JMIR PUBLIC HEALTH AND SURVEILLANCE Suetd

Review

Integrated Network Analysis of Symptom Clusters Across
Monkeypox Epidemics From 1970 to 2023: Systematic Review
and Meta-Analysis

Shu Su’, PhD; Meng Jia, MSc; Yingni Yu, MSc; Hu Li, MD, PhD; Wenwei Yin, PhD; Yi Lu, PhD; Rongzhong
Huang, PhD; Rong Xiang, PhD; Huizhe Huang’, PhD; Peng Hu', MD, PhD

Key Laboratory of Molecular Biology for Infectious Diseases, Department of | nfectious Diseases, The Second Affiliated Hospital of Chongging Medical
University, Chongaing, China

*these authors contributed equally

Corresponding Author:

Peng Hu, MD, PhD

Key Laboratory of Molecular Biology for Infectious Diseases
Department of Infectious Diseases

The Second Affiliated Hospital of Chongging Medical University
Tianwen Road 288

Chongging, 400060

China

Phone: 86 13608338064

Email: hupengcg@hospital.cgmu.edu.cn

Abstract

Background: The worldwide spread of monkeypox (mpox) has witnessed a significant increase, particularly in nonendemic
countries.

Objective: We aimed to investigate the changing clinical symptoms associated with mpox from 1970 to 2023 and explore their
interrelations.

Methods: In this systematic review and meta-analysis, 3 electronic databases were searched for English peer-reviewed studies
conducted from January 1970 to April 2023 that reported any symptoms among confirmed mpox cases. We categorized the mpox
epidemics into 3 periods: 1970-2002 (period 1, within the African region), 2003-2021(period 2, epidemics outside Africa), and
2022-2023 (period 3, worldwide outbreak). Following PRISM A guidelines, ameta-analysiswas performed to estimate the pooled
prevalence for each symptom. The correlation among symptoms was analyzed and visualized using network analysis.

Results: The meta-analysisincluded 61 studies that reported 21 symptomsin 720 patients from period 1, 39 symptomsin 1756
patients from period 2, and 37 symptomsin 12,277 patients from period 3. The most common symptom among patients from all
3 periodswas rash (period 1: 92.6%, 95% Cl 78.2%-100%; period 2: 100%, 95% CI 99.9%-100%; and period 3: 94.8%, 95% ClI
90.9%-98.8%), followed by lymphadenopathy (period 1: 59.8%, 95% Cl 50.3%-69.2%; period 2: 74.1%, 95% Cl 64.2%-84.1%;
and period 3: 61.1%, 95% Cl 54.2%-68.1%). Fever (99%, 95% CI 97%-100%), enlarged lymph nodes (80.5%, 95% ClI
75.4%-85.0%), and headache (69.1%, 95% CI 4%-100%) were the main symptoms in period 1, with a significant decrease in
period 3: 37.9%, 31.2%, and 28.7%, respectively. Chillgrigors (73.3%, 95% Cl 60.9%-85.7%), fatigue (68.2%, 95% ClI
51.6%-84.8%), and dysphagia/swallowing difficulty (61.2%, 95% CI 10.5%-100%) emerged as primary hew symptomsin period
2 and decreased significantly in period 3. Most other symptoms remained unchanged or decreased in period 3 compared to the
former 2 periods. Nausea/vomiting had the highest degree of correlation (with 13 symptoms) and was highly positively correlated
with lymphadenopathy (r=0.908) and conjunctivitis (r=0.900) in period 2. In contrast, rash and headache were 2 symptoms with
the highest degree of correlation (with 21 and 21 symptoms, respectively) in period 3 and were highly positively correlated with
fever (r=0.918 and 0.789, respectively).

Conclusions: The manifestation of symptoms in patients with mpox has become more diverse, leading to an increase in their
correlation. Although the prevalence of rash remains steady, other symptoms have decreased. It isnecessary to surveil the evolving
nature of mpox and the consequential changesin clinical characteristics. Epidemic countries may shift their focus on the potential
association among symptoms and the high synergy risk.

Trial Registration: PROSPERO Registration: CRD42023403282; http://tinyurl.com/yruuasbn
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Introduction

Background

Monkeypox (mpox), caused by the mpox viruswithin the genus
Orthopoxvirus (family Poxviridae, subfamily
Chordopoxvirinag), isan emerging zoonotic disease that results
in a smallpox-like illness in humans [1,2]. The first case of
mpox was reported in Zaire (current Democratic Republic of
the Congo, DRC) in 1970, after which it spread to other
countriesin Central and West Africa[1,3]. Although mpox has
predominantly affected African populations, in the spring of
2003, the disease was reported outside Africafor the first time
inthe Midwest region of the United States due to infection from
imported animals, and then sporadic reports of infections
emerged from other countries caused by imported cases from
West Africauntil the pandemic[4]. Since May 2022, the disease
has emerged as a major worldwide public health crisis, with
87,042 cases reported worldwide by April 30, 2023, mainly
among men who have sex with men (MSM) [5]. The potential
worldwide impact of mpox necessitates an urgent need for an
improved understanding of the disease’s epidemiology,
symptomatol ogy, and management.

Prior to the 2022 worldwide pandemic, mpox was considered
a rare disease with a low case fatality rate (CFR, <10%) in
comparison to its closely related virus, variola major
(CFR=30%) [6]. Despite this, mpox remained a serious health
threat in the DRC and other countries in Western and Central
Africa [7], particularly among the pediatric population and
patients with immunodeficiency [8]. The incubation period of
mpox ranges from 5 to 21 days and is characterized by
nonspecific symptoms, such as fever, headache, and
lymphadenopathy [9]. Skin lesions were observed in 95% of
cases, with rashes being the most common symptom, typically
appearing on the face and extremities within 1-3 days after the
onset of fever [10,11]. The diverse range and frequency of the
clinical symptoms of mpox are influenced by various risk
factors, including modes of transmission and demographics of
affected populations[12]. For example, since 2022, the mgjority
of mpox cases have occurred among MSM, resulting in
comorbidity with other infectious diseases, such as HIV and
syphilis[13]. Animproved understanding of theclinical profile
of mpox can aid in the development of effective strategies for
managing and responding to outbreaks of the disease.

Before the onset of the pandemic in 2022, limited and outdated
data existed regarding the epidemiology and clinical
characteristics of mpox from an epidemiological perspective
[14-16]. However, since the emergence of the worldwide mpox
pandemic in 2022, numerous reviews and meta-analyses have
begun to investigate the symptoms of mpox, athough most
focusonly on 2022 [17-20]. Only 2 papers have compared mpox
symptom prevalence before and after 2022, with limitations
including sparseliterature, especialy prior to 2010[21,22], and
alack of correlation analyses between symptoms. Therefore,
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there is a need for a comprehensive longitudinal analysis to
investigate the evolution of mpox symptoms and their changes
over time.

Objective
To address this gap, we conducted a review and meta-analysis
to comparatively analyze mpox symptom prevalence and
correlations during 3 periods: 1970-2002 in Africa; 2003-2021
in Africa, Europe, and North America; and 2022-2023
worldwide.

Methods

Protocol Registration

This research adheres to the methodol ogical recommendations
of the Cochrane systematic review methodol ogy guidance[23]
and conforms to the guidelines of the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
statement (seethe PRISMA checklist in Table S9in Multimedia
Appendix 1) [24]. This study has been registered with
PROSPERO (International Prospective Register of Systematic
Reviews; registration number CRD42023403282).

Search Strategy

Two independent investigators (authors SS and MJ) conducted
a comprehensive literature search of peer-reviewed research
papers published from January 1970 to April 2023 in the
following English literature databases: PubMed, Web of Science,
and ScienceDirect. We aso searched all mpox-related public
databases. Keywords pattern in the database search were used
through combinations of monkeypox (eg, “monkeypox” OR
“monkeypox virus’ OR “human monkeypox”), symptoms (eg,
“symptoms’ OR “characteristics’ OR “clinical characteristics’
OR “clinical symptoms®), or cases (eg, “cases’ OR “cases
report”) and excluded reviews. Full details of the search strategy
are listed in Table S1 in Multimedia Appendix 1. A manual
search of the reference lists of the published papers was also
performed.

We restricted our search to research conducted on humanswith
observational studies, discarding veterinary investigations.
Papers were included if they contained clinica or
epidemiological information relevant to the current monkeypox
virus outbreak or historical information to establish context.
The following types of publications were excluded: news
reports, conference abstracts, mathematical modeling studies,
dissertations, and studies with mpox self-reported preval ence.
Two independent investigators (SS and MJ) confirmed the
eligibility of each study; if necessary, a third senior reviewer
(author PH) resolved differences. The PRISMA flow diagram
was applied to report the paper search process.

The following information was collected from each of the
studies: authors, publication year, title, study design, study
period, study area, sample size, study population, age, and
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symptoms. The prevalence of each symptom was calculated
based on the percentage of patients with mpox who had that
symptom. Discrepancies in data extraction between the 2
reviewers (SS and MJ) were adjudicated in the final meeting
by thethird senior reviewer (PH). Datawere extracted and stored
in Microsoft Excel for analysis.

Quality Assessment

Two reviewers (SS and MJ) independently assessed the study
quality using the Risk of Bias in Nonrandomized Studies - of
Interventions (ROBINS-1) tool for nonrandomized controlled
trial assessment. At the protocol stage, we specified the review
guestion of participants as confirmed patients with mpox and
outcomes as any symptom report. Additionally, we listed the
confounding domains relevant to al studies, including
time-varying confounding and baseline confounding, and the
cointerventions that could be different between intervention
groups and that could impact outcomes, such as any treatment.
We assessed the overall risk of bias according to 7 items: bias
due to confounding, bias in the selection of participantsfor the
study, bias in the classification of interventions, bias due to
deviationsfrom intended interventions, bias due to missing data,
bias in the measurement of outcomes, and biasin the selection
of the reported result. Each item was classified as low risk,
moderate risk, serious risk, or critical risk of bias. The overall
risk of bias was assessed according to the results of the 7 items
[25]. The detailed results are shown in Table S2 in Multimedia
Appendix 1.

Study Period

In thisreview, we classified the mpox epidemicsinto 3 distinct
periods. Period 1, spanning from 1970 to 2002, was
characterized by the limited transmission of the virus within
the African region. Period 2, spanning from 2003 to 2021,
marked the first outbreak of mpox outside Africa, with
confirmed cases reported in the United States, the United
Kingdom, Singapore, and Israel. Period 3, from 2022 to 2023,
witnessed an unprecedented worldwide explosion of mpox
Cases.

Meta-Analysis

To estimate the prevalence of mpox symptoms, we conducted
meta-analyses by combining data from various studies using
random effects models that fitted study-specific effects. We
calculated corresponding 95% Cl s. Heterogeneity analysiswas
performed to quantify the inconsistency among results, and it
was expressed using 12, a quantity representing the degree of
heterogeneity from 0% to 100%. Therefore, | with experience
values of 25%, 50%, and 75% indicated low, moderate, and
high heterogeneity, respectively [26]. The meta-analyses were
conducted using R Studio software (version 2023.06.2, build
561), which isaspecialized integrated devel opment environment
(IDE) designed for R programming (version 4.2.1, R Foundation
for Statistical Computing).

Sensitivity Analysis

To assess the impact of bias on our findings, we conducted a
sensitivity analysis by excluding studies with a moderate and
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higher risk of bias, thereby including only low-risk studiesin
a subgroup meta-analysis.

Subgroup Analysis

To assesstheimpact of geographical differences on our findings,
we conducted a subgroup analysis by grouping patients based
on the regiona distribution of the World Health Organization
(WHO). P<.05 was considered a dtatistically significant
differencein prevalence among regions.

Network Analysis

We also conducted a network analysis to compare changes in
mpox symptoms across the 3 periods and created nodes
(symptoms) and edges (symptom correlation). Within each
period, the edge color reflected the correl ation properties, where
pink color represented positive correlation; thickness indicated
the correlation strength between symptoms, where correl ations
were calculated through Spearman intragroup correlation
analyses using R software v4.2.1 and filtered significantly
correlated (P<.05) symptom pairs. Similarly, the size and color
depth of the nodes represented degrees, which were acquired
through clustering analyses of a subset of nodes and visualized
using Cytoscape software (v3.7.2).

Results

Overview

The initial search strategy included 2916 unique titles. After
excluding 825 (28.3%) duplicate records and 516 (17.7%)
unrelated subjects, 1575 (54%) studies remained. Of these, 142
(9%) full-text paperswereretrieved. The majority were excluded
for reasons such asbeing drug or biological studies, comments,
reviews, or conference papers. After reviewing the 142 papers,
19 (13.4%) were excluded due to duplicate data, while 24
(16.9%) and 38 (26.8%) contained unclear or incomplete
information, respectively. Additionally, 19 (13.4%) papers
presented the same outbreak with duplicate data. Ultimately,
our systematic review and meta-analysis included 61 (43%)
papers that provided information about cases and symptoms
(Figure1). Of these, 29 (47.5%) paperswere assessed as having
low risk of bias, 23 (37.7%) were assessed as having moderate
risk of bias, 4 (6.6%) exhibited a serious risk of bias, while the
remaining 5 (8.2%) were categorized as having a critical risk
of bias (Table S2 in Multimedia Appendix 1).

From 1970to 2002 (period 1), all 720 patientsfrom Africawere
included in our meta-analysis (n=4, 6.6%, studies). The median
age was 5.4 years (IQR 2.7-9.8; from n=3, 75%, of 4 studies).
The proportion of male patients was 34.9% (n=251, range
15.9-56.8%; from n=4, 6.6%, studies).

From 2003 to 2021 (period 2), a total of 12 (19.7%) studies
wereincluded. Most of the 1756 patientswere also from Africa
(n=1259, 71.7%, patients from n=5, 41.7%, studies), followed
by the Americas (=457, 26%, patientsfrom n=3, 25%, studies),
Europe (n=5, 0.3%, patientsfrom n=2, 16.7%, studies), and the
Western Pacific (n=2, 0.1%, patientsfrom n=2, 16.7%, studies).
The median age was 21.7 years (IQR 13.6-32.1; from n=8,
66.7%, studies), and the proportion of male patientswas 53.3%
(n=934; from n=11, 91.7%, studies).
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From 2022 to 2023 (period 3), 45 (73.7%) studies involving
12,277 patients were included in our study. A total of 9587
(78.1%) patients were reported in the Americas (n=13, 28.9%,
studies), followed by Europe (n=1680, 13.7%, patients from
n=24, 5.3%, studies). The median age was 34.5 years (IQR
28.5-42.0; from n=45, 100%, studies), and the proportion of
mal e patientswas 86.7% (n=10,640; from n=45, 100%, studies).

Figure 1. Study selection flowchart.

Suetd

Among the male patients, the proportion of MSM was 88.8%
(n=2340; from n=27, 60%, studies), with HIV (n=2116, 37.8%;
from n=30, 66.7%, studies), syphilis (n=125, 18.4%; from n=9,
20%, studies), and other sexually transmitted infections (STIs;
n=221, 23.6%; from n=6, 13.3%, studies). The study detailsare
givenin Table 1. The period prevalence was cal cul ated for each
period (Figure S1 in Multimedia Appendix 1).

-

Identification of studies via databases ]

Records identified through database search
(N=2916), including:

PubMed (n=986)

Web of Science (n=738)

ScienceDirect (n=1192)

Identification

Records removed before screening

(n=1341):

h 4

Duplicate records (n=825)
Unrelated subjects (n=516)

Records screened (n=1575)

Records excluded for obvious
irrelevant records (n=1433):
Drug studies (n=305)

Screening

Biological studies (n=209)
Comments (n=463)
Reviews (n=445)
Conference papers (n=11)

Full text papers assessed for eligibility (n=142)

Full-text papers excluded for the

following reasons (n=81):

A 4

Duplicated data (n=19)

analysis; n=61), including:
» Observational studies (n=32)
Cross-sectional studies (n=19)
Cohort studies (n=5)
Prospective cohort study (n=1)
Retrospective case control (n=1)
Retrospective observational studies (n=6)
» Descriptive studies (n=29)
Case reports (n=23)
Case series (n=6)

Included

Studies included in quantitative synthesis (meta-

Unclear information (n=24)
Incomplete reports (n=38)
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Table 1. Characteristics of the included studies (N=61).
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Characteristic Period 1 (1970-2002)

Studies, n (%) Patients

Period 2 (2003-2021)
Studies, n (%) Patients

Period 3 (2022-2023)
Studies, n (%) Patients

Overall, n (%) 4 (6.6) 720 (4.9)
Study type, n (%)
Observational 2(50.0) 370 (51.4)
Cross-sectional 0 0
Cohort 0 0
Prospective cohort 0 0
Retrospective case control 0 0
Retrospective observational 2(50.0) 370 (51.4)
Descriptive 2(50.0) 350 (48.6)
Case report 1(25.0) 6(0.8)
Case series 1(25.0) 344 (47.8)
Regions, n (%)
Africa 4 (100.0) 720 (100.0)
Americas 0 0
Eastern Mediterranean 0 0
Europe 0 0
Western Pecific 0 0
Patients’ characteristics
Age (years), median (IQR) 3(75.0) 5.4(2.7-9.8);
376 (52.2)2
Male, n (%) 4 (100.0) 251 (34.9)°
MSME, n (%) 0 o
HIV, n (%) 0 0°
Syphilis, n (%) 0 0°
Other STI, n (%) 0 0°

12(19.7) 1756 (11.9) 45 (73.8) 12,277 (832)

7(583) 1748 (99.5) 23 (5L.1) 11,502 (93.7)

4(333) 550(31.3)  15(333) 10,610 (86.4)

0 0 5(11.1) 704 (5.7)

0 0 1(22) 77(0.6)

0 0 1(22) 70 (0.6)

3(25.0) 1198(68.2) 1(2.2) 41(0.3)

5(41.7) 8(0.5) 22 (48.9) 775 (6.3)

5(41.7) 8(0.5) 17 (37.8) 32(03)

0 0 5(11.1) 743 (6.0)

5(41.7) 1259 (71.7) 0 0

3(25.0) 457(260)  13(289) 9587 (78.1)

0 0 2 (4.4) 9(0.1)

2(16.7) 5(0.3) 24 (53.3) 1680 (13.7)

2(16.7) 2(0.1) 2 (4.4) 10(0.)

8(66.7) 217(136- 45(1000)  345(285-42.0);
32.1); 1731 12,277 (100.0)2
(98.6)2

11(91.7) 934(532)° 45(1000) 10640 (86.7)°

0 o 27 (60.0) 2340 (88.8)"

2(16.7) 11(180° 31(689 2116 (37.8)°

0 0° 9(20.0) 125 (18.4)°

0 0® 6(13.3) 221 (23.6)°

3patientsin the included studies.

bMale patients in the included studies.

M SM: men who have sex with men.

dMsm patients in the included studies.

CPatients with infection/disease in the included studies.
fsTI: sexually transmitted infection.

Clinical Symptom Prevalence

We conducted a meta-analysis of 21 symptoms reported from
1970 to 2002 (Figure 2). The most commonly reported
symptoms were fever (99%, 95% Cl 97%-100%), rash (92.6%,
95% CI 78.2%-100.0%), and enlarged lymph nodes (80.5%,
95% Cl 75.4%-85.0%). These were followed by headache
(69.1%, 95% Cl 4%-100%), lymphadenopathy (59.8%, 95%
Cl 50.3%-69.2%), malaise/bedridden status/asthenia (52.4%,
95% Cl 44.8%-60.0%), tonsillitis (51.4%, 95% ClI
45.4%-57.4%), swelling (51.3%, 95% Cl 39.7%-62.8%), mouth
ulcers(49.1%, 95% Cl 43.7%-54.5%), sorethroat (47.5%, 95%
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Cl 25.2%-69.7%), cough (38%, 95% Cl 33.7%-42.3%), genital
ulcers (25.2%, 95% ClI 20.2%-30.7%), sweating/joint pain
(16.7%, 95% Cl 0.4%-64.1%), tiff neck (16.7%, 95% ClI
0.4%-64.1%), conjunctivitis (16.7%, 95% Cl 12.5%-21.5%),
and hepatomegaly (10.3%, 95% Cl 7.0%-14.4%). The
prevalence of proctalgia/diarrhea, nausea/vomiting, dehydration,
tenesmus, corneal opacity/photophobia, and aopecia was
relatively low (<10%).

In our meta-analysis covering the period of 2003-2021, we
identified 38 symptoms associated with mpox (Figure 3). Rash
wasthe most preva ent symptom (100%, 95% Cl 99.9%-100%),
followed by fever (88%, 95% ClI 82.1%-94.0%) and
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lymphadenopathy (74.1%, 95% Cl 64.2%-84.1%). The former
decreased, whilethelatter increased. Chills/rigors (73.3%, 95%
Cl 60.9%-85.7%), adenopathy (70.6%, 95% Cl 52.5%-84.9%),
fatigue (68.2%, 95% Cl 51.6%-84.8%), difficulty breathing
(63.2%, 95% CI 38.4%-83.7%), dysphagia/difficulty swallowing
(61.2%, 95% Cl 10.5%-100%), itching (59.2%, 95% CI
45.2%-73.2%), myalgia (52.7%, 95% Cl 35.6%-69.8%), and
diarrhea (50.3%, 95% CI 0%-100%) were newly reported but
remained highly prevalent. The prevalence of genital ulcers
(57.1%, 95% CI 43.0%-71.1%) increased compared to the period
of 1970-2002, while sweating/joint pain (63.9%, 95% CI
49.8%-78.1%), headache (58.2%, 95% CI 43.1%-73.3%), sore
throat (54.1%, 95% CI 46.1%-62.0%), mouth ulcers (53.6%,
95% Cl 33.0%-74.3%), and cough (43%, 95% Cl 28.0%-57.9%)
remained steady. The prevalence of body pain (43.4%, 95% ClI
25.4%-61.4%), shortness of breath (39.5%, 95% Cl 0%-84.1%),
anorexia  (30%, 95% ClI  0.0%-72.2%), corneal
opacity/photophobia (27.1%, 95% Cl 18.9%-35.3%), arthralgia
(22.1%, 95% CI 16.0%-29.2%), nasal congestion/rhinorrhea
(20%, 95% CI 3.5%-36.4%), and hemorrhagic skin lesions
(12.5%, 95% CI 4.2%-26.8%) was newly reported but was
<50%. The prevalence of malaise/bedridden status/asthenia
(32.3%, 95% Cl 4.8%-59.8%) conjunctivitis (23.2%, 95% Cl
13.4%-33.1%), and stiff neck (11.8%, 95% CI 3.3%-27.5%)
remained steady compared to the former period, while
nausea/vomiting (20%, 95% Cl 12.4%-27.5%) increased. The
prevalence of 10 (26.3%) other symptoms was <10%, of which
7 (70%) were newly reported symptoms: tongue sores,
dehydration, ear pain, wheezing, confusion, scrotal edema, and
seizures. Swelling, which was reported from 1970 to 2002, had
a decreased prevalence of 7.7% (95% Cl 0.7%-14.7%), while
hepatomegaly (9.5%, 95% Cl 0%-22.7%), swelling, and
proctalgiag/diarrhea (5.9%, 95% Cl 0.7%-19.7%) remained
steady in this period.

Since 2022, the included literature reports have listed 37 clinic
characteristics observed in patients during the mpox pandemic
(Figure 4). Rash was the most prevalent symptom among
patients, and its prevalence (94.8%, 95% Cl 90.9%-98.8%) was
higher than that of other symptoms, similar to the 2003-2021
period, followed by fever (61.1%, 95% Cl 56.7%-65.6%),
enlarged lymph nodes (51.8%, 95% Cl 40.8%-62.7%), headache
(37.9%, 95% CI 32.0%-43.8%), and chills/rigors (36.6%, 95%
Cl 25.5%-47.7%), which werelower than the periods from 2003
to 2021. Furthermore, flu-like symptoms (49.2%, 95% CI
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41.6%-56.7%), periana ulcer (40.8%, 95% CI 33.6%-48.0%),
dysuria (33.1%, 95% CI 5.7%-60.5%), perioral lesion (22.9%,
95% Cl 9.8%-36.0%), rectal bleeding (15.1%, 95% ClI
1.6%-28.6%), tonsillitis (11.7%, 95% Cl 8.1%-15.3%), difficulty
breathing (11.7%, 95% Cl 8.1%-16.3%), pus or blood in stools
(11.5%, 95% ClI 10.7%-12.2%), tenesmus/constipation (10.7%,
95% Cl 10.0%-11.5%), periana ulcer (9.9%, 95% CI
4.3%-15.5%), and tenesmus/constipation (9.4%, 95% CI
6.4%-12.4%) were newly reported and had alower prevalence.
Other past reported symptoms, including dysphagia/difficulty
swallowing (27.9%, 95% Cl 21.1%-34.7%), scrotal edema
(25.9%, 95% CI 0%-60.8%), body pain (22.6%, 95% CI
10.4%-34.7%), arthralgia (21%, 95% Cl 0.8%-41.2%),
proctagiag/diarrhea  (16.7%, 95% ClI  1.8%-25.6%),
nausea/vomiting (13.3%, 95% CI 2.2%-24.5%), corneal
opacity/photophobia (10.4%, 95% Cl 0%-25.5%), nasal
congestion/rhinorrhea (7.1%, 95% CI 0%-16.2%), and seizures
(0.7%, 95% CI 0%-4.1%) remained steady, whilethe prevalence
of sore throat (25.1%, 95% Cl 20.4%-29.9%), mouth ulcers
(13.7%, 95% Cl 8.2%-19.2%), cough (8.1%, 95% CI
3.9%-12.3%), and conjunctivitis (5.4%, 95% Cl 4.6%-6.2%)
was lower than that in former periods.

The prevalence of symptoms from 1970 to 2023 was included
in the meta-analysis as well, involving 51 reported symptoms
from 13,196 patients (Figure 5). Generally, rash (95.1%, 95%
Cl 92.0%-98.3%) was the prevalent symptom, followed by
adenopathy (70.6%, 95% Cl 52.5%-84.9%), fever (69.3%, 95%
Cl 63.9%-74.1%), and lymphadenopathy (61.0%, 95% CI
55.7%-66.3%), enlarged lymph nodes (55.4%, 95% CI
43.7%-67.1%), itching (52.8%, 95% CI 34.2%-71.3%), fatigue
(52.6%, 95% Cl 41.9%-63.2%), and diarrhea (50.3%, 95% CI
0%-100%). The prevalence of the other 40 (78.4%) symptoms
was <50%. The prevalence of 14 (27.5%) symptoms ranged
from 30% to 50%, including flu-like symptoms (49.2%, 95%
Cl 41.6%-46.7%), swesting/joint pain (47.9%, 95% CI
29.1%-66.8%), and chills/rigors (47.2%, 95% Cl 33.5%-60.9%).
For 17 (33.3%) symptoms, the prevalence ranged from 10% to
30%, including body pain (28.6%, 95% Cl 17.4%-39.8%),
mouth ulcers (27.9%, 95% Cl 15.1%-40.7%), and cough (26%,
95% Cl 15.3%-33.6%). Another 9 (17.6%) symptoms, such as
tongue sores (9.5%, 95% Cl 1.2%-30.4%), ear pain (8.8%, 95%
Cl 1.9%-23.7%), and tenesmus (8.5%, 95% Cl 5.4%-11.6%),
had <10% prevalence.

JMIR Public Health Surveill 2024 | vol. 10 | e49285 | p. 6
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

Suetad

Figure 2. Meta-analysis of the prevalence of clinical symptoms among mpox patients from 1970 to 2002. mpox: monkeypox.

Symptoms Events Total Prevalence and 95% CI I*(%) Egger's test
Fever 623 632 ! 0.990 (0.970-1.000) 78.8 0.22
Rash 611 707 i 0.926 (0.782-1.000) 97.7 0.41
Enlarged lymph nodes 227 282 i 0.805 (0.754-0.850) /
Headache 284 288 : & 0.691 (0.040-1.000) 92.6 /
Lvmphadenopathy 436 714 i—l— 0.598 (0.503-0.692) 82.9 045
Malaise/bedridden status/asthenia 183 350 —i'— 0.524 (0.448-0.600) / /
Tonsillitis 145 282 - 0.514 (0.454-0.574) / /
Swelling 40 84 —:'— 0.513 (0.397-0.628)

Mouth ulcers 169 344 -l:- 0.491 (0.437-0.545)
Sore throat 350 632 —'i— 0.475 (0.252-0.697) 85.8 043
Cough 242 632 - i 0.380 (0.337-0.423) 375 0.37
Genital ulcers 71 282 - 0.252 (0.202-0.307) / /
Sweating/joint pain 1 6 —— 0.167 (0.004-0.641) / /
Stff neck 1 6 —'—i— 0.167 (0.004-0.641)
Conjunctivitis 47 282 i 0.167 (0.125-0.215) / /
Hepatomegaly 29 282 - i 0.103 (0.070-0.144)
Proctalgia/diarrhea 54 626 - i 0.083 (0.037-0.129) 78.5
Nausea/vomiting 17 282 - i 0.060 (0.036-0.095) / /
Dehydration 17 282 .- i 0.060 (0.036-0.093)
Tenesmus 3 88 -— i 0.034 (0.007-0.096) / /
Corneal opacities/photophobia 14 626 i 0.022 (0.000-0.058) 88.1 /
Alopecia 9 432 [ i 0.019 (0.006-0.032) 0

T T
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Figure 3. Meta-analysis of the prevalence of clinical symptoms among mpox patients from 2003 to 2021.
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Symptoms Events Total Prevalence and 95% CI I*(%) Egger's test
Rash 1452 1464 ! 1.000 (0.999-1.000) 14.8 0.14
Fever 1366 1436 ! .- 0.880 (0.821-0.940) 855 0.01
Lymphadenopathy 1043 1272 Lo 0.741 (0.642-0.841) 798  0.08
Chill'rigors 954 1183 i . 0.733 (0.609-0.857) 89.9 0.34
Adenopathy 24 34 i — 0.706 (0.525-0.849) / /
Fatigue 975 1192 i—'— 0.682 (0.516-0.848) 943 0.27
Sweating/joint pain 110 175 :r—'— 0.639 (0.498-0.781) 61.6 0.96
Difficulty breathing 12 19 —i—'— 0.632 (0.384-0.837) / /
Dysphagia/swallowing difficulty 759 1085 —i—'— 0.612 (0.105-1.000) 98.9 0.82
Itching 710 1197 -i—'— 0.592 (0.452-0.732) 797 0.96
Headache 093 1412 —i—'— 0.582 (0.431-0.733) 97.3 0.31
Genital ulcers 33 61 —:r-'— 0.571 (0.430-0.711) 19.9
Sore throat 120 210 ':r'— 0.541 (0.461-0.620) 1.7 0.46
Mouth ulcers 627 1159 —:r'— 0.536 (0.330-0.743) 91.7 0.85
Myalgia 921 1343 —Ih— 0.527 (0.356-0.698) 96 0.09
Diarrhea 3 20 11! 0.503 (0.000-1.000) 876 /
Body pain 54 114 —'i— 0.434 (0.255-0.614) 76.6 0.17
Cough 625 1221 —'i— 0.430 (0.280-0.379) 914 044
Shortness of breath 18 53 —-57 0.395 (0.000-0.841) 92 /
Malaise/bedridden status/asthenia 295 1076 |—=—— 0.323 (0.048-0.598) 89.2 0.89
Anorexia 12 40 _'_é_ 0.300 (0.000-0.722) 00.7 /
Corneal opacities/photophobia 368 1161 — i 0.271 (0.189-0.353) 78.7 0.28
Conjunctivitis 262 1252 —-— i 0.232 (0.134-0.331) 72 0.62
Arthralgia 36 163 - i 0.221 (0.160-0.292) / /
Nausea/vomiting 207 1247 | - ! 0200(0.124-0275) 77 0.73
Nasal congestion/rhinorrhea 15 74 — E 0.200 (0.035-0.364) 69.1 /
Hemorrhagic skin lesions 5 40 —— i 0.125 (0.042-0.268) / /
Stiff neck 4 34 . i 0.118 (0.033-0.273)

Tongue sores 2 21 —-— i 0.095 (0.012-0.304) / /
Dehydration 2 21 — i 0.095 (0.012-0.304)

Hepatomegaly 2 21 - 0.095 (0.012-0.304) / |
Ear pain 3 34 - i 0.088 (0.019-0.237) / /
Wheezing 3 34 —-— i 0.088 (0.019-0.237)

Swelling 5 55 —— : 0.077 (0.007-0.147) 0 J
Proctalgia/diarrhea 2 34 - i 0.059 (0.007-0.197) /
Confusion 2 34 -— E 0.059 (0.007-0.197)

Scrotal edema 2 40 -— i 0.050 (0.006-0.169) / /
Seizures 1 34 -— i 0.029 (0.001-0.153)

0 05
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Figure 4. Meta-analysis of the prevalence of clinical symptoms among mpox patients from 2022 to 2023. mpox: monkeypox.
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Symptoms Events Total Prevalence and 95% CI I*(%) Egger's test
Rash 10026 10631 ! 0.948 (0.909-0.988) 4.6 0.01
Lymphadenopathy 2744 5380 i—'— 0.611 (0.542-0.681) 993 0.06
Fever 4201 7529 E . 0.611 (0.567-0.636) 85.6 0.02
Itching 340 1154 —E'— 0.520 (0.175-0.883) 975 0.54
Enlarged tymph nodes 2448 6515 —IF— 0.518 (0.408-0.627) 957 0.03
Flu-like symptoms 88 179 4 0.492 (0.416-0.567) /
Malaize/bedridden status/asthenia 3718 8063 —'i— 0.467 (0.367-0.566) 07.7 0.58
Genital ulcers 3590 7924 —= 0.466 (0.375-0.557) 97.8 0.91
Sweating/joint pain 344 1152 — . 0.449 (0.141-0.757) 96.8 0.56
Fatigue 545 1254 "‘E 0.436 (0.376-0.496) 694 0.7
Perianal ulcer 2348 7131 +E 0.408 (0.336-0.430) 96.7 0.09
Myalgia 1360 3826 +§ 0.405 (0.336-0.474) 93 0.82
Headache 3642 Q795 - 0.379 (0.320-0.438) 931 0.73
Chill/rigors 2803 7230 —'—E 0.366 (0.255-0.477) 955 0.76
Dysuria 2074 5004 —'—i— 0.331 (0.057-0.605) 907 093
Dysphagia/swallowing difficulty 47 166 - E 0.279 (0.211-0.347) 0 04
Scrotal edema 12 248 —'—E— 0.239 (0.000-0.608) 88.6 03
Sore throat 728 3069 e i 0.251 (0.204-0.299) 845 0.06
Perioral lesion 043 5568 — E 0.229 (0.098-0.360) 90.1 0.3
Body pain 1087 8081 —— 0.226 (0.104-0.347) 98.6 0.09
Arthralgia 69 455 —— E 0.210 (0.008-0.412) 004 0.06
Proctalgia/diarrhea 925 854 |—=— i 0.167 (0.018-0.256) 94.6 0
Rectal bleeding 930 7644 —.— E 0.151 (0.016-0.286) 96.3 0.79
Mouth ulcers 282 1755 - E 0.137 (0.082-0.192) 801 0.92
Nausea/'vomiting 650 6955 |—=— E 0.133 (0.022-0.245) 96.7 0.68
Tonsillitis 36 301 d E 0.117 (0.081-0.133) 0 0.11
Difficulty breathing 31 264 - , 0.117 (0.081-0.163) . /
Corneal opacities’photophobia 72 1279 e 0.104 (0.000-0.235) 94.2 0.11
Pus or blood in stools 869 7573 - E 0.099 (0.043-0.155) 96.7 0.88
Tenesmus/constipation 811 7565 - i 0.094 (0.064-0.124) 876 0.46
Cough 135 1374 s E 0.081 (0.039-0.123) 89 0.58
Nasal congestion/rhinorrhea 120 1150 = E 0.071 (0.000-0.162) 074 033
Conjunctivitis 164 3016 |® E 0.054 (0.046-0.062) 0 /
Seizures 1 134 * g 0.007 (0.000-0.041) '
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Figure5. Meta-analysis of the prevalence of clinical symptoms among mpox patients from 1970 to 2023. mpox: monkeypox.

Symptoms Events Total Prevalence and 95% CI I?(%) Egger's test
Rash 11804 12802 ! = (.951 (0.920-0.983) 040 0
Adenopathy 24 34 —-— 0.706 (0.525-0.849)

Fever 6190 0507 L o- 0.693 (0.639-0.747) 00 0
Lymphadenopathy 4159 7356 - 0.610 (0.557-0.663) 078 065
Enlarged lvmph nodes 2675 6797 = 0.554 (0.437-0.671) 083 0.08
Itching 1059 2351 —'P— 0.528 (0.342-0.713) 085 0.63
Fatigue 1520 2446 —IP— 0.526 (0.419-0.632) o8 0.06
Diarrhea 3 20 4+7 0.503 (0.000-1.000) 87.6
Flu-lke symptoms 88 179 —‘:— 0.492 (0.416-0.567)
Sweating/joint pain 455 1333 —'i_ 0.479 (0.291-0.668) 96.6 0.18
Chill'rigors 3847 8663 —'i— 0472 (0.335-0.609) 992 088
Gemnital ulcers 3969 8267 —'5- 0.462 (0.379-0.544) 7.6 092
Dysphagia/'swallowing difficulty 806 1251 — 0.455 (0.208-0.701) 82 02
Headache 4919 11504 —':“ 0.453 (0.380-0.527) 003 0
Malaise/bedridden status/asthenia 4198 10379 —‘:“ 0.444 (0.358-0.530) 074 0.56
Myalgia 2481 5169 —'—E 0.434 (0.366-0.502) 96.8 0.31
Perianal ulcer 2348 7131 —'—E 0.408 (0.336-0.480) 26.7 0.09
Shortness of breath 18 535 et 0.395 (0.000-0.841) [
Difficulty breathing 43 w3 e 0.363 (0.000-0.866) 952
Sore throat 1207 3920 - E 0.341 (0.271-0.412) 4.6 0.12
Drysuria 2074 3904 —'—:'— 0.331 (0.057-0.605) 997 0.93
Anorexia 12 40 _'_i— 0.300 (0.000-0.722) 90.7
Body pain 1141 8193 —— E 0.286 (0.174-0.398) 082 0.02
Mouth ulcers 1078 3258 —— E 0.279 (0.151-0.407) 087 0.83
Cough 1012 3208 —— E 0.260 (0.153-0.366) 0g 4 0.57
Swelling 15 133 [t 0.238 (0.000-0.514) 054 072
Perioral leision 043 5568 — E 0.229 (0.098-0.360) 001 03
Tonsillitis 181 58 | —=—01 0.228 (0.037-0.419) 077 003
Arthralgia 105 618 — E 0.210 (0.058-0.362) 805 0.03
Scrotal edema 14 88 [ 0.180 (0.000-0.420) 841 0.12
Conjunctivitis 478 4550 —-— E 0.177 (0.099-0.255) 059 0.05
Naussa/vomiting 054 8484 - E 0.157 (0.095-0.219) 06 0.18
Rectal bleeding 930 7644 — E 0.151 (0.016-0.286) 0963 0.79
Proctalgia/diarrhea 981 9204 - E 0.146 (0.105-0.187) 9313 0.01
Cormeal opacities/photophobia 454 3066 —a— E 0.135 (0.043-0.228) 985 0.05
Hemorrhagic skin lesions 3 40 —— H 0.125 (0.042-0.268)
Stff neck 3 40 —8— E 0.123 (0.022-0.225) 0
Nasal congestion rhinorrhea 144 1224 |—= E 0.111 (0.025-0.197) 955 04
Hepatomegaly 31 303 - E 0.102 (0.068-0.136) 0
Pus or blood in stools 869 7573 | = E 0.099 (0.043-0.133) 26.7 0.88
Tongue sores 2 21 —— E 0.095 (0.012-0.304)
Ear pain 3 34 = E 0.088 (0.019-0.237)
Wheezing 3 34 -— 0.088 (0.019-0.237)
Tenesmus 814 7653 - E 0.085 (0.054-0.116) 883 0.22
Dehydration 19 03 |= 0.062 (0.035-0.089) 0
Confusion 2 34 -— E 0.059 (0.007-0.197)
Alopecia 9 432 " E 0.019 (0.006-0.032)
Seimres 2 168 o ' 0.009 (0.000-0.023)
0 03 |
Sensitivity Analysis was the most common symptom, followed by fever (period 1:

100.00%, 95% Cl 98.7%-100%; period 2: 89.4%, 95% CI

We excluded studies with moderate and higher risk of bias,
including 3 (4.9%) studiesfrom 1970 to 2002, 6 (9.8%) studies
from 2003 to 2021, and 23 (37.7%) studies since 2022 (Table
S2 in Multimedia Appendix 1). A total of 29 (47.5%) studies
were included in the sensitivity analysis. In the 3 periods, rash
(period 1: 100.00%, 95% CI 98.7%-100%; period 2: 99%, 95%
Cl 97.1%-100.00%; and period 3: 93.1%, 95% Cl 87.7%-98.6%0)
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83.1%-95.6%; and period 3: 58.3%, 95% Cl 52.8%-63.7%).
The other symptomswith arelatively higher prevalenceincluded
lymphadenopathy, headache, and fatigue. Significantly,
symptom prevalence from 1970 to 2002 changed compared to
former meta-analysis results, while that in the other 2 periods
did not, and amost al symptom prevalence decreased since
2022 (Figure S2 in Multimedia Appendix 1).
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Subgroup Meta-Analysis

To compare the geographical differencesin clinical symptoms,
we performed a subgroup analysis of the symptom prevalence
in 3 periods (2003-2021, 2022-2023, and 1970-2023) based on
the WHO regional distribution. We did not conduct a subgroup
analysisfor the period from 1970 to 2002 since dl patientswere
in the African region. From 2003 to 2021, 30 symptoms were
reported in Africa, 26 in the Americas, 6 in Europe, and 10 in
the Western Pacific. The overall prevalence of symptoms was
highest in Africa, particularly in terms of rash (100%, 95% ClI
99.9%-100%), fever (92%, 95% Cl 85.7%-98.2%),
dysphagia/difficulty swallowing (85.5%, 95% Cl 57.4%-100%),
chillg/rigors (73.9%, 95% CI 55.3%-92.5%), headache (66.3%,
95% CI 52.9%-79.6%), shortness of breath (63.2%, 95% CI
38.4%-83.7%), and conjunctivitis (25.3%, 95% CI
17.3%-33.4%), which were significantly higher than in some
areas (P<.05). Furthermore, characteristic symptomsin African
cases included difficulty breathing (63.2%, 95% CI
38.4%-83.7%), genital ulcers (57.1%, 95% Cl 43.0%-71.1%),
mouth ulcers (53.6%, 95% Cl 33.0%-74.3%), anorexia (30%,
95% CI 0%-72.2%), corneal opacity/photophobia (27.1%, 95%
Cl 18.9%-35.3%, 78.7%), and hemorrhagic skinlesions (12.5%,
95% Cl 4.2%-26.8%), whose preval ence was >10%. However,
the preval ence of nausea/vomiting (59.7%, 95% CI 0%-100%)
in cases from the Americas was higher than in Africa (P<.05),
and some characteristic symptoms, including adenopathy
(70.6%, 95% CI 52.5%-74.9%) and stiff neck (11.8%, 95% CI
33.0%-27.5%), werereported exclusively inthe Americas (Table
S3in Multimedia Appendix 1).

Since 2022, cases have been primarily concentrated in the
Americas (27 symptoms) and Europe (25 symptoms), with fewer
patients reported in the Western Pacific (12 symptoms) and
Eastern Mediterranean (7 symptoms) and no cases reported in
Africa. The prevalence of symptoms in the 4 regions had
generaly no significant difference. However, the risk of
enlarged lymph nodes (61.3%, 95% CI 49.3%-73.2%) and rectal

https://publichealth.jmir.org/2024/1/e49285
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bleeding (60%, 95% CI 36.1%-80.9%) in European cases was
higher than in the Americas (P<.05). Eastern Mediterranean
cases exhibited a higher prevalence of headache (100%, 95%
Cl 15.8%-100%) and fatigue (100%, 95% CI 15.8%-100%),
but the number of cases was relatively low. Additionally, the
characteristic symptom presentations in the Americas were
swedting/joint pain (35.2%, 95% Cl 32.4%-38.2%),
nausea/vomiting (18.1%, 95% CI 3.5%-32.7%), pus or blood
in  stools (11.7%, 95% ClI 6.2%-17.3%), and
tenesmus/constipation (10.6%, 95% Cl 8.4%-12.9%) and in
Europewereflu-like symptoms (49.2%, 95% CI 41.6%-56.7%),
scrotal edema (45.5%, 95% Cl 24.7%-66.2%), arthralgia (32.4%,
95% CI 0%-75.6%), corneal opacity/photophobia (18.7%, 95%
Cl 0%-51.1%), tonsillitis (11.7%, 95% CI 8.1%-15.3%), and
difficulty breathing (11.7%, 95% CI 8.1%-16.3%); see Table
4 in Multimedia Appendix 1.

The merged periods showed more differences in symptom
prevalence among regions. Generally, rash was a prevalent
symptom, with its prevalence reaching close to 100% in all
regions. Africa had the highest prevalence of the most
symptoms, such as fever (94.5%, 95% CI 89.9%-99.0%),
headache (68%, 95% Cl 51.7%-84.3%), and chillg/rigors
(73.9%, 95% Cl 55.3%-92.5%; P<.05), followed by the
Americas and Europe, which showed similar risksfor the main
symptoms. Nonendemic regions, such as the Western Pacific
and Eastern Mediterranean, reported fewer symptoms, and the
preval ence of the main symptoms was similar to that in Europe
and the Americas (Table S5 in Multimedia Appendix 1).

Association Between Clinical Symptoms

We conducted Pearson correlation analysis on the clinical
symptoms, screening out significantly correlated paired
symptoms (P<.05) and drawing anetwork diagram of 3 periods:
2003-2021, 2022-2023, and the overall period of 1970-2023
(Figure 6a-c). From 1970 to 2002, only 14 symptoms were
found due to insufficient literature data, so we did not draw a
network diagram specifically for this period.
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Figure 6. Network diagram of clinical symptoms among mpox patientsin (A) 2003-2021, (B) 2022-2023, and (C) 1970-2023. mpox: monkeypox.
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A total of 37 symptoms showed a significantly positive
correlation from 2003 to 2021 (Figure 6a). Among them,
nausea/vomiting was variable with the highest degree of
correlation and was positive correlated with 13 symptoms:
lymphadenopathy (r=0.908), conjunctivitis (r=0.900), cough
(r=0.878), chillgrigors (r=0.791), headache (r=0.739),
photophobia (r=0.720), fatigue (r=0.713), fever (r=0.693),
corneal opacity (r=0.676), rash (r=0.652), mouth ulcers
(r=0.648), malaise/bedridden status/asthenia (r=0.648), and
myalgia (r=0.648). This was followed by lymphadenopathy
(correlated with 12 symptoms), conjunctivitis (12 symptoms),
nasal congestion/rhinorrhea (11 symptoms), swelling (11
symptoms), headache (11 symptoms), cough (11 symptoms),
shortness of breath (11 symptoms), and chills/rigors (10
symptoms). A total of 11 symptoms (proctal gia/diarrhea, mouth
ulcers, rash, fever, photophobia, stiff neck, ear pain, wheezing,
confusion, seizures, and adenopathy) were correlated with 9
other symptoms. In addition, corneal opacity was correlated
with 8 symptoms, myalgia with 7 symptoms, and fatigue and
genital ulcers with 6 symptoms. Another 13 symptoms
(hepatomegaly, dehydration, tongue sores, dysphagia/difficulty
swallowing, malai se/bedridden status/asthenia, anorexia, body
pain, scrota edema, hemorrhagic skin lesions, difficulty
breathing, sore throat, swesating/joint pain, and diarrhea) had
no more than 5 correlated clinic characteristics.

Since 2022, amore complicated network diagram involving 33
symptoms illustrated a substantial positive correlation (Figure
6b). Generaly, rash and headache had the highest degrees of
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correlation and were correl ated with 21 symptoms. The symptom
with the highest correlation with rash was fever (r=0.918),
followed by lymphadenopathy (r=0.789), headache (r=0.787),
body pain (r=0.610), malaise/bedridden status/asthenia
(r=0.575), genital ulcers(r=0.558), proctagia/diarrhea (r=0.554),
pus or blood in stools (r=0.549), tenesmus (r=0.548), perianal
ulcer (r=0.543), and rectal bleeding (r=0.508). In addition, fever
and rash were aso the most highly correlated with headache
(r=0.789 and 0.788, respectively). Other symptoms with ahigh
degree of correlation included body pain (20 symptoms), fever
(19 symptoms), malaise/lbedridden statug/asthenia (19
symptoms), chillg/rigors (19 symptoms), rectal bleeding (19
symptoms), pus or blood in stools (18 symptoms), tenesmus
(18 symptoms), enlarged lymph nodes (17 symptoms), perianal
ulcer (17 symptoms), and proctalgia/diarrhea (17 symptoms).

We also mapped the network diagram after merging 3 periods.
The symptom with the highest number of associated symptoms
(n=26) was headache (Figure 6¢). Among them, the 2 symptoms
with the highest correlation were fever (r=0.780) and rash
(r=0.754), followed by lymphadenopathy (r=0.576), myalgia
(r=0.507), and proctal gia/diarrhea (r=0.500); ther valuefor the
other 21 symptoms was <0.500. Conjunctivitis had the
second-highest degree of correlation and was correlated with
25 symptoms: it has high correlation with nausea/vomiting
(r=0.844), and the correlation with the other 24 symptoms was
relatively low (r<0.05). Other symptoms with a high degree of
correlation included body pain (23 symptoms), nausea/vomiting
(23 symptoms), cough (23  symptoms), nasal
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congestion/rhinorrhea (23 symptoms), rash (22 symptoms),
fever (21 symptoms), chills/rigors (21 symptoms), rectal
bleeding (19 symptoms), malai se/bedridden status/asthenia (18
symptoms), proctalgia/diarrhea (17 symptoms), pus or blood
in stools (17 symptoms), shortness of breath (17 symptoms),
and tenesmus (17 symptoms).

We extensively researched the data related to the mpox death
toll reports between 1970 and 2023 from various literature
sources and websites. The findings are presented in Table S6,
Table S7, and Figure S8 in Multimedia Appendix 1. Initially,
high case fatality rates (CFRs) were predominantly observed
before 1986: CFR=16.7%in 1970, 60%in 1972, 33.3%in 1973,
16.7% in 1975, 23.1% in 1978, and 9.7%-12.5% from 1981 to
1985. No death cases were reported from 1987 to 1995.
Subsequently, CFRs remained below 6% between 1996 and
2022. The highest CFR occurred in 2016 (5.7%), followed by
2002 (4.2%), 2008 (4.2%), and 2001 (3.8%). In 2022, the CFR
of mpox decreased to 0.09% but increased to 1.85% in 2023.
The countries with the highest CFRs in 2023 were Belgium
(33.33%), Peru (7.64%), and the United States (4.45%); see
Figure S3c in Multimedia Appendix 1. To investigate the
relationship between symptoms and death, weincluded 6 (9.8%)
papers reporting outcome indicators related to death. The
network analysis showed that rash (r=0.841), nausea/vomiting
(r=0.832), conjunctivitis  (r=0.832), and  corneal
opacity/photophobia (r=0.912) were significantly associated
with mortality (P<.05); see Figure S4 in Multimedia A ppendix
1

Discussion

Principal Findings

The clinical symptoms of mpox have shown a decreasing
prevalence over time, except for the specific symptom of rash,
which has remained consistent. However, there has been an
increasing concurrent prevalence of symptoms, resulting in a
more complex correlation among them. The prevalence
estimates of most symptoms were higher in Africafrom 1970
to 2021, with about half of them occurring since 2003. Therisks
have shifted to Europe and the Americas since the 2022
outbreak, accompanied by increasesin age and the proportions
of males and MSM among the patients.

General Evolution Trends

An important highlight is that the presence of rash remained
consistent in confirmed cases of monkeypox across all periods
studied. Thischaracteristic rash playsavital rolein the accurate
diagnosis of poxvirus infections, emphasizing its significance
as a key determinant in distinguishing monkeypox from other
similar conditions [27]. A consistent and noteworthy trend
observed throughout various periodsisthe continuous reporting
of key symptoms, such as fever, lymphadenopathy, headache,
cough, and sore throat, in cases of mpox. Although some of
these symptoms have displayed a higher prevalence compared
to others, they have remained steady since 2003 and decreased
since the onset of the 2022 pandemic, which is roughly
consistent with the previous 2 meta-analyses with pre- and
post-2022 studies [21,22]. Especially in the pandemic since
2022, the prevalence of coreported symptoms was similar to
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other meta-analyses in 2022 [17,18]. As all symptoms were
included in our study, it was observed for the first time that the
number of symptoms hasincreased since 2003 and hasremained
steady throughout the worldwide pandemic. The decrease in
the prevalence of nonspecific symptoms indicated an increase
in asymptomatic cases, while new symptoms emerged, revealing
a complex correlation among symptoms due to the evolution
of mpox influenced by various factors.

Geographical Differences

The main reason for this evolution can be explained by
differences in the geographical characteristics, population
structure, virus source, transmission routes, and medical
environment among the 3 periods. Before 2022, Africaemerged
as the primary endemic region, exhibiting higher mpox
prevalence and more reported symptoms. The epidemic trend
can be divided into 2 periods, based on the characteristic patterns
of symptom prevalence: before and after the virus spread to the
Americas. In the first period (1970-2002), the patients with
mpox all occurred in Midwest Africa, and children had the
highest proportion among confirmed cases, which was because
most of them had not been vaccinated against smallpox,
resulting in ahigher case prevalence. It wasreported that severe
symptoms of mpox tend to manifest morefrequently in children
rather than in adults [14]. As a consequence, fever, enlarged
lymph nodes, and headache were reported with a higher
prevalence and were closely associated with the risk of rash.
Although mpox has been reported in non-African countries
since 2003, the disease remains predominantly prevalent in
central African nations. During this transitional period, there
has been a gradual increase in the average age of patients and
the proportion of mae patients affected by monkeypox.
Therefore, the polled prevalence of primary symptoms
experienced a mild decrease from 2003 to 2021. However, the
African patients still remained at higher risk of main symptoms
and reported new symptoms, compared to nonepidemic regions,
such as Europe and the Western Pacific, while most
nonepidemic regions cases were imported from Africa. Asthe
first outbreak outside Africa, casesin the Americaswere mostly
confirmed in 2003, with relatively higher reported symptom
prevalence. Since the 2022 outbreak, Europe and the Americas
emerged as 2 epidemic regions that reported a mgjority of
diagnosed cases, with predominantly adult patients, resulting
in a relatively favorable clinical presentation in patients. The
prevalence of coreported symptoms exhibited consistent
characteristics thorough the epidemic and nonepidemic regions.
Additionally, a higher number of confirmed cases and more
comprehensive treatment modalities in endemic regions led to
more than half of the newly reported symptoms, while the
prevalence was generally lower.

Clade Evolution

The varying clades of the mpox virus could potentially exert a
significant influence on symptom severities. Two major clades,
the Congo Basin clade (clade 1) and the West African clade
(cladell), evolved from Africaand exhibited a potential impact
ontheclinical characteristics of patientswith mpox. The Congo
Basin clade was reported from 1970 to 2018 and is associated
with severe disease and higher mortality [28]. The West African
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cladeisassociated with mild lower mortality and isdividedinto
clade lla and clade I1b [15,28,29], the former being reported
only in the west of the Dahomey Gap from 1962 to 1971 and
the United Statesin 2003 and thel atter being reported in Nigeria
from 1971 to 1978 and from 2017 to 2019 and worl dwide since
the 2022 outbreak [30]. Therefore, although the majority of the
literature we included did not report branch data, it can be
confirmed that a contributing factor to the significantly reduced
severity of symptomsin 2022 was the lower virulence of clade
I1b compared with clade| [31]. However, concerning the period
before 2022, the impact of clades is rather intricate. For the
African cases between 2003 and 2021, the preval ence remained
unchanged or increased compared to pre-2003, while the
prevalence of symptomsin other regions during the same period
was relatively lower. For instance, the mpox outbreak in the
United States in 2003 was caused only by clade lla. Despite
having asimilar clinical characteristic to Africa, the prevalence
of symptoms such as chills/rigors, dysphagia/difficulty
swallowing, conjunctivitis, and shortness of breath was
significantly lower. In addition, the disease has transitioned
from being primarily animal-to-human transmitted to being
human-to-human  transmitted [10].  Animal-to-human
transmission mostly occurred in 1970-2002. In nonendemic
countries [13], few cases have been reported that were linked
to international travel or the importation of animal-to-human
monkeypox infection from 2003 to 2021 [32]. Mpox infection
at this stage was not attributed to person-to-person contact [33].
In 2022, the majority of cases, with a few exceptions, were
identified following instances of human-to-human sexual contact
[34]. Reduction in symptom severities may depend on the viral
clade [33] to better adapt to human-to-human transmission.
Furthermore, favorable living environments and advanced
medical conditions in high-income countries or regions may
also explain the decreasein symptom prevalence since the 2022
outbreak.

Correlation Among Symptoms

Although the escalation in the number of comorbiditiesresulted
in more intricate interconnections between symptoms, which
mutual ly reinforced the correlation between them in our network
diagram. This can be explained by more detailed symptom
reports, which contribute to enhanced monitoring and advanced
medical conditions. Moreimportantly, afact isthat all symptoms
are positively correlated, indicating that they are mutualy
reinforcing. Furthermore, the human-to-human transmission
route has changed. Although HIV-related complications were
noted during the monkeypox outbreak in Nigeriafrom 2017 to
2018, no substantiated evidence exists to indicate that the
patients engaged in MSM behavior [35]. Subsequent to the
outbreak in 2022, the studies incorporated in our analysis have
consistently revealed a predominance of mae patients, a
substantial proportion of whom reported engaging in MSM
behavior. These individuals also presented with coinfection,
including HIV, syphilis, and various other STls. Therefore, the
mpox virus transmitted through MSM behavior has caused a
rise in the number of additional symptoms, particularly an
increase in the prevalence of symptoms associated with MSM
behavior, such as perianal ulcer, pus or blood in stools, rectal
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bleeding, tenesmus/constipation, and dysuria. Thismay lead to
complex response measures and treatment modalities.

Risks Factors of CFRs

All evidence suggests that the mpox virus is becoming mild,
including a decrease in hospitalization rates in the reported
literature [36] and the CFR in our collected data. The CFRisa
complex outcome and not only is influenced by differencesin
symptoms caused by mpox clades but also is significantly
correlated with patients’ age and local economic conditions
[37]. Thisisone of the reasonswhy the CFR was higher before
2003. However, the CFR rebounded in 2023. This may be due
tothelag in reporting death data compared to confirmed reports.
However, the STI coinfection caused by sexual contact may
have a synergistic effect with the mpox virus, increasing the
severity of the disease.

Implications

Our findings are crucia for a comprehensive understanding of
the mpox epidemic and for guiding an adequate policy from an
epidemiological perspective. First, surveilling the evolving
nature of mpox and the consequential changes in clinical
characteristics is advised, especialy in the epidemic regions,
where the policy makers may shift their focus on the potential
association between symptoms and the synergy risks to
mortality. Furthermore, mpox can be influenced by a range of
environmental and human factors. If appropriate measures are
not taken to mitigate these factors, there is a heightened
likelihood of a resurgence of the epidemic. Therefore, it is
crucial to maintain ongoing vigilance and surveillance efforts,
even in areas or periods when the disease appears to have been
eliminated, in order to rapidly detect and respond to outbreaks
and prevent the spread of the disease. However, targeted
vaccination programs can be implemented for high-risk
populations, including health care workers, laboratory workers,
and those working with animals. Finally, efforts to raise public
awareness, particularly within high-risk populations, such as
MSM, should also be prioritized to help ensuretimely detection
and response to any potential outbreaks.

Limitationsand Strengths

Thissystematic review and meta-analysishas several limitations.
First, the clinical symptomswere only collected from available
data, so the results may fail to represent al patients with mpox,
especialy those in low- and middle-income countriesin early
studies. The included studies from 1970 to 2002 were limited
and of low quality. Especialy after 1986, WHO terminated the
surveillance program for mpox, which may have underestimated
the severity of the symptoms in the results. Second, the
symptoms reported during 3 study periods were likely to have
bias due to the varying study designs of each year. In addition,
the different strains of mpox and transmission routes may have
had a direct relevance for how clinically severe theillness was
during the study period, which requires further genome-wide
analysis to confirm it. In future analyses, it is important to
consider other sources of heterogeneity that were not fully
documented before the 2022 outbreak, such as age, case
determination, and comorbidities. Finally, we cannot confirm
which symptoms pose a higher risk of mortality during the
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worldwide outbreak since 2022, as limited data have
simultaneously reported both the clinical presentation and the
outcome of death; therefore, further evidence is needed to
interpret this correlation.

Despite this, our review has carefully considered the changing
trend of mpox symptoms since the first diagnosisin 1970 and
also collected data on the number of confirmed cases of and
deaths due to monkeypox in various countries over the years.
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according to demographic characteristics, we could suggest
building an effective surveillance system for high-risk
populations, especially in high-prevalence regions.

Conclusion

During the worldwide mpox outbreak, the clinical symptoms,
including rash, resembled what they had been prior to the
outbreak; however, some unique symptoms and changes in
transmission route should be noted. The exponential increase

It provided the evolution tendency of mpox, which can be used
for making a related health policy. For example, we may
improvetreatment targeting for the common symptoms of mpox;

in positive casesin Europe and the United States may help build
relevant early-warning systems to prevent more mpox Cases.
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