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Abstract

Background Mpox is a severe viral zoonosis that has emerged as a public health concern due to its potential for
human-to-human transmission and severe illness. Understanding its clinical manifestations is crucial for effective
management and control. Several systematic reviews have assessed various manifestations of Mpox. This umbrella
review synthesizes evidence on Mpox's manifestations across different organ systems.

Method We conducted an umbrella review, adhering to Joanna Briggs Institute (JBI) methodology and Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, focusing on systematic reviews

of Mpox manifestations. We performed a literature search up to 25th September 2023, in databases like PubMed,
Embase, and Web of Science. We included systematic reviews of observational studies, case reports, case series, or
RCTs reporting any manifestations of Mpox in humans, focusing on a global scope. AMSTAR 2 was used to evaluate
the quality of systematic reviews, and data has been synthesized in narrative and tabular manners.

Results A total of 25 systematic reviews were included, uncovering diverse manifestations of Mpox, such as
cutaneous, cardiovascular, oral, ophthalmic, gastrointestinal, respiratory, and pregnancy-related. Cutaneous
manifestations (up to 100%) were the most prevalent, featuring lesions and rashes. Constitutional symptoms of viral
illness were reported in ~60% to >85% of the cases. Significant respiratory symptoms were present in ~50% of
cases overall. Headaches were the leading neurological symptom present in >30%. Symptoms of gastrointestinal
involvement ranged from 39% (oral lesions) with decreasing frequency to low diarrhea at ~ 5%, with proctitis
percentages ranging from high teens to mid-twenties. Ophthalmic manifestations (6% but with wide variations
among studies). Many primary studies included in the systematic reviews consisted of case reports and case series. A
wide range of manifestations across different organ systems was observed. Negative outcomes for pregnancies were
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few studies provided insights into these findings.

Keywords Mpox, Umbrella review, Monkeypox, Infection

reported, but evidence is limited. Adverse cardiovascular and neurological outcomes were identified, though only a

Conclusion Mpox exhibits diverse manifestations, impacting multiple organ systems, with substantial variations. The
findings highlight the importance of ongoing, nuanced, and region-specific research and management strategies

for Mpox. The reliance on case reports and series underscores the need for more high-quality, long-term studies to
deepen our understanding and management of this significant public health concern.

Introduction

Mpox is a rare but potentially severe viral zoonosis, lik-
ened to human smallpox due to similarities in clinical
presentation and pustular rash manifestation [1]. It was
first discovered in 1958 when outbreaks of a pox-like dis-
ease occurred in monkeys kept for research, lending the
disease its name. It is caused by the Mpox virus, a mem-
ber of the Orthopoxvirus genus, which includes variola
virus, the cause of smallpox. The virus predominantly cir-
culates in remote parts of Central and West Africa, near
tropical rainforests. Human monkeypox (HMPX) was
first discovered in 1970 in the Democratic Republic of
the Congo (DRC) [2].

The prevalence of Mpox has been relatively low; how-
ever, it has substantial public health significance due to
its potential for human-to-human transmission and its
capacity to cause severe illness, including fatalities [3,
4]. The disease typically presents with fever, headache,
muscle aches, and a characteristic progressive pox-like
rash. The manifestations of Mpox vary widely, affecting
different organ systems and causing a broad spectrum of
clinical signs and symptoms, which are often correlated
with the extent and severity of the disease [3]. Given the
significance of Mpox as a public health concern, espe-
cially in a world that has eradicated its relative, smallpox,
it is essential to have a robust understanding of its clini-
cal manifestations. Understanding the myriad of clinical
presentations is crucial to identify, diagnose, and manage
cases effectively and to implement appropriate control
measures to prevent further spread.

Several systematic reviews have been published on
various manifestations of Mpox. These cover epide-
miology, symptoms, clinical presentations, mortality,
and effects on different organ systems [5-8]. The cur-
rent understanding of Mpox is predominantly centered
around its cutaneous manifestations, but there are sig-
nificant gaps in knowledge regarding its effects on other
organ systems. For instance, the extent and nature of
Mpox’s involvement in the respiratory, gastrointestinal,
and neurological systems remain largely elusive. More-
over, there’s a limited understanding of the factors con-
tributing to the variability in the disease’s severity and
progression. The reasons why some individuals expe-
rience only mild symptoms while others suffer from

severe, life-threatening complications are not yet fully
understood, necessitating further research in this area.
Another area that requires more attention is the long-
term effects of Mpox. The potential chronic conditions
or sequelae that may follow recovery from Mpox are
not well-documented, which is a crucial gap, especially
for guiding long-term patient care and rehabilitation
strategies. Additionally, the impact of Mpox on special
populations, such as immunocompromised individu-
als, children, pregnant women, and the elderly, is not
adequately understood. These groups may have different
disease experiences and outcomes, highlighting the need
for more detailed investigation. These gaps in knowl-
edge underscore the need for comprehensive research to
fully understand the multifaceted nature of Mpox and its
impact on diverse patient populations.

Umbrella reviews are an innovative methodological
approach to synthesize evidence from multiple system-
atic reviews into one overarching review, providing high-
level, comprehensive insights [9]. The primary objective
of this umbrella review is to synthesize evidence from
multiple systematic reviews on Mpox, focusing on its
various clinical manifestations across different organ
systems. By consolidating data from diverse studies, this
review aims to provide a holistic view of Mpox’s clinical
characteristics and the variability in its presentations.
This comprehensive synthesis will help in enhancing our
understanding of the disease, guiding healthcare profes-
sionals in its management, and informing public health
strategies to curb its spread.

Methods

This umbrella review has been conducted, adhering to
the established standards and protocols outlined in the
Joanna Briggs Institute (JBI) methodology and the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (Table S1) [10-12]. An
umbrella review, also known as a review of reviews, is
a distinct form of evidence synthesis that compiles data
from multiple systematic reviews related to a specific
topic or question, in this case, the clinical manifestations
of Mpox. This methodology is especially valuable when
addressing complex, multifaceted health issues that have
been the subject of numerous reviews, allowing for a
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broader and more comprehensive understanding of the
available evidence. We employed rigorous criteria for the
selection of systematic reviews to ensure relevance and
quality. Each selected review was required to meet spe-
cific standards regarding methodology, scope, and the
robustness of findings. Our synthesis process involved
extracting key data points from each review, analyzing
patterns and discrepancies, and summarizing the evi-
dence to provide an overarching insight into the clinical
spectrum of Mpox. This structured approach enables us
to present a consolidated view of the disease’s impact on
different organ systems, capturing variability in clinical
presentations and outcomes across different populations
and study settings. The review has been registered in
PROSPERO: CRD42023468364.

Inclusion criteria

We included studies involving the general population,
without restricting to specific subgroups, to provide a
comprehensive overview of Mpox’s impact across diverse
demographics. The exposure of interest was clearly
defined as cases of Mpox, excluding other infections to
eliminate confounding influences. The outcomes of our
review were categorized into three main groups: Major
Health Outcomes and Associated Risk Factors (such as
atherosclerosis and high blood pressure); Specific Organ
System Effects (including respiratory diseases and neu-
rological effects); and Broader Health Implications (like
effects on pregnancy and developmental outcomes).
These outcomes were chosen to explore both the direct
effects of the virus and its broader health implications.
Regarding study designs, our review included systematic
reviews of randomized controlled trials (RCTs), observa-
tional studies, longitudinal studies, and other empirical
study types up to case reports, providing a rich variety
of data sources. We excluded policy discussions, opin-
ion pieces, reviews that do not include original data, and
animal studies to maintain a focus on empirical human
data. Only articles available in English are included. The
geographic scope of our review was global, considering
studies from any region to ensure a wide epidemiologi-
cal perspective. The detailed criteria for inclusion in our
review can be found in Table S2.

Literature search

We performed comprehensive literature search in data-
bases such as PubMed, Embase, Web of Science, and the
Cochrane Database of Systematic Reviews from incep-
tion upto 25th September 2023. We employed search
terms including “mpox,” “monkeypox,” and “mpxv,
coupled with “meta-analysis” or “systematic review” to
curate relevant systematic reviews. To refine the search
results, an English language filter was applied. Detailed
search strategy is furnished in Table S3.
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Screening

The process of screening and selecting systematic reviews
was undertaken by two independent reviewers (SG and
PS). They utilized the Nested Knowledge software for
the removal of duplicates and screening purposes [13,
14]. The preliminary screening involved reviewing the
titles and abstracts of each article, followed by a thorough
reading of the full texts. In instances where discrepancies
between the reviewers arose, a third, senior reviewer was
consulted to reconcile differences and reach a resolution.

Data extraction

Data extraction was conducted by two reviewers, uti-
lizing a pre-tested data extraction form. The data col-
lated from the included systematic reviews comprised
the name of the authors, year of publication, data-
bases searched and date, the number and nature of the
included studies, the tools used for assessing risk of bias,
geographical location/region of the studies, the range of
years of the studies, the results of the quality assessment,
and the pertinent outcomes.

Quality assessment

To assess the methodological quality of included sys-
tematic reviews in our study on Mpox, we employed
the AMSTAR 2 tool, recognized for its comprehensive
and rigorous approach tailored specifically to systematic
reviews [15, 16]. This tool is adept at evaluating critical
domains crucial for the validity of a review’s conclusions,
such as literature search adequacy, risk of bias, and han-
dling of study heterogeneity. This approach aligns with
our objective to ensure the reliability and accuracy of
our synthesis, given the diverse clinical presentations of
Mpox. The quality assessment was collaboratively per-
formed by two reviewers, with studies graded as high,
moderate, low, or critically low based on AMSTAR 2
criteria. Reviews were categorized as high quality if they
addressed all critical domains with no more than one
non-critical weakness, including a comprehensive lit-
erature search, explicit statement of research questions,
thorough risk of bias assessment, and robust discussion
on study heterogeneity and publication bias. Moderate
quality reviews met most critical criteria but had several
minor methodological weaknesses in non-critical areas,
such as less detailed search strategies or incomplete
bias discussions. Low quality reviews had multiple flaws
across both critical and non-critical domains, includ-
ing incomplete literature searches and insufficient bias
consideration, affecting the reliability of their conclu-
sions. Finally, reviews were deemed critically low quality
if they failed to meet multiple critical domains, display-
ing major methodological shortcomings that likely sig-
nificantly impaired the validity of their findings, such as
lacking transparent reporting and inadequate risk of bias
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assessments. Any discrepancies in the quality assessment
were resolved by a third reviewer, ensuring a thorough
and unbiased evaluation.

Data synthesis

Data synthesis and summarising is performed through
a coherent narrative synthesis and are also structured in
tabular form to facilitate comprehension and interpreta-
tion. We have categorized the manifestations of Mpox
by the affected organ systems: Oral, Ophthalmic, Car-
diovascular, Neurological, cutaneous, gastrointestinal,
respiratory, and general manifestations. Each of these
categories is appended with a succinct summary to offer
clear insights into the varied manifestations within each
organ system. A detailed table outlines the specifics of
each systematic review involved in our analysis, present-
ing various pertinent aspects and main information of
each review. Different manifestations are comprehen-
sively summarized, and tables are integrated to heighten
clarity and alignment with the available systematic
reviews. Priority is assigned to the findings of the high-
est-rated systematic reviews by AMSTAR-2.

Results

Literature search outcome

A total of 207 records were identified from various data-
bases, of which 114 were duplicates. Consequently, 93
records underwent primary screening, with 35 of these
progressing to full-text screening. Ten records were sub-
sequently excluded for various reasons. Ultimately, 25
systematic reviews were deemed eligible and included
in the synthesis. The screening process and selection of
articles are depicted in Fig. 1.

Characteristics of included systematic reviews

The important characteristics of the included systematic
reviews are given in Table 1. The range of included stud-
ies by reviews is diverse, encompassing cross-sectional
studies, case reports, case controls, case series, and
cohorts. Most of the systematic reviews were published
in recent years; however, they include primary studies
dating from previous decades up to the present. These
reviews incorporate studies from various regions, provid-
ing a comprehensive overview of global-level data. The
Newcastle—Ottawa Scale (NOS), the Joanna Briggs Insti-
tute (JBI) checklist, the National Heart, Lung, and Blood
Institute (NHLBI) quality assessment tools, and the
National Institutes of Health (NIH) quality assessment
tools are the predominant methodologies employed for
quality assessment in these reviews. The clinical mani-
festations discussed within the systematic reviews are
varied, including cutaneous, cardiovascular, neurologi-
cal, respiratory, gastrointestinal, oral, and ophthalmic
manifestations, among others. The overall quality of the
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primary studies varied, ranging from very poor to high
quality. Out of the 25 systematic reviews, 16 performed
meta-analysis. Most of the reviews were categorized as
critically low quality according to AMSTAR 2 criteria.
Many of them did not register the protocol, and some
reviews did not perform or consider accounting for the
risk of bias in primary studies Table S4.

Manifestation of Mpox in humans
These findings categorized based on different organ sys-
tems, are summarized in Table 2.

Cutaneous manifestations

Skin lesions and rashes are a universal manifestation in
Mpox, with a rash being observed in 100% of patients in
one study [17], and skin lesions having a prevalence of
95.2% (CI: 93.3 to 96.9%) [18]. Another study revealed a
notable prevalence of 85.7% (95% CI : 68.3 to 94.30) for
rashes [19]. The disease is marked by a diversity in lesion
types. Pustular lesions were observed in 46% of cases,
papular and ulcerating lesions in 33%, vesicular lesions
in 27%, and macular lesions in 13% [8]. The lesions have
a typical progression, starting as vesicular eruptions,
evolving into pustules, with some ulcerating, forming
scabs, and subsequently resolving. Exanthem and macu-
lopapular pinkish exanthem were also identified as types
of lesions present in Mpox [6]. The majority of patients
before 2022 experienced moderate skin rash severity
(53.6%, 95% CI: 46.6 to 60.5), whereas, post-2022, most
patients predominantly experienced mild skin rash sever-
ity (84.9%, 95% CI: 71.9 to 92.5) [20]. Complications such
as ocular lesions, secondary bacterial skin infections,
hemorrhagic pustules, and ulcerated or necrotic lesions
were also reported [21].

The anatomical distribution of lesions before 2022
was extensive. Facial lesions were exceedingly prevalent,
found in 98.0% (95% CIL: 97.1 to 98.6) of patients [20].
Trunk lesions were reported in 93.8-95.2% of patients,
and limb lesions were observed in 91.0-94.9% of cases
[20]. Genital lesions and oral lesions were also significant,
observed in 53.5%(95% CI: 36.8 to 69.5) to 53.58% and
37.47% of cases, respectively [20]. In the 2022 outbreak
and subsequent ones, there was a shift in the prevalence
of lesion locations. The genital area emerged as a com-
mon site with a prevalence of 50.83% (95% CIL: 40.12 to
61.50) [22]. Perianal lesions were noted in 35.44% (95%
CL: 28.04 to 43.19), limb lesions in 30.82% (95% CL
14.24-50.37%); facial lesions in 27.67% (95% CI: 22.78 to
32.82), trunk lesions in 26.74% (95% CI: 18.16 to 36.24),
and oral lesions in 9.86% (95% CI: 2.13 to 21.59) of the
patients [22]. The prevalence of lesions in the anal/peri-
anal area, a previously unreported location, was marked
at 39.8% (95% CI: 30.4 to 49.9) [20]. Lesions on the limbs
were most common on arms, forearms, and legs [8].
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Identification of new studies via databases and registries

Records identified from: Records removed prior to
screening:
Cochrane Library (n=1)

Embase (n=80) . Duplicate records removed (n=114)
PubMed (n=67)
Web of Science (n=59)

Records Screened (n=93) —» Records excluded (n=58)

Different outcomes (n=56)
Not systematic review (n=2)

Reports sought for retrieval
(n=35) [

!

Reports assessed for eligibility
(n=35)

Reports not retrieved (n=0)

Reports excluded (n=10)

Abstract only (n=2)
Different outcomes (n=1)
Duplicate (n=2)

Letter to editor (n=1)

Not systematic review (n=3)
Pre-print, not peer reviewed
(n=1)

Studies included in review (n=25)

Fig. 1 PRISMA flow chart depicting screening and study selection process



Page 6 of 18

(2024) 24:992

Satapathy et al. BMC Infectious Diseases

suoljeisejiuewd

adoin3

‘lebnyiod ‘|9es| ‘eljesny

Salpnis
9AI3adsoid pue sAl}
-d>adsol3ai ‘|euoIDaS

(cz0z 12quisdaQ 1) NYSS pue
'NHIYD ‘AIXHIYD ‘NYOIg ‘Aixgolq
'AlYJE ‘AIXgPIW ‘DUBIYD0D) ‘ISOH
-0D593 159N00Id ‘ISYFNT '9ou9

dlwjeyydo  poob 03 Jieq I9THN EEN ‘Y "eUSBIN NN WSN ‘uiedS  7z0z-/861 4 SSOID 'SaLIS 5B -5 4O g 'SndodS ‘PANANG €20 [0€] lypued
Ajjenb (¢Z0T 19qWianoN
poob 1o S1) NYSS PUB NYIYD ‘AIXHIYD
llej 3q 0} S3IPNIS [BUOIIRAIDSCO 'NYOIg ‘AIXHOIQ ‘AR ‘AIXYpPaW
punoj sal VSN 9A110ads0ld ‘9AI30ads 'aUeIYD0D) puUe ‘ISYGINT ‘DdUd
suonejsajiuew [elg - -pniselL/el I9THN SOA  ‘uepns ‘jebniiod DY "eusbIN 7Z07-8861 61 -0i181'|eUOND3s-S501D -1S Jo g3 ‘sndodS ‘PaNand - €20 [¥] d IypueD
2lle7 1dAB7 ‘Auewisn
‘wnib|ag ‘niad ‘sariunod a|din
-IN ‘USPAMS ‘BUBIPU| NGUE)S|
‘epeue) 'ySy ‘uteds ‘uel| ‘diyd
SN ‘AN ‘eunuabiy ‘eluewioy
suoleIsajueW 1ar ‘9duel{ ‘|izeig ‘Aje3| ‘'0220I0 S3IPNIS JOYOD ‘SIS (20T 19903120)
[ed160j0IN3N VYN  PUeSON ON ‘B2L4Y YInos ‘eipu] 'ysn VN o¢l ased ‘podal ase) sndodg pue ‘asequi3 ‘PANANd  £20C 971 9=@
832
ysu peiniy
ybiy=A~Apnis woly
U0 Sl paidepe
suolneisajUeW MO| =53] |00} paz! EEIEN (zz0z 'Sz 2uny)
pajejal Aoueubald  -pniseLalyl  -plepuelis SOA 2lle7 pue ‘Dyd elaBbIN  0707-€861 ¥ 9SED pue 10dal 9se)  AUBIYDOD) pue ‘@sequul ‘SulpalN €207 [€€]oluoiuy.q
suoleIsaylueW |9eIS| ‘BljR1}
|ea1ulpd [esauab -sny ‘uleds ‘suoa eudIS ‘A|RY| syiodal ased (zz0z £ 2unr)
pue djwieyydo selq ‘lebniiod ‘elabIN ‘N ‘eIl 'S91I9S 95D '1I0Y0d 92U3IDS JO g3 PUB SUIIP3N [17] ey
‘lBJO ‘SNOSURIND  JO IS MO SON SOA  1S9M pue [eUSD) 'DYQ ‘UBPNS 77070861 61 'lPUOIIDS-SSOID  -PIAQ ‘@sequd ‘sndods ‘paNgnd  ¢z07  -edez-sauag
dn-moj|oy
4O ¥2€| pUe
Ajigeled
-Wwod 0}
aNp $2J01S syodal
suofe)sajiueW 150 s3 1ar 35PD 'Sa1195 Ised |e (zz0z Aew 1€) QINY
[ed1600IN3aN  -PNIS=SON  Pue SON SOA 24A YN VSN eUSBIN  ¢Z0T-/861 61 -UONDS-SS01D ‘WOYOD  pue O4NIPASd ‘ISYENG INITAIW 220z [62]ydouspeg
Apnis [euopeA
-195q0 aAI3Dads0IaY
‘SMalAa1 1ty ‘[euoly
-BAIDSO dAI3D3dS0l
PUBISZUMS  7Z0T 2104 '[PUOIIDS-550.D ‘ApN3s (z20z '/ 3snbny uQ) Jejoyds
suofeysajiuew 'S91IUN0D 9| ‘pue|bul eUdbIN  -99 ‘70T paseqg-adUue|[IdAING 3|6000) pue ‘IygINT ‘@dUD
dlwleyydo  Jrej-abessny HIN SOA ‘alez ‘SN DY ‘ureds N Buung L 'S9LI9S 958D -I55 Jo g 'sndodS ‘paNANd €207 [/] eejepay
pasn Jeap
salpn)s [00}judw  pawojiad salpnis uon
wiaduod  jo Ayjenb -ssasse siskjeue papnpul saipms jo -ed||
JO sswodINQ IEIEYYe) Ayjend -elRW uonedo joies)  JquinN salpnis jo adA]  ajep pue paydieds saseqeieq -qnd loyny

SM3IASI DI3BUIBISAS PapN|DUl JO AlewWWNS | d|qeL



Page 7 of 18

(2024) 24:992

Satapathy et al. BMC Infectious Diseases

suofe}sayluew
[ed1ulD [esauUab pue
[eUISSIUIOMSED

SPUBIaYIaN ‘Pue|Od ‘BljesIsny
'eJ0Y 21|gnday UedLyY [BIIUSD
"elRBIN D1jgnday Y9z ‘eluew
-0y ‘A|ey| ‘9duel4 ‘Kuewian ‘|eb

salpnis
|BUOIRAISSTQ) ‘SD1IaS

(zzoz "L 1 asnbny nun dn zzog
‘| Alenuef wouy) asequil pue

‘le1O ‘snosurIND VN VN ON  -NMOd ‘uleds N ‘epeued 'vSn zz0Z—<10¢ o aseD ‘spodal aseD)  ‘9oua1ds JO gap 'sndods ‘PaNand €20z [8] 1yeAnod
pUBISZUMS
‘a10debulS ‘elUBWOY ‘B2I0Y JO
J1jgnday ‘|9eis| ‘elpu| ‘939915
l|gnday yoaz) d1ignday
suoleisajiueW UBDLY [BJIUDD) ‘epeued)
[e21ulD [esaUSb pue ‘winiblag ‘eljesisny ‘spueiayiaN (ceoz
S1ujeyiydo ‘[eaibol Ayjenb ‘elIabIN ‘@ouel ‘|ebnyiod ‘uleds spodal ‘g 3snbny) sndods pue THYND
-0INSN ‘snosueIn) Jood Asop SON ON ‘Auewnssn SN YA A8l 'vsn  ¢eoc-cs61l 6/  35eD '|euoid9s-ss01D “IVHINGD 'esequid ‘INIMdIW €20 vadjlexle}
suone}sajiuew
pajejas Aoueubaig VN VN ON o4d  110¢—£00¢ VN VN VN  €¢0C [7€] suiow
suofeysajiuew
[ed1uld [esauUSb pue (2707 J2qUWIaA0ON
|e10 ‘|ed1bojoinaN Aljenp SOLdS || pue Alenuef | W0J4) 90USIDS
‘snoauein) 21eI3PON 1ar SOA eD1UyY ‘BISY ‘edUaWY ‘2doing VN // 958D ’|PUOIIDSS SSOID) JO g9M PUB ‘ISYIINT ‘PANGNd €207 [gL1nn
suoljeIsayiueW
[e21UIP [esaub pue (€707
leunsajuloliseb Alenuer o) Jejoyas 96005
‘A1oyesrdsal ‘|10 pue ‘[eJ3U3D) AURIYDIOD) ‘9dU
‘snosueind poos 1ar SOA VN VN €L VN -15S JO gaM ‘9sequug Sulpsy - €20C [caln
suoljelssjiuew (€zoz el
[BD1UlD [RIRUSD [11dy) Jejoyds 9|6005) pue ‘Aieiq)|
pue [ea160joInaN VN VN ON VN €¢0C-0861 44 VN aueIYd0D 'sNdodS ‘PaNGNd  €20C [S2] ueyy
Salpnis
suoleIsajIuBU [eld 2U037 BUIIS ‘BljRASNY 'YSN [BUOIIBAIISCQ ‘Sa1IDS (zzOzZ 2Unf Y| 03
-uab pue [eauID VN VN OoN ‘a10debuls “DYa ‘elsbIN SN 72076102 0l aseD) ‘Modar ased 6107 JaquiadsQ) YN =sasegeied 20T [£1] [emsier
suofeysayluew EETEN (€207 'Yas Asenuer)
lejndseAoipied VN VN ON  |ebnuod ‘epeue) ‘@duel ‘ysn 0t 9 ase) ‘spodal ased) sndods pue ‘9sequui3 ‘paNgGNd  £20C [¥72] |emster
$9OUSPUOdSaII0D)
‘suofedlunw
-WodHOoYS ‘suorn
-esluNwWwod pidey
‘syodal Jallg ‘siona] (€707 A1eniga4 G| 0}
suoljeIsaylueW eLBIN DY@ Dlignday uediy 'SaUas aseD ‘salpnis  dn 7|0z Aenuer | wouy) sndods
[eJO ‘snoaueind) pooo 1ar SOA [BJIUSD ‘BdIY MN YSN ‘Uteds  €707-710T /9 [PUOIIDS-SSOID)  PUR ‘DSEQUIT 'BUIIPRN/PINGNd €207 [07] IweleH
pasn Jeap
salpn)s [00}judw  pawojiad salpnis uon
wiaduod  jo Ayjenb -ssasse sisjeue papnpul saipms jo -ed||
Jo sswodInQ IEIEYYe) Ayjend -e}RW uoned>07 joieap  JaquinN salpnis joadA]  @1ep pue paydieas saseqeieq -qnd loyny

(panunuod) | 3jqey



Page 8 of 18

(2024) 24:992

Satapathy et al. BMC Infectious Diseases

suolelSajIURW
|eDIUl|D [esduUsb

$3113UN0OD

pue Aioyelidsal  |gf o} pooD) a|din ‘|2eis| ‘Ureds ‘|ebnyiod podas  (zzoz J2quia1das 91) aseqeieq
S1uwleyiydo ‘|esibo|  pue SON 104 SON "eldBIN VSN AlBY| ‘vSN NN S91I9S 95ED ‘|eUOIDAS  SUBIYDOD) Ue[OYdS 9]D005) “THYN
-0INdN ‘snosuein) - Ayjenb 10od pue gr SOA ‘AuewIan ‘9duel4 '0BU0) 77075007 LC =S50 U0YoD  -[D '9sequig ‘INITAIN /PRNGNd €20 [61] UOA
Jo0d pajes
/ 'llej pajel
2I9M S3IPNIS
suoleysajiuew 0l 'poob
[euisajuloiseb  pajel aom SN ‘uepns ‘|aeis| ‘elabiN '[PUOIIDIS SSOID (2207’17 19903120) (1)
puejeig  selpnis vl HIN SOA ‘aduel4 '0buod 'ysn ‘uleds  zz0z-/861 Le  HOyod ‘sauss -ase)  SNdODS PUB ‘ISYFINT INIMAIN  €¢0C  BIRIGIpeWIS
dlignday Yyosz) (€0
suoneisajiuew ‘uleds ‘elpu| ‘spueayiaN ‘|eis| podal ased 'salss '/ ydiely 03 dn) sejoyds 3|b600D
[BIIUI]D [eIsUS) VN 19r 'SON SOA ‘AueWIRD 'YS( ‘Bpeued YN €207-770C 66 ~ 9SeD‘|PUONDSS SSOID  pue 'asequi] ‘INITAIN/PANGNd  €20T (151 ulys
suopesajuew Bl
[e21UIP [esauab pue ‘AuewlIan) ‘9duel{ ‘uleds ‘pug sapIpe (zz0z Jaquimrdas
‘K101esidsal o1ujeyy -e97 M3N ‘pueliey] ‘elpuj ‘aiod [euiblio pue ‘syodas 03 Alenuer Wody) 30341 30USIS
-ydo ‘snoaueind VN VN OoN -ebuls ‘e|lquin|od ‘jizelg ‘vsn VN (oY 958D 'S31U9S 958D pue Jejoyds 9|hoon) ‘PaNANd €207 [9] ewieys
suoneisajiuew (220z +2qwia1dag)
|es1ulpd [eiauab salpnis  AauHuadp pue Jejoyds 9|boon
pue Aioyendsal adoing [BUORBAIDSCQ ‘S10d  ‘DUIDS JO g ‘@sequig ‘sndods
‘eso ‘jeoibojoinaN - Anjenb ybiy 197 SoA ‘DY@ ‘9duel4 ‘ureds SN ‘YSN 2Z02-0861 8¢ -919seD) 'salds ase) ‘Aleiqr aue1y20D ‘PINGNd  £20C [87] yeys
SEIEN
958D pue
suoneisajiuew syodal (70T '10 J2qwiadaq)
Je|ndseAolpied) 3582 10§ |ebniiod 'vsn LEIEN 92U312S JO g pue ‘sndodg
‘snoaueiny)  poob 03 e |00 HIN OoN ‘9dUeI4 ‘epeueD) ‘0d1Y OUaNd  £207-720T 6 9sed ‘Jodal ased) ‘QUIIPSI ‘BURIYD0D) ‘PIINANG €707 [€7] pekes
[-SNIF0Y ODIX3N el
‘dnolb A 1| -9bIN ‘|ebniiod ‘DYQ ‘eljelisny |0J1U02-358 1I0Yy0d (€707 '8z A1enigad)
suopnesajiuew -4V 1D ‘uleds ‘elquIO|OD) ‘PURHIZIMS '|eUOI}D35-5501D ‘SIS AIYXP3N pue ‘(A1eiqi] yieaH [z€]
Slweyiydo VN Aq 0oL SoA N ‘ureds ‘Ajey| ‘jizeig 'vSN  €20¢-0861 09 osed>‘jodarase)  [BNMIA) THA '9sequi3 ‘PaNGNd  €20C  IleqeleD-seloy
ERCEIS)
‘eauIng ‘Ajey| ‘elaqi] ‘9duel
'SPIMPIOA "BUIYD UBMIR]
“Suewus ‘ysape|bueg ‘ealoy| S)Nsal auIbua
‘UeJ| ‘elpu| ‘eljelISNY 'BU0 DJeas ‘|euoinas
BUI3IS YN VSN "elabIN ‘Buoy -SSO1D |01U0D-35eD (0Z0z 12qwWa1das 6) AINY
9pIING  ANjenb mon SON SOA Buoi ‘epuebin ‘ueder ‘uieds  0z0Z-7661 A "H0Y0d eDI60j0d3  pue O4NIPAS ‘ISYEWI ANINAIW  120T [05] s1oboy
pasn Jeap
salpn}s |00} jusW  pawloysad salpnis uon
widuod  jo Ayjenb -ssasse sisk|eue papnppul saipnis jo -ed||
JO sswodINQ [TV Ayend -elRW uonedoq jJouesp  JaquinN salpnis joadA]  3jep pue paydieds saseqeleq -qnd loyny

(PonuUnUOd) | 3jqeL



Satapathy et al. BMC Infectious Diseases (2024) 24:992

Anogenital lesions, including vesicular, macular, pustu-
lar, or ulcerated lesions on the penile shaft, were often
accompanied by painful inguinal lymphadenopathies
or pubic erythema and pruritus [8]. Numerous rectal
lesions with few perianal and cutaneous lesions were also
reported [8]. The location of the rash was notably related
to the site of sexual contact, including the genital, anal,
or oral regions [23]. A significant variance in rash distri-
bution was noted between African and European studies.
Rash frequency was significantly higher in African stud-
ies (100%) compared to European studies (22%, 95% CI:
14 to 32). Additionally, the distribution of the rash in the
pelvic area and groins was significantly higher in Euro-
pean studies (75%, 95% CI: 65 to 84) compared to African
studies (30%, 95% CI: 28 to 33%) [21].

Cardiovascular manifestations

Cardiovascular complications in Mpox virus cases are
notable for a variety of symptoms and diagnostic find-
ings, primarily involving myocarditis. The complications
are often associated with distinctive symptoms like chest
pain sometimes radiating to the left arm and dyspnea,
were identified in examined cases [23, 24]. Electrocar-
diographic evaluations across studies have disclosed
various abnormalities, including sinus tachycardia and
widespread ST-segment elevation, reflecting the diversi-
fied cardiac involvements in Mpox [23, 24]. Specifically,
ST-Elevation was identified in 44% of patients, with
sinus tachycardia and normal sinus rhythm recorded
in 22% and 33% of patients, respectively [24]. This find-
ing was based on the findings of 6 studies which include
only total of 9 patients. CMR imaging elucidated areas
of increased signal intensity and findings consistent with
necrosis and myocardial edema [23]. Late gadolinium
enhancement and edema were prevalent in 40% of the
patients analyzed through CMR [24]. Echocardiographic
assessments depicted normal wall motion in 67% and
reduced ejection fraction in 43% of the patients [24].
The elevated levels of high-sensitivity troponins, ranging
from 0.165 to 21.20 ng/ml, were a consistent finding [23].
Other cardiac biomarkers like Creatine Kinase (291-740
U/L) and N-terminal prohormone B-type natriuretic
peptide (155-1258 pg/ml) were also found to be elevated,
indicating extensive cardiac implications [23].

Neurological manifestations

The neurological manifestations of Mpox are extensive,
with headache being the leading symptom, reported in
18 out of 22 studies, affecting 47.84% of participants [25].
The pooled prevalence of headaches was reported at 31%
[26], and varied findings have been reported regarding
its prevalence in different outbreaks, with 48% in previ-
ous outbreaks compared to 36% in 2022 outbreaks [27].
Myalgia and fatigue are also prevalent, reported in 27.5%
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and 17.73% of participants, respectively [25]. Myalgia was
reported with a prevalence of 36.0% and 30.8% [18, 19].
Fatigue, asthenia, or malaise were particularly prevalent,
affecting 38.7% of patients [18]. There is variation in the
prevalence of neurological symptoms between different
studies and outbreaks. Headache was more prevalent in
non-endemic regions (36%, 95% CI: 24 to 47) compared
to endemic regions (24%, 95% CI: 1 to 57)) [28]. It was
also more prevalent in prior outbreaks (37%, 95% CIL: 11
to 66) compared to the 2022 outbreak (23%, 95% CI: 14
to 34) [28].

Seizure, confusion, and encephalitis were reported with
prevalences of 2.7% (95% CI: 0.7 to 10.2%), 2.4% (95% CI:
1.1 to 5.2), and 2.0% (95% CI: 0.5 to 8.2) respectively [29].
Seizures were particularly noted in three patients, with
one case involving a 43-year-old man with HIV-1 infec-
tion who died following repeated seizures [25]. Enceph-
alitis details include cases involving a female neonate
and a 6-year-old girl [25]. Photophobia was reported in
39 patients (4.43%), and visual deficits were reported in
five patients (0.57%) [25]. Other reported manifestations
included dizziness, coma, encephalomyelitis, and trans-
verse myelitis [25].

Several pediatric cases have been reported, with symp-
toms like headache and malaise being common. A 2-year-
old female developed headache and malaise [26]. Another
6-year-old female presented with malaise, anorexia, and
headache, and a provisional diagnosis of encephalitis was
made [26]. Brain MRI in this case showed diffuse corti-
cal, thalamic, and brainstem edema, meningeal enhance-
ment, and signal abnormalities [26].

Oral manifestations

The prevalence of oropharyngeal rash was 52.4% pre-
2022 outbreak, reducing to 18.3% (95% CI: 13.2 to 24.9)
in post-2022 outbreaks [20]. Variations in prevalence are
also seen based on geographic locations, with a higher
prevalence of 62.67% (95% CI: 52.75 to 72.12) in endemic
countries compared to 15.62% (95% CI: 10.24 to 21.69) in
non-endemic ones [30]. A meta-analysis investigated the
prevalence of oral manifestations of human Mpox infec-
tion in 4042 individuals, out of which 1433 exhibited oral
manifestations [30]. The overall pooled prevalence of oral
manifestations was 36.75% (95% CI: 23.77 to 50.65), with
sore throat being the predominant oral manifestation at
39.96% (95% CI: 21.42 to 59.91), followed by mouth sore
at 24.80% (95% CIL: 8.14 to 46.32), tonsillitis at 18.24%
(95% CI: 0.34 to 52.54), and mouth rash at 17.99% (95%
CI: 15.66 to 20.43) [30].

Oral ulcers are a common manifestation, recorded in
96% of the patients in one study [17], and another study
observed a pooled prevalence of 7% (95% CI: 1 to 19),
with a higher occurrence in prior outbreaks (13%, 95%
CIL 2.0 to 30) compared to the 2022 outbreak (2%, 95%
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CI: 0.0 to 5.0) [28]. Tonsillar signs and oral exanthem are
reported with a pooled prevalence of 3% (95% CI: 0.00
to 9.0), with variations in prevalence between prior out-
breaks and the 2022 outbreak [28]. The prevalence of oral
ulcers has been reported to be 33% (95% CIL: 31 to 35),
while dysphagia has been observed in 57% (95% CI: 54
to 59) of cases, and odynophagia in 31% (95% CI: 27 to
35) of cases [31]. There have been highlighted instances
showcasing significant oral, perioral, enoral, and tonsillar
lesions. These instances include cases of isolated enoral
peritonsillar abscesses with unilateral cervical lymph-
adenopathy (LAP) without the presence of cutaneous
lesions, and cases displaying oropharyngeal erythema,
tonsillar enlargement, and associated bilateral cervi-
cal LAP [8]. The prevalence of oral lesions was reported
to be 37.47% for outbreaks occurring prior to 2022 and
9.86% for outbreaks post-2022 for Mpox [22].

Specific studies have reported a prevalence of 62.67%
(95% CI: 52.75 to 72.12) in Africa, 27.48% (95% CI: 7.19
to 52.99) in North America, and 15.07% (95% CI: 7.02
to 24.95) in Europe [30]. A prospective observational
study from the DRC reported a 77.78% prevalence of sore
throat, while another study observed a 70% prevalence of
oral lesions in patients with Mpox from the DRC [30].

Ophthalmic manifestations

The prevalence of conjunctivitis is notably high, recorded
at 96% in one study [17], and 12% in another, with a
remarkable difference in prevalence noted between out-
breaks before 2022 (17%) and the current multicountry
outbreak (1%). Another study reported the prevalence of
conjunctivitis at 7.1% [19], and the weighted prevalence
is reported as 6%, with reports of up to 60% prevalence
in certain latitudes [32]. Geographic variations are also
observed, with no patients from non-African countries
reporting vision loss [5]. There are notable differences in
the rate of ophthalmic manifestations between previous
MPX outbreaks and the current outbreak, with a higher
prevalence of conjunctivitis, eye lesions involving the
cornea and/or conjunctiva, and involvement of the eye-
lids reported in previous outbreaks [7]. Various studies
have documented a range of ophthalmic manifestations
such as photophobia, eye pain, eye lesions involving the
cornea and conjunctiva, and lesions involving the eye-
lids, including vesicles, pustules, or pseudo-pustules [5,
7]. Specific complications associated with these mani-
festations include keratitis, corneal ulceration, unilateral
blindness, and impaired vision [7]. The involvement of
the eyelids can present single or multiple umbilicated
papules in 3% of patients and can lead to eyelid deforma-
tion, with severe cases of skin necrosis reported [32]. A
pooled prevalence of 13.89% (95% CI: 6.92 to 22.67) for
conjunctival lesions and a prevalence of 14.37% (95%
CI: 6.91 to 23.71) for eye rash is reported [5]. Redness,
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pain, and discharge in the eye are observed in 9.26% of
the cases, with vision loss reported in 7.69% and vision
changes in 2.31%. Cases of severe conjunctivitis with ery-
thematous sclera, corneal edema, opacity, and keratitis
with confluent corneal lesions spreading into the sclera
have been reported [32]. Additionally, uveitis, described
in four case reports, had mild inflammation accompanied
by corneal compromise, with keratic precipitates and
superior limbitis observed [32].

Respiratory manifestations of Mpox

Respiratory manifestations are a significant aspect of
Mpox, with cough being a common symptom, reported
with an overall prevalence of 48.55% (95% CI: 34.67% to
62.54) [22]. Another study indicated a similar prevalence
for cough, noting it in 53% of cases in previous outbreaks
compared to 17% in 2022 outbreaks [19]. In contrast, the
prevalence of cough in nonendemic countries during the
2022 outbreak was significantly lower, recorded at 10.17%
(95% CI: 1.68 to 23.50) [22]. Upper respiratory symptoms
are also predominant, with an overall prevalence of 97%
[17]. One review also categorized respiratory symptoms
as rare clinical features, with a prevalence of 19.5% [19].
The significant variations in the prevalence of different
respiratory symptoms, especially between different out-
breaks, highlight the dynamic nature of Mpox and its
respiratory manifestations. Beyond cough, other respi-
ratory symptoms like nasal congestion and shortness of
breath have a pooled prevalence of 1%, with similar prev-
alence in both prior and the 2022 outbreaks and in both
endemic and non-endemic regions [28]. A remarkable
difference in the prevalence of sore throat is also noted,
being 71% in previous outbreaks versus 28% in 2022
outbreaks [19]. A rare case of nasal necrosis has been
reported in a 40-year-old HIV-positive man [19].

Gastrointestinal manifestations
Abdominal pain is a recognized gastrointestinal symptom
of Mpox, noted to have an overall prevalence of 9% (95%:
8 to 10) [31]. There is documented variance in the preva-
lence of abdominal pain, with African studies reporting
higher incidences compared to non-African studies [31].
Anorexia, characterized by a decreased appetite, has also
been reported, with a prevalence of 47% (95% CI: 41 to
53), underscoring the substantial impact of Mpox on the
gastrointestinal system and dietary patterns [31]. Nausea
and vomiting are common, with prevalences of 10% and
12% respectively [22, 31]. Diarrhea, on the other hand, is
less common, with a 5% (95% CI: 4 to 6) prevalence [31].
The prevalence of proctitis is documented at 11% (95%
CI: 12 to 13), and issues related to rectal/anal pain and
rectal bleeding are also notable, with prevalences of 25%
(95% CI: 24 to 27) and 12% (95% CI: 11 to 13) respectively
[31]. In the 2022 outbreak in nonendemic countries,
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a significant prevalence of 16.82% for rectal pain was
reported [22]. Dysphagia has a varied prevalence, with
reports as high as 70.08% (95% CI: 19.55 to 100) [22] and
as low as 2% [8]. There is also a reported general preva-
lence of 23% for either pharyngitis or dysphagia.

Pregnancy related manifestations

Only two systematic reviews reported details on preg-
nancy related manifestations mainly conducted in DRC
[33, 34]. Mpox infection during pregnancy has been asso-
ciated with a high incidence of spontaneous early miscar-
riages and second-trimester losses [34]. Another review
revealed that 39% of the cases experienced miscarriages
and a substantial 77% (95% CI: 26.0 to 100) incidence
of overall fetal and perinatal loss [33]. Furthermore, the
incidence of fetal loss was found to be 67% following
first-trimester infection and increased to 82% with sec-
ond-trimester infection. Vertical transmission of Mpox
is a significant concern, with an estimated incidence of
62% (95 CI: 9 to 99) [33]. It is further reported that only
23% (95% CI: 0 to 74) of fetuses surviving to birth [33].
Although no Neonatal Death (NND) was reported within
30 days from birth, there has been a reported case of
NND at 6.5 weeks of age due to malnutrition and a neo-
natal rash. The occurrence of preterm births before 37
weeks of gestation has been seen as another complication
with an incidence of 8.0% (95% CI: 0 to 92) [33].

Other general and constitutional symptoms

Fever is widely identified as a prominent manifestation of
Mpox, with studies documenting its prevalence at 81.34%
(95% CI: 60.36 to 96.21) and 58.4% (95% CI: 54.9 to 61.8)
[18, 22]. Lymphadenopathy, notably impacting the cervi-
cal and inguinal regions, is a recurring feature, observed
in 53.0% (95% CI: 48.7 to 57.3) to 85% of cases [17, 18].
The reports significantly contribute to the understand-
ing of its prevalence in Mpox. Fatigue is another com-
mon symptom, with its prevalence ranging from 46.18%
in nonendemic regions during the 2022 outbreak to 75%
[21]. The incidence of chills is reported at 23.8% and
67.91% (95% CI: 47.05% to 85.77) [18, 22], and other
systemic manifestations like myalgia and sweating are
reported in approximately 43% (17.47 to 70.58) of cases
[22]. A specific emphasis is placed on the occurrence of
scrotal or penile edema, with a reported prevalence of
10.7% (95% CI: 6.3 to 17.7) [19]. Instances of axillary, cer-
vical, and inguinal lymphadenopathy have been recorded
in various outbreaks [27].

Discussion

This study constitutes the inaugural umbrella review con-
ducted on Mpox, aiming to aggregate and comprehen-
sively summarize its various manifestations to date. Our
objective was to provide a bird’s eye view of the extensive
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range of MPox’s effects on human organ systems, offering
a broader understanding of its diverse manifestations. It
became evident that Mpox impacts the human body as
a whole, with its manifestations prevailing across differ-
ent organ systems, the most common of which was cuta-
neous. We were able to identify a sufficient number of
systematic reviews evaluating the clinical manifestations
of Mpox, allowing for a more inclusive analysis of its
effects. However, concerns arose regarding the types of
primary studies included. Many consisted of case series
and case reports, contributing to a substantial portion
of the systematic reviews. The prevalence of such stud-
ies highlights a significant gap in the availability of long-
term studies for numerous outcomes. For instance, there
is a pronounced need for more expansive research into
the cardiovascular manifestations of Mpox. Similarly, the
complications of Mpox infection during pregnancy are
another area where information is notably limited.

Mpox exhibits a multifaceted and evolving nature,
characterized by varied manifestations impacting mul-
tiple organ systems. The prevalence and types of manifes-
tations, particularly cutaneous ones, indicate significant
variability and evolution, hinting at possible mutations
or adaptations of the virus over time, as evidenced by
changes observed in post-2022 outbreaks. The near-
universal presence of diverse skin lesions is pivotal for
diagnosis, reflecting the virus’s primary interaction with
the host [35]. The geographical variations observed
in the prevalence of symptoms between African and
non-African regions suggest the influence of environ-
mental and genetic factors on disease presentation,
necessitating region-specific approaches to manage-
ment and treatment, though the portal of entry and the
mode of exposure likely also play a role in diverse mani-
festations. Moreover, the systemic impact of Mpox is
evident through the prevalence of severe cardiovascular
and neurological complications, emphasizing the need
for comprehensive multisystem monitoring and holistic
management to detect and address potential long-term
health implications. Particularly vulnerable populations,
such as pediatric patients and pregnant women, experi-
ence heightened risks and severe consequences, under-
scoring the importance of specialized care and stringent
prenatal monitoring to mitigate adverse outcomes related
to vertical transmission, like spontaneous miscarriages
and neonatal complications. The variability in respira-
tory and gastrointestinal symptoms between different
outbreaks highlights the dynamic nature of the disease
and the necessity for ongoing research and surveillance
to develop targeted interventions and treatments. In
essence, the complex interplay of manifestations in Mpox
requires a nuanced, multidisciplinary approach, informed
by continuous research and a deep understanding of the
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disease’s evolving nature and geographical variations, to
effectively manage and mitigate its impacts.

While our umbrella review has provided valuable
insights into the diverse clinical manifestations of Mpox,
it is important to note the inclusion of studies categorized
as low or critically low quality, according to AMSTAR
2 criteria, presents certain challenges. The presence of
these studies inherently affects the reliability and gener-
alizability of our findings. Low-quality studies often suf-
fer from methodological flaws such as inadequate control
for confounding factors, poor handling of data, and insuf-
ficient reporting of outcomes, which can introduce bias
into the synthesis process. These methodological short-
comings might lead to overstated or inaccurate repre-
sentations of Mpox’s clinical manifestations, impacting
our ability to draw definitive conclusions. Moreover, the
generalizability of the results is compromised as studies
with such deficiencies do not adequately represent the
broader patient population or the full spectrum of clini-
cal presentations.

The clinical manifestations of Mpox can vary based on
gender and different transmission pathways. In terms of
gender, the recent outbreak of Mpox has shown unique
clinical signs, especially among men who have sex
with men (MSM) [36]. In this group, rashes have been
observed primarily around the genital or anal area, with
subsequent spread throughout the body. Severe cases in
this population can lead to complications such as hem-
orrhagic disease, necrotic disease, and inflammation of
vital organs. Additionally, the majority of reported cases
among homosexual or bisexual males have shown a high
co-infection rate with human immunodeficiency virus
(HIV), with a significant percentage of lesions occur-
ring in the anal and genital regions. Regarding transmis-
sion pathways, Mpox can be transmitted through various
routes, including animal-to-human, person-to-person,
and fomites [37-39]. Human-to-human transmission
is believed to occur through direct contact with respi-
ratory droplets from infected individuals, and vertical
transmission can occur from infected mothers to their
newborns [40]. The recent outbreak of Mpox has seen a
shift in transmission patterns, with most cases not asso-
ciated with contact with infected animals or travel but
linked to sexual contact between individuals. This out-
break has highlighted the importance of understanding
the diverse transmission pathways of Mpox, especially
in the context of the 2022 epidemic that mainly affected
MSM. Clade I and Clade II of the Mpox virus exhibit dis-
tinct characteristics that significantly impact their trans-
mission pathways and the severity of the disease [41].
Clade I is primarily associated with transmission through
direct contact with infected wild animals, close contact
with infected individuals, and contact with contaminated
materials. Clade II shares similar transmission routes,
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including direct contact with infected animals and indi-
viduals, as well as through contaminated materials. These
differing pathways are crucial for understanding the
spread of Mpox and have implications for the severity
of outbreaks, necessitating targeted public health inter-
ventions and control measures to manage transmission
effectively. Additionally, the Mpox virus shows specific
tropism for tissues such as the skin, mucous membranes,
and lymph nodes, yet the precise virus ligands respon-
sible for this tissue specificity remain unidentified [42].
This lack of identification shows the complexity of the
interactions between the Mpox virus and host cells, influ-
encing the virus’s ability to infect particular tissues and
propagate within the host. Understanding these mecha-
nisms is vital for elucidating the pathogenesis of Mpox
and developing targeted therapeutic and preventive strat-
egies, enhancing our ability to effectively combat this
virus and minimize its public health impact.

The findings from this study on Mpox have significant
public health and clinical implications, underscoring the
need for an adaptable, informed response to this evolv-
ing disease. Several viral infectious diseases are emerg-
ing [43-45]. The wide range of manifestations across
multiple organ systems, particularly the variability in
cutaneous symptoms and the emergence of severe car-
diovascular and neurological complications, call for
heightened surveillance and a multidisciplinary approach
to patient care. Public health strategies must consider
the geographical and temporal variations in symptom
prevalence, tailoring interventions to specific regional
needs and potential virus adaptations [46]. Clinically,
this necessitates vigilance in diagnosis and treatment,
especially for vulnerable groups like pregnant women
and pediatric patients, to mitigate the risks of severe out-
comes and vertical transmission. The diverse presenta-
tions highlight the importance of ongoing research and
capacity building in healthcare systems, ensuring they
are equipped to handle the multifaceted challenges posed
by this virus. The effectiveness of vaccines in preventing
Mpox infection underscores the necessity for strategic
vaccination programs, particularly targeting high-risk
groups to prevent outbreaks and control the disease’s
spread [47]. Alongside vaccination, the importance of
contact tracing and monitoring, including healthcare
personnel, is crucial in preventing further transmission
and containing outbreaks. To effectively manage Mpox,
healthcare systems must be prepared with robust surveil-
lance and detection mechanisms that promptly identify
cases and track outbreaks. Infection control measures in
healthcare facilities, including the use of personal protec-
tive equipment (PPE), are vital to prevent transmission to
healthcare workers and other patients [48]. Additionally,
the global nature of Mpox outbreaks demands interna-
tional collaboration and coordination to share data, best
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practices, and resources, ensuring a unified response.
Public education and awareness campaigns play a critical
role in promoting prevention measures, reducing stigma,
and encouraging individuals to seek medical attention
if symptoms arise, further bolstering the public health
response to Mpox [49]. In essence, these findings call for
a concerted effort in public health planning, clinical man-
agement, and research to effectively address the com-
plexities of Mpox and safeguard community health.

Our study has several limitations. We restricted our
inclusion to articles published solely in English, poten-
tially overlooking relevant studies in other languages.
There is also a high possibility of overlap in primary stud-
ies included in multiple systematic reviews within our
umbrella review, which could potentially skew the find-
ings. We could not perform a meta-analysis due to the
high variability of study designs and variations in PICO
(Population, Intervention, Comparison, Outcome).
Moreover, many of our findings predominantly rely
on case reports and case series, which could introduce
a degree of bias into these results. More high-quality
observational studies are required to comprehensively
understand the impact of Mpox in humans.

Conclusion

This umbrella review provides an extensive synthesis of
the clinical manifestations of Mpox, underscoring the
disease’s complex and dynamic nature. Our findings
reveal the prevalence of severe complications across vari-
ous organ systems, including cutaneous, cardiovascular,
neurological, and respiratory systems, highlighting the
urgent need for detailed and region-specific manage-
ment strategies. The study significantly contributes to the
existing knowledge by delineating the broad spectrum
of Mpox effects, which is critical for developing targeted
interventions and enhancing diagnostic accuracy. How-
ever, our conclusions are tempered by the predominance
of case reports and series in the included systematic
reviews, which limits the robustness and generalizabil-
ity of our results. This limitation underlines an urgent
need for more comprehensive, high-quality observational
studies that can provide deeper insights into the long-
term effects of Mpox and its varying clinical presenta-
tions across different populations. Future research should
focus on longitudinal studies to better understand the
disease’s progression, treatment outcomes, and poten-
tial chronic conditions following recovery. By addressing
these gaps, we can better tailor our clinical and public
health strategies to effectively combat the evolving threat
of Mpox and safeguard vulnerable communities.
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