ea

se
d
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Su
m

m
ar

y 
of

 th
e 

st
ud

ie
s 

re
po

rt
in

g 
ne

ur
oi

m
ag

in
g 

fin
di

ng
s, 

el
ec

tr
oe

nc
ep

ha
lo

gr
am

, a
nd

 a
ut

oi
m

m
un

e 
pa

ne
ls

 a
ss

oc
ia

te
d 

w
ith

 M
PX

V-
as

so
ci

at
ed

 n
eu

ro
in

fla
m

m
at

or
y 

di
so

rd
er

s

A
ut

ho
rs

Sp
in

al
 c

or
d 

im
ag

in
g

Br
ai

n 
m

ag
ne

tic
 re

so
na

nc
e 

im
ag

in
g

El
ec

tr
oe

nc
ep

ha
lo

gr
ap

hy
 

Pa
ra

m
et

er
s

A
ut

oi
m

m
un

e 
Pa

ne
l

Ce
re

br
os

pi
na

l fl
ui

d
Se

ru
m

H
am

m
ad

 e
t a

l. 
[1

2]
Lo

ng
-s

eg
m

en
t h

yp
er

in
te

ns
e 

si
g-

na
ls

 o
n 

T2
-w

ei
gh

te
d 

an
d 

FL
A

IR
 

se
qu

en
ce

s 
ob

se
rv

ed
 in

 th
e 

ce
r-

vi
ca

l a
nd

 u
pp

er
 th

or
ac

ic
 s

pi
na

l 
co

rd
, o

cc
up

yi
ng

 m
or

e 
th

an
 tw

o-
th

ird
s 

of
 th

e 
cr

os
s-

se
ct

io
na

l a
re

a.
 

M
ild

 c
or

d 
sw

el
lin

g 
in

 th
e 

up
pe

r 
ce

rv
ic

al
 s

pi
ne

. N
o 

en
ha

nc
e-

m
en

t o
bs

er
ve

d 
in

 th
e 

sp
in

al
 

co
rd

, b
ut

 in
cr

ea
se

d 
m

en
in

ge
al

 
en

ha
nc

em
en

t a
lo

ng
 th

e 
an

te
rio

r 
an

d 
po

st
er

io
r m

ar
gi

ns
.

M
ul

tip
le

 h
yp

er
in

te
ns

e 
si

gn
al

s 
in

 th
e 

co
rt

ic
al

 a
nd

 s
ub

co
rt

ic
al

 
re

gi
on

s 
of

 b
ot

h 
he

m
is

ph
er

es
 

on
 T

2-
w

ei
gh

te
d 

an
d 

FL
A

IR
 

se
qu

en
ce

s. 
H

yp
er

in
te

ns
e 

si
gn

al
s 

ob
se

rv
ed

 in
 th

e 
ba

sa
l g

an
gl

ia
, 

th
al

am
us

, m
ed

ia
l t

em
po

ra
l l

ob
e,

 
in

su
la

r c
or

te
x,

 a
nd

 b
ra

in
st

em
. 

Su
bt

le
 e

nh
an

ce
m

en
t n

ot
ed

 
in

 th
e 

br
ai

ns
te

m
, w

ith
 n

o 
ot

he
r 

si
gn

ifi
ca

nt
 fi

nd
in

gs
.

N
ot

 R
ep

or
te

d
N

ot
 R

ep
or

te
d

N
ot

 re
po

rt
ed

M
on

ey
 e

t a
l. 

[1
3]

 P
at

ie
nt

 1
M

ul
tif

oc
al

, l
on

gi
tu

di
na

lly
 e

xt
en

-
si

ve
, p

ar
tia

lly
 e

nh
an

ci
ng

 c
en

tr
al

 
th

or
ac

ic
 le

si
on

s 
w

ith
 a

 g
ra

y 
m

at
te

r l
es

io
n 

in
 th

e 
co

nu
s 

m
ed

ul
la

ris

Pa
rt

ia
lly

 e
nh

an
ci

ng
 T

2/
FL

A
IR

 h
yp

er
in

te
ns

e 
su

b-
co

rt
ic

al
 le

si
on

 in
 th

e 
rig

ht
 

fro
nt

al
 lo

be
, w

ith
 a

dd
iti

on
al

 
le

si
on

s 
in

 th
e 

bi
la

te
ra

l m
ed

ia
l 

th
al

am
i, 

ba
sa

l g
an

gl
ia

, s
pl

en
iu

m
, 

an
d 

po
ns

.

G
en

er
al

iz
ed

 rh
yt

hm
ic

 d
el

ta
 

ac
tiv

ity
 a

nd
 s

lo
w

in
g

N
ot

 re
po

rt
ed

N
eg

at
iv

e 
fo

r m
ye

lin
 o

lig
od

en
-

dr
oc

yt
e 

gl
yc

op
ro

te
in

 a
nd

 a
qu

a-
po

rin
-4

 a
nt

ib
od

ie
s

 P
at

ie
nt

 2
M

ul
tif

oc
al

, p
ar

tia
lly

 e
nh

an
c-

in
g 

T2
 h

yp
er

in
te

ns
e 

le
si

on
s 

in
 th

e 
ce

rv
ic

al
 a

nd
 th

or
ac

ic
 s

pi
ne

 
w

ith
 c

en
tr

al
 c

or
d 

an
d 

do
rs

al
 

co
lu

m
n 

in
vo

lv
em

en
t

Ill
-d

efi
ne

d 
T2

/F
LA

IR
 h

yp
er

in
te

n-
si

tie
s 

in
 th

e 
ce

re
be

llu
m

, p
on

s, 
an

d 
m

ed
ul

la
, w

ith
 p

er
si

st
en

t 
D

W
I h

yp
er

in
te

ns
iti

es

N
ot

 R
ep

or
te

d
N

ot
 re

po
rt

ed
Po

si
tiv

e 
fo

r a
nt

i-s
m

oo
th

 m
us

cl
e 

an
tib

od
ie

s, 
ne

ga
tiv

e 
fo

r a
qu

a-
po

rin
-4

 a
nd

 m
ye

lin
 o

lig
od

en
dr

o-
cy

te
 g

ly
co

pr
ot

ei
n 

an
tib

od
ie

s

 P
at

ie
nt

 3
N

o 
ab

no
rm

al
iti

es
 d

et
ec

te
d 

in
 c

er
vi

ca
l o

r t
ho

ra
ci

c 
sp

in
al

 
im

ag
in

g.

Re
st

ric
te

d 
di

ffu
si

on
 in

 th
e 

ce
nt

ra
l 

an
d 

la
te

ra
l t

ha
la

m
i a

nd
 p

os
te

rio
r 

gl
ob

us
 p

al
lid

i, 
w

ith
 s

ub
tle

 T
2/

FL
A

IR
 h

yp
er

in
te

ns
ity

; n
o 

pa
re

n-
ch

ym
al

 o
r l

ep
to

m
en

in
ge

al
 

en
ha

nc
em

en
t.

G
en

er
al

iz
ed

 rh
yt

hm
ic

 d
el

ta
 

ac
tiv

ity
 a

nd
 g

en
er

al
iz

ed
 b

ifr
on

ta
l 

sl
ow

in
g.

N
ot

 re
po

rt
ed

N
ot

 re
po

rt
ed

M
oo

re
 e

t a
l. 

[1
4]

Lo
ng

itu
di

na
lly

 e
xt

en
si

ve
, n

on
-

en
ha

nc
in

g 
T2

/F
LA

IR
 h

yp
er

-
in

te
ns

e 
le

si
on

 in
 th

e 
th

or
ac

ic
 

sp
in

al
 c

or
d,

 s
pa

nn
in

g 
T1

 to
 T

10
 

ve
rt

eb
ra

l l
ev

el
s—

sl
ig

ht
 s

w
el

lin
g 

of
 th

e 
co

rd
 in

 th
e 

sa
m

e 
di

st
rib

u-
tio

n.
Le

si
on

 w
as

 c
en

tr
al

, p
re

do
m

i-
na

nt
ly

 in
vo

lv
in

g 
gr

ay
 m

at
te

r

M
ul

tip
le

 d
is

cr
et

e,
 n

on
-e

nh
an

c-
in

g 
T2

/F
LA

IR
 h

yp
er

in
te

ns
iti

es
. 

Le
si

on
s 

lo
ca

te
d 

in
 th

e 
le

ft
 

ex
te

rn
al

 c
ap

su
le

, c
en

tr
al

 p
on

s, 
le

ft
 c

er
eb

el
la

r w
hi

te
 m

at
te

r, 
an

d 
rig

ht
 m

id
dl

e 
ce

re
be

lla
r 

pe
du

nc
le

N
ot

 R
ep

or
te

d
N

eg
at

iv
e

N
eg

at
iv

e
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(c
on

tin
ue

d)

A
ut

ho
rs

Sp
in

al
 c

or
d 

im
ag

in
g

Br
ai

n 
m

ag
ne

tic
 re

so
na

nc
e 

im
ag

in
g

El
ec

tr
oe

nc
ep

ha
lo

gr
ap

hy
 

Pa
ra

m
et

er
s

A
ut

oi
m

m
un

e 
Pa

ne
l

Ce
re

br
os

pi
na

l fl
ui

d
Se

ru
m

Co
le

 e
t a

l. 
[1

5]
Lo

ng
itu

di
na

lly
 e

xt
en

si
ve

 tr
an

s-
ve

rs
e 

m
ye

lit
is

. T
2 

hy
pe

rin
te

ns
e 

si
gn

al
 a

lo
ng

 th
e 

en
tir

e 
sp

in
al

 
co

rd
 w

ith
 b

ot
h 

ce
nt

ra
l g

ra
y 

an
d 

pe
rip

he
ra

l w
hi

te
 m

at
te

r 
in

vo
lv

em
en

t. 
Co

rd
 s

w
el

lin
g 

ob
se

rv
ed

 in
 th

e 
ce

rv
ic

ot
ho

ra
ci

c 
an

d 
lu

m
ba

r r
eg

io
ns

. P
os

t-
co

n-
tr

as
t e

nh
an

ce
m

en
t i

n 
th

e 
ca

ud
a 

eq
ui

na
 n

er
ve

 ro
ot

s 
an

d 
pa

tc
hy

 
en

ha
nc

em
en

t i
n 

th
e 

ce
rv

ic
al

 
sp

in
e

D
iff

us
e 

T2
 h

yp
er

in
te

ns
iti

es
 

th
ro

ug
ho

ut
 th

e 
ce

re
br

al
 

w
hi

te
 m

at
te

r. 
H

yp
er

in
te

ns
iti

es
 

in
 b

ot
h 

th
al

am
i, 

m
id

dl
e 

ce
re

be
l-

la
r p

ed
un

cl
e,

 a
nd

 b
ra

in
st

em
. 

N
ew

 le
si

on
s 

in
 th

e 
po

st
er

io
r 

lim
b 

of
 th

e 
le

ft
 in

te
rn

al
 c

ap
su

le
 

an
d 

sp
le

ni
um

 o
f t

he
 c

or
pu

s 
ca

llo
su

m
. C

or
tic

al
 s

w
el

lin
g 

w
ith

 e
ar

ly
 u

nc
al

 h
er

ni
at

io
n 

an
d 

br
ai

ns
te

m
 m

as
s 

eff
ec

t

N
ot

 R
ep

or
te

d
N

eg
at

iv
e 

fo
r a

qu
ap

or
in

-4
 

an
d 

m
ye

lin
 o

lig
od

en
dr

oc
yt

e 
gl

yc
op

ro
te

in
 a

nt
ib

od
ie

s, 
pa

ra
ne

op
la

st
ic

 a
ut

oa
nt

ib
od

ie
s, 

an
d 

au
to

an
tib

od
ie

s 
to

 g
lia

l fi
br

il-
la

ry
 a

ci
di

c 
pr

ot
ei

n

N
eg

at
iv

e 
fo

r a
qu

ap
or

in
-4

 
an

d 
m

ye
lin

 o
lig

od
en

dr
oc

yt
e 

gl
y-

co
pr

ot
ei

n 
an

tib
od

ie
s, 

an
tin

uc
le

ar
 

an
tib

od
ie

s, 
ex

tr
ac

ta
bl

e 
nu

cl
ea

r 
an

tig
en

s, 
pa

ra
ne

op
la

st
ic

 a
ut

oa
nt

i-
bo

di
es

, a
nd

 a
ut

oa
nt

ib
od

ie
s 

to
 g

lia
l 

fib
ril

la
ry

 a
ci

di
c 

pr
ot

ei
n

M
ar

ín
-M

ed
in

a 
et

 a
l. 

[1
6]

T2
/S

TI
R 

hy
pe

r-
in

te
ns

e 
lo

ng
i-

tu
di

na
lly

 e
xt

en
si

ve
 tr

an
sv

er
se

 
m

ye
lit

is
 c

om
pr

is
in

g 
le

ve
ls

 T
1 

to
 T

12
, w

ith
 n

o 
en

ha
nc

em
en

t 
or

 c
om

pr
es

si
on

Ex
te

ns
iv

e 
T2

/F
LA

IR
 h

yp
er

in
te

ns
i-

tie
s 

w
er

e 
ob

se
rv

ed
, p

rim
ar

ily
 

aff
ec

tin
g 

th
e 

w
hi

te
 m
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meningoencephalitis in seven cases (38.9%), isolated 
transverse myelitis in one case (5.6%), and transverse 
myelitis with encephalitis in one case (5.6%).

Systemic symptoms, comorbidities, and non‑neurological 
complications of illness/hospitalization 
Systemic manifestations were described in 13 cases 
(72.2%). Of these, fever was the most common manifes-
tation, occurring in 12 cases (92.3%), followed by fatigue 
in 5 cases (38.5%) and malaise in 3 cases (23.1%). Rash, 
in various forms, was described in 12 cases (92.3%). 
Lymphadenopathy, sore throat, and disorientation were 
noted in individual cases, showcasing a broad range of 
presentations (Table 2).

The presence or absence of comorbidities was reported 
in 13 cases (72.2%), with syphilis (4 cases), human immu-
nodeficiency virus (HIV) (2 cases), and lymphoid hema-
tological neoplasia/lymphoproliferative disorders (2 
cases) being the most common. Non-neurological com-
plications of the illness and hospitalization included 
pulmonary embolism, ventilator-associated pneumonia, 
acute kidney injury, coagulopathy, and gastrointestinal 
bleeding, among others (Table 2).

Monkeypox virus detection, skin lesion distribution, 
and characteristics
MPXV detection was reported in 13 of 18 cases (72.2%), 
primarily using quantitative real-time polymerase chain 

reaction (qRT-PCR) from various  biological specimens. 
Of these, the most common diagnostic method was 
qRT-PCR from cutaneous lesion swabs, reported in 10 
cases (76.9%). Additional specimen types included oro-
pharyngeal and nasopharyngeal swabs, genital and oral 
lesions, and serum.  Cerebrospinal fluid (CSF) MPXV 
detection was confirmed in one case [15]. Conversely, 
in another case, intrathecal MPXV antibody production 
was detected despite negative CSF qRT-PCR [19]. Five 
cases (27.8%) did not explicitly report MPXV detection 
methods. One case had an indeterminate MPXV qRT-
PCR result from skin lesions, with equivocal MPXV IgM 
and negative MPXV IgG (patient 3 from Money et  al.
[13]) (Table 2).

The presence or absence of skin lesion was reported in 
13 cases, and the distribution varied among cases, with 
most patients exhibiting vesiculopustular rashes across 
multiple anatomical sites. The most commonly affected 
areas were the genital/perianal region in 10 cases (76.9%), 
extremities in 9 cases (69.2%), the face in 8 cases (61.5%), 
and the trunk in 6 cases (46.1%). In one case (7.7%), there 
were no active skin lesions [20] (Table 2).

Neurological manifestations
Neurological manifestations were reported  in 15 of the 
18 cases, demonstrating a broad range of clinical pres-
entations. Of these, paraplegia or paraparesis was the 
most frequent finding,  affecting 7 cases( 46.7%),  often 

Fig. 2  Global distribution of reported cases of neuroinflammatory disorders of the central nervous system associated with monkeypox virus
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accompanied by  urinary retention  (6 cases,  (40%) and 
sensory deficits. Encephalopathy with confusion,  agita-
tion, or altered consciousness was observed in 7 cases 
(46.7%), while seizures occurred in 4 cases (26.7%) 
(Table 2).

The latency period between the onset of systemic 
symptoms and the development of neurological manifes-
tations was reported in 13 of the 15 cases with neurologi-
cal symptoms (86.7%). The mean  (median) latency was 
6.2 (6.0) days, ranging from 2 to 12 days (Table 2). In most 
cases, neurological symptoms emerged within the first 
week of systemic illness, indicating rapid progression. 

Biochemical and laboratory parameters
Biochemical and laboratory parameters in serum and 
CSF  were reported in 13 of the 18 cases (72.2%).  Serum 
inflammatory markers were elevated in several 
cases. Erythrocyte sedimentation rate was increased in 4 
cases, and C-reactive protein in 3 cases. Additional find-
ings included elevated levels of ferritin, lactate dehydroge-
nase, and D-dimer, indicating systemic inflammation and 
possible coagulopathy. Renal and liver function tests were 
normal in most cases, except in those complicated by acute 
kidney injury or multi-organ dysfunction (Table  2). Cer-
ebrospinal fluid (CSF) analysis was performed in 13 cases 
(72.2%), all of which exhibited pleocytosis  (100%) , with 
white blood cell counts ranging from 16 to 883 cells/µL 
and a predominance of lymphocytes. Elevated protein lev-
els were observed in 12 of 13 cases (92.3%), while glucose 
levels were generally within the  normal  range, with mild 
hypoglycorrhachia reported in isolated cases (Table 2).

Electroencephalography results
Electroencephalography findings were reported in 5 
cases (27.7%), and all of them demonstrated abnormali-
ties. The predominant findings included generalized 
slowing and rhythmic delta activity, indicative of diffuse 
cortical dysfunction. These patterns were consistent with 
encephalopathic changes (Table 3).

Neuroimaging findings
Neuroimaging findings were reported in 10 of the 18 
cases (55.5%) and revealed widespread CNS involvement 
in MPXV-associated neuroinflammatory disorders. Mag-
netic resonance imaging was the primary modality used 
and demonstrated characteristic abnormalities across 
both the brain and spinal cord.

Spinal imaging findings were notable for longitudinally 
extensive transverse myelitis in several cases, character-
ized by hyperintense T2 signals spanning multiple ver-
tebral segments and affecting both the central gray and 
peripheral white matter. Associated findings included 
spinal cord swelling and patchy contrast enhancement.

Brain imaging abnormalities were predominantly located 
in the basal ganglia, thalamus, corpus callosum, and brain-
stem, with hyperintense signals on T2-weighted and fluid-
attenuated inversion recovery (FLAIR) sequences. These 
lesions often reflected diffuse cortical and subcortical 
involvement, consistent with acute disseminated encepha-
lomyelitis or encephalitis. Specific cases exhibited focal 
contrast enhancement, suggesting blood–brain barrier dis-
ruption. Cerebellar and middle cerebellar peduncle involve-
ment were also documented in isolated instances (Table 3).

Treatment and outcome
Treatment details were reported in 12 of the 18 cases 
(66.7%), reflecting varied approaches to managing 
MPXV-associated CNS neuroinflammatory disorders. 
Antiviral therapy was a cornerstone of treatment, with 
tecovirimat being the most commonly used antiviral, 
administered in 7 cases (58.3%). Other antivirals, includ-
ing acyclovir, brincidofovir, and cidofovir, were used in 
specific cases.

Immunomodulatory therapies were widely employed, 
with intravenous methylprednisolone frequently (8 
cases,  66.7%)  followed by oral corticosteroids. Intrave-
nous immunoglobulin and plasmapheresis were used in 
several cases, typically for patients with severe disease 
or poor initial response to other treatments. Rituximab 
was used in two cases for maintenance immunosuppres-
sion in acute disseminated encephalomyelitis or similar 
conditions.

Supportive care was critical in severe cases, with 
mechanical ventilation provided for patients with res-
piratory failure or encephalopathy requiring intubation. 
Management of complications, such as ventilator-associ-
ated pneumonia, pulmonary embolism, and gastrointes-
tinal bleeding, was also integral to the overall treatment 
strategy.

Outcomes were reported in 17 of the 18 cases (94.4%). 
Of these five patients (29.4%) achieved complete neu-
rological recovery within 1 to 3  months of treatment, 
demonstrating the potential for favorable outcomes with 
early and aggressive intervention. Partial recovery was 
documented in 7 cases (41.2%), with neurological deficits 
ranging from mild residual symptoms to persistent impair-
ments requiring assistive devices. Five patients died, rep-
resenting 29.4% of the group. Brainstem dysfunction was 
documented as the cause of one death, while the causes of 
the other four deaths remained unreported.

Discussion
This systematic review highlights 18 cases of MPXV-
associated CNS neuroinflammatory disorders, reveal-
ing the virus’s capacity to cause severe and multifocal 



Page 15 of 17Deb et al. BMC Medicine           (2025) 23:86 	

CNS involvement. The spectrum of diagnoses—includ-
ing acute disseminated encephalomyelitis  in nine cases 
(50.0%), encephalitis/meningoencephalitis in seven 
cases  (38.9%), isolated transverse myelitis in one case 
(5.6%)  and transverse myelitis with encephalitis in one 
case (5.6%)—emphasizes the diverse pathogenic mech-
anisms underlying these complications. The latency 
between systemic and neurological symptom onset, 
averaging 6.2 days, underscores the rapid progression in 
many cases, necessitating timely clinical vigilance.

Emerging evidence  suggests that MPXV induces 
a robust immunological response characterized 
by  cytokine dysregulation and immune cell activation, 
which may drive neuroinflammatory manifestations [25]. 
Elevated levels of pro-inflammatory cytokines, including 
IL-1β, IL-6, and TNF-α, persist even after clinical recov-
ery, indicating a sustained inflammatory state that could 
exacerbate CNS involvement [25]. Immune dysregula-
tion,  marked by CD4 + T cell  depletion and CD8 + T 
cell expansion, may contribute to direct viral neuroinva-
sion while simultaneously promoting immune-mediated 
CNS injury [25].

MPXV also exhibits neuroinvasive potential, accessing 
the CNS through pathways such as the olfactory epithe-
lium and infected monocytes/macrophages [26]. Its abil-
ity to bypass the blood–brain barrier allows  for  direct 
infection of neural tissues, with the detection of MPXV 
in CSF further supporting its role  in CNS inflamma-
tion and neurological dysfunction [15, 26]. These patho-
logical mechanisms likely involve a synergistic interplay 
between direct viral invasion and immune-mediated pro-
cesses,  leading to neurological complications in affected 
individuals.

Recent findings by Miranzadeh Mahabadi et  al. [27] 
provide additional insights into MPXV pathogenesis, elu-
cidating specific cellular receptor interactions and mech-
anisms in human astrocytes. The study demonstrated 
that astrocytes, identified as the most permissive cell type 
for MPXV infection, actively  support viral replication 
and trigger gasdermin B cleavage and pyroptosis, a form 
of inflammatory cell death. Proteomic analyses revealed 
the presence of over 125 MPXV-encoded proteins in 
infected astrocytes, signifying robust and specific inter-
actions between MPXV and these glial cells. Microglia 
also exhibited susceptibility to MPXV infection, whereas 
neuronal infection remained minimal, highlighting a 
distinct tropism for glial cells.  These findings further 
support the hypothesis that glial dysfunction and inflam-
matory responses contribute significantly to MPXV asso-
ciated neuropathology, reinforcing the interplay between 
viral effects and secondary immune mediated damage in 
CNS involvement [27].

Diagnostic evaluation remains a cornerstone in man-
aging MPXV-associated neuroinflammatory disorders. 
Molecular techniques, particularly qRT-PCR, are criti-
cal for confirming MPXV infection in clinical speci-
mens, while CSF analysis and MRI are indispensable for 
assessing CNS involvement. Magnetic resonance imaging 
findings frequently demonstrated characteristic hyperin-
tense lesions in the brain and spinal cord, consistent with 
demyelinating or inflammatory processes such as acute 
disseminated encephalomyelitis or transverse myelitis. In 
cases where direct viral detection was elusive, evidence of 
intrathecal antibody production has proven valuable for 
confirming CNS infection [19].

Management strategies for MPXV-associated neuro-
inflammatory disorders face significant challenges due 
to the absence of standardized treatment protocols. 
Antiviral therapies, particularly tecovirimat, were the 
cornerstone of  the treatment in over half of the cases 
with reported treatments, though outcomes varied sig-
nificantly [13–15, 17]. Adjunctive immunomodulatory 
therapies, including corticosteroids, intravenous immu-
noglobulin, and plasmapheresis, were often employed in 
cases with suspected immune-mediated pathology. The 
variable outcomes observed—from complete recovery in 
29.4% of cases to mortality in 29.4%—highlight the need 
for early diagnosis and tailored therapeutic strategies. 
Severe cases often required intensive supportive care, 
including mechanical ventilation for encephalopathy or 
respiratory failure [16, 20, 21].

The emergence of MPXV-associated neuroinflam-
matory disorders has profound implications for public 
health and clinical practice. Enhanced surveillance is 
essential to determine the true incidence and spectrum 
of these complications, particularly in regions with 
endemic or emerging outbreaks. Clinicians should main-
tain a high index of suspicion for CNS involvement in 
MPXV patients presenting with new-onset neurological 
symptoms, especially during active outbreaks. Vaccine 
strategies against MPXV should also consider the histor-
ical precedent of neurological complications associated 
with orthopoxvirus vaccines [28–31], necessitating care-
ful monitoring for adverse events.

Future research should prioritize longitudinal cohort 
studies to accurately assess the incidence, risk factors, 
and outcomes of MPXV-associated CNS complications. 
Mechanistic studies are critical to delineating the path-
ways of MPXV neuroinvasion and immune-mediated 
CNS damage. Additionally, clinical trials evaluating anti-
viral and immunomodulatory therapies are imperative to 
establish evidence-based treatment guidelines. Particular 
attention should be given to understanding clade-spe-
cific differences in neurovirulence and their implications 
for clinical management and vaccine strategies. We 



Page 16 of 17Deb et al. BMC Medicine           (2025) 23:86 

recognize several limitations of this systematic review. 
The small number of reported cases (N=18) limits the 
generalizability of our findings, and publication bias may 
have contributed to an over representation of severe or 
atypical cases. Additionally, the absence of standardized 
diagnostic criteria and reporting methods for MPXV-
associated neurological complications complicates case 
comparisons. As a systematic review, we relied on the 
diagnostic classification provided by the authors of the 
included studies, acknowledging the potential variabil-
ity in definitions across sources and the critical need for 
standardized criteria. Although a meta-analysis was not 
feasible due to data heterogeneity, we emphasize the 
rigor and robustness of our systematic review process. 

Conclusions
This systematic review highlights the potential for MPXV 
to cause severe neuroinflammatory disorders of the CNS, 
characterized by significant variability in the clinical pres-
entation  and outcomes.  Although rare, these conditions 
can lead to serious complications, the necessitating height-
ened clinical vigilance,  advanced diagnostic approaches, 
and targeted therapeutic strategies. The evolving global 
burden of MPXV, including outbreaks in the Democratic 
Republic of the Congo and beyond, underscores the need 
for standardize diagnostic criteria,  increased awareness 
and international collaboration. Further research is essen-
tial to elucidate the mechanisms underlying MPXV neu-
rovirulence and to develop effective treatments for these 
life-threatening neurological complications.
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