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Abstract
As the world still vividly recalls the previous monkeypox (mpox) outbreak that im-
pacted over 120 countries worldwide with more than 99,000 cases in 2022, we are 
now facing a second wave of infections from the monkeypox virus (MPXV), charac-
terized by an exponential increase in cases. The current 2024 outbreak has already 
recorded more than 20,000 cases in Africa, marking a dramatic escalation compared 
to previous outbreaks. The predominance of the newly identified clade Ib variant, first 
detected in the Democratic Republic of the Congo (DRC) and now identified across 
multiple African nations and beyond, underscores its enhanced transmissibility and 
potential for international spread, evidenced by cases in Sweden and Thailand. The 
World Health Organization (WHO) declared on August 14, 2024, the current mpox 
outbreak a Public Health Emergency of International Concern (PHEIC), calling for 
heightened global public health measures. The ongoing pattern of unusual, frequent, 
and extensive outbreaks of mpox with potential global implications poses significant 
questions. This review addresses, in the format of 50 questions and answers, the 2024 
mpox outbreak, detailing its characteristics, epidemiological data, and impact com-
pared to previous outbreaks. It comprehensively explores critical questions related 
to MPXV virological characteristics, immunological response, clinical manifestations, 
epidemiology, diagnostics, and available treatments. The review also documents the 
significant and evolving challenges posed by the current mpox outbreak, highlighting 
its scale, spread, and public health response.
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1  |  INTRODUC TION

Monkeypox virus (MPXV) is a double-stranded DNA virus belong-
ing to the Orthopoxvirus genus within the Poxviridae family, along 
with 11 other poxviruses, including the variola virus. MPXV in-
fection induces monkeypox disease (mpox) that initially presents 
with flu-like symptoms often accompanied by cough and swollen 
lymph nodes. A skin rash typically develops within a few days of 
the fever waning. While the symptoms are generally mild and self-
limiting, individuals with compromised immunity, children, and 
pregnant subjects are at increased risk for severe complications 
and mortality.1–4

Currently, we are facing a new mpox outbreak, characterized by 
the emergence of a novel variant, clade Ib, which has significantly 
challenged global public health frameworks. This outbreak, primar-
ily fueled by the new variant that transmits rapidly through close 
contact, has recorded a total of 20,720 cases alongside 582 deaths 
across 13 African Union Members since early 2024, highlighting its 
severe impact and widespread nature.5

The World Health Organization (WHO) has reacted to this esca-
lating threat by declaring a Public Health Emergency of International 
Concern (PHEIC) on August 14, 2024, due to the rapid cross-border 
spread of the virus in African countries.6 This declaration under-
scores the gravity and potential for international spread, particularly 
after confirming cases in Sweden and Thailand, showcasing the vi-
rus's reach beyond endemic regions.7,8

Historical data from prior outbreaks have illustrated that clade 
I of MPXV generally presents higher morbidity and mortality rates 
than clade II. In that respect, the current 2024 outbreak in Africa 
associated to clade Ib has a case fatality rate (CFR) of approximately 
3%, whereas the CFR of the 2022 global outbreak (associated to 
clade IIb) was 0.2%.5

The current 2024 mpox outbreak marks the second time the dis-
ease has spread on a relevant scale following the major 2022 out-
break. In 2022, WHO declared the mpox outbreak a PHEIC following 
a sudden surge of mpox cases that rapidly spread worldwide, with 
over 99,000 confirmed cases across 122 countries. The 2022 out-
break was characterized by its broad geographic spread. It repre-
sented a significant departure from previous outbreaks, which were 
contained mainly in endemic regions of Africa and primarily impacted 
children in small, rural communities. Although the first PHEIC was 
lifted in May 2023, the 2024 outbreak re-emerged, raising renewed 
concerns due to its rapid transmission and potential for widespread 
global impact.9–11 WHO has linked the mpox outbreak to climate 
change, citing the shrinking space between human and wildlife hab-
itats and increased ecological fragility. Rising global temperatures 
and environmental changes have contributed to the intensification 
of extreme weather events, which, in turn, have been associated with 
increased mpox cases. The destruction of ecosystems and socioeco-
nomic disparities further heighten the risk of transmission, particu-
larly among vulnerable populations.12

This review seeks to deliver the most up-to-date scientific in-
sights on MPXV and the ongoing mpox 2024 outbreak. It addresses 

50 critical questions about its virological characteristics, immunolog-
ical response, clinical manifestations, epidemiology, diagnostics, and 
available treatments. Additionally, this review examines the potential 
causes and far-reaching consequences of the current mpox outbreaks.

2  |  CHAR AC TERISTIC S OF THE CURRENT 
2024 MPOX OUTBRE AK

2.1  |  What are the characteristics of the current 
2024 outbreak, and how does it differ from the 
previous one in 2022?

The current 2024 outbreak of mpox accumulates a total of 20,720 cases 
(3331 confirmed; 17,389 suspected), and 582 deaths reported from 13 
African Union Members since the beginning of 2024. The Democratic 
Republic of the Congo (DRC) documented 19,667 cases, including 575 
deaths. This represents the highest number of cases in the African con-
tinent. Mpox cases have also been reported in 2024 in Burundi (702 
cases), Congo (162), Central Africa Republic (45), Nigeria (39), Cameroon 
(35), Côte d'Ivoire (28), South Africa (24), Liberia (6), Rwanda (4), Uganda 
(3), Kenya (2), and Gabon (1) (Figure 1).5 In DRC, the current outbreak in-
itially involved the endemic strain, clade I. However, a new variant, clade 
Ib, which appears to transmit more quickly through close contact (with 
prolonged skin-to-skin contact involving virion-rich lesion sites as the 
primary mode of transmission), is now fueling the spread of the disease. 
The new clade Ib, first detected in DRC and reported in April 2024, has 
also been confirmed in cases across Burundi, Rwanda, Uganda, and 
Kenya.5 The infection counts have exponentially increased since the be-
ginning of 2024, and the virus is quickly spreading (Figure 1). However, 
the actual size of the outbreak may be larger than what has been re-
ported due to under-ascertainment and under-reporting. The increase 
in cases raised concerns regarding the potential for the international 
spread of clade Ib. In that respect, the first two cases of MPXV clade Ib 
were confirmed in Sweden and Thailand in August 2024.7,8

The current 2024 outbreak has notable differences compared to 
the previous 2022 outbreak. Firstly, in 2022, MPXV clade IIb was the 
main elicitor.11,13,14 It is hypothesized that the new Ib strain may dis-
play increased contagiousness and a more severe clinical course.5,14 
In the current outbreak, the majority of cases and deaths occurred 
in vulnerable populations, particularly children under the age of 15, 
who accounted for a prominent part of all deaths, while the 2022 
outbreak predominantly affected adults.5,14 The ways of mpox 
transmission also differ between the 2024 and 2022 outbreaks, and 
these will be addressed in Section 4.

2.2  |  What is the classification of the current 2024 
mpox outbreak according to WHO?

On August 14, 2024, WHO declared a public health emergency of in-
ternational concern (PHEIC) for the second time in 2 years, citing the 
increase in mpox cases in DRC and their rapid spread to neighboring 
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countries. This classification represents the WHO's highest alert 
level and aims to accelerate international public health measures 
and cooperation.6

2.3  |  What led to the decision to declare a public 
health emergency of international concern (PHEIC) 
for the second time?

While most mpox cases are concentrated in rural areas close to tropi-
cal rainforests in Central and West Africa, there have been reports of 
cases occurring in urban areas in Africa in recent years. In 2022, cases 
of mpox were documented in at least 120 countries worldwide. A mini-
mum of 100 countries reported the occurrence of mpox for the first 
time. Subsequently, WHO designated the situation as a PHEIC in July 
2022.13,14 The PHEIC concluded in May 2023, coinciding with a notable 
decline in cases observed from April 2023 onwards. From September 
2023 onwards, there was an increase in the number of case notifica-
tions from DRC and neighboring countries. By 2024, the caseload for 
the year's first 6 months had reached the same level as the total for the 
preceding year.15 Moreover, as the spread of cases in Africa has been 
associated with a novel strain (Ib), these combined factors resulted in 
the decision to declare a PHEIC by WHO for the second time.6,16

2.4  |  What is the case fatality rate (CFR) of mpox 
in the current 2024 outbreak compared to the 
previous one?

Historically, clade I has been reported to have higher morbidity 
and mortality rates than clade II.17 The current 2024 outbreak in 
Africa has a CFR of approximately 3%, whereas the CFR of the 
2022 global outbreak was 0.2%.5 Although the current extent 
of under-detection and under-reporting of cases in affected 
countries is unknown, it is believed to be significant. As a re-
sult, the reported number of cases is likely an underestimate of 
the actual number of infections, while the CFR may be overesti-
mated.17 Despite these figures, significant uncertainties persist 
regarding the principal transmission routes, transmissibility, se-
verity, and natural history of mpox. The clinical presentation of 
cases in DRC and neighboring countries remains underreported, 
and detailed surveillance data are lacking.18 Therefore, it is pre-
mature to draw definitive conclusions about whether the higher 
CFR in Africa reflects a trend of increased severity or is an arti-
fact of incomplete surveillance data. Continued monitoring and 
research are essential to provide more accurate assessments 
of mortality rates and disease characteristics as the outbreak 
progresses.

F I G U R E  1  Map of Africa displaying the countries with reported mpox cases in 2024 (up to September 2024). The graph on the right 
illustrates a comparison of cumulative monthly mpox cases in Africa between 2024 and 2022.
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3  |  PRE VIOUS MPOX OUTBRE AKS: 
FE ATURES AND OUTCOMES

3.1  |  What is known about the 2022 mpox 
outbreak? Which countries were most affected?

In May 2022, a mpox outbreak was initially notified. On July 23, 
2022, WHO declared this mpox outbreak as PHEIC4,19,20 for the first 
time to advise on the global risk to human health, requiring a coordi-
nated international response.21 Since then, the number of reported 
mpox cases has escalated. By October 7, 2022, the number of global 
cases increased to 71,096 worldwide, with more than 98% reported 
in locations with no historical cases of mpox.9,10 Just over 1 year, more 
than 99,000 confirmed cases have been reported in 122 countries in 
all 6 WHO regions, and a total of 207 deaths (Figures 2 and 3).11 The 
most affected countries globally are the United States of America 
(USA) (>33,000 cases), followed by Brazil (>11,000 cases) and Spain 
(>8000 cases) (Figure 2).9–11 However, in May 2023, the first PHEIC 
of mpox was lifted due to the significant decrease in the overall num-
ber of reported cases and because no changes were detected in the 
severity of the disease or the associated clinical manifestations.22,23

3.2  |  Was the 2022 mpox outbreak outside 
endemic areas the first of its kind in history?

Since the identification of mpox in Denmark in 1958 in monkeys,9 and 
the first reported human infection in 1970 in DRC, the transmission 
of mpox was mainly based on animal-to-human interaction.4,20,24 

Between 1970 and 1971, six human cases of mpox were reported in 
Africa, although the disease remained exclusively localized, with lim-
ited small outbreaks in endemic African countries (Figure 4).9 Since 
then, mpox has shown a gradual and sporadic occurrence in Africa: 
mpox clade I in central and east Africa and mpox clade II in west 
Africa, where the disease is endemic.19 Nevertheless, mpox cases 
were occasionally exported to non-endemic countries, as in 2003, 
when an outbreak in the midwestern USA (Illinois, Indiana, Kansas, 
Missouri, Ohio, and Wisconsin), probably related to imported 
African wild animals, which transmitted the disease to prairie dogs, 
and from them to humans (Figure  4).19 In recent years, the num-
ber of cases per year has increased in endemic areas, with specific 
local outbreaks. Of relevance was the outbreak reported in Nigeria 
(2017–2018), and as a consequence, people from different coun-
tries traveling through Nigeria became infected, and the infection 
spread to their home countries. Between 2018 and 2021, mpox was 
only detected on eight occasions in four countries outside Africa, all 
due to travel to endemic regions. However, secondary and tertiary 
person-to-person infections were also reported, with no deaths 
outside Africa.25–27 Therefore, the 2022 mpox outbreak outside 
endemic areas, although not the only one in history, has particular 
characteristics never seen before (Figure 4).

3.3  |  What are the defining features of previous 
outbreaks (before 2022)?

Between 1960 and 1980, no outbreaks of mpox were detected in 
humans.9 After 1980, the number of cases of mpox in central and 

F I G U R E  2  Worldwide distribution of confirmed mpox cases in the 2022 outbreak. The table presents data from 40 out of 122 countries 
with the highest number of confirmed mpox cases. Map created using Biorender with academic licensing.
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west African countries increased, mainly associated with animal-
to-human infections, probably due to closer interaction between 
them in rural areas related to multiple causes such as deforesta-
tion, urbanization, migration, animal trade, habitat destruction, 
and the end of smallpox vaccination.26,28 Moreover, as for the 
2003 outbreak in the USA, limited and isolated outbreaks outside 
endemic countries were reported.29 In 2014, the number of cases 
in endemic areas increased significantly, surpassing previous data 
in those regions over the last 40 years.26 During 2017–2018, an 
outbreak of 118 cases was reported in Nigeria, and since then, only 
sporadic outbreaks of mpox cases have been reported outside en-
demic areas.27 Thus, before 2017, mpox outbreaks occurred mainly 
in endemic countries in central and west Africa, with the sustained 
transmission in local animal reservoirs and sporadic transmission 

in human populations.20 However, after 2017, there was a shift 
in the transmission pattern. Indeed, in Nigeria, where the largest 
outbreak in history until that year was reported, most cases were 
detected in urban areas, suggesting new risk factors (Figure 4).27,30 
Between 2018 and 2021, most outbreaks occurred mainly in six 
African countries: Cameroon, Central African Republic, DRC, 
Nigeria, Congo, and Sierra Leone,9 with more than 3000 suspected 
cases/year, with a peak in 2020 with more than 6000 suspected 
cases and more than 200 deaths.26 Therefore, most of the out-
breaks before 2022 were localized in endemic countries in Africa, 
being sporadic, restricted to a specific location, and affecting 
mainly children under 15 years of age,28 primarily occurring in 
small and remote villages in rural areas, with very limited outbreaks 
outside these areas.9

F I G U R E  3  Global distribution of confirmed mpox fatalities in the 2022 outbreak. Map created using Biorender with academic licensing.

F I G U R E  4  Mpox historical overview: Timeline outlining key dates in mpox history, from the discovery of MPXV in 1958 to the ongoing 
2024 outbreak.
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3.4  |  How did the 2022 outbreak differ from those 
that occurred before it?

A defining characteristic of the 2022 mpox outbreak was that it 
appeared suddenly and spread rapidly worldwide.28 Since May 6, 
2022, when the first case of mpox outside Africa was reported, nu-
merous cases have emerged in different countries in people with no 
history of traveling to endemic countries or contact with infected 
animals (Figure 4).9,21 Another essential feature of the 2022 mpox 
outbreak was that most cases were reported in non-endemic coun-
tries and very diverse geographic areas, in contrast to most previous 
mpox outbreaks, which were mainly located in small endemic areas 
in Africa.11,28 In addition, during the 2022 outbreak, unprecedented 
global transmissions occurred through human-to-human interac-
tion,31 primarily through sexual contact, affecting—but not exclu-
sively—men who have sex with men (MSM),28 who contributed to 
the rapid transmission of the disease.4,11 The 2022 mpox outbreak 
has been the largest in magnitude and geographic areas.20 Most 
cases in the 2022 outbreak were caused by mpox from clade IIb.20 In 
contrast, the previous outbreaks in Africa originated from both clade 
II and clade I, with clade I being more virulent than clade II and more 
associated with heterosexual transmission linked to commercial sex 
work.19 The predominance of clade IIb infections during the 2022 
outbreak could explain the different clinical presentations compared 
to previously documented outbreaks, being less severe, with lesions 
more frequently located on genitals and mucous membranes, as well 
as proctitis, compared to clade I infections, with more complications 
such as sepsis, pneumonia, or encephalitis.9,19,20

4  |  MPX V: CHAR AC TERISTIC S OF THE 
VIRUS AND WAYS OF TR ANSMISSION

4.1  |  How is MPXV classified, what are its 
phylogenetic traits, and what sets the MPXV in the 
2024 outbreak apart from previous strains?

MPXV is renamed by the International Committee on Taxonomy 
of Viruses (ICTV) as Orthopoxvirus monkeypox and is classified in 
Orthopoxvirus genus, Chordopoxvirinae subfamily, Poxviridae family 
along with 11 other poxviruses, including the variola virus, the etio-
logical agent of smallpox.32 While MPXV was previously classified 
into three clades—clade I, IIa, and IIb,33 in the new taxonomy, MPXV 
has phylogenetically distinct two clades: clade I (previously desig-
nated as clade 1/Central African/Congo Basin) and clade II (previ-
ously designated as clade 2/West African). Clade I MPXV causes 
higher CFR than clade II MPXV.34 Following shotgun analysis of or-
angutan specimens from Sumatra collected in 1965 at a zoological 
research museum in Germany, MPXV clade IIa was detected in the 
samples, and these sequences were determined to be closely related 
to the genome derived from the 1965 Rotterdam Zoo outbreak. The 
study demonstrates that sequence analysis of historical samples 
can provide significant insights into the epidemiology of mpox.35 

The meta-analysis indicates that MPXV behaves as an opportunistic 
pathogen in immunocompromised individuals. However, no direct 
study has identified which genes in the genome are involved.36 In 
another meta-analysis, MPXV clade IIb exhibited higher infectivity 
but was associated with mild disease symptoms and a low mortality 
rate.37

Before the MPXV global outbreak in 2022, clade I MPXV infec-
tions were predominant, with most cases reported in Central Africa. 
As outlined, clade II has two subclades designated as IIa and IIb. 
Clade IIa was detected in the 2003 mpox outbreak in the United 
States, while clade IIb caused the 2017–2019 mpox outbreak in 
Nigeria and the 2022 global mpox outbreak.38 The clade IIb has four 
lineages: A.1, A.1.1, A.2, and B.1, which includes the MPXV genomes 
from the global 2022 outbreak.33,39 There are 46 single nucleotide 
polymorphisms (SNPs) determined in clade IIb lineage B.1, which 
represent strong mutational bias: 26 of them (14 nonsynonymous, 
10 synonymous, and two intergenic) were identified as GA > AA, and 
15 (nine nonsynonymous and 16 synonymous) as TC > TT nucleotide 
replacements. Among the 46 SNPs identified as specific to the clade 
IIb lineage B.1, 24 nonsynonymous mutations distinguish the clade 
from the closest reference sequence. Of these mutations, the amino 
acid changes D209N, P722S, and M1741I in the immunogenic sur-
face glycoprotein B21R of MPXV, which contains immunodominant 
epitopes and serves as a target for antibodies, are thought to alter 
host interaction, thereby facilitating transmission.33,40,41

MPXV encodes approximately 190 genes and 187 ORFs, which 
can be divided into three genomic parts: central region, which en-
codes virus replication/transcription genes; left terminus, and 
right terminus, which encodes immunomodulatory/host range 
protein genes.41,42 The left and right termini of the MPXV genome 
are variable regions and play a role in host range determination 
and pathogenicity of orthopoxviruses.41 A study showed that lin-
eage B1-specific mutations are present in the right (13 mutations) 
and left (8 mutations) variable regions.41 APOBEC3-like mutations 
are also identified in MPXVs, accounting for 16 out of 18 synony-
mous mutations and 23 out of 24 nonsynonymous mutations.33,41 
D2L-like, OPG023, OPG047, OPG071, OPG105, OPG109, A27L-
like, OPG153, OPG188, and OPG210 proteins of MPXV are found 
to be more prone to mutation.41 A recent study showed that there 
are MPXV 25 genes subjected to positive selection (J2L, D2L, D9L, 
D13L, O2L, C2L, C7L, C15L, F3L, Cop-E5R, G8L, G9R, G10R, M5R, 
L3R, H2R, A12R, A31L, A47R, A51R, B2R, B6R, B16R, B21R, and 
J2R) and 60% of these mutations were located in left and right vari-
able regions while the remaining were exhibited in the central region. 
Also, interspecies and intraspecies recombination events were de-
tected in the MPXV genome, and 73.3% of recombination is present 
in variable regions of the viral genome.43 In most comparisons, the 
dN/dS ratio was less than 1, indicating that most MPXV genes are 
under purifying selection. However, for 12 genes, the dN/dS ratio 
was greater than 1 in some comparisons between clades, suggesting 
that these genes are under positive selection. Four of these genes 
(OPG002, OPG023, OPG027, and OPG031) are associated with re-
sistance to the host's immune system. Notably, the OPG027 gene 
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shows positive selection between clade I and clade II (IIa, IIb-A, IIb-
B) but shows purifying selection among strains within clade II. This 
suggests that the gene underwent positive selection during clade I 
and II divergence but was under purifying selection during differen-
tiation within clade II.44 A study showed that clade IIb MPXV from 
the 2022 outbreak has non-randomly distributed 21 low-complexity 
regions (LCRs) consisting of 13 short tandem repeats (STRs) and 8 
homopolymers, which are in lower frequency in the central region 
of the viral genome.45

As discussed in previous sections, the 2024 mpox outbreak is 
caused by a new MPXV lineage designated as clade Ib.6,46 Unlike 
the 2022 mpox outbreak, which was caused by clade II MPXVs, 
the circulating virus in the 2024 mpox outbreak was identified as 
clade I. According to epidemiological studies, this recent outbreak 
has emerged in Central Africa, particularly DRC, possibly originated 
from zoonotic spillovers in forest regions and animal exposures, fol-
lowed by subsequent human-to-human transmission from infected 
individuals.47–49 Approximately 1 kbp (1114 nt) deletion in the MPXV 
genome that has been detected in the samples from the Kamituga 
outbreak in DRC culminated with complete deletion of the OPG032 
(C3L) gene, and this gene deletion affects the accuracy of clade I-
specific diagnostic PCR tests which is suggested by the Centers for 
Disease Control and Prevention (CDC). Considering that the novel 
genomes associated with the current mpox outbreak also carry this 
deletion, it is possible that all viral genomes identified as clade Ib 
thus far contain this deletion and, therefore, cannot be detected by 
the clade I-specific diagnostic tests.46

As of the 2024 mpox outbreak, clade I now includes two lineages: 
Ia and Ib; the latter is responsible for the current outbreak. Whole-
genome sequencing data of MPXVs from a cohort study from DRC 
revealed that approximately 201.5 SNPs, 28 insertions, 81 deletions, 
2 indels, 312.5 total variants, 158.3 amino acid changes, 81.66 inter-
genic variants, 72.16 synonymous mutations, 106 missense variants, 
41.16 frameshift variants, and 3.33 in-frame deletions had occurred 
in clade I MPXV genomes in the 2024 outbreak. The result of the 
analysis of MPXV sequences detected in the latest mpox outbreak 
in DRC (Kamituga outbreak), hot spot mutations were identified in 
the proteins C9L (OPG047), I4L (OPG080), L6R (OPG105), A17L 
(OPG143), A25R (OPG151), A28L (OPG153), and B21R (OPG210). It 
has been reported that these mutations include consensus in-frame 
deletions, frameshift variants, synonymous variants, and amino acid 
substitutions.47 The maximum pairwise patristic distance for the 
entire clade I was calculated as 4.89 × 10−4 substitutions per site; 
however, with the inclusion of genomes from the latest mpox out-
break in DRC, this rate increased to 7.55 × 10−4 substitutions per site. 
Furthermore, it is unveiled that APOBEC3-mediated cytosine de-
amination also occurred in the 2024 mpox outbreak.48 Sequencing 
samples from the current MPXV outbreak is essential but complex 
because the viral DNA concentration is often below 0.5% of total 
reads, requiring millions of reads for accurate analysis. Although 
amplicon-based sequencing is commonly used, it can overlook large 
insertions and deletions, especially near the left and right inverted 
terminal repeats. Genomes with stretches of unknown nucleotides 

(Ns) in these regions should be re-evaluated using high-quality shot-
gun sequencing or capture-based methods. Perhaps, for this reason, 
specific epidemiological data may have been overlooked. However, 
we suggest that advancing techniques could help explain the higher 
transmission and mortality rates.50

4.2  |  When was MPXV initially identified in 
history, and which species serve as its primary 
reservoir?

In 1958, in the Statens Serum Institut of Denmark, where the mon-
keys are used for polio vaccine production and research, a pox-like 
disease occurred among cynomolgus monkeys which had been re-
ceived from Singapore. Following the outbreak, the epidemiologi-
cal and clinical manifestations of the disease were described, and 
the virus was isolated and identified, leading to its designation as 
monkeypox.51 The first MPXV isolation from wildlife, from squirrels, 
was reported in DRC in 1985.52 The reservoirs of MPXV include a 
variety of mammals such as domestic pigs, African hedgehogs, gray 
short-tailed opossums, Southern/common opossums, squirrels, prai-
rie dogs, woodchucks, dormice, African brush-tailed porcupines, 
Gambian giant rats, jerboas, and so on. Additionally, nonhuman 
primates like chimpanzees, rhesus macaques, orangutans, cynomol-
gus monkeys, mona monkeys, grivets, mangabeys, and Western 
red colobus monkeys also serve as reservoirs of MPXV. Animal-to-
human transmission of MPXV has only occurred from orangutans, 
cynomolgus monkeys, string squirrels, and prairie dogs.33,53–56 
Cynomolgus monkey, ground squirrel, prairie dog, deer mouse, rope 
squirrel, Gambian pouched rat, African dormice, rats, mice, and 
Asian cynomolgus monkeys are used as experimental animal mod-
els.55 Two recent papers revealed that the virus circulated earlier 
than previously known. Interestingly, orangutan specimens from 
a zoological research museum in Germany, dated 1965, as well as 
African rope squirrel samples from the Royal Museum for Central 
Africa in Belgium, collected in 1899, and from the American Museum 
of Natural History in the USA, tested positive for the MPXV 
genome.35,57

4.3  |  When was mpox first documented in 
humans, and in which parts of the world is it 
considered endemic?

The first documented and confirmed human case of mpox oc-
curred in DRC in 1970. The patient, a boy who presented with 
fever and rashes, was the first person in history to be diagnosed 
with mpox.58 After the first human case of mpox, additional cases 
were reported in Liberia, Nigeria, and Sierra Leone between 1970 
and 1971. Mpox is endemic in African countries, including DRC, 
Nigeria, Cameroon, the Central African Republic, Gabon, Ghana 
(identified in animals only), Côte d'Ivoire, Liberia, the Republic of 
the Congo, Benin, Sierra Leone, and South Sudan, according to 
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the WHO.59 MPXV clades also differ among geographic regions 
of Africa: clade I is endemic to Central Africa, whereas clade II is 
endemic to West Africa.60

4.4  |  How is MPXV transmitted, and what is the 
rate of its spread?

Numerous studies following our first review33 have confirmed that 
direct transmission may occur through an extensive array of entry 
pathways: oropharyngeal mucosa, semen, urine, stool, saliva, and 
skin, with the latter being the predominant way of transmission 
(Figure 5).61,62 Importantly, the virus was demonstrated in seminal 
and vaginal fluid even in the absence of skin lesions, but associated 
with serum or plasma presence, suggesting a role for passive dif-
fusion.62,63 Although women in general and cisgender women, in 
particular, make up a minority of mpox cases, vaginal and vulvar le-
sions related to sexual intercourse were observed.64,65 In addition, 
mpox DNA was detected in all vaginal swabs, pointing to a poten-
tial new route of transmission from mother to child during deliv-
ery, as well as between heterosexual intercourse (Figure 5). Among 
homeless populations, who are generally more vulnerable to mpox 
development, transmission via shared utensils, clothing, and sy-
ringes has been suggested.66 Furthermore, among these generally 
unvaccinated populations, a lower acceptance of vaccination was 
observed among MSM than among transgender females (74% vs. 
78%) but higher than among cisgender men (52%).67,68 These data 
show that both the socioeconomic dimension and awareness of the 
risk associated with exposure play a role in the prevalence of the 
transmission mode.69 Wastewater is increasingly used to monitor 

the epidemiological evolution of diseases.70 However, wastewater is 
also a significant transmission mode, particularly among wastewater 
treatment professionals, requiring further research on occupational 
risks (Figure 5).71 Although no studies have been carried out on the 
viability of mpox in wastewater, the viability of other viruses from 
the Poxviridae family is established.71,72

The evolutionary dynamics of the transmission ratio now ap-
pear more precise, with an initial dominant spread within the MSM 
population, followed by a gradual and widespread transition to 
the heterosexual population as the number of cases increases.73,74 
Transmission from a nonhuman organism was also addressed, such 
as prairie dogs, Gambian pouched rats, dormice, rope, and tree squir-
rels (Figure 5).33 Nonhuman primates, previously seen as a potential 
reservoir, are now considered accidental hosts.75 A potential role for 
arthropods as vectors has been suggested, although no cases related 
to this transmission mode have been recorded to date.76 R0, which 
is defined by the average number of infectious disease cases aris-
ing from transmission from a single infected individual, is difficult 
to determine because of its high variability and limited data, with 
a range during the 2022 epidemic from 1.54 in Belgium to 3.62 in 
Germany, and a median of 2.44 in non-endemic countries.77 Data on 
new virus strain clade Ib, which is presumably more transmissible, 
are still lacking.

4.5  |  Is mpox classified as a sexually transmitted 
infection (STI)?

Sexual transmission, mainly through close skin contact, is the main 
route of spread of the virus, with the highest prevalence observed 

F I G U R E  5  General insight of mpox transmission. The main path of transmission to the general population is mostly from skin-to-
skin contact mainly during sexual intercourse among the MSM population. Zoonotic transmission is clearer as monkeys appear to be 
accidental hosts. Potential direct mother-newborn transmission during deliverance and indirect through wastewater have been suggested. 
Socioeconomic determinants directly influence the dynamic of Mpox transmission.

 13989995, 2024, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.16374 by K

irikkale U
niversity, W

iley O
nline L

ibrary on [27/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  3293CABANILLAS et al.

among MSM.63 Risk behaviors may be more frequently encountered 
among MSM, notably the multiplicity of partners potentially fos-
tered by participation in events such as pride events and sex par-
ties.61 As a rule, mpox prevalence is higher in patients who are also 
positive for other STIs, mainly HIV or have a history of previous STIs 
such as syphilis and hepatitis, supporting a pattern of risk-taking be-
havior.63,64,78–80 Knowledge of viral clearance has been refined since 
2022,33 with a median duration of 25 days for clearance in skin le-
sions, 16 days in the oropharynx and rectum, 13 days for semen, and 
1 day for blood after the onset of the first symptoms.81 Additionally, 
replicating-competent viruses could only be isolated on samples 
with a viral load greater than 6.5 log10. Only skin samples showed a 
median viral load above this value, reinforcing the idea that the main 
route of transmission is via skin contact, especially during sexual 
intercourse, and, to a lesser extent, via contact with secretions.81 
Although sexual intercourse is often the central element in the an-
amnesis, it is essential to note that it acts above all as a factor favor-
ing skin contact, as illustrated by the case of a mother breastfeeding 
her child.82

Based on the predominant transmission through skin contact, be 
it during sexual intercourse, some authors do not adhere to labeling 
mpox as a STI, an ongoing debate on this topic.80,83,84

4.6  |  Is MPXV transmissible through the 
respiratory system, and can its DNA be found in 
saliva or oropharyngeal lesions?

Although transmission by respiratory droplets is possible, it re-
mains quite infrequent, similar to other types of secretion, as 
the viral load is lower than in skin, and droplets can only travel a 
short distance.54,81 However, this transmission mode should not 
be overlooked, particularly in occupational exposure, for example, 
healthcare professionals.85–88 To date, several studies have im-
proved our knowledge of the infectious risk of air contaminated 
by respiratory droplets.86,87 For example, an association was dem-
onstrated between the severity of symptoms and the salivary viral 
load, particularly concerning the evacuation of viral particles from 
the oropharyngeal area.81,86,89 In one study, mpox DNA from ex-
haled air trapped on facemasks worn by patients was detected in 
71% of cases, including two cases of viable, active virus, in the res-
piratory droplets collected.86 Thus, facemasks, which concentrate 
viral particles from respiratory droplets, represent a genuine risk 
of transmission. Similarly, although viral DNA could be detected 
in the air while the patients wore FFP2 masks, the virus is usually 
non-viable.86,90 The authors suggested that the viral load from res-
piratory droplets would be expected to remain below the contami-
nating threshold if facemasks are used, but not in the absence of a 
facemask, especially as the virus can remain viable for up to 90 h in 
the environment.86 Moreover, the viral load in respiratory droplets 
fluctuates, as other compartments, depending on the severity of 
symptoms in the first days, rendering its proper assessment rather 
arduous.89

5  |  MECHANISMS OF IMMUNE RESPONSE 
IN MPX V INFEC TION

5.1  |  General considerations about the immune 
response to MPXV

There were very few studies about the immune response to MPXV 
in infected individuals until recently. Some more information on hu-
moral or cellular immune response against MPXV or its vaccine has 
been reported in the last 2 years. After developing an early innate 
immune response, both humoral and cellular immunity, including 
antibodies and memory B cells, as well as CD4+ and CD8+ T-cell re-
sponses, play a canonical role in recovery and long-term protection 
from smallpox and mpox.91–94 In addition, antigen-presenting cells, 
such as dendritic cells and macrophages, innate lymphoid cells, and 
NK cells, play a role. As in almost all viruses, multiple immune eva-
sion/escape mechanisms used by the MPVV play a role, as discussed 
below.

5.2  |  What are the innate and adaptive immune 
responses to MPVX?

5.2.1  |  Innate Immune Responses to MPXV95–101

The first line of defense, innate immunity, develops at the beginning 
of an active viral infection in the body. Interestingly, the very early in-
nate immune response provides a viral entry route. Monocytes have 
been identified as the major route of poxvirus entry, and they may 
even play a role in the lethality generated by MPXV.102 Monocytes 
are recruited to the sites of infection following their marked expan-
sion and then play a role in viral spread. In mouse models, inflamma-
tory monocytes have been predicted to be a possible vehicle for viral 
distribution. Similarly, human cell-based experiments showed that 
primary M2-like macrophages play a role in replication and distribu-
tion associated with virus spread. However, deletion of monocytes 
does not eliminate viruses from the host cell, indicating that specific 
other immune cells might also be involved in viral dissemination. The 
early role of neutrophils in the infection requires further studies, 
but the analyses of pustules reveal the involvement of neutrophils. 
Histopathologic findings in vesiculopustular lesions of mpox demon-
strate necrosis, especially of the upper portions of the epithelium, 
and ballooning and reticular degeneration of keratinocytes, multinu-
cleation of keratinocytes, nuclear enlargement showing, and a dense 
mixed inflammatory cell infiltrate with prominent neutrophil exocy-
tosis.103 CD94, a molecule preferentially expressed by NK cells, is es-
sential for the resistance of C57BL/6 mice to mousepox.104 Rhesus 
macaques infected with MPXV 2.5 × 106 PFU Zaire 79 strain showed 
increased NK cell frequency and absolute numbers in the peripheral 
blood and lymphoid tissues.

Another study showed that a moribund cynomolgus monkey 
exhibited neutropenia, excessive inflammatory responses, and high 
load viremia after experimental infection with the Liberia strain of 
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MPXV and concomitant bacterial sepsis.105 Serum samples from 
mild (n = 4), moderate (n = 5), severe (n = 5), and serious (n = 5) pa-
tients with confirmed mpox were evaluated for cytokine profiling. 
All human cases had elevations in serum concentrations of IL1β, IL-
1RA, IL-2R, IL-4, IL-5, IL-6, IL-8, IL-13, IL-15, IL-17, CCL-2, CCL-3, CCL-
4, and CCL-5. However, only increased IL-2R, IL-10 concentration, 
and granulocyte macrophage-colony stimulating factor were signifi-
cantly higher in serious cases compared to patients in other severity 
groups.106 It was speculated that diazepam and alprazolam may aug-
ment the severity of poxvirus infections such as cowpox or mpox.107

In another study analyzing the transcriptomic response, HeLa 
cells were infected with three orthopoxviruses (MPXV, vaccinia 
virus, and cowpox virus) following 6 h. Differences in the cellular re-
sponse were analyzed using microarray analysis. It was found that 
a majority of 96% of the assayed cellular transcripts remained un-
changed. In total, 321 out of 30,484 individual genes and transcripts 
in MPXV-infected cells showed expression changes larger than 2-
fold. While 219 out of 321 transcripts (68.2%) were up-regulated, 
102 out of 321 transcripts were down-regulated. Infection-induced 
changes in the gene expression profiles of cowpox virus, MPXV, and 
vaccinia virus-infected cells were observed to be largely different. 
It was found that the most significant changes are histone mRNAs, 
leukocyte migration, and Toll-like receptor signaling transcripts. 
Findings might reflect an inadequate subversion of the hosts' antivi-
ral response for orthopoxviruses.108

5.2.2  |  B-Cell and Antibody Responses and 
Protection from MPXV

Following the innate immune response, adaptive responses or a sec-
ond line of defense to control viral spread in the host body occur. 
The importance of B-cell-mediated immune responses in develop-
ing specific antibody responses is of prime importance because suc-
cessful vaccinations against many viruses, including historical cases 
like smallpox, are based upon B-cell-mediated immunity. Within the 
same context, treatment with immunoglobulin preparations of vac-
cinated individuals was proposed to save patients from mpox infec-
tion.109 This hypothesis was checked in monkey models and showed 
that smallpox-specific B-cell responses could protect against a lethal 
mpox infection in macaques.91 Studies conducted on this cause re-
vealed increased production of memory B cells and neutralizing an-
tibody loads. A significant number of mpox proteins are recognized 
by immunoglobulins produced by B-cell responses from human vac-
cination protocols.110 These proteins have functional characteristics 
and involvement in the infection and immune-regulatory responses 
associated with mpox and may be used for serological diagnostics. 
As in other viruses, IgM plays a vital role in the primary immune 
response, followed by IgG- and IgA-mediated secondary and long-
lasting immune response against mpox.111 A study including 37 
confirmed mpox patients has investigated IgG and IgM responses re-
garding clinical signs and previous smallpox vaccination status of the 
patients.93 IgG and IgM development profiles of smallpox-vaccinated 

and smallpox-unvaccinated patients with mpox are reported to be 
similar. IgG response appeared on Day 1 after the onset of rash in 
vaccinated patients, while IgG response was detected on Day 2 in 
unvaccinated patients. However, in both vaccinated and unvac-
cinated patients, IgM response was detected on Day 2 after rash 
onset, with a more rapid onset of IgM in unvaccinated patients. IgM 
titers were detectable until Day 77 and Day 126 in vaccinated and 
unvaccinated mpox patients, respectively. However, detectable IgG 
was observed until Day 147 in vaccinated and Day 139 in unvac-
cinated mpox patients from a total of 168 days analyzed.93 These 
studies specifically highlight the need to extensively study specific 
antibody profiles in patients with mpox.

5.2.3  |  T-Cell Responses to MPXV

CD4+ T cells play a vital role in cell-mediated immunity and mediat-
ing functional memory B-cell responses in mpox.112,113 These cells 
are related to the production of IFN-γ and TNF following vaccination 
with vaccinia virus (VACV). T cells provide direct antiviral responses 
through CTLs, which have been found to kill infected macrophages 
directly and prevent further viral spread.114 Similarly, CD8+ T cells 
eradicate virus-infected monocytes to control the viral load. An 
early expansion of activated effector CD4+ and CD8+ T cells that 
persist over time, regardless of HIV infection, developed a poxvirus-
specific Th1 cell response. The expression of cytokines such as IL-1β, 
IL-1RA, IL-2R, IL-4, IL-5, IL-6, IL-8, IL-13, IL-15, and IL-17 increases 
following mpox infection in humans. A profile indicates mixed helper 
T-cell and regulatory T-cell responses in an inflammatory environ-
ment. A study of patients with HIV has shown that a compromised 
CD4+ cell count leads to higher risks of developing a severe mpox 
infection. The results were more explanatory when studies on pa-
tients with HIV with higher CD4+ cell counts were observed to lack 
severe mpox infection development.115 Nevertheless, more insights 
into the observations are needed. In summary, T-cell responses in 
controlling Orthopox viral infections are significant and could be con-
sidered for vaccine design. Further studies are necessary to identify 
the relationship between CD4+ and CD8+ T-cell responses and spe-
cific B-cell responses with the severity of mpox infection in humans.

5.3  |  What evasion mechanisms does MPXV use?

Immune evasion by MPXV is taking place similar to many other 
virus infections. It is based on mechanisms that disrupt host antivi-
ral responses by using diverse strategies. These mechanisms can 
be listed as preventing the production of type I-II-III IFNs, blocking 
IFN-induced intracellular signaling, inhibiting the activation of NF-κB, 
inhibiting general immune cell activation, induction of apoptosis in 
immune cells, and blocking of the inflammasomes, namely the early 
IL-1beta and IL-18 production (Figure  6). MPXV can interestingly 
abrogate T-cell responses against other viruses and anti-CD3 stim-
ulation.116 Variola virus B17 and MPXV- B16 proteins inhibit type I 
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IFN-induced signaling.117 Another study showed that the F3L gene of 
MPXV suppresses the immune type I interferon system by preventing 
the phosphorylation of PKR and eIF2alpha.95 As another immune eva-
sion mechanism, MPXV infection causes a loss in NK cell functions, in-
cluding cytotoxicity capacity and secretion of IFN-γ and TNF-α, which 
may explain the death of MPXV-infected nonhuman primates.118

Poxvirus-encoded virokines act intracellularly or extracellularly, 
interfering with the response to infection within the cell, including 
the induction of an antiviral state, oxidative burst and apoptotic path-
ways, and the immune system through downregulation of immune 
recognition molecules, such as major histocompatibility complex 
(MHC) class I and CD4 as immune evasion.119 For instance, IL-10 like 
virokine produced by multiple poxviruses presents a high identity 
with mammalian IL-10, showing important anti-inflammatory and im-
munosuppressive activities. Studies have demonstrated that deleting 
the gene that encodes IL-10-like virokine strongly reduces the infec-
tion effectivity of the virus.120–122 Multiple poxviruses also produce 
IL-18 binding proteins (IL-18BPs) that can bind to mammalian IL-18, 
inducing the suppression of IFN-γ and cytolytic effector cells.123,124

6  |  CLINIC AL PRESENTATIONS, 
SYMPTOMS, AND DIAGNOSIS

6.1  |  How long is the incubation period for 
mpox, and what are the associated symptoms and 
potential complications?

The incubation period of mpox infection typically ranges between 
5 and 21 days, being the mean incubation period of 9 days.2,125 The 
duration of this period varies depending on the transmission route. 
Thus, the incubation period for contact with mpox through intact skin 
is approximately 13 days, while contact with broken skin or mucous 
membranes is generally 9 days.119,126 It is important to note that some 
individuals may be contagious 1–4 days before experiencing symp-
toms.2 Typically, the initial symptoms of mpox infection are usually 
flu-like, including fever, chills, headache, muscle pains, fatigue, and 
sore throat. Upper respiratory symptoms, such as cough, are also 
common, along with lymph node inflammation, which can include en-
larged cervical or submaxillary lymph nodes. Subsequently, a skin rash 
may appear 1–3 days after the fever has subsided (Box 1). The rash 
can be itchy or painful and often starts on the face and then spreads 
to other parts of the body, including the palms of the hands and soles 
of the feet. Some people may also experience oropharyngeal lesions 
such as oral ulcers, tonsillitis, and eye symptoms like conjunctivitis 

and blepharitis.1–4 However, in the context of the global outbreak of 
mpox, in over half of the cases, the illness begins differently, and a 
rash may appear before or at the same time as other symptoms and 
does not always progress over the body.4,116

Symptoms typically are mild and self-limited, and some sub-
jects do not develop any symptoms. They usually last 2–4 weeks, 
although in cases with a weakened immune system, mpox may cause 
prolonged illness.127,128 Additionally, people with low immunity, as 
well as children and pregnant women, are at higher risk of severe 
outcomes and death.4,129,130

Complications of mpox infections include neurological mani-
festations (encephalitis or transverse myelitis);131,132 ocular in-
volvement (conjunctival vesicles, anterior uveitis, keratitis, and 
corneal ulceration, which can result in blindness);133 broncho-
pneumonia; digestive involvement (including difficulty swallowing 
with dysphagia, vomiting, and diarrhea, causing severe dehydra-
tion or malnutrition); cardiovascular complications (that can range 
from mild transient abnormalities to severe complications, such 
as myocarditis, congestive heart failure, and arrhythmias); urinary 
tract inflammation and sepsis. Bacterial superinfected skin lesions 
may lead to abscesses or severe skin damage such as paronychia, 
cellulitis, and lymphangitis. When genital and perianal areas are 
affected, superinfections may lead to cellulitis, balanitis, paraphi-
mosis, and proctitis.134–136

While defective skin barrier function has not been strongly cor-
related with an increased risk of mpox susceptibility, cases of mpox 
associated with eczema in subjects suffering from atopic dermatitis 

F I G U R E  6  Mechanisms triggered by MPXV to disrupt host antiviral responses.

BOX 1 Clinical signs and symptoms of mpox

•	 Incubation period: 5–21 days (mean: 9 days).
•	 Initial symptoms: fever, chills, headache, muscle pains, fa-

tigue, sore throat, cough, and lymph node inflammation.
•	 Subsequent symptoms: skin rash.
•	 Other potential symptoms: oropharyngeal lesions, con-

junctivitis, and blepharitis
•	 Symptoms last 2–4 weeks, and they usually are 

self-limited.
•	 Possible complications: neurological manifestations, 

ocular involvement, bronchopneumonia, digestive in-
volvement, cardiovascular complications, urinary tract 
inflammation, and sepsis.
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(AD) have been described. This condition has been named eczema 
monkeypoxicum (EM).137,138 The first EM case was documented in 
2022 in a 63-year-old male correctional officer in the USA with a his-
tory of AD of the hands, which was managed exclusively through top-
ical treatments. He was employed at a facility where two mpox cases 
had been confirmed. Notably, he had no documented direct exposure 
to these infected individuals or their immediate environments, and he 
also denied other risk exposures to MPXV. The officer developed ex-
tensive skin lesions on the hands, elbows, and back induced by clade 
IIa MPXV that gradually resolved over 3 weeks. It was argued that 
MPXV infection was probably induced occupationally via fomites in 
this patient.137 The second EM case was described in a 28-year-old 
female with untreated AD of the ears who developed disseminated 
skin lesions (around 80) induced by MPXV starting in the ears. The 
mode of transmission of mpox in the patient was unknown since she 
denied any risk exposures to MPXV.138 Both reported EM cases sug-
gest that for AD patients, mpox may be contracted not only through 
direct contact but also via more casual exposures, such as contact 
with fomites or other indirect transmission routes.137,138

6.2  |  What are the typical features of skin lesions 
caused by MPXV?

The skin lesions caused by mpox typically progress through several 
stages, each with distinct characteristics (Box 2) (Figure 7).

These lesions often start on the face and then spread to other parts 
of the body, being the most frequent locations perianal, genital, oral, 
trunk, and upper and lower extremities, including the palms of the hands 
and soles of the feet.2,139–141 The lesions can be painful and itchy and 
often exist simultaneously in the same development phase. However, 
in the current outbreak, atypical lesions at different stages of develop-
ment (asynchronous) and isolated lesions in genital or perineal/perianal 
areas with no skin involvement in other sites have been described.4,142

6.3  |  Is a PCR available as a diagnostic tool to 
detect the novel clade Ib responsible for the 2024 
mpox outbreak?

The laboratory test used to diagnose mpox is based on real-
time polymerase chain reaction (real-time PCR).17 Numerous 

laboratories around the globe have well-established mpox labora-
tory diagnostics, with over a 100 MPXV laboratory tests receiving 
official validation, primarily through PCR-based methods. These 
assays are designed for the specific detection of MPXV or broad 
orthopoxvirus identification.143,144 Some real-time PCR proto-
cols are clade-specific, being able to distinguish between clade 
I (Central African), clade IIa (Western African), and clade IIb (as-
sociated with the 2022 outbreak).145 However, the current 2024 
outbreak is associated with the novel clade Ib, which has a dele-
tion in the OPG032 (C3L) gene. Therefore, the already established 
methods for the MPXV detection are not accurate in the detection 
of the new variant. In response to this drawback, a new validated 
real-time PCR protocol has been recently developed for the spe-
cific detection of the clade Ib variant.146 The molecular charac-
terization of the genetic clade of MPXV in the sample specimens 
through nucleotide sequencing is also a valuable tool for detecting 
the clade Ib variant.17

Antigen and antibody detection methods are not recom-
mended for confirming mpox diagnoses because they do not dif-
ferentiate among Orthopoxviruses. Additionally, vaccinations with 
vaccinia-based vaccines may trigger false positives in these tests. 
Consequently, relying on serological and antigen detection tests for 
diagnosing mpox is discouraged.4

6.4  |  Which types of samples are appropriate for 
conducting diagnostic tests for mpox?

Skin lesion specimens are considered the most reliable for PCR-
based mpox diagnosis. The preferred samples from the skin lesions 
are swabs of the lesion surface, exudate, or crusts. The specific 

F I G U R E  7  Stages of the skin lesions induced by MPXV.

BOX 2 Characteristics of skin lesion stages 
induced by mpox

•	 Macules: Flat, pigmented areas on the skin.
•	 Papules: Elevated bumps that form from macules.
•	 Vesicles: Tiny fluid-filled blisters.
•	 Pustules: Pus-filled vesicles.
•	 Scabs: Pustules that become dry and develop crusts.
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methods and materials for sample collection can differ based on the 
stage of the rash, such as taking swabs from the surface of active 
lesions or crusts from healing lesions.147 It is recommended to take 
two swabs per lesion from different body locations or from lesions 
that look distinct from each other and place them in separate tubes. 
Using invasive procedures such as unroofing or aspiration of lesions 
or employing sharp instruments before swab collection for mpox 
testing is unnecessary.147 Due to the transient nature of viremia rela-
tive to the timing of symptom onset, blood samples are not optimal 
for PCR-based diagnostic testing of mpox.4 In addition to real-time 
PCR on skin lesions, throat swabs can be utilized in specific cases, 
such as individuals with systemic symptoms who have not yet devel-
oped skin lesions but are high-risk contacts of confirmed or strongly 
suspected cases of mpox infection.17 If the throat swab test returns 
a negative result, the person must maintain isolation and continue 
to be monitored as per guidelines from their local health provider. 
If additional symptoms manifest, reassessment and further testing 
should be conducted.148

6.5  |  How are samples collected and handled in 
accordance with testing procedures?

Laboratories must conduct thorough site-specific and activity-
specific risk assessments to identify potential hazards and imple-
ment effective mitigation strategies when handling samples from 
suspected mpox cases. A key component of these strategies in-
cludes personal protective measures such as adherence to strin-
gent hand hygiene practices and the use of personal protective 
equipment (PPE). In that respect, when collecting samples from in-
dividuals suspected or confirmed to have mpox, PPE must be worn 
by personnel trained explicitly in PPE use and sample handling.147 
These protective measures are designed to safeguard the skin and 
mucous membranes against exposure to MPXV. Moreover, employ-
ers should offer vaccination to workers who handle mpox samples. 
It is also recommended that any practices that may produce infec-
tious aerosols be steered clear. Laboratories should be equipped 
with the necessary tools and appropriate diagnostic assays and 
staffed by thoroughly trained personnel. Routine processing of di-
agnostic mpox specimens should be performed in a Biosafety Level 
2 (BSL-2) environment to ensure containment of this pathogen.149 
Specimen manipulation should only occur within a certified Class II 
Biosafety Cabinet to prevent exposure to potentially infectious aer-
osols. Working with open vessels on benchtops should be strictly 
avoided unless specific risk assessments for the site and activity 
have determined it is safe to do so. Effective management of labora-
tory mpox waste is another critical aspect. All sharp contaminated 
objects should be placed in puncture-resistant containers and 
should be treated as infectious waste. Additionally, all materials, 
including media, stock solutions, residual samples, and any waste 
harboring MPXV, must be effectively sterilized before being dis-
carded on-site, with autoclaving being an approved method for this 
purpose. By the implementation of these comprehensive safety 

protocols, facilities can significantly reduce the risk of occupational 
exposure to MPXV.149

6.6  |  What exclusion criteria are followed in mpox 
diagnosis?

Cases may be dismissed as confirmed, probable, or suspected cases 
of mpox under specific circumstances, according to CDC.150 One 
primary exclusion criterion is the presence of an alternative diag-
nosis that fully accounts for the symptoms observed, negating the 
likelihood of mpox. However, due to the potential for misdiagnosis 
of the mpox rash with other infections such as herpes or syphilis and 
the possibility of co-infection with other pathogens, mpox testing 
is advised for individuals exhibiting a dubious rash, even if they test 
positive for another pathogen. Furthermore, cases are generally ex-
cluded if the affected individuals exhibit symptoms typical of mpox 
but fail to develop lesions within the initial 5 days following symptom 
onset. Another significant exclusion factor involves the absence of 
a positive PCR result for MPXV or Orthopoxvirus from high-quality 
specimens. This criterion supports excluding a diagnosis when there 
is no laboratory evidence of the MPXV presence.150

7  |  MANAGING AND PRE VENTING MPOX: 
EFFEC TIVE STR ATEGIES

7.1  |  What treatment options are currently 
available for mpox, and which antiviral drugs have 
proven effective?

Currently, there is no approved treatment specifically for mpox in-
fection. Most patients with mpox experience either asymptomatic or 
mild symptoms and, therefore, recover without the need for medical 
intervention.1–4 However, some patients have presented with severe 
manifestations of mpox, including ocular infections,133 neurological 
complications,131,132 myopericarditis, and issues related to mucosal 
lesions in areas such as the mouth, rectum, genitals, and urethra.134 
Additionally, complications can arise from uncontrolled viral spread, 
particularly in individuals with moderate to severe immunodeficiency, 
such as those with advanced HIV infection.127,129,130 Severely immu-
nocompromised patients or those with certain skin conditions, like 
eczema, are especially at risk for uncontrolled viral dissemination, a 
severe and potentially life-threatening manifestation of mpox.4

Several antiviral agents may effectively treat mpox infections, 
although their approval for mpox management has been based on 
animal models. Tecovirimat, also known as TPOXX or ST-246, is a 
new antiviral drug available for the treatment of mpox. This medi-
cation can be administered orally or intravenously and is indicated 
for certain patients with significant comorbidities, such as immu-
nocompromised individuals, those with atopic dermatitis, or other 
conditions affecting skin integrity, as well as for children, pregnant 
women, and breastfeeding mothers.151 A recent study conducted 
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in DRC on clade I mpox showed that tecovirimat did not reduce 
the duration of mpox lesions in children and adults with this clade. 
However, the overall mortality observed in the study, at 1.7%, was 
significantly lower than the 3.6% or higher mortality rate reported 
in cases across DRC.152 This suggests that patients with mpox can 
achieve better outcomes when hospitalized and provided with high-
quality supportive care. In terms of safety and tolerability, tecoviri-
mat was well tolerated, with no serious drug-related adverse events 
reported.152 Further studies are currently underway to assess the 
effectiveness of tecovirimat.

The STOMP study is investigating the potential benefits of te-
covirimat for patients with clade II mpox and those who are immu-
nocompromised or at higher risk of developing severe disease.153 
Additionally, other therapies are being considered for use in com-
bination with tecovirimat or as alternative treatments for MPXV in-
fections in specific situations. Patients experiencing gastrointestinal 
symptoms, such as vomiting and diarrhea, require oral or intrave-
nous rehydration to manage fluid loss.154 Other antiviral drugs, such 
as cidofovir and brincidofovir, are currently being studied. Cidofovir 
is approved in both the European Union and the United States for 
the treatment of cytomegalovirus retinitis in patients with acquired 
immunodeficiency syndrome (AIDS).151 Although there are no de-
finitive data on the effectiveness of cidofovir against mpox in hu-
mans, it has shown efficacy against orthopoxviruses in  vitro and 
animal studies. However, its nephrotoxicity limits its use as a first-
line treatment. Brincidofovir, on the other hand, was approved in the 
United States in June 2021 for treating mpox in adults and pedi-
atric patients, including neonates. However, it has not yet received 
approval in the European Union. While clinical data confirming its 
effectiveness against mpox are lacking, in vitro and animal studies 
have demonstrated its efficacy against orthopoxviruses. Finally, the 
effectiveness of immunoglobulins, which contain antibodies from 
individuals vaccinated against smallpox, in treating mpox complica-
tions remains unknown.

7.2  |  What are the guidelines for prescribing 
antivirals to treat mpox?

CDC continually updates its section on “Mpox Treatment Information 
for Healthcare Professionals,” providing guidance on the latest avail-
able medications and important considerations to help healthcare 
providers determine which patients, based on their comorbidities 
and clinical characteristics, require specific treatment.151 A critical 
aspect to consider is the importance of supportive care,155 which 
remains essential in managing mpox cases. This care includes rehy-
dration, either orally or intravenously, to minimize fluid loss, main-
tenance of hemodynamic stability, supplemental oxygen, symptom 
management, and treatment of bacterial superinfections of skin 
lesions. For ocular infections and complications, the use of ocular 
lubricants, topical antibiotics, and, in some cases, topical antivirals 
such as trifluridine are recommended. Individuals with compromised 
immune systems, particularly those living with HIV and having a 

CD4 count below 200 cells/mm3, are at higher risk of experiencing a 
more severe progression of the disease, characterized by increased 
morbidity and mortality.156 While the treatment of mpox is primarily 
symptomatic and supportive, antiviral medications become neces-
sary in more severe or complicated cases.156

In June 2022, WHO released the document titled “Clinical 
Management and Infection Prevention and Control for Mpox: Interim 
Rapid Response Guidance.” This document is intended to offer pro-
visional guidance to clinicians, health facility managers, health work-
ers, and infection prevention and control (IPC) practitioners.157 It 
applies to a range of settings, including but not limited to primary 
care clinics, sexual health clinics, emergency departments, dental 
practices, infectious disease clinics, genitourinary clinics, maternity 
services, pediatrics, obstetrics and gynecology, and acute care facili-
ties that handle patients with suspected or confirmed mpox.

In Italy, the Italian Society of Infectious and Tropical Diseases 
(SIMIT) has released a guideline titled “Vademecum for the 
Management of Human Monkeypox Virus (MPXV) Infections, 
Edition 1.0, November 28, 2022.”158 This document outlines a treat-
ment protocol that includes antiviral medications. The primary rec-
ommended regimen is tecovirimat 600 mg twice daily for 14 days, 
with possible dose adjustments for individuals weighing less than 
40 kg. The therapy duration may be shortened to 10 days for patients 
without known immunosuppression. In cases of severe disease or 
profound immunosuppression, the combination of tecovirimat with 
cidofovir (CDV) or brincidofovir (BCV) may be considered to prevent 
the development of resistance to tecovirimat.

Pharmacological treatment is indicated if at least one of the fol-
lowing criteria is met:

1.	 Mucosal involvement (primarily proctitis, but also oral cavity 
and conjunctiva).

2.	 Immunosuppression (including HIV infection classified as stage C 
by CDC criteria).

3.	 Bacterial superinfection complications (cutaneous and/or 
mucosal).

4.	 Severe or disseminated disease (including persistent symptoms 
and severe mucosal pain).

For children and individuals weighing less than 13 kg, the use 
of BCV or CDV may be considered, with CDV being prescribed 
only if the glomerular filtration rate is above 55 mL/min, protein-
uria is less than 1+, and there is no planned co-administration of 
other nephrotoxic agents. BCV is approved by the US Food and 
Drug Administration (FDA) but is not authorized by the European 
Medicines Agency (EMA).

A recent update to the guidelines for healthcare professionals 
on mpox was published following the latest epidemiological up-
dates from the European Centre for Disease Prevention and Control 
(ECDC) on August 22, 2024.159 The updated factsheet for health 
professionals on mpox was revised to reflect the latest epidemiolog-
ical data, vaccination prevention, preventive measures, clinical fea-
tures and sequelae, transmission, diagnostic methods, as well as the 
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management and treatment of cases. Patients are advised to isolate 
themselves until the complete resolution of the rash, which indicates 
the end of infectivity. The treatment of cases is almost exclusively 
supportive, focusing on alleviating fever, itching, pain and ensuring 
hydration, including preventing and treating secondary bacterial 
infections.

7.3  |  What precautions should individuals in close 
contact with infected patients follow to prevent 
transmission?

The transmission of mpox between humans primarily occurs through 
close contact with an infected individual. The term “close contact” 
for mpox is defined as any individual exposed to an infected person 
during the period between the onset of symptoms and the complete 
healing of the rashes. High-risk exposure is also described as direct 
contact with body fluids or lesion material, needle injuries, contact 
with contaminated materials such as linens and clothes, and pro-
longed face-to-face contact without appropriate personal protective 
equipment.160–164

Individuals who have been exposed to MPXV should be mon-
itored daily for a period of 21 days following the last exposure. 
Asymptomatic individuals do not require isolation; however, they 
should be monitored for symptoms of mpox, including a skin rash 
or lesions, chills, headache, fever, sore throat, fatigue, and lymph-
adenopathy.161–164 Additionally, daily body temperature monitoring 
is recommended at least once or twice per day. To prevent the mask-
ing of early signs of mpox infection, such as fever, it is essential to 
avoid using acetaminophen or ibuprofen. It is recommended that in-
dividuals undergoing monitoring for mpox infection adhere to good 
hygiene practices, observe respiratory etiquette, and engage in safe 
sexual behaviors (e.g., the use of condoms) throughout the monitor-
ing period (Box 3).162

In the event of symptoms, the subject should be placed on 
empiric isolation precautions for mpox and should contact the 
healthcare provider. Healthcare professionals who have had oc-
cupational exposure to patients with mpox or potentially contam-
inated materials may continue to work if asymptomatic but should 
avoid providing care to patients at high risk for severe mpox dis-
ease, such as pregnant women, newborns, and immunocompro-
mised patients.161,162

7.4  |  What are the available vaccines for mpox?

From the outset of the current epidemic, vaccination has been 
recognized as a vital complement to key public health measures. 
On July 22, 2022, a non-replicating third-generation smallpox 
vaccine based on a live attenuated virus from the Ankara strain 
(MVA-BN) was introduced to the market under two main brand 
names: Imvanex and Jynneos.165 Although there are minor dif-
ferences in production processes and quality specifications 

between these two vaccines due to varying data sets linked to 
different regional marketing authorizations, these variations do 
not compromise the final quality of the vaccine.165 Imvanex has 
been registered in Europe by EMA since 2013, initially as a vac-
cine for smallpox.166 As of July 22, 2022, it is also registered for 
use against mpox.167 Jynneos was first approved by the U.S. Food 
and Drug Administration (FDA) on September 24, 2019, to pre-
vent both smallpox and mpox.168 This approval marked a signifi-
cant step in the availability of vaccines capable of addressing both 
smallpox and mpox, reinforcing the importance of vaccination as a 
critical tool in managing public health threats.

To ensure protection against mpox, Jynneos and Imvanex must 
be administered as a subcutaneous injection (0.5 mL) with a two-
dose regimen. The second dose should be administered at least 
28 days after the first as a primary vaccination for individuals not 
previously vaccinated against smallpox. Due to limited supplies of 
Jynneos in the EU/EEA during the summer of 2022, the EMA's 
Emergency Task Force issued a recommendation in August 2022 
supporting antigen-sparing vaccination strategies through intra-
dermal administration (on the volar surface of the forearm) of a 
fractional dose.169 Evidence indicated that the lower intradermal 
dose of the vaccine had comparable humoral immunogenicity to 
the standard subcutaneous dose.

7.5  |  What are the recommendations and 
guidelines for the preventive usage of vaccines in 
mpox?

WHO has established guidelines for the use of vaccines in response 
to the global mpox outbreak.170 The primary goal is to control the 
spread of the virus through public health measures like surveillance, 
contact tracing, and isolation.170 While mass vaccination is not rec-
ommended, WHO advises the judicious use of vaccines, particularly 
in high-risk groups. For post-exposure prophylaxis (PEP), vaccination 

BOX 3 Recommendations for individuals in close 
contact with infected patients

•	 Daily monitoring for mpox symptoms over 21 days.
•	 Daily body temperature monitoring (1–2 times/day) is 

recommended.
•	 Acetaminophen or ibuprofen should be avoided to pre-

vent masking early mpox symptoms.
•	 Good hygiene, respiratory etiquette, and safe sex prac-

tices (e.g., condom use) should be maintained during 
mpox monitoring.

•	 Isolation is not necessary unless symptoms develop.
•	 If symptoms emerge, empiric isolation for mpox 

should be initiated, and healthcare provider should be 
contacted.
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is recommended within 4 days of exposure. For pre-exposure proph-
ylaxis (PrEP), it is suggested for health workers and laboratory per-
sonnel at high risk of exposure.

The CDC currently recommends the mpox vaccine, administered 
as a series of two doses given 28 days (4 weeks) apart.171 For individ-
uals with sexual risk factors for mpox who have not been diagnosed 
with mpox during the ongoing outbreak or have not yet received 
both doses of the mpox vaccine, routine vaccination is recom-
mended. Additional doses beyond the initial two are not currently 
advised.171 For those with occupational risk of exposure to ortho-
poxviruses (such as certain research laboratory workers), a booster 
vaccination is recommended every 2–10 years, depending on the 
nature of the work performed.171 Vaccinated individuals should con-
tinue to take precautions to protect themselves from infection by 
avoiding close, skin-to-skin contact, including intimate contact, with 
anyone infected with mpox.171

In the EU/EEA, the Imvanex vaccine is authorized to protect 
adults from mpox and diseases caused by the vaccinia virus.172 
Upon authorization, data from human and animal studies sug-
gested that a single dose of MVA-BN might provide rapid protec-
tion against mpox, with the second dose mainly serving to extend 
the duration of immunity.173 A single booster dose may be con-
sidered for individuals previously vaccinated against smallpox, 
mpox, or vaccinia viruses, although there are insufficient data to 
determine the optimal timing for booster doses. The safety profile 
of MVA-BN is favorable, with generally mild to moderate side ef-
fects. In contrast, older-generation smallpox vaccines, which have 
more significant side effects, are not authorized by EMA. Due to 
limited supplies of Imvanex in the summer of 2022, the EMA's 
Emergency Task Force recommended the use of intradermal de-
livery of a fractional dose (one-fifth of the standard subcutane-
ous dose), which was shown to have comparable immunogenicity 
to the full subcutaneous dose.169 In Italy, the Ministry of Health's 
Circular from August 5, 2022, recommends the MVA-BN vaccine 
as pre-exposure prophylaxis for laboratory workers at risk of or-
thopoxvirus exposure and men who have sex with men, following 
specific risk criteria.174

Countries have prioritized preventive vaccination for high-risk 
groups, such as gay, bisexual, and transgender individuals who have 
sex with men, based on epidemiological and behavioral criteria such 
as the frequency of sexual encounters and participation in group sex 
events. In the United States, the CDC recommends vaccination for 
individuals exposed to mpox, those with recent sexual partners di-
agnosed with mpox, and those at high risk of occupational exposure 
to orthopoxviruses.

7.6  |  What are the specific contraindications for 
mpox vaccines?

The only absolute contraindications to the MVA-BN mpox vac-
cine are a history of anaphylaxis after a prior dose of any MVA-BN 
mpox vaccine or a severe allergic reaction to any of its components 

or residual traces.175 Additionally, the MVA-BN mpox vaccine has 
not been formally studied in pregnant or breastfeeding women, 
although limited animal studies have not identified any vaccine-
related fetal malformations.176 Regarding precautions, a study 
conducted in the United States found that vaccine effectiveness 
(VE) among immunocompromised individuals was 70.2%, com-
pared to 87.8% in immunocompetent participants.177 Despite this 
difference, there have been no reported safety concerns or issues 
with vaccine efficacy in immunocompromised populations, includ-
ing recipients of hematopoietic stem cell transplants.178 Clinical 
data on the use of the MVA-BN vaccine in individuals with HIV 
infection are limited.175 However, the vaccine appears to be well 
tolerated in these populations, showing no adverse effects on viral 
load or CD4 cell counts.179 In the case of antibody-deficient pa-
tients, the humoral response is compromised, potentially reducing 
VE. However, cellular immunity may still be partially intact, po-
tentially providing some level of protection. Currently, the VE for 
antibody-deficient conditions is very limited. The CDC's Advisory 
Committee on Immunization Practices (ACIP) recommends the 
MVA-BN mpox vaccine for populations at risk of mpox infection, 
regardless of their immunocompromised status.177 However, fur-
ther research is needed to better understand the vaccine efficacy 
in individuals with antibody deficiencies. Regarding individu-
als with atopic dermatitis, local adverse reactions following the 
MVA-BN vaccine appear to be more common according to some 
studies in the literature and pharmacovigilance data.180 However, 
these adverse events are generally mild and do not compromise 
the overall safety profile of the vaccine.181

7.7  |  Do smallpox vaccines offer protection against 
MPXV?

During the global smallpox eradication campaign, vaccination pro-
vided significant cross-protection against mpox infection.182 In 
April 2022, WHO formed a dedicated working group under the 
Strategic Advisory Group of Experts (SAGE) on Immunization to 
advise on the deployment of vaccines for mpox.183 This group was 
also assigned to revise and update the 2013 guidelines regarding 
the use of smallpox vaccines. While vaccination against MPXV in-
fection has relied on smallpox-specific vaccines, those targeting 
MPXV directly are currently in experimental development. Two 
studies conducted in Zaire compared secondary infection rates of 
MPXV among close contacts who were unvaccinated and those 
who had previously received smallpox vaccination as part of the 
eradication effort. In the first study, the overall attack rate of 
secondary MPXV infection among individuals with a history of 
smallpox vaccination was 1.1%, compared to 7.4% in those who 
had not been vaccinated.16 In the second study, which examined 
2278 close contacts of 245 mpox patients from 1981 to 1986, the 
attack rate of secondary infection among unvaccinated close con-
tacts was 7.47%. In contrast, it was only 0.96% among those who 
had been vaccinated.184
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A comprehensive meta-analysis and systematic review published 
in 2024 evaluated the safety, efficacy, and protection of the mpox 
vaccine.185 The findings indicated that the vaccine has a good safety 
profile, with only mild side effects reported. Additionally, the effi-
cacy data gathered from 11 published studies revealed that among 
13,505 vaccinated participants compared to 19,786 unvaccinated 
participants, the risk of MPXV infection was reduced by 54% with 
vaccination against smallpox compared to those without vaccina-
tion. The actual efficacy of this antibody response in protecting 
against MPXV infection remains uncertain, highlighting the need for 
further research to understand the vaccine's protective capabilities 
better.182

To date, for individuals who were previously vaccinated 
against smallpox and are now in high-risk groups for whom mpox 
vaccination is recommended, a booster dose of MVA-BN has been 
advised. Moreover, according to various studies in the literature, a 
single dose of MVA-BN has proven to be highly protective against 
symptomatic mpox disease among high-risk GBMSM (gay, bisex-
ual, and other men who have sex with men).186 This makes it a 
valuable tool for controlling mpox outbreaks when rapid protec-
tion is required. However, the long-term protection offered by a 
single dose needs further investigation.187 In situations where the 
number of individuals at high risk of infection exceeds the avail-
able vaccine supply, prioritizing the administration of initial doses 
may be beneficial.

7.8  |  How long does the immunity provided by the 
vaccines last?

The duration of protection the smallpox vaccine provides against 
MPXV infection is not yet well defined. However, long-term follow-
up studies on individuals vaccinated against smallpox have shown 
that neutralizing antibody responses against the vaccinia virus can 
remain stable in the blood for many decades and, in some cases, 
even for a lifetime.182 According to a recent study published in The 
Lancet, nine countries reported data on individuals with confirmed 
mpox via PCR after either a previously documented infection or 
vaccination between May 11, 2022, and June 30, 2023.188 Among 
the 37 infected subjects, those with natural immunity from prior 
infection experienced a shorter illness duration and less mucosal 
disease during reinfection compared to their initial infection. Post-
vaccination infections were characterized by fewer lesions, minimal 
mucosal involvement, and minimal need for pain relief. The study 
concludes that the clinical features and outcomes of recurrent infec-
tions and infections following vaccination appear less severe than 
cases reported in 2022. Specifically, compared to the 2022 case 
series, individuals in this study exhibited fewer confluent lesions, 
reduced mucosal involvement, decreased need for analgesics, and 
fewer hospitalizations. While natural immunity and vaccine-induced 
immunity do not offer complete protection against mpox infection, 
in this small cohort, both the duration and severity of the illness 
seem to be diminished.

According to the Advisory Committee on Immunization 
Practices (ACIP) recommendations on Orthopoxvirus vaccines 
(smallpox and mpox), maximum immunity is achieved 14 days after 
the second dose of the vaccine. The administration of additional 
vaccine doses (beyond the two recommended doses) is not cur-
rently advised for most individuals. However, for those at risk of 
occupational exposure to orthopoxviruses (e.g., certain research 
laboratory workers), booster doses are recommended every 2 to 
10 years, depending on the nature of their work.189 While there 
are no definitive data in the literature regarding the duration of 
protection provided by these vaccines,169 booster doses may be 
indicated based on risk assessment. The possibility of adminis-
tering a single-dose regimen is increasingly being studied, though 
the duration of protection for such a regimen is not yet fully 
understood.186,190,191

8  |  POTENTIAL C AUSES AND OUTCOMES 
OF THE RECENT MPOX OUTBRE AKS

8.1  |  Could the 2022 and 2024 mpox outbreaks be 
connected to factors like deforestation and climate 
change?

For a pathogen to produce a zoonotic outbreak, there should be 
an alignment of often complex and dynamic conditions—including 
ecological, epidemiological, immunological, and behavioral condi-
tions.192 Intact ecosystems provide the first line of defense against 
new pandemics because they strengthen the first three barriers to 
spillover (minimizing distribution overlap, host stress, and human ex-
posure) and hence decrease the likelihood that the conditions for 
spillover occur or align.193 Amplifying drivers of zoonotic diseases 
thus include landscape alterations and climate hazards induced by 
climate change.

In 2022, WHO clearly linked the MPXV outbreak to climate 
change, explained by the shrinking space between human com-
munities and wildlife habitats and by rising levels of ecological 
fragility and climate stress, which is changing both animal and 
human behavior. Since 2022, global warming and climate change 
have increased the frequency and intensity of wildfires, sand and 
dust storms, thunderstorms, and heat waves—with concomitant 
increases in air pollution, heat stress, and flooding.12 A study per-
formed in 2022 examined the changes in mpox cases over time 
while assessing the meteorological characteristics that could 
impact mpox.194 Temperature, relative humidity, and surface 
pressure positively impacted mpox cases, while dew/frost point, 
precipitation, and wind speed showed a significant negative im-
pact. Overall, there was a significant correlation with rising mpox 
cases.

A recent workshop discussed six steps to prioritize climate-
sensitive zoonoses based on a structured approach to defining cri-
teria for climate sensitivity.195 A new interactive expert elicitation 
interface was proposed to facilitate data collection and real-time 
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visualization of prioritization results, allowing for a structured 
decision-making support process when allocating limited financial 
and personnel resources to enhance preparedness and response to 
zoonotic diseases amplified by climate change.

8.2  |  Could demographic shifts have played a role 
in the 2022 and 2024 mpox outbreaks?

Natural, geographical barriers have historically limited the spread 
of communicable diseases. This is no longer the case in today's 
interconnected world, paired with its unprecedented environmen-
tal and climate change, emphasizing the intersection of evolution-
ary biology, epidemiology, and geography.196 The translocation 
of pathogens and their vectors is closely connected with human 
mobility, migration, and the global transport of goods. The de-
struction of natural ecosystems, coupled with low income and 
socioeconomic status, increases the transmission probability of 
neglected tropical and zoonotic diseases. During 2012–2021, 
the volume of international travel reached record highs and lows. 
This period also was marked by the emergence of large outbreaks 
of multiple infectious diseases (e.g., Zika virus, yellow fever, and 
COVID-19).197 After restrictions were lifted, the unprecedented 
ease and increased frequency of travel may result in a dangerous 
global spread of infectious diseases. Active surveillance for infec-
tious diseases among travelers can serve as sentinel systems for 
new or emerging pathogens.

8.3  |  Has the enhancement of surveillance and 
reporting systems led to the identification of more 
mpox cases?

AI-based models in the context of increased surveillance integrat-
ing environmental and socioeconomic predictors of zoonotic dis-
ease spread have definitely helped in the early identification and 
isolation of mpox cases.198 However, there is also a real increase in 
vulnerable individuals due to the steady increase of environmen-
tal stressors such as microbial and epithelial barrier dysregulation, 
increased hygiene, refined diet, and air pollution, increasing the 
likelihood of susceptibility to disease and exaggerated inflamma-
tory responses.12,199

8.4  |  Are we experiencing a rise in zoonotic 
diseases, and what might be the potential 
impacts of the ongoing mpox outbreaks?

A recent analysis that excluded the SARS-CoV-2 pandemic showed 
that the number of spillover zoonotic events and associated 
deaths have been increasing by 4.98% (confidence interval [CI]95% 
[3.22%; 6.76%]) and 8.7% (CI 95% [4.06%; 13.62%]) annually, re-
spectively.200 This paper underscores the importance of immediate 

and appropriate preventive measures (timely preparedness and 
proactive control strategies) with utmost priority against zoonotic 
diseases, including awareness-raising programmes, discovering 
and formulating effective vaccine candidate(s), prophylaxis and 
therapeutic regimes, and management strategies. The ongoing 
mpox outbreaks are expected to impact vulnerable populations 
profoundly. They might entail shortages in the accessibility to reg-
ular checks for chronic diseases or medication availability due to 
a shift of limited resources toward containment of the outbreak.

Although preparedness and response have received significant 
focus, prevention remains largely absent from global conversations. 
A special focus on increasing resilience in vulnerable populations is 
warranted as a public health initiative.201–203 In addition, ecologi-
cal countermeasures targeting the root causes of zoonoses are ur-
gently needed.204 By protecting and restoring the wildlife habitat 
and by mitigating wildlife-human interactions, these measures are 
strategically designed to increase the resilience of reservoir host 
populations, reduce stress and likelihood of viral shedding, prevent 
distributional shifts, and protect vulnerable human communities.

9  |  CONCLUSION

The resurgence of mpox in 2024, driven by the emergence of a new, 
more transmissible variant, underscores the ongoing vulnerability of 
global health systems to zoonotic diseases. Despite advances in diag-
nostics and vaccines, the rapid spread of clade Ib, within Africa and 
probably across borders, has reignited concerns about the readiness 
and coordination of international responses. The higher CFR compared 
to the 2022 outbreak highlights the increased threat, particularly 
in regions with fragile healthcare infrastructure. As climate change 
continues to disrupt natural ecosystems and human-wildlife interac-
tions, the conditions for zoonotic spillover events will only intensify. 
This outbreak not only demands immediate containment efforts but 
also serves as a critical reminder of the broader, long-term impacts of 
ecological degradation, socioeconomic inequality, and global health 
inequities. The urgency of a coordinated, sustained response is appar-
ent: efficient responses to current threats and preventive measures 
for future outbreaks demand robust support from society and institu-
tions. In a context characterized by concerns about drug supply short-
ages and the emergence of resistance, researchers are intensifying 
efforts to identify new therapeutic targets and treatment options for 
mpox. The rising resistance to existing medications necessitates ur-
gent innovation in pharmaceutical research to develop more effective 
and sustainable treatments for this disease. The scientific community 
is actively exploring new molecules and mechanisms of action that 
can enhance clinical responses in patients affected by this condition. 
It is crucial to initiate clinical studies that allow for the evaluation of 
the efficacy and safety of these new treatments, particularly in vul-
nerable populations, such as those who are immunocompromised. 
Establishing clear clinical guidelines and conducting assessments of 
the long-term response to existing antiviral treatments are essential 
to ensure adequate and timely management of mpox.

 13989995, 2024, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.16374 by K

irikkale U
niversity, W

iley O
nline L

ibrary on [27/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  3303CABANILLAS et al.

AUTHOR CONTRIBUTIONS
BC and CAA conceptualized the manuscript, designed its structure, 
coordinated the writing process, and handled the editing. All authors 
contributed by writing significant portions of the manuscript and 
collaborated in the final editing of the document.

AFFILIATIONS
1Department of Allergy, Instituto de Investigacion Sanitaria Hospital 12 de 
Octubre (imas12), Madrid, Spain
2Department of Internal Medicine, University of Genova, Genova, Italy
3Allergology and Clinical Immunology Unit, San Bartolomeo Hospital, 
Sarzana, Italy
4IDESP and PREMEDICAL, University of Montpellier—INSERM, INRIA, 
Montpellier, France
5Allergy Unit, Hospital Regional Universitario de Málaga, Allergy Research 
Group, Instituto de Investigación Biomédica de Málaga y Plataforma en 
Nanomedicina-IBIMA Plataforma BIONAND, ARADyAL, Malaga University, 
Málaga, Spain
6Department of Virology, Faculty of Veterinary Medicine, Kirikkale 
University, Kirikkale, Turkey
7University of Reims Champagne-Ardenne, INSERM UMR 1250 and 
Immunology Laboratory, University Hospital of Reims, Reims, France
8Immunology Department, IIS-Fundacion Jimenez Diaz, Hospital 
Universitario Fundación Jiménez Díaz, Madrid, Spain
9Department of Ear-Nose-Throat Surgery, General Hospital of Nafplio, 
Nafplio, Greece
10Department of Clinical, Surgical, Diagnostic and Pediatric Sciences, 
University of Pavia, Pavia, Italy
11Pediatric Clinic, Fondazione IRCCS Policlinico San Matteo, Pavia, Italy
12Department of Health Sciences (DISSAL), University of Genova, Genova, 
Italy
13Hygiene Unit, San Martino Policlinico Hospital—IRCCS for Oncology and 
Neurosciences, Genova, Italy
14Division of Pediatrics, Department of Pediatric Allergy and Immunology, 
Cerrahpasa Faculty of Medicine, Istanbul University-Cerrahpasa, Istanbul, 
Turkey
15Department of Dermatology and Allergy, Venusberg Campus 1, Bonn, 
Germany
16Transylvania University, Brasov, Romania
17Theramed Medical Center, Brasov, Romania
18Swiss Institute of Allergy and Asthma Research (SIAF), University of 
Zurich, Davos, Switzerland

ACKNOWLEDG MENTS
This research received funding from the Community of Madrid 
Talento Investigador program (Regional Ministry of Science, 
Universities, and Innovation, Madrid, Spain), under the projects 
2023-5A/BIO-28929 and 2019-T1/BIO-12690. Additional funding 
was provided by Instituto de Salud Carlos III (ISCIII) through project 
PI20/00351, co-funded by the European Union.

CONFLIC T OF INTERE S T S TATEMENT
CAA has received research grants from the Swiss National Science 
Foundation, European Union (EU CURE, EU Syn-Air-G), Novartis 
Research Institutes, (Basel, Switzerland), Stanford University (Redwood 
City, Calif), Seed Health (Boston, USA) and SciBase (Stockholm, Sweden); 
is the Co-Chair for EAACI Guidelines on Environmental Science in 
Allergic diseases and Asthma; Chair of the EAACI Epithelial Cell Biology 
Working Group is on the Advisory Boards of Sanofi/Regeneron (Bern, 
Switzerland, New York, USA), Stanford University Sean Parker Asthma 
Allergy Center (CA, USA), Novartis (Basel, Switzerland), Glaxo Smith 

Kline (Zurich, Switzerland), Bristol-Myers Squibb (New York, USA), 
Seed Health (Boston, USA) and SciBase (Stockholm, Sweden); and is 
the Editor-in-Chief of Allergy. MA has received research grants from 
Swiss National science Foundation, Bern; research grant from the 
Stanford University; Leading House for the Latin American Region, 
Seed Money Grant. She is in the Scientific Advisory Board member of 
Stanford University-Sean Parker Asthma Allergy Center, CA; Advisory 
Board member of LEO Foundation Skin Immunology Research Center, 
Kopenhagen; and Scientific Co-Chair of World allergy Congress (WAC) 
Istanbul, 2022, Scientific Programme Committee Chair, EAACI. JV 
reports speaker and consultancy fees in the past 5 years from Astra 
Zeneca, HpVac, L'Oréal, Novartis, Sanofi, Thermo Fisher Scientific, and 
travel expenses reimbursement from Stallergènes for an international 
meeting, outside the submitted work. The other authors have no con-
flict of interest within the scope of the submitted work.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

ORCID
Beatriz Cabanillas   https://orcid.org/0000-0002-5351-8140 
Giuseppe Murdaca   https://orcid.org/0000-0002-6403-6905 
Amir Guemari   https://orcid.org/0000-0003-0343-9783 
Maria Jose Torres   https://orcid.org/0000-0001-5228-471X 
Ahmet Kursat Azkur   https://orcid.org/0000-0002-5597-8917 
Emel Aksoy   https://orcid.org/0000-0001-9536-4322 
Joana Vitte   https://orcid.org/0000-0002-3344-9408 
Ruben Fernández-Santamaria   https://orcid.
org/0000-0002-0255-4280 
Riccardo Castagnoli   https://orcid.org/0000-0003-0029-9383 
Esra Özek Yücel   https://orcid.org/0000-0003-3712-2522 
Natalija Novak   https://orcid.org/0000-0001-8146-8673 
Ioana Agache   https://orcid.org/0000-0001-7994-364X 
Mubeccel Akdis   https://orcid.org/0000-0003-0554-9943 
Cezmi A. Akdis   https://orcid.org/0000-0001-8020-019X 

R E FE R E N C E S
	 1.	 Sun Y, Nie W, Tian D, Ye Q. Human monkeypox virus: epidemio-

logic review and research progress in diagnosis and treatment. J 
Clin Virol. 2024;171:105662. doi:10.1016/j.jcv.2024.105662

	 2.	 León-Figueroa DA, Barboza JJ, Garcia-Vasquez EA, et  al. 
Epidemiological situation of Monkeypox transmission by pos-
sible sexual contact: A systematic review. Trop med Infect Dis. 
2022;7(10). doi:10.3390/tropicalmed7100267

	 3.	 León-Figueroa DA, Barboza JJ, Siddiq A, Sah R, Valladares-
Garrido MJ, Rodriguez-Morales AJ. Knowledge and attitude to-
wards mpox: systematic review and meta-analysis. PLoS One. 
2024;19(8):e0308478. doi:10.1371/journal.pone.0308478

	 4.	 World Health Organization (WHO). Mpox (monkeypox). Fact 
Sheets. 2024. https://​www.​who.​int/​news-​room/​fact-​sheets/​de-
tail/​monke​ypox.

	 5.	 Africa Centres for Disease Control and Prevention (AfricaCDC). 
Africa CDC Epidemic Intelligence Weekly Report. 2024. https://​
afric​acdc.​org/​downl​oad/​afric​a-​cdc-​weekl​y-​event​-​based​-​surve​
illan​ce-​repor​t-​augus​t-​2024/​.

 13989995, 2024, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.16374 by K

irikkale U
niversity, W

iley O
nline L

ibrary on [27/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-5351-8140
https://orcid.org/0000-0002-5351-8140
https://orcid.org/0000-0002-6403-6905
https://orcid.org/0000-0002-6403-6905
https://orcid.org/0000-0003-0343-9783
https://orcid.org/0000-0003-0343-9783
https://orcid.org/0000-0001-5228-471X
https://orcid.org/0000-0001-5228-471X
https://orcid.org/0000-0002-5597-8917
https://orcid.org/0000-0002-5597-8917
https://orcid.org/0000-0001-9536-4322
https://orcid.org/0000-0001-9536-4322
https://orcid.org/0000-0002-3344-9408
https://orcid.org/0000-0002-3344-9408
https://orcid.org/0000-0002-0255-4280
https://orcid.org/0000-0002-0255-4280
https://orcid.org/0000-0002-0255-4280
https://orcid.org/0000-0003-0029-9383
https://orcid.org/0000-0003-0029-9383
https://orcid.org/0000-0003-3712-2522
https://orcid.org/0000-0003-3712-2522
https://orcid.org/0000-0001-8146-8673
https://orcid.org/0000-0001-8146-8673
https://orcid.org/0000-0001-7994-364X
https://orcid.org/0000-0001-7994-364X
https://orcid.org/0000-0003-0554-9943
https://orcid.org/0000-0003-0554-9943
https://orcid.org/0000-0001-8020-019X
https://orcid.org/0000-0001-8020-019X
https://doi.org//10.1016/j.jcv.2024.105662
https://doi.org//10.3390/tropicalmed7100267
https://doi.org//10.1371/journal.pone.0308478
https://www.who.int/news-room/fact-sheets/detail/monkeypox
https://www.who.int/news-room/fact-sheets/detail/monkeypox
https://africacdc.org/download/africa-cdc-weekly-event-based-surveillance-report-august-2024/
https://africacdc.org/download/africa-cdc-weekly-event-based-surveillance-report-august-2024/
https://africacdc.org/download/africa-cdc-weekly-event-based-surveillance-report-august-2024/


3304  |    CABANILLAS et al.

	 6.	 World Health Organization (WHO). WHO Director-General de-
clares mpox outbreak a public health emergency of international 
concern. 2024. https://​www.​who.​int/​news/​item/​14-​08-​2024-​
who-​direc​tor-​gener​al-​decla​res-​mpox-​outbr​eak-​a-​publi​c-​healt​h-​
emerg​ency-​of-​inter​natio​nal-​concern.

	 7.	 Folkhälsomyndigheten Public Health Agency of Sweden. One 
case of mpox clade 1 reported in Sweden 2024. https://​www.​
folkh​alsom​yndig​heten.​se/​the-​publi​c-​healt​h-​agenc​y-​of-​sweden/​
commu​nicab​le-​disea​se-​contr​ol/​disea​se-​infor​matio​n-​about​-​mpox/​
one-​case-​of-​mpox-​clade​-​i-​repor​ted-​in-​sweden/​.

	 8.	 The Guardian. Thailand Confirms Asia's First Known Case of New 
Deadlier Mpox Variant. Guardian Media Group; 2024. https://​www.​
thegu​ardian.​com/​world/​​artic​le/​2024/​aug/​23/​thail​and-​mpox-​
clade​-​1b-​strai​n-​new-​varia​nt-​case.

	 9.	 Gessain A, Nakoune E, Yazdanpanah Y. Monkeypox. N Engl J Med. 
2022;387(19):1783-1793. doi:10.1056/NEJMra2208860

	 10.	 Centers for Disease Control and Prevention (CDC). 2022–2023 
Mpox Outbreak Global Map. 2024. https://​www.​cdc.​gov/​poxvi​
rus/​mpox/​respo​nse/​2022/​world​-​map.​html.

	 11.	 World Health Organization (WHO). 2022–24 Mpox (Monkeypox) 
Outbreak: Global Trends. 2024. https://​world​healt​horg.​shiny​
apps.​io/​mpx_​global/​.

	 12.	 Agache I, Akdis C, Akdis M, et  al. Immune-mediated disease 
caused by climate change-associated environmental hazards: mit-
igation and adaptation. Frontiers in Science. 2024;2(April):1-23. 
doi:10.3389/fsci.2024.1279192

	 13.	 World Health Organization (WHO). Mpox (monkeypox) outbreak 
2022. https://​www.​who.​int/​emerg​encies/​situa​tions/​​monke​ypox-​
oubre​ak-​2022.

	 14.	 World Health Organization (WHO). Multi-country outbreak of 
monkeypox, External situation report #4–24 August 2022. https://​
www.​who.​int/​publi​catio​ns/m/​item/​multi​-​count​ry-​outbr​eak-​of-​
monke​ypox-​-​exter​nal-​situa​tion-​repor​t-​-​4-​-​-​24-​augus​t-​2022.

	 15.	 Du M, Liu M, Niu B, Liu J. The global alarm bell is ringing due to 
the threat of potential severe cases and deaths caused by clade 
I of monkeypox virus. Lancet Infect Dis. 2024;30:e616-e617. 
doi:10.1016/S1473-3099(24)00530-9

	 16.	 Americo JL, Earl PL, Moss B. Virulence differences of mpox 
(monkeypox) virus clades I, IIa, and IIb.1 in a small animal model. 
Proc Natl Acad Sci USA. 2023;120(8):e2220415120. doi:10.1073/
pnas.2220415120

	 17.	 European Centre for Disease Prevention and Control (ECDC). Risk 
assessment for the EU/EEA of the mpox epidemic caused by mon-
keypox virus clade I in affected African countries 2024. https://​
www.​ecdc.​europa.​eu/​en/​publi​catio​ns-​data/​risk-​asses​sment​-​
mpox-​epide​mic-​monke​ypox-​virus​-​clade​-​i-​africa.

	 18.	 World Health Organization (WHO). Multi-country outbreak of 
mpox, External situation report#35–12 August 2024. https://​
www.​who.​int/​publi​catio​ns/m/​item/​multi​-​count​ry-​outbr​eak-​of-​
mpox-​-​exter​nal-​situa​tion-​repor​t-​35-​-​12-​augus​t-​2024.

	 19.	 World Health Organization (WHO). Smallpox and mpox (ortho-
poxviruses): vaccine position paper Weekly epidemiological re-
cord 2024. doi:10.1016/j.vaccine.2011.06.080.Fenner

	 20.	 Laurenson-Schafer H, Sklenovská N, Hoxha A, et al. Description of 
the first global outbreak of mpox: an analysis of global surveillance 
data. Lancet Glob Health. 2023;11(7):e1012-e1023. doi:10.1016/
S2214-109X(23)00198-5

	 21.	 Ren SY, Li J, Gao RD. 2022 Monkeypox outbreak: why is it a 
public health emergency of international concern? What can we 
do to control it? World J Clin Cases. 2022;10(30):10873-10881. 
doi:10.12998/wjcc.v10.i30.10873

	 22.	 Sarker R, Roknuzzaman ASM, Shahriar M, Bhuiyan MA, Islam 
MR. The WHO has ended public health emergency of interna-
tional concern for mpox: assessment of upside and downside of 
this decision. Int J Surg. 2023;109(10):3238-3239. doi:10.1097/
JS9.0000000000000545

	 23.	 World Health Organization (WHO). Fifth Meeting of the 
International Health Regulations (2005) (IHR) Emergency 
Committee on the Multi-Country Outbreak of mpox (monkeypox) 
2023. https://​www.​who.​int/​news/​item/​11-​05-​2023-​fifth​-​meeti​
ng-​of-​the-​inter​natio​nal-​healt​h-​regul​ation​s-​(2005)​-​(ihr)​-​emerg​
ency-​commi​ttee-​on-​the-​multi​-​count​ry-​outbr​eak-​of-​monke​ypox-​
(mpox)​.

	 24.	 Krishna S, Kurrey C, Yadav M, et al. Insights into the emergence 
and evolution of monkeypox virus: historical perspectives, epide-
miology, genetic diversity, transmission, and preventative mea-
sures. Inf Med. 2024;3(2):100105. doi:10.1016/j.imj.2024.100105

	 25.	 Adler H, Gould S, Hine P, et  al. Clinical features and manage-
ment of human monkeypox: a retrospective observational study 
in the UK. Lancet Infect Dis. 2022;22(8):1153-1162. doi:10.1016/
S1473-3099(22)00228-6

	 26.	 McCollum AM, Shelus V, Hill A, et  al. Epidemiology of human 
Mpox - worldwide, 2018–2021. MMWR Morb Mortal Wkly Rep. 
2023;72(3):68-72. doi:10.15585/mmwr.mm7203a4

	 27.	 Rao AK, Schulte J, Chen TH, et al. Monkeypox in a traveler re-
turning from Nigeria—Dallas, Texas, July 2021. MMWR Morb 
Mortal Wkly Rep. 2022;71(14):509-516. doi:10.15585/mmwr.
mm7114a1

	 28.	 Khan G, Perveen N. Monkeypox: past, present, and future. Adv Exp 
Med Biol. 2024;1451:1-20. doi:10.1007/978-3-031-57165-7_1

	 29.	 Guarner J, Johnson BJ, Paddock CD, et al. Monkeypox transmission 
and pathogenesis in prairie dogs. Emerg Infect Dis. 2004;10(3):426-
431. doi:10.3201/eid1003.030878

	 30.	 Mauldin MR, McCollum AM, Nakazawa YJ, et  al. Exportation 
of Monkeypox virus from the African continent. J Infect Dis. 
2022;225(8):1367-1376. doi:10.1093/infdis/jiaa559

	 31.	 Derhab N. Human monkeypox virus: A systematic critical review 
during the pandemic peak. Indian J Med Microbiol. 2024;51:100704. 
doi:10.1016/j.ijmmb.2024.100704

	 32.	 International Committee on Taxonomy of Viruses (ICTV). 2023. 
https://​ictv.​global/​report/​chapt​er/​poxvi​ridae/​​poxvi​ridae/​​ortho​
poxvirus.

	 33.	 Cabanillas B, Murdaca G, Guemari A, et al. A compilation answer-
ing 50 questions on monkeypox virus and the current monkeypox 
outbreak. Allergy. 2023;78(3):639-662. doi:10.1111/all.15633

	 34.	 Bunge EM, Hoet B, Chen L, et  al. The changing epidemiology 
of human monkeypox—as potential threat? A systematic re-
view. PLoS Negl Trop Dis. 2022;16(2):1-20. doi:10.1371/journal.
pntd.0010141

	 35.	 Hämmerle M, Rymbekova A, Gelabert P, et  al. Link between 
Monkeypox virus genomes from museum specimens and 1965 
zoo outbreak. Emerg Infect Dis. 2024;30(4):816-818. doi:10.3201/
eid3004.231546

	 36.	 Azzam A, Khaled H, Salem H, et  al. The impact of immunosup-
pression on the mortality and hospitalization of Monkeypox: a 
systematic review and meta-analysis of the 2022 outbreak. Virol 
J. 2024;21(1):130. doi:10.1186/s12985-024-02392-0

	 37.	 Cho W, Park S, Kim HJ, et al. Clinical characteristics and outcomes 
of patients with mpox during the 2022 mpox outbreak compared 
with those before the outbreak: A systematic review and meta-
analysis. Rev Med Virol. 2024;34(1):e2508. doi:10.1002/rmv.2508

	 38.	 Ogoina D, Dalhat MM, Denue BA, et al. Mpox epidemiology and 
risk factors, Nigeria, 2022. Emerg Infect Dis. 2024;30(9):1799-
1808. doi:10.3201/eid3009.240135

	 39.	 Van Dijck C, Hoff NA, Mbala-Kingebeni P, et al. Emergence of mpox 
in the post-smallpox era-a narrative review on mpox epidemiol-
ogy. Clin Microbiol Infect. 2023;29(12):1487-1492. doi:10.1016/j.
cmi.2023.08.008

	 40.	 Isidro J, Borges V, Pinto M, et al. Addendum: Phylogenomic char-
acterization and signs of microevolution in the 2022 multi-country 
outbreak of monkeypox virus. Nat Med. 2022;28(10):2220-2221. 
doi:10.1038/s41591-022-02036-2

 13989995, 2024, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.16374 by K

irikkale U
niversity, W

iley O
nline L

ibrary on [27/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.who.int/news/item/14-08-2024-who-director-general-declares-mpox-outbreak-a-public-health-emergency-of-international-concern
https://www.who.int/news/item/14-08-2024-who-director-general-declares-mpox-outbreak-a-public-health-emergency-of-international-concern
https://www.who.int/news/item/14-08-2024-who-director-general-declares-mpox-outbreak-a-public-health-emergency-of-international-concern
https://www.folkhalsomyndigheten.se/the-public-health-agency-of-sweden/communicable-disease-control/disease-information-about-mpox/one-case-of-mpox-clade-i-reported-in-sweden/
https://www.folkhalsomyndigheten.se/the-public-health-agency-of-sweden/communicable-disease-control/disease-information-about-mpox/one-case-of-mpox-clade-i-reported-in-sweden/
https://www.folkhalsomyndigheten.se/the-public-health-agency-of-sweden/communicable-disease-control/disease-information-about-mpox/one-case-of-mpox-clade-i-reported-in-sweden/
https://www.folkhalsomyndigheten.se/the-public-health-agency-of-sweden/communicable-disease-control/disease-information-about-mpox/one-case-of-mpox-clade-i-reported-in-sweden/
https://www.theguardian.com/world/article/2024/aug/23/thailand-mpox-clade-1b-strain-new-variant-case
https://www.theguardian.com/world/article/2024/aug/23/thailand-mpox-clade-1b-strain-new-variant-case
https://www.theguardian.com/world/article/2024/aug/23/thailand-mpox-clade-1b-strain-new-variant-case
https://doi.org//10.1056/NEJMra2208860
https://www.cdc.gov/poxvirus/mpox/response/2022/world-map.html
https://www.cdc.gov/poxvirus/mpox/response/2022/world-map.html
https://worldhealthorg.shinyapps.io/mpx_global/
https://worldhealthorg.shinyapps.io/mpx_global/
https://doi.org//10.3389/fsci.2024.1279192
https://www.who.int/emergencies/situations/monkeypox-oubreak-2022
https://www.who.int/emergencies/situations/monkeypox-oubreak-2022
https://www.who.int/publications/m/item/multi-country-outbreak-of-monkeypox--external-situation-report--4---24-august-2022
https://www.who.int/publications/m/item/multi-country-outbreak-of-monkeypox--external-situation-report--4---24-august-2022
https://www.who.int/publications/m/item/multi-country-outbreak-of-monkeypox--external-situation-report--4---24-august-2022
https://doi.org//10.1016/S1473-3099(24)00530-9
https://doi.org//10.1073/pnas.2220415120
https://doi.org//10.1073/pnas.2220415120
https://www.ecdc.europa.eu/en/publications-data/risk-assessment-mpox-epidemic-monkeypox-virus-clade-i-africa
https://www.ecdc.europa.eu/en/publications-data/risk-assessment-mpox-epidemic-monkeypox-virus-clade-i-africa
https://www.ecdc.europa.eu/en/publications-data/risk-assessment-mpox-epidemic-monkeypox-virus-clade-i-africa
https://www.who.int/publications/m/item/multi-country-outbreak-of-mpox--external-situation-report-35--12-august-2024
https://www.who.int/publications/m/item/multi-country-outbreak-of-mpox--external-situation-report-35--12-august-2024
https://www.who.int/publications/m/item/multi-country-outbreak-of-mpox--external-situation-report-35--12-august-2024
https://doi.org//10.1016/j.vaccine.2011.06.080.Fenner
https://doi.org//10.1016/S2214-109X(23)00198-5
https://doi.org//10.1016/S2214-109X(23)00198-5
https://doi.org//10.12998/wjcc.v10.i30.10873
https://doi.org//10.1097/JS9.0000000000000545
https://doi.org//10.1097/JS9.0000000000000545
https://www.who.int/news/item/11-05-2023-fifth-meeting-of-the-international-health-regulations-(2005)-(ihr)-emergency-committee-on-the-multi-country-outbreak-of-monkeypox-(mpox)
https://www.who.int/news/item/11-05-2023-fifth-meeting-of-the-international-health-regulations-(2005)-(ihr)-emergency-committee-on-the-multi-country-outbreak-of-monkeypox-(mpox)
https://www.who.int/news/item/11-05-2023-fifth-meeting-of-the-international-health-regulations-(2005)-(ihr)-emergency-committee-on-the-multi-country-outbreak-of-monkeypox-(mpox)
https://www.who.int/news/item/11-05-2023-fifth-meeting-of-the-international-health-regulations-(2005)-(ihr)-emergency-committee-on-the-multi-country-outbreak-of-monkeypox-(mpox)
https://doi.org//10.1016/j.imj.2024.100105
https://doi.org//10.1016/S1473-3099(22)00228-6
https://doi.org//10.1016/S1473-3099(22)00228-6
https://doi.org//10.15585/mmwr.mm7203a4
https://doi.org//10.15585/mmwr.mm7114a1
https://doi.org//10.15585/mmwr.mm7114a1
https://doi.org//10.1007/978-3-031-57165-7_1
https://doi.org//10.3201/eid1003.030878
https://doi.org//10.1093/infdis/jiaa559
https://doi.org//10.1016/j.ijmmb.2024.100704
https://ictv.global/report/chapter/poxviridae/poxviridae/orthopoxvirus
https://ictv.global/report/chapter/poxviridae/poxviridae/orthopoxvirus
https://doi.org//10.1111/all.15633
https://doi.org//10.1371/journal.pntd.0010141
https://doi.org//10.1371/journal.pntd.0010141
https://doi.org//10.3201/eid3004.231546
https://doi.org//10.3201/eid3004.231546
https://doi.org//10.1186/s12985-024-02392-0
https://doi.org//10.1002/rmv.2508
https://doi.org//10.3201/eid3009.240135
https://doi.org//10.1016/j.cmi.2023.08.008
https://doi.org//10.1016/j.cmi.2023.08.008
https://doi.org//10.1038/s41591-022-02036-2


    |  3305CABANILLAS et al.

	 41.	 Wang L, Shang J, Weng S, et al. Genomic annotation and molec-
ular evolution of monkeypox virus outbreak in 2022. J Med Virol. 
2023;95(1):e28036. doi:10.1002/jmv.28036

	 42.	 Likos AM, Sammons SA, Olson VA, et  al. A tale of two clades: 
monkeypox viruses. J Gen Virol. 2005;86(Pt 10):2661-2672. 
doi:10.1099/vir.0.81215-0

	 43.	 Zheng J, Zeng J, Long H, et al. Recombination and selection tra-
jectory of the monkeypox virus during its adaptation in the 
human population. J Med Virol. 2024;96(7):e29825. doi:10.1002/
jmv.29825

	 44.	 Shan KJ, Wu C, Tang X, et  al. Molecular evolution of protein 
sequences and codon usage in Monkeypox viruses. Genomics 
Proteomics Bioinformatics. 2024;22(1). doi:10.1093/gpbjnl/
qzad003

	 45.	 Monzón S, Varona S, Negredo A, et al. Monkeypox virus genomic 
accordion strategies. Nat Commun. 2024;15(1):3059. doi:10.1038/
s41467-024-46949-7

	 46.	 Masirika LM, Udahemuka JC, Schuele L, et al. Ongoing mpox out-
break in Kamituga, south Kivu province, associated with monkey-
pox virus of a novel clade I sub-lineage, Democratic Republic of the 
Congo, 2024. Euro Surveill. 2024;29(11). doi:10.2807/1560-7917.
ES.2024.29.11.2400106

	 47.	 Masirika LM, Kumar A, Dutt M, et al. Complete genome sequenc-
ing, annotation, and mutational profiling of the novel clade I human 
Mpox virus, kamituga strain. J Infect Dev Ctries. 2024;18(4):600-
608. doi:10.3855/jidc.20136

	 48.	 Vakaniaki EH, Kacita C, Kinganda-Lusamaki E, et  al. Sustained 
human outbreak of a new MPXV clade I lineage in eastern 
Democratic Republic of the Congo. Nat Med. 2024;30:2791-2795. 
doi:10.1038/s41591-024-03130-3

	 49.	 Whitehouse ER, Bonwitt J, Hughes CM, et  al. Clinical and epi-
demiological findings from enhanced Monkeypox surveillance 
in Tshuapa Province, Democratic Republic of the Congo during 
2011–2015. J Infect Dis. 2021;223(11):1870-1878. doi:10.1093/
infdis/jiab133

	 50.	 Brinkmann A, Pape K, Uddin S, et  al. Genome sequencing of 
the mpox virus 2022 outbreak with amplicon-based Oxford 
Nanopore MinION sequencing. J Virol Methods. 2024;325:114888. 
doi:10.1016/j.jviromet.2024.114888

	 51.	 von Magnus P, Andersen EK, Petersen KB, Birch Andersen A. 
A pox-like disease in cynomolgus monkeys. Acta Pathologica 
Microbiologica Scandinavica. 1959;46:156-176.

	 52.	 Khodakevich L, Jezek Z, Kinzanzka K. Isolation of monkeypox virus 
from wild squirrel infected in nature. Lancet. 1986;1(8472):98-99. 
doi:10.1016/s0140-6736(86)90748-8

	 53.	 Alakunle E, Moens U, Nchinda G, Okeke MI. Monkeypox virus in 
Nigeria: infection biology, epidemiology, and evolution. Viruses. 
2020;12(11). doi:10.3390/v12111257

	 54.	 Araf Y, Nipa JF, Naher S, et  al. Insights into the transmission, 
host range, genomics, vaccination, and current epidemiology 
of the Monkeypox virus. Vet Med Int. 2024;2024:8839830. 
doi:10.1155/2024/8839830

	 55.	 Moss B. Understanding the biology of monkeypox virus to pre-
vent future outbreaks. Nat Microbiol. 2024;9(6):1408-1416. 
doi:10.1038/s41564-024-01690-1

	 56.	 Azkur AK, Aksoy E, Akdiş CA. Monkeypox and other zoonotic pox-
viruses. Ank Univ Vet Fak Derg. 2022;69(4):445-459. doi:10.33988/
auvfd.1146405

	 57.	 Tiee MS, Harrigan RJ, Thomassen HA, Smith TB. Ghosts of in-
fections past: using archival samples to understand a century of 
monkeypox virus prevalence among host communities across 
space and time. R Soc Open Sci. 2018;5(1):171089. doi:10.1098/
rsos.171089

	 58.	 Ladnyj ID, Ziegler P, Kima E. A human infection caused by mon-
keypox virus in Basankusu territory, Democratic Republic of the 
Congo. Bull World Health Organ. 1972;46(5):593-597.

	 59.	 World Health Organization (WHO). Multi-country monkeypox 
outbreak in non-endemic countries. 2022. https://​www.​who.​int/​
emerg​encies/​disea​se-​outbr​eak-​news/​item/​2022-​DON385.

	 60.	 Centers for Disease Control and Prevention (CDC). About Mpox. 
2024. https://​www.​cdc.​gov/​poxvi​rus/​mpox/​about/​​index.​html.

	 61.	 Raccagni AR, Castagna A, Nozza S. Detection of Mpox virus in 
seminal fluids: implications for sexual transmission. New Microbiol. 
2024;46(4):317-321.

	 62.	 Raccagni AR, Candela C, Mileto D, et  al. Monkeypox infection 
among men who have sex with men: PCR testing on seminal fluids. 
J Infect. 2022;85(5):573-607. doi:10.1016/j.jinf.2022.07.022

	 63.	 Keikha M, Kesharwani P, Sahebkar A. Contradictory perspec-
tives on the transmission route of human monkeypox during the 
2022 outbreak. Microb Pathog. 2023;181:106178. doi:10.1016/j.
micpath.2023.106178

	 64.	 Thornhill JP, Palich R, Ghosn J, et al. Human monkeypox virus in-
fection in women and non-binary individuals during the 2022 out-
breaks: a global case series. Lancet. 2022;400(10367):1953-1965. 
doi:10.1016/S0140-6736(22)02187-0

	 65.	 Vallée A, Chatelain A, Carbonnel M, et  al. Monkeypox virus 
infection in 18-year-old woman after sexual intercourse, 
France, September 2022. Emerg Infect Dis. 2023;29(1):219-222. 
doi:10.3201/eid2901.221643

	 66.	 Waddell CJ, Filardo TD, Prasad N, et  al. Possible undetected 
Mpox infection among persons accessing homeless services and 
staying in encampments - San Francisco, California, October-
November 2022. MMWR Morb Mortal Wkly Rep. 2023;72(9):227-
231. doi:10.15585/mmwr.mm7209a3

	 67.	 Zeien J, Vieira J, Hanna J, et  al. Mpox case reports in an 
urban homeless population and a proof of concept for 
a street-based Mobile Mpox vaccination clinic. J Prim 
Care Community Health. 2023;14:21501319231169990. 
doi:10.1177/21501319231169991

	 68.	 Filardo TD, Prasad N, Waddell CJ, et al. Mpox vaccine acceptabil-
ity among people experiencing homelessness in San Francisco—
October–November 2022. Vaccine. 2023;41(39):5673-5677. 
doi:10.1016/j.vaccine.2023.07.068

	 69.	 Vairo F, Leone S, Mazzotta V, et  al. The possible effect of so-
ciobehavioral factors and public health actions on the mpox ep-
idemic slowdown. Int J Infect Dis. 2023;130:83-85. doi:10.1016/j.
ijid.2023.03.005

	 70.	 Oghuan J, Chavarria C, Vanderwal SR, et al. Wastewater analysis 
of Mpox virus in a city with low prevalence of Mpox disease: an 
environmental surveillance study. Lancet Regional Health Americas. 
2023;28:100639. doi:10.1016/j.lana.2023.100639

	 71.	 Hemati S, Mohammadi-Moghadam F. A systematic review on en-
vironmental perspectives of monkeypox virus. Rev Environ Health. 
2024;39(2):363-370. doi:10.1515/reveh-2022-0221

	 72.	 Atoui A, Jourdain F, Mouly D, Cordevant C, Chesnot T, Gassilloud 
B. A review on mpox (monkeypox) virus shedding in wastewater 
and its persistence evaluation in environmental samples. Case 
Stud Chem Environ Eng. 2023;7(2022):100315. doi:10.1016/j.
cscee.2023.100315

	 73.	 Kollepara PK, Chisholm RH, Miller JC. Heterogeneity in network 
structure switches the dominant transmission mode of infec-
tious diseases. PNAS Nexus. 2023;2(8):pgad227. doi:10.1093/
pnasnexus/pgad227

	 74.	 Ponce L, Linton NM, Toh WH, et al. Incubation period and serial 
interval of Mpox in 2022 global outbreak compared with historical 
estimates. Emerg Infect Dis. 2024;30(6):1173-1181. doi:10.3201/
eid3006.231095

	 75.	 Haddad N. The presumed receptivity and susceptibility to monkey-
pox of European animal species. Infect Dis Now. 2022;52(5):294-
298. doi:10.1016/j.idnow.2022.06.006

	 76.	 Alizadeh I, Shafaati M, Zandi M. Is it possible that arthropods 
could be an accidental reservoir for the outbreak of mpox virus in 

 13989995, 2024, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.16374 by K

irikkale U
niversity, W

iley O
nline L

ibrary on [27/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org//10.1002/jmv.28036
https://doi.org//10.1099/vir.0.81215-0
https://doi.org//10.1002/jmv.29825
https://doi.org//10.1002/jmv.29825
https://doi.org//10.1093/gpbjnl/qzad003
https://doi.org//10.1093/gpbjnl/qzad003
https://doi.org//10.1038/s41467-024-46949-7
https://doi.org//10.1038/s41467-024-46949-7
https://doi.org//10.2807/1560-7917.ES.2024.29.11.2400106
https://doi.org//10.2807/1560-7917.ES.2024.29.11.2400106
https://doi.org//10.3855/jidc.20136
https://doi.org//10.1038/s41591-024-03130-3
https://doi.org//10.1093/infdis/jiab133
https://doi.org//10.1093/infdis/jiab133
https://doi.org//10.1016/j.jviromet.2024.114888
https://doi.org//10.1016/s0140-6736(86)90748-8
https://doi.org//10.3390/v12111257
https://doi.org//10.1155/2024/8839830
https://doi.org//10.1038/s41564-024-01690-1
https://doi.org//10.33988/auvfd.1146405
https://doi.org//10.33988/auvfd.1146405
https://doi.org//10.1098/rsos.171089
https://doi.org//10.1098/rsos.171089
https://www.who.int/emergencies/disease-outbreak-news/item/2022-DON385
https://www.who.int/emergencies/disease-outbreak-news/item/2022-DON385
https://www.cdc.gov/poxvirus/mpox/about/index.html
https://doi.org//10.1016/j.jinf.2022.07.022
https://doi.org//10.1016/j.micpath.2023.106178
https://doi.org//10.1016/j.micpath.2023.106178
https://doi.org//10.1016/S0140-6736(22)02187-0
https://doi.org//10.3201/eid2901.221643
https://doi.org//10.15585/mmwr.mm7209a3
https://doi.org//10.1177/21501319231169991
https://doi.org//10.1016/j.vaccine.2023.07.068
https://doi.org//10.1016/j.ijid.2023.03.005
https://doi.org//10.1016/j.ijid.2023.03.005
https://doi.org//10.1016/j.lana.2023.100639
https://doi.org//10.1515/reveh-2022-0221
https://doi.org//10.1016/j.cscee.2023.100315
https://doi.org//10.1016/j.cscee.2023.100315
https://doi.org//10.1093/pnasnexus/pgad227
https://doi.org//10.1093/pnasnexus/pgad227
https://doi.org//10.3201/eid3006.231095
https://doi.org//10.3201/eid3006.231095
https://doi.org//10.1016/j.idnow.2022.06.006


3306  |    CABANILLAS et al.

2022? New Microbes New Infect. 2023;53:101138. doi:10.1016/j.
nmni.2023.101138

	 77.	 Alakunle E, Kolawole D, Diaz-Cánova D, et  al. A comprehen-
sive review of monkeypox virus and mpox characteristics. 
Front Cell Infect Microbiol. 2024;14:1360586. doi:10.3389/
fcimb.2024.1360586

	 78.	 Antinori A, Mazzotta V, Vita S, et al. Epidemiological, clinical and 
virological characteristics of four cases of monkeypox support 
transmission through sexual contact, Italy, May 2022. Euro Surveill. 
2022;27(22). doi:10.2807/1560-7917.ES.2022.27.22.2200421

	 79.	 O'Connor LF, Byrne M, Baskaran A, et al. Characterizing indicators 
of engagement in HIV-associated healthcare and clinical outcomes 
among people with HIV and Mpox in Washington, DC: a nested 
case-control study of the DC cohort. Pathogens. 2024;13(2). 
doi:10.3390/pathogens13020117

	 80.	 Siegenbeek van Heukelom ML, Jongen VW, Schouten J, et  al. 
Characteristics of mpox positive, versus mpox negative, and mpox 
unsuspected clients from the centre of sexual health, public health 
service of Amsterdam, 20 May to 15 September 2022. J Eur Acad 
Dermatol Venereol. 2023;37(9):1891-1896. doi:10.1111/jdv.19223

	 81.	 Suñer C, Ubals M, Tarín-Vicente EJ, et  al. Viral dynamics in pa-
tients with monkeypox infection: a prospective cohort study 
in Spain. Lancet Infect Dis. 2023;23(4):445-453. doi:10.1016/
S1473-3099(22)00794-0

	 82.	 Alonso-Cadenas JA, Andina-Martínez D, García-García CJ, 
Gaitero-Tristán J, García-Ascaso MT, Torrelo A. Monkeypox dis-
ease in a breastfeeding infant. Pediatr Dermatol. 2023;40(1):214-
215. doi:10.1111/pde.15145

	 83.	 Hazra A, Cherabie JN. Is Mpox a sexually transmitted infection? 
Why narrowing the scope of this Disease may Be harmful. Clin 
Infect Dis. 2023;76(8):1504-1507. doi:10.1093/cid/ciac962

	 84.	 Allan-Blitz LT, Gandhi M, Adamson P, Park I, Bolan G, Klausner JD. 
A position Statement on Mpox as a sexually transmitted Disease. 
Clin Infect Dis. 2023;76(8):1508-1512. doi:10.1093/cid/ciac960

	 85.	 Zemouri C, Beltrán EO, Holliday R, Jakubovics NS, Allison JR. 
Monkeypox: what do dental professionals need to know? Br Dent 
J. 2022;233(7):569-574. doi:10.1038/s41415-022-5079-8

	 86.	 Hernaez B, Muñoz-Gómez A, Sanchiz A, et  al. Monitoring 
monkeypox virus in saliva and air samples in Spain: a cross-
sectional study. Lancet Microbe. 2023;4(1):e21-e28. doi:10.1016/
S2666-5247(22)00291-9

	 87.	 Gould S, Atkinson B, Onianwa O, et  al. Air and surface sam-
pling for monkeypox virus in a UK hospital: an observational 
study. Lancet Microbe. 2022;3(12):e904-e911. doi:10.1016/
S2666-5247(22)00257-9

	 88.	 Migaud P, Hosmann K, Drauz D, Mueller M, Haumann J, Stocker 
H. A case of occupational transmission of mpox. Infection. 
2023;51(4):1169-1173. doi:10.1007/s15010-023-01989-x

	 89.	 Yang Y, Niu S, Shen C, et al. Longitudinal viral shedding and an-
tibody response characteristics of men with acute infection 
of monkeypox virus: a prospective cohort study. Nat Commun. 
2024;15(1):4488. doi:10.1038/s41467-024-48754-8

	 90.	 Santarpia JL, Markin NW, Herrera VL, et al. Infectious aerosol cap-
ture mask as environmental Control to reduce spread of respira-
tory viral particles. Viruses. 2022;14(6). doi:10.3390/v14061275

	 91.	 Edghill-Smith Y, Golding H, Manischewitz J, et  al. Smallpox 
vaccine-induced antibodies are necessary and sufficient for pro-
tection against monkeypox virus. Nat Med. 2005;11(7):740-747. 
doi:10.1038/nm1261

	 92.	 Panchanathan V, Chaudhri G, Karupiah G. Correlates of protec-
tive immunity in poxvirus infection: where does antibody stand? 
Immunol Cell Biol. 2008;86(1):80-86. doi:10.1038/sj.icb.7100118

	 93.	 Karem KL, Reynolds M, Braden Z, et  al. Characterization of 
acute-phase humoral immunity to monkeypox: use of immu-
noglobulin M enzyme-linked immunosorbent assay for detec-
tion of monkeypox infection during the 2003 north American 

outbreak. Clin Diagn Lab Immunol. 2005;12(7):867-872. 
doi:10.1128/CDLI.12.7.867-872.2005

	 94.	 Yi XM, Lei YL, Li M, Zhong L, Li S. The monkeypox virus-
host interplays. Cell Insight. 2024;3(5):100185. doi:10.1016/j.
cellin.2024.100185

	 95.	 Arndt WD, Cotsmire S, Trainor K, et  al. Evasion of the innate 
immune type I interferon system by Monkeypox virus. J Virol. 
2015;89(20):10489-10499. doi:10.1128/JVI.00304-15

	 96.	 Sherwat A, Brooks JT, Birnkrant D, Kim P. Tecovirimat and the 
treatment of monkeypox—past, present, and future considerations. 
N Engl J Med. 2022;387(7):579-581. doi:10.1056/NEJMp2210125

	 97.	 Tiecco G, Degli Antoni M, Storti S, Tomasoni LR, Castelli F, 
Quiros-Roldan E. Monkeypox, a literature review: what is new and 
where does this concerning virus come from? Viruses. 2022;14(9). 
doi:10.3390/v14091894

	 98.	 Martins-Filho PR, Tanajura DM, Alves Dos Santos C. Polymerase 
chain reaction positivity and cycle threshold values in biological 
samples from patients with monkeypox: A meta-analysis. Travel Med 
Infect Dis. 2022;50:102448. doi:10.1016/j.tmaid.2022.102448

	 99.	 Earl PL, Americo JL, Moss B. Insufficient innate immunity contrib-
utes to the susceptibility of the castaneous mouse to orthopoxvi-
rus infection. J Virol. 2017;91(19). doi:10.1128/JVI.01042-17

	100.	 Lu Y, Zhang L. DNA-sensing antiviral innate immunity in pox-
virus infection. Front Immunol. 2022;11:1637. doi:10.3389/
fimmu.2020.01637

	101.	 Saghazadeh A, Rezaei N. Poxviruses and the immune sys-
tem: implications for monkeypox virus. Int Immunopharmacol. 
2022;113:109364. doi:10.1016/j.intimp.2022.109364

	102.	 Parnian R, Heydarifard F, Mousavi FS, Heydarifard Z, Zandi 
M. Innate immune response to MPOX infection: mecha-
nisms and immune escape. J Innate Immun. 2024;16:413-424. 
doi:10.1159/000540815

	103.	 Ortins-Pina A, Hegemann B, Saggini A, et al. Histopathological fea-
tures of human mpox: report of two cases and review of the liter-
ature. J Cutan Pathol. 2023;50(8):706-710. doi:10.1111/cup.14398

	104.	 Fang M, Orr MT, Spee P, Egebjerg T, Lanier LL, Sigal LJ. CD94 is 
essential for NK cell-mediated resistance to a lethal viral disease. 
Immunity. 2011;34(4):579-589. doi:10.1016/j.immuni.2011.02.015

	105.	 Nagata N, Saijo M, Kataoka M, et  al. Pathogenesis of fulminant 
monkeypox with bacterial sepsis after experimental infection with 
west African monkeypox virus in a cynomolgus monkey. Int J Clin 
Exp Pathol. 2014;7(7):4359-4370. https://​www.​ncbi.​nlm.​nih.​gov/​
pubmed/​25120821.

	106.	 Johnston SC, Johnson JC, Stonier SW, et al. Cytokine modulation 
correlates with severity of monkeypox disease in humans. J Clin 
Virol. 2015;63:42-45. doi:10.1016/j.jcv.2014.12.001

	107.	 Huemer HP, Lassnig C, Nowotny N, Irschick EU, Kitchen M, Pavlic 
M. Diazepam leads to enhanced severity of orthopoxvirus infec-
tion and immune suppression. Vaccine. 2010;28(38):6152-6158. 
doi:10.1016/j.vaccine.2010.07.032

	108.	 Bourquain D, Dabrowski PW, Nitsche A. Comparison of host cell 
gene expression in cowpox, monkeypox or vaccinia virus-infected 
cells reveals virus-specific regulation of immune response genes. 
Virol J. 2013;10(61). doi:10.1186/1743-422X-10-61

	109.	 Moschetta N, Raccagni AR, Bianchi M, et al. Mpox neutralising an-
tibodies at 6 months from mpox infection or MVA-BN vaccination: 
a comparative analysis. Lancet Infect Dis. 2023;23(11):e455-e456. 
doi:10.1016/S1473-3099(23)00571-6

	110.	 Li M, Ren Z, Wang Y, et  al. Three neutralizing mAbs induced 
by MPXV A29L protein recognizing different epitopes act 
synergistically against orthopoxvirus. Emerg Microbes Infect. 
2023;12(2):2223669. doi:10.1080/22221751.2023.2223669

	111.	 Colavita F, Matusali G, Mazzotta V, et al. Profiling the acute phase 
antibody response against mpox virus in patients infected during 
the 2022 outbreak. J Med Virol. 2023;95(6):e28851. doi:10.1002/
jmv.28851

 13989995, 2024, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.16374 by K

irikkale U
niversity, W

iley O
nline L

ibrary on [27/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org//10.1016/j.nmni.2023.101138
https://doi.org//10.1016/j.nmni.2023.101138
https://doi.org//10.3389/fcimb.2024.1360586
https://doi.org//10.3389/fcimb.2024.1360586
https://doi.org//10.2807/1560-7917.ES.2022.27.22.2200421
https://doi.org//10.3390/pathogens13020117
https://doi.org//10.1111/jdv.19223
https://doi.org//10.1016/S1473-3099(22)00794-0
https://doi.org//10.1016/S1473-3099(22)00794-0
https://doi.org//10.1111/pde.15145
https://doi.org//10.1093/cid/ciac962
https://doi.org//10.1093/cid/ciac960
https://doi.org//10.1038/s41415-022-5079-8
https://doi.org//10.1016/S2666-5247(22)00291-9
https://doi.org//10.1016/S2666-5247(22)00291-9
https://doi.org//10.1016/S2666-5247(22)00257-9
https://doi.org//10.1016/S2666-5247(22)00257-9
https://doi.org//10.1007/s15010-023-01989-x
https://doi.org//10.1038/s41467-024-48754-8
https://doi.org//10.3390/v14061275
https://doi.org//10.1038/nm1261
https://doi.org//10.1038/sj.icb.7100118
https://doi.org//10.1128/CDLI.12.7.867-872.2005
https://doi.org//10.1016/j.cellin.2024.100185
https://doi.org//10.1016/j.cellin.2024.100185
https://doi.org//10.1128/JVI.00304-15
https://doi.org//10.1056/NEJMp2210125
https://doi.org//10.3390/v14091894
https://doi.org//10.1016/j.tmaid.2022.102448
https://doi.org//10.1128/JVI.01042-17
https://doi.org//10.3389/fimmu.2020.01637
https://doi.org//10.3389/fimmu.2020.01637
https://doi.org//10.1016/j.intimp.2022.109364
https://doi.org//10.1159/000540815
https://doi.org//10.1111/cup.14398
https://doi.org//10.1016/j.immuni.2011.02.015
https://www.ncbi.nlm.nih.gov/pubmed/25120821
https://www.ncbi.nlm.nih.gov/pubmed/25120821
https://doi.org//10.1016/j.jcv.2014.12.001
https://doi.org//10.1016/j.vaccine.2010.07.032
https://doi.org//10.1186/1743-422X-10-61
https://doi.org//10.1016/S1473-3099(23)00571-6
https://doi.org//10.1080/22221751.2023.2223669
https://doi.org//10.1002/jmv.28851
https://doi.org//10.1002/jmv.28851


    |  3307CABANILLAS et al.

	112.	 Adamo S, Gao Y, Sekine T, et al. Memory profiles distinguish cross-
reactive and virus-specific T cell immunity to mpox. Cell Host 
Microbe. 2023;31(6):928-936. doi:10.1016/j.chom.2023.04.015

	113.	 Grifoni A, Zhang Y, Tarke A, et  al. Defining antigen targets to 
dissect vaccinia virus and monkeypox virus-specific T cell re-
sponses in humans. Cell Host Microbe. 2022;30(12):1662-1670. 
doi:10.1016/j.chom.2022.11.003

	114.	 Agrati C, Cossarizza A, Mazzotta V, et  al. Immunological signa-
ture in human cases of monkeypox infection in 2022 outbreak: 
an observational study. Lancet Infect Dis. 2023;23(3):320-330. 
doi:10.1016/S1473-3099(22)00662-4

	115.	 Sisteré-Oró M, Du J, Wortmann DDJ, et al. Pan-pox-specific T-cell 
responses in HIV-1-infected individuals after JYNNEOS vaccina-
tion. J Med Virol. 2024;96(1):e29317. doi:10.1002/jmv.29317

	116.	 Hammarlund E, Dasgupta A, Pinilla C, Norori P, Früh K, Slifka 
MK. Monkeypox virus evades antiviral CD4+ and CD8+ T cell re-
sponses by suppressing cognate T cell activation. Proc Natl Acad Sci 
USA. 2008;105(38):14567-14572. doi:10.1073/pnas.0800589105

	117.	 Fernández de Marco Mdel M, Alejo A, Hudson P, Damon IK, Alcami 
A. The highly virulent variola and monkeypox viruses express se-
creted inhibitors of type I interferon. FASEB J. 2010;24(5):1479-
1488. doi:10.1096/fj.09-144733

	118.	 Song H, Josleyn N, Janosko K, et  al. Monkeypox virus infec-
tion of rhesus macaques induces massive expansion of natural 
killer cells but suppresses natural killer cell functions. PLoS One. 
2013;8(10):e77804. doi:10.1371/journal.pone.0077804

	119.	 Stanford MM, McFadden G, Karupiah G, Chaudhri G. 
Immunopathogenesis of poxvirus infections: forecasting the im-
pending storm. Immunol Cell Biol. 2007;85(2):93-102. doi:10.1038/
sj.icb.7100033

	120.	 Fleming SB, Wise LM, Mercer AA. Molecular genetic analysis of orf 
virus: a poxvirus that has adapted to skin. Viruses. 2015;7(3):1505-
1539. doi:10.3390/v7031505

	121.	 Fleming SB, McCaughan CA, Andrews AE, Nash AD, Mercer 
AA. A homolog of interleukin-10 is encoded by the poxvi-
rus orf virus. J Virol. 1997;71(6):4857-4861. doi:10.1128/
JVI.71.6.4857-4861.1997

	122.	 Fleming SB, Anderson IE, Thomson J, et al. Infection with recombi-
nant orf viruses demonstrates that the viral interleukin-10 is a vir-
ulence factor. J Gen Virol. 2007;88(Pt 7):1922-1927. doi:10.1099/
vir.0.82833-0

	123.	 Symons JA, Adams E, Tscharke DC, Reading PC, Waldmann H, 
Smith GL. The vaccinia virus C12L protein inhibits mouse IL-18 and 
promotes virus virulence in the murine intranasal model. J Gen Virol. 
2002;83(Pt 11):2833-2844. doi:10.1099/0022-1317-83-11-2833

	124.	 Johnston JB, McFadden G. Poxvirus immunomodulatory strat-
egies: current perspectives. J Virol. 2003;77(11):6093-6100. 
doi:10.1128/jvi.77.11.6093-6100.2003

	125.	 Guzzetta G, Mammone A, Ferraro F, et al. Early estimates of mon-
keypox incubation period, generation time, and reproduction 
number, Italy, May–June 2022. Emerg Infect Dis. 2022;28(10):2078-
2081. doi:10.3201/eid2810.221126

	126.	 Reynolds MG, Yorita KL, Kuehnert MJ, et  al. Clinical manifesta-
tions of human monkeypox influenced by route of infection. J 
Infect Dis. 2006;194(6):773-780. doi:10.1086/505880

	127.	 Yinka-Ogunleye A, Dalhat M, Akinpelu A, et al. Mpox (monkeypox) 
risk and mortality associated with HIV infection: a national case-
control study in Nigeria. BMJ Glob Health. 2023;8(11). doi:10.1136/
bmjgh-2023-013126

	128.	 Bin ZY. Skin lesion specimens as first choice to detect monkey-
pox virus. Lancet. 2023;401(10384):1264-1265. doi:10.1016/
S0140-6736(23)00283-0

	129.	 Shin H, Shin H, Rahmati M, et al. Comparison of clinical manifesta-
tions in mpox patients living with HIV versus without HIV: A sys-
tematic review and meta-analysis. J Med Virol. 2023;95(4):e28713. 
doi:10.1002/jmv.28713

	130.	 Mitjà O, Alemany A, Marks M, et al. Mpox in people with advanced 
HIV infection: a global case series. Lancet. 2023;401(10380):939-
949. doi:10.1016/S0140-6736(23)00273-8

	131.	 Sepehrinezhad A, Ashayeri Ahmadabad R, Sahab-Negah S. 
Monkeypox virus from neurological complications to neuroinva-
sive properties: current status and future perspectives. J Neurol. 
2023;270(1):101-108. doi:10.1007/s00415-022-11339-w

	132.	 Billioux BJ, Mbaya OT, Sejvar J, Nath A. Neurologic compli-
cations of smallpox and Monkeypox: A review. JAMA Neurol. 
2022;79(11):1180-1186. doi:10.1001/jamaneurol.2022.3491

	133.	 Carvalho EM, Medeiros M, Veloso VG, Biancardi AL, Curi ALL. 
Monkeypox infection causing conjunctival vesicles and anterior 
uveitis. Ocul Immunol Inflamm. 2024;32(3):266-267. doi:10.1080/
09273948.2023.2174884

	134.	 Fink DL, Callaby H, Luintel A, et  al. Clinical features and man-
agement of individuals admitted to hospital with monkeypox 
and associated complications across the UK: a retrospective co-
hort study. Lancet Infect Dis. 2023;23(5):589-597. doi:10.1016/
S1473-3099(22)00806-4

	135.	 Sihuincha Maldonado M, Lucchetti AJ, Paredes Pacheco RA, et al. 
Epidemiologic characteristics and clinical features of patients 
with monkeypox virus infection from a hospital in Peru between 
July and September 2022. Int J Infect Dis. 2023;129:175-180. 
doi:10.1016/j.ijid.2023.01.045

	136.	 Prasad S, Galvan Casas C, Strahan AG, et al. A dermatologic assess-
ment of 101 mpox (monkeypox) cases from 13 countries during the 
2022 outbreak: skin lesion morphology, clinical course, and scar-
ring. J Am Acad Dermatol. 2023;88(5):1066-1073. doi:10.1016/j.
jaad.2022.12.035

	137.	 Xia J, Huang CL, Chu P, Kroshinsky D. Eczema monkeypoxi-
cum: report of monkeypox transmission in a patient with atopic 
dermatitis. JAAD Case Rep. 2022;29:95-99. doi:10.1016/j.
jdcr.2022.08.034

	138.	 Napoli E, Frizzell M, Gravell C, et al. Eczema Monkeypoxicum in 
a female patient with atopic dermatitis. Open Forum Infect Dis. 
2023;10(3):ofad072. doi:10.1093/ofid/ofad072

	139.	 Patel A, Bilinska J, Tam JCH, et  al. Clinical features and novel 
presentations of human monkeypox in a central London cen-
tre during the 2022 outbreak: descriptive case series. BMJ. 
2022;378:e072410. doi:10.1136/bmj-2022-072410

	140.	 Mansour R, Houston A, Majeed A, Boum Y 2nd, Nakouné E, 
Razai MS. Human monkeypox: diagnosis and management. BMJ. 
2023;380:e073352. doi:10.1136/bmj-2022-073352

	141.	 Palich R, Burrel S, Monsel G, et  al. Viral loads in clinical sam-
ples of men with monkeypox virus infection: a French case 
series. Lancet Infect Dis. 2023;23(1):74-80. doi:10.1016/
S1473-3099(22)00586-2

	142.	 Colon J, McNamara SA, Grubbs H, et al. An atypical presentation 
of human monkeypox infection with clinicopathologic correlation. 
Dermatol Online J. 2024;30(2). doi:10.5070/D330263584

	143.	 Li Y, Olson VA, Laue T, Laker MT, Damon IK. Detection of monkey-
pox virus with real-time PCR assays. J Clin Virol. 2006;36(3):194-
203. doi:10.1016/j.jcv.2006.03.012

	144.	 Luciani L, Inchauste L, Ferraris O, et al. A novel and sensitive real-
time PCR system for universal detection of poxviruses. Sci Rep. 
2021;11(1):1-6. doi:10.1038/s41598-021-81376-4

	145.	 Huo S, Chen Y, Lu R, et al. Development of two multiplex real-time 
PCR assays for simultaneous detection and differentiation of mon-
keypox virus IIa, IIb, and I clades and the B.1 lineage. Biosaf Health. 
2022;4(6):392-398. doi:10.1016/j.bsheal.2022.10.005

	146.	 Schuele L, Masirika LM, Udahemuka JC, et al. Real-time PCR assay 
to detect the novel clade Ib monkeypox virus, September 2023 to 
May 2024. Euro Surveill. 2024;29(32):1-6. doi:10.2807/1560-7917.
ES.2024.29.32.2400486

	147.	 Centers for Disease Control and Prevention (CDC). Guidelines 
for Collecting and Handling Specimens for Mpox Testing 2024. 

 13989995, 2024, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.16374 by K

irikkale U
niversity, W

iley O
nline L

ibrary on [27/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org//10.1016/j.chom.2023.04.015
https://doi.org//10.1016/j.chom.2022.11.003
https://doi.org//10.1016/S1473-3099(22)00662-4
https://doi.org//10.1002/jmv.29317
https://doi.org//10.1073/pnas.0800589105
https://doi.org//10.1096/fj.09-144733
https://doi.org//10.1371/journal.pone.0077804
https://doi.org//10.1038/sj.icb.7100033
https://doi.org//10.1038/sj.icb.7100033
https://doi.org//10.3390/v7031505
https://doi.org//10.1128/JVI.71.6.4857-4861.1997
https://doi.org//10.1128/JVI.71.6.4857-4861.1997
https://doi.org//10.1099/vir.0.82833-0
https://doi.org//10.1099/vir.0.82833-0
https://doi.org//10.1099/0022-1317-83-11-2833
https://doi.org//10.1128/jvi.77.11.6093-6100.2003
https://doi.org//10.3201/eid2810.221126
https://doi.org//10.1086/505880
https://doi.org//10.1136/bmjgh-2023-013126
https://doi.org//10.1136/bmjgh-2023-013126
https://doi.org//10.1016/S0140-6736(23)00283-0
https://doi.org//10.1016/S0140-6736(23)00283-0
https://doi.org//10.1002/jmv.28713
https://doi.org//10.1016/S0140-6736(23)00273-8
https://doi.org//10.1007/s00415-022-11339-w
https://doi.org//10.1001/jamaneurol.2022.3491
https://doi.org//10.1080/09273948.2023.2174884
https://doi.org//10.1080/09273948.2023.2174884
https://doi.org//10.1016/S1473-3099(22)00806-4
https://doi.org//10.1016/S1473-3099(22)00806-4
https://doi.org//10.1016/j.ijid.2023.01.045
https://doi.org//10.1016/j.jaad.2022.12.035
https://doi.org//10.1016/j.jaad.2022.12.035
https://doi.org//10.1016/j.jdcr.2022.08.034
https://doi.org//10.1016/j.jdcr.2022.08.034
https://doi.org//10.1093/ofid/ofad072
https://doi.org//10.1136/bmj-2022-072410
https://doi.org//10.1136/bmj-2022-073352
https://doi.org//10.1016/S1473-3099(22)00586-2
https://doi.org//10.1016/S1473-3099(22)00586-2
https://doi.org//10.5070/D330263584
https://doi.org//10.1016/j.jcv.2006.03.012
https://doi.org//10.1038/s41598-021-81376-4
https://doi.org//10.1016/j.bsheal.2022.10.005
https://doi.org//10.2807/1560-7917.ES.2024.29.32.2400486
https://doi.org//10.2807/1560-7917.ES.2024.29.32.2400486


3308  |    CABANILLAS et al.

https://​www.​cdc.​gov/​poxvi​rus/​mpox/​clini​cians/​​prep-​colle​ction​
-​speci​mens.​html

	148.	 Government of United Kingdom. Mpox (monkeypox): diagnostic 
testing 2022. https://​www.​gov.​uk/​guida​nce/​monke​ypox-​diagn​
ostic​-​testing.

	149.	 Centers for Disease Control and Prevention (CDC). Laboratory 
Biosafety. 2024. https://​www.​cdc.​gov/​poxvi​rus/​mpox/​lab-​perso​
nnel/​lab-​proce​dures.​html.

	150.	 Centers for Disease Control and Prevention (CDC). Mpox Case 
Definitions. 2024. https://​www.​cdc.​gov/​mpox/​hcp/​case-​defin​
itions/​index.​html.

	151.	 Centers for Disease Control and Prevention (CDC). Mpox 
Treatment Information for Healthcare Professionals. 2024. 
https://​www.​cdc.​gov/​poxvi​rus/​mpox/​clini​cians/​​treat​ment.​html.

	152.	 ClinicalTrials. Tecovirimat for Treatment of Monkeypox Virus 
(NCT05559099) PALM 007. https://​clini​caltr​ials.​gov/​study/​​
NCT05​559099.

	153.	 ClinicalTrials. Study of Tecovirimat for Human Mpox Virus 
(STOMP) (NCT05534984). https://​clini​caltr​ials.​gov/​study/​​NCT05​
534984.

	154.	 Reynolds MG, McCollum AM, Nguete B, Shongo Lushima R, 
Petersen BW. Improving the care and treatment of monkeypox 
patients in low-resource settings: applying evidence from con-
temporary biomedical and smallpox biodefense research. Viruses. 
2017;9(12). doi:10.3390/v9120380

	155.	 Maredia H, Sartori-Valinotti JC, Ranganath N, Tosh PK, O'Horo 
JC, Shah AS. Supportive care management recommenda-
tions for mucocutaneous manifestations of monkeypox in-
fection. Mayo Clin Proc. 2023;98(6):828-832. doi:10.1016/j.
mayocp.2023.01.019

	156.	 Bruno G, Buccoliero GB. Antivirals against Monkeypox (Mpox) 
in humans: an updated narrative review. Life (Basel). 2023;13(10). 
doi:10.3390/life13101969

	157.	 World Health Organization (WHO). Clinical Management and 
Infection Prevention and Control for Mpox: Interim Rapid 
Response Guidance 2022. https://​iris.​who.​int/​bitst​ream/​handle/​
10665/​​355798/​WHO-​MPX-​Clini​cal_​and_​IPC-​2022.​1-​eng.​pdf?​
seque​nce=​1.

	158.	 Società Italiana di Malattie Infettive e tropicali (SIMIT). Vademecum 
per la presa in carico dei casi umani di infezione da Monkeypox 
Virus (MPXV) 2022. https://​www.​simit.​org/​images/​news/​Monke​
ypoxP​ositi​onPap​erDef​28112​022.​pdf.

	159.	 European Centre for Disease Prevention and Control (ECDC). 
Factsheet for health professionals on mpox 2024. https://​www.​
ecdc.​europa.​eu/​en/​all-​topic​s-​z/​monke​ypox/​facts​heet-​healt​h-​
profe​ssionals.

	160.	 Centers for Disease Control and Prevention (CDC). Mpox: How It 
Spreads. 2024. https://​www.​cdc.​gov/​poxvi​rus/​mpox/​if-​sick/​trans​
missi​on.​html.

	161.	 Centers for Disease Control and Prevention (CDC). Infection 
Prevention and Control of Mpox in Healthcare Settings 2024. 
https://​www.​cdc.​gov/​poxvi​rus/​mpox/​clini​cians/​​infec​tion-​contr​
ol-​healt​hcare.​html.

	162.	 World Health Organization (WHO). Surveillance, case investiga-
tion and contact tracing for mpox (monkeypox) 2024. https://​iris.​
who.​int/​bitst​ream/​handle/​10665/​​376306/​WHO-​MPX-​Surve​illan​
ce-​2024.​1-​eng.​pdf?​seque​nce=​1.

	163.	 Centers for Disease Control and Prevention (CDC). Considerations 
for Reducing Mpox Transmission in Congregate Living Settings 
2023. https://​www.​cdc.​gov/​poxvi​rus/​mpox/​commu​nity/​congr​
egate.​html.

	164.	 Centers for Disease Control and Prevention (CDC). Isolation and 
Infection Control At Home. 2022. https://​www.​cdc.​gov/​poxvi​rus/​
mpox/​clini​cians/​​infec​tion-​contr​ol-​home.​html.

	165.	 Istituto Superiore di Sanità—EpiCentro—L'epidemiologia per la 
sanità pubblica. Mpox. https://​www.​epice​ntro.​iss.​it/​mpox/​.

	166.	 European Medicines Agency (EMA). Imvanex—Smallpox vaccine 
(Live Modified Vaccinia Virus Ankara). https://​www.​ema.​europa.​
eu/​en/​medic​ines/​human/​​EPAR/​imvanex.

	167.	 European Medicines Agency (EMA). EMA recommends approval 
of Imvanex for the prevention of monkeypox disease. https://​
www.​ema.​europa.​eu/​en/​news/​ema-​recom​mends​-​appro​val-​imvan​
ex-​preve​ntion​-​monke​ypox-​disease.

	168.	 Food and Drug Administration (FDA). FDA approves first live, 
non-replicating vaccine to prevent smallpox and monkeypox 
2019. https://​www.​fda.​gov/​news-​events/​press​-​annou​nceme​nts/​
fda-​appro​ves-​first​-​live-​non-​repli​catin​g-​vacci​ne-​preve​nt-​small​pox-​
and-​monke​ypox.

	169.	 European Medicines Agency (EMA). Considerations on posology 
for the use of the vaccine Jynneos/Imvanex (MVA-BN) against 
monkeypox 2022. https://​www.​ema.​europa.​eu/​system/​files/​​
docum​ents/​other/​​etf_​state​ment_​posol​ogy_​imvan​ex_​en.​pdf.

	170.	 World Health Organization (WHO). Vaccines and immunization 
for monkeypox—Interim guidance 2022. https://​iris.​who.​int/​bitst​
ream/​handle/​10665/​​356120/​WHO-​MPX-​Immun​izati​on-​2022.​1-​
eng.​pdf.

	171.	 Centers for Disease Control and Prevention (CDC). Interim Clinical 
Considerations for Use of JYNNEOS Vaccine for Mpox Prevention 
in the United States 2024. https://​www.​cdc.​gov/​poxvi​rus/​mpox/​
clini​cians/​​vacci​nes/​vacci​ne-​consi​derat​ions.​html.

	172.	 European Centre for Disease Prevention and Control (ECDC). 
Public health considerations for mpox in EU/EEA countries 2023. 
https://​www.​ecdc.​europa.​eu/​sites/​​defau​lt/​files/​​docum​ents/​Publi​
cheal​thcon​sider​ation​sform​poxin​EUEEA​count​ries2​023_0.​pdf.

	173.	 European Medicines Agency (EMA). Imvanex—EPAR—Product 
Information. https://​www.​ema.​europa.​eu/​en/​docum​ents/​produ​
ct-​infor​mation/​imvan​ex-​epar-​produ​ct-​infor​mation_​en.​pdf.

	174.	 Ministero della Salute. Circolare Ministeriale. Indicazioni ad in-
terim sulla strategia vaccinale contro il vaiolo delle scimmie (MPX). 
2022. https://​www.​quoti​diano​sanita.​it/​alleg​ati/​alleg​ato16​59727​
637.​pdf.

	175.	 Australian Immunisation handbook. Mpox (previously known as 
monkeypox). https://​immun​isati​onhan​dbook.​health.​gov.​au/​conte​
nts/​vacci​ne-​preve​ntabl​e-​disea​ses/​mpox-​previ​ously​-​known​-​as-​
monke​ypox.

	176.	 Food and Drug Administration (FDA). JYNNEOS. https://​www.​
fda.​gov/​media/​​131078/​download.

	177.	 Dalton AF, Diallo AO, Chard AN, et  al. Estimated effectiveness 
of JYNNEOS vaccine in preventing Mpox: A multijurisdictional 
case-Control study - United States, August 19, 2022–March 
31, 2023. MMWR Morb Mortal Wkly Rep. 2023;72(20):553-558. 
doi:10.15585/mmwr.mm7220a3

	178.	 Walsh SR, Wilck MB, Dominguez DJ, et  al. Safety and immuno-
genicity of modified vaccinia Ankara in hematopoietic stem cell 
transplant recipients: a randomized, controlled trial. J Infect Dis. 
2013;207(12):1888-1897. doi:10.1093/infdis/jit105

	179.	 Turner Overton E, Schmidt D, Vidojkovic S, et  al. A randomized 
phase 3 trial to assess the immunogenicity and safety of 3 con-
secutively produced lots of freeze-dried MVA-BN® vaccine 
in healthy adults. Vaccine. 2023;41(2):397-406. doi:10.1016/j.
vaccine.2022.10.056

	180.	 Deng L, Lopez LK, Glover C, et  al. Short-term adverse events 
following immunization with modified vaccinia Ankara-Bavarian 
Nordic (MVA-BN) vaccine for Mpox. JAMA. 2023;329(23):2091-
2094. doi:10.1001/jama.2023.7683

	181.	 Darsow U, Sbornik M, Rombold S, et  al. Long-term safety of 
replication-defective smallpox vaccine (MVA-BN) in atopic 
eczema and allergic rhinitis. J Eur Acad Dermatol Venereol. 
2016;30(11):1971-1977. doi:10.1111/jdv.13797

	182.	 Christodoulidou MM, Mabbott NA. Efficacy of smallpox vaccines 
against Mpox infections in humans. Immunotherapy Advances. 
2023;3(1):ltad020. doi:10.1093/immadv/ltad020

 13989995, 2024, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.16374 by K

irikkale U
niversity, W

iley O
nline L

ibrary on [27/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.cdc.gov/poxvirus/mpox/clinicians/prep-collection-specimens.html
https://www.cdc.gov/poxvirus/mpox/clinicians/prep-collection-specimens.html
https://www.gov.uk/guidance/monkeypox-diagnostic-testing
https://www.gov.uk/guidance/monkeypox-diagnostic-testing
https://www.cdc.gov/poxvirus/mpox/lab-personnel/lab-procedures.html
https://www.cdc.gov/poxvirus/mpox/lab-personnel/lab-procedures.html
https://www.cdc.gov/mpox/hcp/case-definitions/index.html
https://www.cdc.gov/mpox/hcp/case-definitions/index.html
https://www.cdc.gov/poxvirus/mpox/clinicians/treatment.html
https://clinicaltrials.gov/study/NCT05559099
https://clinicaltrials.gov/study/NCT05559099
https://clinicaltrials.gov/study/NCT05534984
https://clinicaltrials.gov/study/NCT05534984
https://doi.org//10.3390/v9120380
https://doi.org//10.1016/j.mayocp.2023.01.019
https://doi.org//10.1016/j.mayocp.2023.01.019
https://doi.org//10.3390/life13101969
https://iris.who.int/bitstream/handle/10665/355798/WHO-MPX-Clinical_and_IPC-2022.1-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/355798/WHO-MPX-Clinical_and_IPC-2022.1-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/355798/WHO-MPX-Clinical_and_IPC-2022.1-eng.pdf?sequence=1
https://www.simit.org/images/news/MonkeypoxPositionPaperDef28112022.pdf
https://www.simit.org/images/news/MonkeypoxPositionPaperDef28112022.pdf
https://www.ecdc.europa.eu/en/all-topics-z/monkeypox/factsheet-health-professionals
https://www.ecdc.europa.eu/en/all-topics-z/monkeypox/factsheet-health-professionals
https://www.ecdc.europa.eu/en/all-topics-z/monkeypox/factsheet-health-professionals
https://www.cdc.gov/poxvirus/mpox/if-sick/transmission.html
https://www.cdc.gov/poxvirus/mpox/if-sick/transmission.html
https://www.cdc.gov/poxvirus/mpox/clinicians/infection-control-healthcare.html
https://www.cdc.gov/poxvirus/mpox/clinicians/infection-control-healthcare.html
https://iris.who.int/bitstream/handle/10665/376306/WHO-MPX-Surveillance-2024.1-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/376306/WHO-MPX-Surveillance-2024.1-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/376306/WHO-MPX-Surveillance-2024.1-eng.pdf?sequence=1
https://www.cdc.gov/poxvirus/mpox/community/congregate.html
https://www.cdc.gov/poxvirus/mpox/community/congregate.html
https://www.cdc.gov/poxvirus/mpox/clinicians/infection-control-home.html
https://www.cdc.gov/poxvirus/mpox/clinicians/infection-control-home.html
https://www.epicentro.iss.it/mpox/
https://www.ema.europa.eu/en/medicines/human/EPAR/imvanex
https://www.ema.europa.eu/en/medicines/human/EPAR/imvanex
https://www.ema.europa.eu/en/news/ema-recommends-approval-imvanex-prevention-monkeypox-disease
https://www.ema.europa.eu/en/news/ema-recommends-approval-imvanex-prevention-monkeypox-disease
https://www.ema.europa.eu/en/news/ema-recommends-approval-imvanex-prevention-monkeypox-disease
https://www.fda.gov/news-events/press-announcements/fda-approves-first-live-non-replicating-vaccine-prevent-smallpox-and-monkeypox
https://www.fda.gov/news-events/press-announcements/fda-approves-first-live-non-replicating-vaccine-prevent-smallpox-and-monkeypox
https://www.fda.gov/news-events/press-announcements/fda-approves-first-live-non-replicating-vaccine-prevent-smallpox-and-monkeypox
https://www.ema.europa.eu/system/files/documents/other/etf_statement_posology_imvanex_en.pdf
https://www.ema.europa.eu/system/files/documents/other/etf_statement_posology_imvanex_en.pdf
https://iris.who.int/bitstream/handle/10665/356120/WHO-MPX-Immunization-2022.1-eng.pdf
https://iris.who.int/bitstream/handle/10665/356120/WHO-MPX-Immunization-2022.1-eng.pdf
https://iris.who.int/bitstream/handle/10665/356120/WHO-MPX-Immunization-2022.1-eng.pdf
https://www.cdc.gov/poxvirus/mpox/clinicians/vaccines/vaccine-considerations.html
https://www.cdc.gov/poxvirus/mpox/clinicians/vaccines/vaccine-considerations.html
https://www.ecdc.europa.eu/sites/default/files/documents/PublichealthconsiderationsformpoxinEUEEAcountries2023_0.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/PublichealthconsiderationsformpoxinEUEEAcountries2023_0.pdf
https://www.ema.europa.eu/en/documents/product-information/imvanex-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/imvanex-epar-product-information_en.pdf
https://www.quotidianosanita.it/allegati/allegato1659727637.pdf
https://www.quotidianosanita.it/allegati/allegato1659727637.pdf
https://immunisationhandbook.health.gov.au/contents/vaccine-preventable-diseases/mpox-previously-known-as-monkeypox
https://immunisationhandbook.health.gov.au/contents/vaccine-preventable-diseases/mpox-previously-known-as-monkeypox
https://immunisationhandbook.health.gov.au/contents/vaccine-preventable-diseases/mpox-previously-known-as-monkeypox
https://www.fda.gov/media/131078/download
https://www.fda.gov/media/131078/download
https://doi.org//10.15585/mmwr.mm7220a3
https://doi.org//10.1093/infdis/jit105
https://doi.org//10.1016/j.vaccine.2022.10.056
https://doi.org//10.1016/j.vaccine.2022.10.056
https://doi.org//10.1001/jama.2023.7683
https://doi.org//10.1111/jdv.13797
https://doi.org//10.1093/immadv/ltad020


    |  3309CABANILLAS et al.

	183.	 World Health Organization (WHO). Meeting of the Strategic 
Advisory Group of Experts on Immunization, November 2013: 
conclusions and recommendations. www.​who.​int/​publi​catio​ns/i/​
item/​WER8901.

	184.	 Fine PE, Jezek Z, Grab B, Dixon H. The transmission poten-
tial of monkeypox virus in human populations. Int J Epidemiol. 
1988;17(3):643-650. doi:10.1093/ije/17.3.643

	185.	 Liu H, Wang W, Zhang Y, et al. Global perspectives on smallpox 
vaccine against monkeypox: a comprehensive meta-analysis and 
systematic review of effectiveness, protection, safety and cross-
immunogenicity. Emerg Microbes Infect. 2024;13(1):2387442. doi:1
0.1080/22221751.2024.2387442

	186.	 Bertran M, Andrews N, Davison C, et al. Effectiveness of one dose 
of MVA-BN smallpox vaccine against mpox in England using the 
case-coverage method: an observational study. Lancet Infect Dis. 
2023;23(7):828-835. doi:10.1016/S1473-3099(23)00057-9

	187.	 Fontán-Vela M, Hernando V, Olmedo C, et  al. Effectiveness of 
modified vaccinia Ankara-Bavaria Nordic vaccination in a popu-
lation at high risk of Mpox: a Spanish cohort study. Clin Infect Dis. 
2024;78(2):476-483. doi:10.1093/cid/ciad645

	188.	 Hazra A, Zucker J, Bell E, et al. Mpox in people with past infection 
or a complete vaccination course: a global case series. Lancet Infect 
Dis. 2024;24(1):57-64. doi:10.1016/S1473-3099(23)00492-9

	189.	 Centers for Disease Control and Prevention (CDC). ACIP 
Recommendations: Orthopoxviruses (Smallpox and Mpox) 
Vaccines 2024. https://​www.​cdc.​gov/​acip-​recs/​hcp/​vacci​ne-​
speci​fic/​small​pox-​mpox.​html.

	190.	 Wolff Sagy Y, Zucker R, Hammerman A, et  al. Real-world ef-
fectiveness of a single dose of mpox vaccine in males. Nat Med. 
2023;29(3):748-752. doi:10.1038/s41591-023-02229-3

	191.	 Brousseau N, Carazo S, Febriani Y, et al. Single-dose effectiveness 
of Mpox vaccine in Quebec, Canada: test-negative design with and 
without adjustment for self-reported exposure risk. Clin Infect Dis. 
2024;78(2):461-469. doi:10.1093/cid/ciad584

	192.	 Plowright RK, Parrish CR, McCallum H, et al. Pathways to zoonotic 
spillover. Nat Rev Microbiol. 2017;15(8):502-510. doi:10.1038/
nrmicro.2017.45

	193.	 Plowright RK, Reaser JK, Locke H, et al. Land use-induced spillover: 
a call to action to safeguard environmental, animal, and human 
health. Lancet Planet Health. 2021;5(4):e237-e245. doi:10.1016/
S2542-5196(21)00031-0

	194.	 Islam MA, Sangkham S, Tiwari A, et al. Association between global 
Monkeypox cases and meteorological factors. Int J Environ Res 
Public Health. 2022;19(23). doi:10.3390/ijerph192315638

	195.	 Castonguay AC, Chowdhury S, Shanta IS, et al. A generalizable pri-
oritization protocol for climate-sensitive zoonotic diseases. Trop 
Med Infect Dis. 2024;9(8). doi:10.3390/tropicalmed9080188

	196.	 Brattig N, Bergquist R, Vienneau D, Zhou XN. Geography and 
health: role of human translocation and access to care. Infect Dis 
Poverty. 2024;13(1):37. doi:10.1186/s40249-024-01205-4

	197.	 Brown AB, Miller C, Hamer DH, et  al. Travel-related diagnoses 
among U.S. nonmigrant travelers or migrants presenting to U.S. 
GeoSentinel sites—GeoSentinel network, 2012-2021. MMWR 
Surveill Summ. 2023;72(7):1-22. doi:10.15585/mmwr.ss7207a1

	198.	 Shamji MH, Ollert M, Adcock IM, et al. EAACI guidelines on environ-
mental science in allergic diseases and asthma—leveraging artificial 
intelligence and machine learning to develop a causality model in ex-
posomics. Allergy. 2023;78(7):1742-1757. doi:10.1111/all.15667

	199.	 Sampath V, Shalakhti O, Veidis E, et al. Acute and chronic impacts 
of heat stress on planetary health. Allergy. 2023;78(8):2109-2120. 
doi:10.1111/all.15702

	200.	 Meadows AJ, Stephenson N, Madhav NK, Oppenheim B. Historical 
trends demonstrate a pattern of increasingly frequent and severe 
spillover events of high-consequence zoonotic viruses. BMJ Glob 
Health. 2023;8(11). doi:10.1136/bmjgh-2023-012026

	201.	 Agache I, Annesi-Maesano I, Cecchi L, et  al. EAACI guidelines 
on environmental science for allergy and asthma: the impact of 
short-term exposure to outdoor air pollutants on asthma-related 
outcomes and recommendations for mitigation measures. Allergy. 
2024;79(7):1656-1686. doi:10.1111/all.16103

	202.	 Jutel M, Mosnaim GS, Bernstein JA, et al. The one health approach 
for allergic diseases and asthma. Allergy. 2023;78(7):1777-1793. 
doi:10.1111/all.15755

	203.	 Agache I, Sampath V, Aguilera J, et  al. Climate change and 
global health: a call to more research and more action. Allergy. 
2022;77(5):1389-1407. doi:10.1111/all.15229

	204.	 Plowright RK, Ahmed AN, Coulson T, et al. Ecological countermea-
sures to prevent pathogen spillover and subsequent pandemics. 
Nat Commun. 2024;15(1):2577. doi:10.1038/s41467-024-46151-9

How to cite this article: Cabanillas B, Murdaca G, Guemari A, 
et al. Monkeypox 2024 outbreak: Fifty essential questions and 
answers. Allergy. 2024;79:3285-3309. doi:10.1111/all.16374

 13989995, 2024, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.16374 by K

irikkale U
niversity, W

iley O
nline L

ibrary on [27/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://www.who.int/publications/i/item/WER8901
http://www.who.int/publications/i/item/WER8901
https://doi.org//10.1093/ije/17.3.643
https://doi.org//10.1080/22221751.2024.2387442
https://doi.org//10.1080/22221751.2024.2387442
https://doi.org//10.1016/S1473-3099(23)00057-9
https://doi.org//10.1093/cid/ciad645
https://doi.org//10.1016/S1473-3099(23)00492-9
https://www.cdc.gov/acip-recs/hcp/vaccine-specific/smallpox-mpox.html
https://www.cdc.gov/acip-recs/hcp/vaccine-specific/smallpox-mpox.html
https://doi.org//10.1038/s41591-023-02229-3
https://doi.org//10.1093/cid/ciad584
https://doi.org//10.1038/nrmicro.2017.45
https://doi.org//10.1038/nrmicro.2017.45
https://doi.org//10.1016/S2542-5196(21)00031-0
https://doi.org//10.1016/S2542-5196(21)00031-0
https://doi.org//10.3390/ijerph192315638
https://doi.org//10.3390/tropicalmed9080188
https://doi.org//10.1186/s40249-024-01205-4
https://doi.org//10.15585/mmwr.ss7207a1
https://doi.org//10.1111/all.15667
https://doi.org//10.1111/all.15702
https://doi.org//10.1136/bmjgh-2023-012026
https://doi.org//10.1111/all.16103
https://doi.org//10.1111/all.15755
https://doi.org//10.1111/all.15229
https://doi.org//10.1038/s41467-024-46151-9
https://doi.org/10.1111/all.16374

	Monkeypox 2024 outbreak: Fifty essential questions and answers
	Abstract
	1  |  INTRODUCTION
	2  |  CHARACTERISTICS OF THE CURRENT 2024 MPOX OUTBREAK
	2.1  |  What are the characteristics of the current 2024 outbreak, and how does it differ from the previous one in 2022?
	2.2  |  What is the classification of the current 2024 mpox outbreak according to WHO?
	2.3  |  What led to the decision to declare a public health emergency of international concern (PHEIC) for the second time?
	2.4  |  What is the case fatality rate (CFR) of mpox in the current 2024 outbreak compared to the previous one?

	3  |  PREVIOUS MPOX OUTBREAKS: FEATURES AND OUTCOMES
	3.1  |  What is known about the 2022 mpox outbreak? Which countries were most affected?
	3.2  |  Was the 2022 mpox outbreak outside endemic areas the first of its kind in history?
	3.3  |  What are the defining features of previous outbreaks (before 2022)?
	3.4  |  How did the 2022 outbreak differ from those that occurred before it?

	4  |  MPXV: CHARACTERISTICS OF THE VIRUS AND WAYS OF TRANSMISSION
	4.1  |  How is MPXV classified, what are its phylogenetic traits, and what sets the MPXV in the 2024 outbreak apart from previous strains?
	4.2  |  When was MPXV initially identified in history, and which species serve as its primary reservoir?
	4.3  |  When was mpox first documented in humans, and in which parts of the world is it considered endemic?
	4.4  |  How is MPXV transmitted, and what is the rate of its spread?
	4.5  |  Is mpox classified as a sexually transmitted infection (STI)?
	4.6  |  Is MPXV transmissible through the respiratory system, and can its DNA be found in saliva or oropharyngeal lesions?

	5  |  MECHANISMS OF IMMUNE RESPONSE IN MPXV INFECTION
	5.1  |  General considerations about the immune response to MPXV
	5.2  |  What are the innate and adaptive immune responses to MPVX?
	5.2.1  |  Innate Immune Responses to MPXV95–101
	5.2.2  |  B-Cell and Antibody Responses and Protection from MPXV
	5.2.3  |  T-Cell Responses to MPXV

	5.3  |  What evasion mechanisms does MPXV use?

	6  |  CLINICAL PRESENTATIONS, SYMPTOMS, AND DIAGNOSIS
	6.1  |  How long is the incubation period for mpox, and what are the associated symptoms and potential complications?
	6.2  |  What are the typical features of skin lesions caused by MPXV?
	6.3  |  Is a PCR available as a diagnostic tool to detect the novel clade Ib responsible for the 2024 mpox outbreak?
	6.4  |  Which types of samples are appropriate for conducting diagnostic tests for mpox?
	6.5  |  How are samples collected and handled in accordance with testing procedures?
	6.6  |  What exclusion criteria are followed in mpox diagnosis?

	7  |  MANAGING AND PREVENTING MPOX: EFFECTIVE STRATEGIES
	7.1  |  What treatment options are currently available for mpox, and which antiviral drugs have proven effective?
	7.2  |  What are the guidelines for prescribing antivirals to treat mpox?
	7.3  |  What precautions should individuals in close contact with infected patients follow to prevent transmission?
	7.4  |  What are the available vaccines for mpox?
	7.5  |  What are the recommendations and guidelines for the preventive usage of vaccines in mpox?
	7.6  |  What are the specific contraindications for mpox vaccines?
	7.7  |  Do smallpox vaccines offer protection against MPXV?
	7.8  |  How long does the immunity provided by the vaccines last?

	8  |  POTENTIAL CAUSES AND OUTCOMES OF THE RECENT MPOX OUTBREAKS
	8.1  |  Could the 2022 and 2024 mpox outbreaks be connected to factors like deforestation and climate change?
	8.2  |  Could demographic shifts have played a role in the 2022 and 2024 mpox outbreaks?
	8.3  |  Has the enhancement of surveillance and reporting systems led to the identification of more mpox cases?
	8.4  |  Are we experiencing a rise in zoonotic diseases, and what might be the potential impacts of the ongoing mpox outbreaks?

	9  |  CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES


