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Summary
Background Neuropsychiatric presentations of monkeypox (MPX) infection have not been well characterised,
despite evidence of nervous system involvement associated with the related smallpox infection.

Methods In this pre-registered (PROSPERO ID 336649) systematic review and meta-analysis, we searched MED-
LINE, EMBASE, PsycINFO, AMED and the preprint server MedRxiv up to 31/05/2022. Any study design of humans
infected with MPX that reported a neurological or psychiatric presentation was included. For eligible symptoms, we
calculated a pooled prevalence using an inverse variance approach and corresponding 95% confidence intervals. The
degree of variability that could be explained by between-study heterogeneity was assessed using the I2 statistic. Risk
of bias was assessed with the Newcastle Ottawa Scale and the Joanna Briggs Institute quality assessment tool.

Findings From 1705 unique studies, we extracted data on 19 eligible studies (1512 participants, 1031 with confirmed
infection using CDC criteria or PCR testing) most of which were cohort studies and case series with no control
groups. Study quality was generally moderate. Three clinical features were eligible for meta-analysis: seizure 2.7%
Abbreviations:MPX, monkeypox
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UK, W1T 7NF.

E-mail address: jonathan.rogers@ucl.ac.uk (J.P. Rogers).
1 Joint first authors.
2 Joint last authors.

www.thelancet.com Vol 00 Month , 2022 1

mailto:jonathan.rogers@ucl.ac.uk
https://doi.org/10.1016/j.eclinm.2022.101644
https://doi.org/10.1016/j.eclinm.2022.101644


Articles

2

(95% CI 0.7−10.2%, I2 0%), confusion 2.4% (95% CI 1.1−5.2%, I2 0%) and encephalitis 2.0% (95% 0.5−8.2%, I2

55.8%). Other frequently reported symptoms included myalgia, headache and fatigue, where heterogeneity was too
high for estimation of pooled prevalences, possibly as a result of differences in viral clades and study methodology.

Interpretation There is preliminary evidence for a range of neuropsychiatric presentations including severe neuro-
logical complications (encephalitis and seizure) and nonspecific neurological features (confusion, headache and
myalgia). There is less evidence regarding the psychiatric presentations or sequelae of MPX. This may warrant sur-
veillance within the current MPX outbreak, with prospective longitudinal studies evaluating the mid- to long-term
sequelae of the virus. Robust methods to evaluate the potential causality of MPX with these clinical features are
required. More evidence is necessary to explain heterogeneity in prevalence estimates.

Funding UKRI/MRC (MR/V03605X/1), MRC-CSF (MR/V007181/1), MRC/AMED (MR/T028750/1) and the Well-
come Trust (102186/B/13/Z) and (102186/B/13/Z) and UCLH BRC.

Copyright � 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

Keywords:Monkeypox; Neurology; Psychiatry; Neuropsychiatry; Encephalitis; Seizure
Research in context

Evidence before this study

Dermatological manifestations of monkeypox (MPX)
infection are well characterised; however, possible neuro-
psychiatric effects have not been systematically evalu-
ated. There is evidence of nervous system involvement
associated with two related Orthopoxviruses, in the case
of smallpox infection (with the variola virus) and small-
pox vaccination (which contains live vaccinia virus). Neu-
ropsychiatric symptoms and complications can be highly
disabling and have a detrimental effect on quality of life;
consequently, potential nervous system associations of
MPX infection are important to recognise. MEDLINE,
EMBASE, PsycINFO, AMED and the preprint server MedR-
xiv were searched up to 31/05/2022 for terms relating to
MPX infection and neuropsychiatric features. Any study
design was included if it provided data on humans
infected with MPX and reported on the presence or
absence of neurological or psychiatric clinical features.
The majority of studies were of medium quality with sig-
nificant clinical and statistical heterogeneity.

Added value of this study

This systematic review and meta-analysis demonstrates
preliminary evidence for a range of neurological and
psychiatric presentations of MPX infection. Based on a
small number of studies examining this topic, encepha-
litis, confusion and seizure are present in small (<3%)
but non-negligible proportions of infected individuals.
The prevalence of other neuropsychiatric symptoms
including headache, myalgia, fatigue, anxiety and
depression are less clear. There are also knowledge
gaps surrounding putative factors which influence the
risk of neurological and psychiatric presentations
including overall MPX infection severity and viral clade.
Implications of all the available evidence

MPX-related nervous system presentations may warrant
surveillance within the current monkeypox outbreak,
with prospective longitudinal studies evaluating the
mid- to long-term sequelae of the virus. Robust meth-
ods to evaluate the potential causality of MPX with
these clinical features are required at an individual and
epidemiological level.
Introduction
Monkeypox (MPX) is a viral zoonotic disease that
belongs to the Orthopoxvirus genus of the Poxviridae
family. MPX was first identified in 1958 in monkeys
and rodents in a Danish laboratory, and human cases
were first identified in the Democratic Republic of
Congo in 1970.1,2 MPX virus has historically been classi-
fied in two distinct genetic clades. The Central African
(or Congo Basin) clade has been described to be more
virulent with a case fatality ratio (CFR) ranging from 1%
to 10% and the West African (WA) clade, less so, with a
mortality of < 3%. The WA clade has been identified as
the causal agent of the current outbreak.3 Sporadic out-
breaks have occurred outside of its ecological niche,
including in the USA in 2003 and the UK in 2018.4,5

Since May 13th 2022 a sharp increase in cases, predomi-
nantly in the USA and Europe, has brought widened
attention to this neglected infectious disease. Concern
has arisen due to a high rate of human-to-human trans-
mission and there are current efforts to understand
what is driving this transmission.6 Negligible global lev-
els of immunity to the smallpox virus and its vaccine is
a potential factor because smallpox immunity may pro-
vide protection against MPX infection.7
www.thelancet.com Vol 00 Month , 2022
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While dermatological manifestations in the form of a
typically evolving skin rash in patients with MPX are
well documented and characterised, other sequelae
such as possible neuropsychiatric effects of MPX have
yet to be systematically synthesised. Analogous data
from smallpox infection and vaccination with vaccinia
(a related Orthopoxvirus) indicate that neurological and
psychiatric features may be significant. Encephalopathy
is a common feature of the clinical presentation of
smallpox8 and, whilst rare, cases of encephalitis, seiz-
ures and stroke have been described following both
smallpox infection and vaccination.9,10 Encephalitis is
estimated to occur in 1 in 500 patients infected with the
Variola major strain of smallpox and in 1 in 2000
patients infected with the Variola minor strain, occur-
ring 6−10 days after infection.9 Post-vaccination
encephalitis is estimated to occur at a rate of between 2
and 1219 cases per 100,000 vaccines11 with higher rates
thought to be associated with use of more neurotropic
vaccinia strains,10 providing prima facie support for the
relevance of Orthopoxvirus biology in the aetiopathogen-
esis of these sequelae.

In this systematic review and meta-analysis we
aimed to (1) summarise the prevalences of neurological
and psychiatric presentations of human MPX infection
and (2) describe the spectrum of such presentations.
Methods
This systematic review and meta-analysis was pre-regis-
tered on PROSPERO (ID 336649). It is reported accord-
ing to PRISMA guidelines (checklist is included in
Supplementary Table 1).
Eligibility criteria
Included study types were clinical trials, cohort studies,
case-control studies, cross-sectional studies, case series
and case reports. Due to the rapidly evolving nature of
the literature, pre-prints were included. Included stud-
ies reported the prevalence of at least one neurological
or psychiatric clinical feature. There were no exclusion
criteria based on language. Included studies reported
human participants of any age diagnosed with an MPX
infection (made either clinically or on the basis of labo-
ratory testing). There was no restriction based on sam-
ple size for inclusion in the narrative synthesis;
however for inclusion in the meta-analysis studies had
to have a minimum of 10 subjects. This was a compro-
mise between maintaining sufficient statistical power
and reflecting the nascency of the literature.
Searches
Ovid was used to search MEDLINE, EMBASE, Psy-
cINFO and AMED without filters or limits up to 31/05/
2022. The overall search strategy was to combine terms
indicating MPX infection and terms indicating
www.thelancet.com Vol 00 Month , 2022
neurological or psychiatric presentations. Text searches
and subject headings were used. The full search strategy
is presented in the Supplementary Methods. MedRxiv
was searched for preprints published in the previous 12
months. Manual searching of the reference lists of
included papers and other relevant systematic reviews
was performed to identify additional relevant studies.
Authors in the field were contacted in an attempt to
identify unpublished data.

Screening of titles and abstracts for each article was
conducted independently by three of the authors (JB,
IC, CJW) using Rayyan QCRI (http://www.rayyan.ai/).
Where there was disagreement, articles were included
for reviewing in the next stage. The list of potentially eli-
gible full texts was imported to a spreadsheet, where
two authors (JB, IC) independently assessed eligibility
by comparing studies against the eligibility criteria.
Where there was disagreement on the inclusion of a full
text, a third author (JPR) arbitrated.
Data extraction
Two of the authors (JB, IC) independently extracted data
from each study. Where relevant data were unclear or
missing, study investigators were contacted by email for
clarification. Where there were discrepancies between
reviewers, the two reviewers discussed and agreed on a
consensus.

Outcomes were defined as any neurological or psy-
chiatric presentations in any humans infected with
MPX. Data were sought at the level of summary esti-
mates. The specific neurological and psychiatric presen-
tations on which data were collected were derived post
hoc from the data available in the included papers. All
results that were compatible with an outcome in each
study were included. Data were also collected for the fol-
lowing study characteristics: study metadata (title,
author, citation), country of study population, data col-
lection period, study population, single- vs multicentre,
study design, inclusion criteria, exclusion criteria, num-
ber with a suspected MPX infection, number in whom
MPX infection was confirmed, method of MPX confir-
mation, number of cases not hospitalised, number of
cases hospitalised, number of cases hospitalised and
admitted to intensive care, number of cases female, age
(mean, SD, median and IQR) of the cases, ethnicity of
cases, whether there was a control group, number in
the control group, control group description, control
group matching parameters, method of identification of
neurological or psychiatric presentations, temporality of
neurological or psychiatric presentations, number with
each available neurological or psychiatric presentation,
investigation results, qualitative data, outcome and
mortality.

Where an outcome was mentioned in at least one
participant in a study, it was assumed that it was not
present in any participants in whom it was not
3

http://www.rayyan.ai/


Articles

4

mentioned. Where relevant data were only available in
graphical representations, manual graphical methods
were used to estimate prevalence figures.12
Outcomes, summary measures, and synthesis of results
Results for each outcome were grouped together for
analysis. The effect measures sought were period preva-
lences over the course of the illness. Each included
study was tabulated and presented sequentially, sum-
marising its design, participants, outcomes and neuro-
logical or psychiatric presentations.
Meta-analysis
For the meta-analysis, every neuropsychiatric presen-
tation reported by two or more studies was exam-
ined. In certain instances, there was evidence of
overlapping populations between studies, potentially
affecting prevalence estimates. To manage this,
where overlap was suspected (e.g., Nigeria:13−16;
USA4,17,18) the study with the largest population was
included in meta-analysis. However, if for a given
presentation (e.g., encephalitis) the study with the
largest population did not report data for that symp-
tom, the study with the next largest population was
chosen for that particular symptom. Forest plots
with 95% confidence intervals were generated using
the metafor package in R version 4.0.2.19 The propor-
tion of the variability in estimates due to between-
study heterogeneity was measured with the I2 statis-
tic. Meta-analytic estimates of pooled prevalences
were generated only for those outcomes where the
between-study heterogeneity was sufficiently low to
allow an interpretable result, which in this study we
defined as an I2 < 60%. A random effects model
was used due to methodological heterogeneity
between studies. Where between-study heterogeneity
was sufficiently low, generalised linear mixed models
were generated for each prevalence outcome20,21

before using the inverse variance method with the
Freeman−Tukey double arcsine transformation as a
comparative sensitivity analysis.22 Where heterogene-
ity was too large for meta-analytic pooling of results,
we examined potential causes of the heterogeneity.
We conducted an additional sensitivity analysis
where only studies that were methodologically simi-
lar were included and where two or more studies
evaluated the prevalence of a given presentation.
Subgroup analyses were planned to investigate het-
erogeneity where there were five or more included
studies for any particular outcome by the following
groups: study design (prospective vs retrospective),
illness severity and method of diagnosis (serological
vs clinical). The threshold for statistical significance
was set to p-values of less than 0.05.
Risk of bias
Risk of bias was assessed using the Newcastle-Ottawa
Scale for cohort studies, case-control studies and cross-
sectional studies.23,55 Domain-specific categorisations
are reported in Table 2 and the aggregated categorisa-
tions used were 0−3 (poor), 4−6 (fair) and 7−10 (good).
For case reports and case series, the Joanna Briggs Insti-
tute quality assessment tool was used.24 Two authors
(JB, IC) assessed each study independently. Where there
were discrepancies, a third author (ER) arbitrated.
Results for each study were presented and patterns in
scores analysed. The overall certainty of the evidence
was determined by a consideration of the heterogeneity
and the risk of bias for each outcome.
Patient and public involvement
Due to the urgency of this review, patients and mem-
bers of the public were not involved in the design of this
study. The Encephalitis Society, the world’s largest
brain inflammation charity, were consulted during the
analysis and writing-up stage for assistance in interpre-
tation of the results, and this is reflected by Dr Easton’s
co-author status.
Role of the funding source
The study was funded by UKRI/MRC (MR/V03605X/
1), MRC-CSF (MR/V007181/1), MRC/AMED (MR/
T028750/1) and the Wellcome Trust (102186/B/13/Z)
and (102186/B/13/Z) and UCLH BRC. The funders of
the study had no role in study design, data collection,
data analysis, data interpretation, or writing of the
report.
Results
The search strategy yielded 2283 studies. After auto-
matic and manual de-duplication, the titles and
abstracts of 1705 studies were screened and the full texts
of 86 studies were assessed for eligibility. An additional
six studies were included from screening references of
eligible studies and other relevant systematic reviews. A
total of 19 eligible studies were included (see Figure 1 -
PRISMA flowchart). Brief reasons for excluding studies
are listed in Supplementary Table 2.
Population and study characteristics
The 19 studies included a total population n=1512 indi-
viduals (sample size range 1−370; median 21, IQR 81.5)
with suspected MPX, n=1031 (68.2%) of whom had
infection confirmed by PCR or Centers for Disease Con-
trol and Prevention (CDC) definitions of confirmed
cases. The mean (SD) age reported was 24.2 (19.4)
years, based on only 8 studies (n=542). Just under half
of the population was female (n=465, 45.1%). Among
studies reporting the setting of MPX treatment (12
www.thelancet.com Vol 00 Month , 2022



Figure 1. PRISMA flow diagram.

Articles
studies, n=419), most patients were hospitalised (n=331,
79.0%). Ethnicity was explicitly reported in only three
studies (n=54), of which all were from the USA and 46
(85.2%) were White. Most studies originated in the
USA (six studies) followed by Nigeria, the Democratic
Republic of Congo (five studies each), the Republic of
Congo (two studies), and the UK (one study) (Table 1).

Most studies (12/19) had a cohort design, two were
cross-sectional and the remainder were case series
(four) and one case report. Only one study included a
comparison group.25 There was an equal split of pro-
spective and retrospective cohort and cross-sectional
studies.

Risk of bias, assessed using the Newcastle-Ottawa
Scale (cohort and cross-sectional studies) and Joanna
Briggs Institute Quality Assessment Tool (case series
and report), is summarised in Table 2. In the Newcas-
tle-Ottawa Scale, studies lost points on comparability
due to a lack of control group in all except one of the
www.thelancet.com Vol 00 Month , 2022
included studies. Furthermore, a lack of reported fol-
low-up for the majority of studies also reduced the out-
come score on the Newcastle Ottawa Scale.

Study populations were mostly drawn from national
case surveillance projects (e.g., Nigeria:15,16; USA4,17: or
cohort studies evaluating the same outbreak of
MPX18,26,27), as shown in Table 3. Other populations
were more selective, including a sample of individuals
co-infected with Varicella zoster virus25 or an evaluation
of veterinary workers exposed to an infected prairie
dog.28 All studies confirmed MPX infection with PCR,
except for Boumandouki and colleagues,29 and CDC
definitions of confirmed cases were followed in most
studies. Nine studies confirmed the clade of MPX iso-
lated in infected individuals. Of these, the majority were
West African variants, including all six studies in the
USA. Two studies reported smallpox vaccination
status,29,30 of which the latter found deaths from MPX
infection were confined to those not vaccinated for
5



Characteristics

Sample size (median, range, IQR) 21 (1-370, 81.5)

Confirmed Monkeypox (PCR) (n, %) 1031/1512 (68.2)

Age (mean, SD) 24.2 (19.4)

Sex: female (n, %) 465/1031 (45.1)

Location of MPX treatment (n, %)

Hospital 331/419 (79.0)

Community 88/419 (21.0)

Not stated 612

Country (k)

USA 6

Nigeria 5

Democratic Republic of Congo 5

Republic of Congo 2

UK 1

Year of data collection (latest year, k):

2021 1

2019 1

2018 3

2017 1

2016 1

2014 1

2011 1

2010 1

2003 8

1985 1

Study Design (k)

Cohort 12

Cross-sectional 2

Case series 4

Case report 1

Retrospectivea 7

Prospectivea 7

Single centre 11

Multicentre 7

Unclear 1

Newcastle-Ottawa Scale Quality Assessment (k)b

Low 6

Medium 8

High 0

Table 1: Characteristics of included subjects and studies.
a only applies to cohort and cross-sectional studies.
b Based on 14 studies (Newcastle-Ottawa Scale used for cohort and cross-

sectional studies only).
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smallpox. Mortality was reported in ten studies and var-
ied between 0-25% in studies with 10 or more individu-
als.

Neurological and psychiatric presentations varied
widely; however, the most frequently reported were
headache, myalgia, seizure, confusion, encephalitis and
fatigue (Table 3). Neuropsychiatric features were mostly
evaluated through case note review in retrospective
studies and a mixture of clinical interview and question-
naire in prospective studies. Method of diagnosis of
neurological complications, such as encephalitis was
variable, with some reports of CSF confirmation,26 how-
ever, this was not ubiquitous.13 The breadth of clinical
features assessed in prospective studies was minimal.
For example, the only neuropsychiatric presentations
assessed in two prospective studies were headache,
fatigue and myalgia by Yinka-Ogunleye and colleages15

and headache by Croft and colleagues.28 Assessment of
clinical feature severity, using standardised scales, and
chronicity or temporal trajectory of these features was
also lacking.
Prevalence of neurological and psychiatric
presentations
After exclusion of potentially overlapping populations,
six neuropsychiatric presentations were eligible for
meta-analysis of prevalence. Forest plots are displayed
in Figure 2. Due to high heterogeneity, no pooled preva-
lences could be calculated for myalgia, headache or
fatigue. Pooled prevalences were calculated for seizure
(2.7% [0.7−10.2%]), confusion (2.4% [1.1−5.2%]) and
encephalitis (2.0% [0.5−8.2%]), as shown in Table 4.
Heterogeneity varied between clinical features with I2

ranging from 0.0% to 55.8% for the outcomes with
pooled prevalences and from 95.5% to 98.7% for the
outcomes in which estimation of pooled prevalences
was not undertaken. Other neuropsychiatric features
including depression, anxiety, suicide, dizziness, pain,
altered vision, encephalopathy and photophobia are
summarised in Table 3. The results of the sensitivity
analysis using the inverse variance method were in gen-
eral similar to the results of the main meta-analysis in
terms of the point estimate of prevalence, confidence
interval boundaries and heterogeneity (Supplementary
Table 3). An additional sensitivity analysis excluded
studies that differed from the majority based on study
design, retrospective or prospective data collection,
atypical inclusion criteria, method of neuropsychiatric
diagnosis and temporality of neuropsychiatric manifes-
tations. There was no significant difference in pooled
prevalence estimates based on four eligible symptoms
(headache, encephalitis, myalgia and seizure) when
excluding methodologically heterogeneous studies
(Supplementary Figure 1).
Secondary analysis
There was no statistical evidence for a difference in the
prevalence of headache in prospective compared to ret-
rospective studies (based on four and two studies
respectively, Figure 3). It was not possible to analyse
subgroups based on illness severity or method of diag-
nosis due to missing data and lack of variation between
groups. It was also not possible to pool high quality
studies into a sensitivity analysis because there were no
outcomes for which there existed more than one high
www.thelancet.com Vol 00 Month , 2022



A: Quality Assessment with Newcastle-Ottawa Scale (Cohort and cross-sectional studies)

Selection (4) Comparability (3) Outcome (3) Sub-total assessment

1 2 3 4 1 2 3 1 2 3 Selectiona Comparabilityb Outcomec

Cohort studies

Ogoina et al., 202013 * - * * - - - * * - Good Poor Good

Huhn et al.,200525 * * * - - - - * - - Good Poor Poor

Yinka-Ogunleye et al. 201915 * * * * - - - * - - Good Poor Poor

Boumandouki et al., 200729 * - - - - - - * - - Poor Poor Poor

Akar et al., 202016 * - - - - - - * - - Poor Poor Poor

Croft et al., 200728 - - * * - - - * * * Fair Poor Good

Adler et al., 202225 * - * - - - - * - - Fair Poor Poor

Reed et al., 200417 * - * - - - - * - - Fair Poor Poor

Reynolds., 200618 * - * - - - - * - - Fair Poor Poor

Je�zek et al., 198730 * - * - - - - * - - Fair Poor Poor

Kalthan et al., 201633 * - * - - - - * - - Fair Poor Poor

Pittman et al., 202032 * - * - - - - * * - Fair Poor Good

Cross-sectional studies

Ogoina et al., 201914 * * * * - - - - * - Good Poor Poor

Hughes et al., 202125 - - * * - - - * * * Fair Poor Good

B: Quality Assessment with Joanna Briggs Quality Assessment Tool (case series)

Study Inclusion

criteriaaa
Measurement

of conditionab
Identification

of conditionac
Consecutive

inclusionsad
Complete

inclusion of

participantsae

Reporting

of participant

demographicsaf

Reporting of

clinical

informationag

utcome

portingah
Presenting

site(s)/

clinic(s)

demographicsai

Statistical

analysis

appropriateaj

Overall

assessmenty

Learned et al., 200534 * * * * * * * * - Good

Sejvar et al., 200426 * * * - * * * * - Good

Reynolds et al., 200618 * * - * * * * * - Good

Eseigbe et al., 202131 - * * - - - - * - Poor
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quality study. No other clinical features met our prespe-
cified eligibility criteria for subgroup analysis. However,
other possible explanations for the heterogeneity across
outcomes are clade of the virus, changes in symptom
expression over time, illness severity, varying inclusion
criteria, prospective vs retrospective symptom ascertain-
ment and timing of symptom ascertainment relative to
acute illness.
Discussion
This systematic review and meta-analysis provides the
first comprehensive overview of the prevalence of neu-
rological and psychiatric presentations of MPX infec-
tion. Based on a small number of studies examining
this topic, our meta-analysis found that serious neuro-
logical manifestations - seizure, confusion and encepha-
litis - were present in small (<3%) but non-negligible
proportions of infected individuals. The prevalence of
other neuropsychiatric symptoms including myalgia,
fatigue, headache, anxiety and depression are less clear,
but several studies found at least half of individuals
experiencing some of these outcomes. There are also
knowledge gaps surrounding putative factors that influ-
ence risk of neurological and psychiatric presentations
including overall MPX illness severity and viral clade.

The prevalence of encephalitis in this population is
likely higher than in the general population where the
incidence of viral or unspecified encephalitis ranges
from 0.5 to 16 cases/100,000/year.36 The relatively
high prevalence of non-specific symptoms such as head-
ache, myalgia and fatigue in some studies is perhaps
unsurprising given that these symptoms are common
in viral infections.37−39 It is likely that these symptoms
represent a reaction to systemic illness rather than
direct neurological injury. Additionally, a paucity of fol-
low-up and lack of evaluation of symptom severity and
timing makes it hard to ascertain whether these symp-
toms are potentially highly disabling or milder and/or
transient. These findings are consistent with a recently
published review of MPX epidemiology which found
that fatigue/asthenia and headache were present in over
a fifth of individuals and myalgia in slightly fewer.40

Although less frequently assessed, there was some evi-
dence of psychiatric symptoms in people with MPX. For
example, Ogoina and colleagues13 found that psychiatric
manifestations including anxiety and depression were
present in over a quarter of individuals hospitalised
with MPX in Nigeria. Similarly, a case series from spe-
cialist centres in the UK found that three of seven
patients admitted to hospital suffered from low mood.5

Although severity data was not reported, in both studies
individuals with psychiatric symptoms required inpa-
tient psychological therapies. It is important to note that
anxiety and depression are common in hospitalised
patients, and indeed in those who are in quarantine for
infectious diseases, and the majority of individuals in
www.thelancet.com Vol 00 Month , 2022



Study: na: Country: Clade/
strain:

Dateb: Study population: Neuropsychiatric features: Other clinical detail:

Ogoina et al. 202013 40 Nigeria - 09/2017−12/2018 Individuals hospitalised with mon-

keypox in specific states of

Nigeria

Headache 19, myalgia 25, seizure

1, encephalitis 3, photophobia

9, anxiety and depression 11,

suicide 1

Those with anxiety and depres-

sion required psychological

counselling as inpatients

Ogoina et al. 201914 18 Nigeria - 09/2017−12/2017 Individuals treated at Niger Delta

University Teaching Hospital

Headache 12, myalgia 5, pain 5,

photophobia 3, suicide 1

Majority expressed fear and anxi-

ety over facing stigma and dis-

crimination from hospital staff

Yinka-Ogunleye

et al., 201915
118 Nigeria West African 09/2017−09/2018 National case surveillance study Headache 61, myalgia 42, photo-

phobia 27

Akar et al., 202016 165 Nigeria - 09/2017−06/2019 Monkeypox cases reported to the

Nigeria CDC

Headache 78

Eseigbe et al., 202131 2 Nigeria - 2018 First reported nigerian monkey-

pox cases admitted to Bingham

University Teaching Hospital in

Jos, Plateau State

Headache 2

Hughes et al., 202125 134 DRC - 09/2009−04/2014 Individuals co-infected with VZV

and monkeypox, identified

through a surveillance program

in Tshuapa Province

Headache 99, myalgia 90, fatigue

115

Pittman et al., 202232 216 DRC - 03/2007− 08/2011 Patients admitted to General Ref-

erence Hospital of Kole the rain-

forest of the Congo River basin

Headache 49, myalgia 15, dizzi-

ness 3, visual deficit 5, confu-

sion 4, fatigue 11

Follow-up assessment at dis-

charge:

confusion 1, lethargy/stupor 1

Je�zek et al., 198730 209 Zaire/DRC - 1980−1985 Public health surveillance

programme

Encephalitis 1, coma 1 Reported that headache was com-

mon but no figure given.

Three-year-old unvaccinated

girl developed encephalitis and

died in a coma on the second

day of admission.

Boumandouki

et al., 200729
0 (8

unconfirmed)

DRC - 05/2003−07/2003 Outbreak surveillance study in

DRC

Myalgia 2

Kalthan et al.,201633 12 Central

African

Republic

- 12/2016− 02/2016 Individuals diagnosed with mon-

keypox in the district of

Bangassou

Headache 2

Huhn et al., 20054 34 USA West African 06/2003 Individuals identified through

CDC surveillance with

Headache 23, myalgia 19, seizure

1, confusion 2, encephalitis 1

Table 3 (Continued)
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Study: na: Country: Clade/
strain:

Dateb: Study population: Neuropsychiatric features: Other clinical detail:

monkeypox during 2003 mid-

west USA outbreak

Six-year old girl who underwent

intubation and mechanical ven-

tilation for encephalitis

Croft et al., 200728 19 USA West African 05/2003−13/2003 Veterinary workers exposed to

infected prairie dogs

Headache 13

Reed et al., 200417 11 USA West African 05/2003−06/2003 Department of health / CDC out-

break investigation in Wiscon-

sin (all linked to Prairie dog

exposure)

Headache 11, myalgia 1 Neurological examinations normal

in all patients

Reynolds et al.,200618 37 USA West African 05/2003−07/2003 Wisconsin outbreak investigation Headache 32, myalgia 36

Anderson et al, 200327 1 USA West African 05/2003−07/2003 Midwest USA outbreak case

report

Headache 1, myalgia 1, fatigue 1 No focal neurological signs on

admission

Sejvar et al., 200426 3 USA West African 05/2003 Family cluster in Midwest

outbreak

Headache 2, seizure 1, altered

mental status 1, delirium/

encephalopathy 1, encephalitis

1

Six year old girl with encephalitis:

unresponsive, pupillary dilata-

tion, muscle rigidity

Adler et al., 20225 7 UK West African 08/2018 − 09/2021 Patients admitted to high conse-

quence infectious diseases

centres in the UK

Headache 1, pain 1, low mood 3,

emotional lability 1

Patient with low mood and emo-

tional lability also had alcohol

withdrawal

Learned et al.,200534 3 ROC - 04/2003−05/2003 Outbreak within a community in

Impfondo

Headache 1, irritability 2, distress

4, fatigue 2,

Reynolds et al.,201335 2 ROC Congo Basin 04/2010−11/2010 Surveillance study established in

in Likouala region

Headache 1, fatigue 1

Table 3: Summary of included studies.
a n with confirmed monkeypox.
b time period of data collection.

Centre for Disease Control (CDC)
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Republic of Congo (ROC)
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Figure 2. Forest plots for individual neurological and psychiatric presentations.

Articles
this review were drawn from quarantined hospitalised
samples.41,42 This evidence could point to an underre-
cognized and understudied burden of psychiatric com-
plications in the acute phase of MPX.

The quality of evidence included in this review may
reflect the relatively understudied phenomena of ner-
vous system presentations in the context of MPX and
affects what conclusions can be drawn. The majority of
evidence was drawn from medium-low quality cohort
and cross-sectional studies. Only one study included a
control group, where individuals with Varicella zoster
virus (VZV) and MPX were compared to those with
MPX only and with VZV only.25 Individuals with MPX
and VZV co-infection were more likely to report fatigue
than those with VZV alone; however, no comparative
data were given for the MPX only group and no other
neuropsychiatric symptoms were compared. However,
the clinical manifestations of VZV and MPX co-infec-
tion are complicated and the differences between
www.thelancet.com Vol 00 Month , 2022
individuals with co-infection and those with VZV alone
may not be solely attributable to the effect of MPX. The
effect of comorbid viral infection could also confound
any potential association with MPX and neuropsychiat-
ric presentations. For example, Ogoina and colleagues13

noted that nearly a quarter of included patients had
comorbid HIV infection. Attributing causality of viral
infection to neurological symptoms is difficult, despite
established criteria used to define it.43 This is exacer-
bated by a lack of adequate comparison groups, such as
healthy controls or individuals with other viral illnesses.
The majority of studies which reported temporality of
neuropsychiatric presentations stated that they occurred
in the (sub)acute phase of MPX illness. However, a lack
of reporting of premorbid neuropsychiatric diagnoses
could conflate those that develop during or after MPX
infection and prevents incidence from being ascer-
tained. Additionally, the effect of comorbidity on the
presence of neuropsychiatric clinical features is
11



Figure 3. Subgroup analysis of headache.
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important to consider. However, due to a lack of suffi-
cient reporting, we were unable to evaluate this.

The implications of our findings are somewhat
restricted by the small sample size of the included
studies, the actual number of included studies and the
fact that prevalence estimates in the meta-analysis were
derived from only 2 or 3 papers. For example, pooled
prevalence of seizure was based on only 2 studies with a
www.thelancet.com Vol 00 Month , 2022



Clinical feature Pooled Prevalence (%) CI (%) Number of individuals (n) Number of studies Heterogeneity (%)

Seizure 2.7 0.7−10.2 74 2 0

Confusion 2.4 1.1−5.2 250 2 0

Encephalitis 2.0 0.5−8.2 283 3 55.8

Table 4: Pooled prevalence of individual neurological and psychiatric presentations.

Articles
total of 74 patients. There was significant statistical and
methodological heterogeneity between studies. In par-
ticular, half of the included studies were retrospective
and relied on case note review, which risks a systematic
under-representation of symptoms, especially, if neuro-
psychiatric features were not routinely inquired about
or assessed, which is perhaps particularly pertinent
with some of the milder symptoms we report. Further-
more, there is evidence that the evolution of MPX virus
has accelerated recently44 and this may account for vary-
ing prevalences over time. Additionally, no studies
included in this review assessed psychiatric symptoms
using standardised scales and there was no description
of clinical methods used to diagnose confusion or
encephalopathy. The clinical significance of these symp-
toms is thus difficult to ascertain. In terms of data syn-
thesis, we were limited by a lack of reporting of certain
variables including MPX severity, ethnicity, and clade of
MPX. The small number of studies means that sub-
group analysis should be considered purely exploratory.
Limited reporting of neurological investigations such as
CSF analysis and neuroimaging also hinder under-
standing of the pathogenesis and potential mechanisms
underlying the presentations described. For example,
only one study reported neuroimaging findings from a
patient with encephalitis.26

Although there has been little experimental work
conducted on MPX and the nervous system in humans,
a small number of case reports looking at smallpox have
pointed to several diverse mechanistic explanations.
Post-mortem examination revealed acute perivenular
demyelination in patients known to have died of small-
pox.45 Additionally, MRI scans in those with post-vacci-
nation encephalitis have been suggestive of acute
disseminated encephalomyelitis (ADEM).10 However,
to date CSF from patients with post-vaccine CNS com-
plications has overwhelmingly been normal with no
viral load detected, consistent with aseptic meningitis,9

pointing to an immune-mediated pathogenesis. How-
ever, caution is required in extrapolating from either
variola or vaccinia effects or neuropathology to MPX,
despite shared genetics and clinical overlap between
these Orthopoxviruses and their respective clinical syn-
dromes. One case report included in this review of a
child with MPX encephalitis, could not isolate viral
material from CSF but did detect MPX specific IgM
antibodies in CSF.26 This may suggest an intrathecal
immune-mediated response; however, other cases of
www.thelancet.com Vol 00 Month , 2022
MPX-encephalitis did not report results of CSF analy-
sis.13 Potential underlying mechanisms of MPX neuro-
psychiatric manifestations include a direct CNS
infection, an immune-mediated response and a psycho-
logical reaction to illness.

Stigma could play a role in maladaptive psychologi-
cal processes in those with MPX. Several studies
emphasise the stigma associated with a diagnosis of
MPX both on the individual and their family, affecting
their integration back into society. Low mood was a
common feature seen among many infected with
MPX.13 One patient died from suicide a few days after
admission. The reports cited concerns regarding how
he had contracted MPX, and the effects on both him
and his family.13 Others highlight the stigma associ-
ated with the focus on transmission related to close
physical and sexual contact, which may place a poten-
tially harmful emphasis on the LGBTQ+ community.
Bragazzi and colleages40 point out the potential for
exacerbation of stigma in already-stigmatised commu-
nities. Contemporary public health and education
should make clear that although there have been a
high number of cases in men who have sex with men,
and some cases of MPX with co-infection of HIV/
AIDS,15 MPX can also be spread via direct contact,
clothing, and respiratory secretions, and that anyone
can become infected.

Viral infections are known to have profound psycho-
logical effects on those affected, such as fear, loss, dis-
crimination and stigma.46 Though the clinical course
varies amongst individuals, a common progression of
dermatological change is persistent scarring. Ogoina
and colleagues13 report that not only were skin lesions
widespread, itchy and tender causing disfigurement,
but that some patients developed genital ulcers which
were particularly distressing. A prior meta-analysis indi-
cates a significant burden of persistent anxiety and
depression in patients with facial scarring.47 In addi-
tion, Rumsey and Harcourt48 highlight the wider nega-
tive consequences such as reduced self-esteem and loss
of identity. Whilst the studies included in this review
focus on acute psychological symptoms, the long-term
psychological consequences of MPX infection are
unknown.

Similarly, it is unclear from the present study what
the long-term outcomes for patients with MPX encepha-
litis are, aside from one reported death.30 Given that
encephalitis, of infectious or autoimmune aetiology,
13
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results in considerable neurological and neuropsychiat-
ric morbidity,49 collecting longitudinal data on affected
individuals with this rare complication should be a high
priority moving forward. The long-term neurocognitive
effects of MPX infection also remain elusive. Pittman
and colleagues32 reported a case of confusion and leth-
argy still present at discharge. Given the range of neuro-
psychiatric effects that occur in a proportion of people
after several viral illnesses50−52 it may be worthwhile
ascertaining whether these symptoms persist in MPX.

This paper has research and therapeutic implica-
tions. The variability in detection and reporting of neu-
ropsychiatric manifestations highlights the need for
registries of emerging zoonotic infections where clini-
cians can provide case histories and reliable data in rap-
idly evolving epidemics such as the WHO clinical data
platform.53 The CoroNerve surveillance study54 demon-
strates the utility of rapid reporting, having proved suc-
cessful in the COVID-19 pandemic. Aside from
epidemiology, there are therapeutic implications of this
review. Our results suggest it would be worthwhile
researching the value of integrating psychological sup-
port into the care of those isolated with MPX both in the
acute setting and beyond, including those managed in
the community. The inclusion of encephalitis as well as
the psychosocial and emotional impacts for patients of
contracting MPX will likely have implications for
patient quality of life and therefore increased research
in this field is an important area yet to be adequately
addressed for patients and their caregivers/families.

There is preliminary evidence for a range of neuro-
logical and psychiatric presentations of MPX.

Seizure, encephalitis and confusion are present in a
small proportion of infected individuals and several
other clinical features may be common, though there is
insufficient evidence to estimate their prevalence at
present, as studies are sparse and highly heterogeneous.
There is less evidence regarding the psychiatric sequelae
of MPX, and although there are multiple reports of anxi-
ety and depression, the prevalence of these symptoms is
unknown. This preliminary suspicion that there are
MPX-related nervous system presentations may warrant
surveillance within the current MPX outbreak, with pro-
spective longitudinal studies evaluating the mid- to
long-term sequelae of the virus and well-powered pro-
spective longitudinal studies to evaluate multi-system
MPX effects. Robust methods to evaluate the potential
causality of MPX infection with these manifestations
are required at an individual and epidemiological level.
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