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Abstract 
Infectious threats to humans are continuously emerging. The 2022 worldwide 
monkeypox outbreak is the latest of these threats with the virus rapidly spreading to 106 
countries by the end of September 2022. The burden of the ongoing monkeypox 
outbreak is manifested by 68,000 cumulative confirmed cases and 26 deaths. Although 
monkeypox is usually a self-limited disease, patients can suffer from extremely painful 
skin lesions and complications can occur with reported mortalities. The antigenic 
similarity between the smallpox virus (variola virus) and monkeypox virus can be 
utilized to prevent monkeypox using smallpox vaccines; treatment is also based on 
antivirals initially designed to treat smallpox. However, further studies are needed to 
fully decipher the immune response to monkeypox virus and the immune evasion 
mechanisms. In this review we provide an up-to-date discussion of the current state of 
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 knowledge regarding monkeypox virus with a special focus on innate immune response, 
immune evasion mechanisms and vaccination against the virus.  

Keywords: Monkeypox virus, MPXV, outbreak, zoonosis, emerging viral infectious 
disease 

Introduction 
The ongoing multi-country monkeypox outbreak has been declared a Public Health 
Emergency of International Concern by World Health Organization (WHO) in July 2022 [1]. 
This is the result of the unprecedented rate and pattern of transmission of the causative agent, 
monkeypox virus (MPXV), with more than 68,000 cases detected in 106 countries worldwide by 
the end of September 2022 [2]. The distribution of confirmed monkeypox cases and deaths are 
presented in Figure 1.  

The virus was first identified as a human pathogen in 1970, with subsequent detection of 
cases in West and Central Africa attributed mostly to cross-species transmission from yet to be 
identified definitive reservoir of the virus in animals [3]. The initial endemic outbreak in Africa 
was dominated by two clades with distinctive features in terms of epidemiology and clinical 
features [3]. Infrequent outbreaks appeared in the US and the UK as a result of travel to 
endemic areas or import of animals from these regions [4]. 

 
Figure 1. Global distribution of confirmed cases (A) and deaths (B) of monkeypox. The data 
were retrieved from OurWorldInData.org as of 12 September 2022 [5]. 
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 Prior to the 2022 worldwide monkeypox outbreak, human-to-human transmission was 
limited to household contacts [6]. Clinical features were dominated by a prodromal phase of 
non-specific symptoms including fever, chills, nausea, headache and cough, followed by 
lymphadenopathy and skin signs of macules developing into papules, pustules and scabs 
(Figure 2).  

 

 
Figure 2. Clinical and laboratory features of monkeypox in humans. 

The case-fatality ratio was estimated at 0-13% depending on the different clades [3, 7]. This 
pattern of infection has recently changed, with significant human-to-human transmission. 
Currently the most-at-risk group are men who have sex with men (MSM), including male 
homosexuals and bisexuals [8-11], with growing evidence that transmission occurs via skin-to-
skin contact during sexual encounters [10]. Moreover, a plethora of unusual signs and 
symptoms, such as proctitis, tonsillitis, and paraphimosis related to penile edema, have been 
reported among monkeypox patients [10, 12, 13]. Cases have also been identified among 
children and women, highlighting the potential for further community spread [10, 14]. 

The management and prevention of monkeypox is based on measures initially designed to 
protect against smallpox; of note, smallpox is the only infectious disease to have been eradicated 
from humans through public health measures [15]. Although monkeypox is generally self-
limiting, and management has largely been supportive, several antivirals are potential 
treatment options including (1) cidofovir, (2) tecovirimat and (3) brincidofovir [16-18]. 

The prevention efforts to tackle the ongoing monkeypox outbreak rely heavily on 
promoting education and knowledge regarding the virus. [19-23]. Vaccination of at-risk groups 
will be a mainstay measure for prevention [24, 25]. Fortunately vaccinia-based smallpox 
vaccines have continued to be developed due to on-going concerns over possible re-emergence 
of smallpox in relation of bioterrorism [26].  
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 These vaccines include the first-generation NYCBH strain of vaccinia virus, the second-
generation virus culture-based vaccines (ACAM2000) and the third generation vaccine which is 
a live-attenuated non-replicating strain of vaccinia virus (Jynneos) [25]. Intradermal 
vaccination is being considered for the ongoing monkeypox outbreak [27].  

Vaccination against smallpox has been shown to achieve 85% effectiveness to prevent 
MPXV infection [28]. Our current understanding of the protective immunologic mechanisms of 
smallpox vaccination is limited. It is suggested that the immune response mechanisms revolve 
around the production of high titers of neutralizing antibody and the levels of memory CD8+ T 
cells [29-31].  

Due to the limited literature on MPXV, we aim to provide a general overview regarding the 
preventive measures to control MPXV spread with a special focus on immune response and 
vaccination role. 

Monkeypox and its origin 
The MPXV was first identified in 1958, when smallpox-like vesiculopustular lesions were 
observed on imported Java macaques residing in captivity [32]. For unknown reasons, the 
monkeys suddenly developed a rash and a fever [32]. The virus was isolated at the Statens 
Serum Institut in Copenhagen, Denmark [32].  Several years later, reports of similar outbreaks 
emerged, including in a Rotterdam zoo [33]. It was thought that the virus first infected giant 
anteaters in South America, and then spread to monkeys and apes. Two cases of a smallpox-like 
disease were reported in the 1970s from the Democratic Republic of the Congo and from 
Liberia; these cases led to the identification of the MPXV [33]. 

In the 1970s, human disease was reported in the rainforests of several countries in central 
and western Africa, where it had circulated for more than forty years [34-36]. In 2003, the 
United States reported the first case of the disease outside of Africa, after receiving a shipment 
of exotic animals from Ghana containing a Gambian giant rat, three dormice, and two rope 
squirrels [37]. After imported mammals were shipped to different states, the infectious disease 
spread rapidly among domestic animals [38, 39]; 72 confirmed or suspected cases of 
monkeypox were reported between May and July 2003 in Wisconsin, Illinois, and Indiana [40]. 
Since then, the disease has been reported in multiple regions of the globe, including Israel, 
Singapore and the United Kingdom in 2018 [41-43], the United States in 2021, and other 
nations in 2022 [44-46]. While all previous outbreaks were traceable to endemic regions in 
Africa, the lack of any known epidemiological links to either central or western Africa, 
indicating the possibility of a semi-endemic equilibrium, is what makes the recent global 
outbreak of 2022 so intriguing [47]. The question of whether or not the virus could be passed on 
through sexual contact became also an important question to consider [48].  

The natural reservoir of MPXV remains undetermined. African rope squirrels (Funisciurus 
sp.) [49] and wild-living sooty mangabeys (Cercocebus atys) [50] are both considered as 
potential natural viral reservoirs, but monkeys (Macaca fascicularis) have been ruled out [51, 
52]. 

Taxonomy, virology, and genome 
The MPXV is related to other members of the Orthopoxvirus genus both genetically and 
antigenically, with open reading frames (ORFs) sharing greater than 90% sequence identity 
[53]. Thus, MPXV is classified as a member of the Orthopoxvirus genus. In addition, this genus 
also includes the volepox, variola, and vaccinia viruses, as well as taterapox, skunkpox, 
ectromelia, raccoonpox, cowpox, camelpox, Abatino macacapox, horsepox, and akhmeta 
viruses. At the higher levels of classification, MPXV is placed in the subfamily of 
Chordopoxvirinae, the family of Poxviridae, the order of Chitovirales, the phylum of 
Nucleocytovoricota, and the kingdom of viruses [54, 55]. MPXV has a 197 kilobase pair (kb) 
DNA genome that is linear and double-stranded (ds). Its 197 kb linear DNA genome contains 
nearly 190 non-overlapping ORFs, each of which is more than 60 amino acid residues long [56, 
57]. The core of the MPXV is characterized by a large brick or mulberry shape and contains a 
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 DNA core in the shape of a dumbbell [58] as shown in Figure 3. The core is surrounded by an 
envelope [58]. The diameter ranges from about 140 to 260 nm, and the length ranges from 
about 220 to 450 nm [59, 60].  
 

 
Figure 3. Monkeypox virus under transmission electron microscope. (A) utilizing ultrathin 
stained sections; Bar = 200 nm, (B) utilizing negative stained; Bar = 200 nm. *mature: oval-
shaped virus particles, immature: crescents and spherical shape. Source: Robert Koch Institute 
(https://www.rki.de) 4 September 2022  [61].  

Monkeypox is a zoonosis that spreads from animals to humans, with several rodent species 
[62] and non-human primates being identified as susceptible hosts [63, 64]. Human-to-human 
transmission can also occur, primarily through close contact with an infected person's skin 
lesions or bodily fluids [65, 66]. Monkeypox was endemic in West and Central Africa, but it has 
recently spread to Europe and several other countries, including the United States. It causes 
symptoms that are very similar to those of traditional smallpox, albeit with less severe clinical 
manifestations [67]. To date, two genetically distinct clades of MPXV have been identified; the 
Central African or Congo Basin (CB) clade, now known as clade I, and the West African (WA) 
clade, now known as clade II. Both clades exhibit similar clinical and pathological features [68, 
69]. The case fatality rates for both clades are distinct; a systematic review of 28 peer-reviewed 
articles and ten reports prior to the current multi-country outbreak found that clade I had a rate 
of 10.6% and clade II a rate of 3.6% [70]. The Congo Basin clade has historically caused more 
severe disease and was thought to be more transmissible [71]. An analysis of the genomes of the 
two clades revealed that the less virulent clade II MPXV strain lacks ten thousand base pairs 
[72]. 

The inverted terminal repeat region of the human MPXV genome contains at least four 
known ORFs. Therefore, the identification of the MPXV was made possible through the use of 
the Sanger sequencing method on the gene fragment of F3L (F3L-F290 ‘CTCATTGAT-
TTTTCGCGGGAT’ and F3L-500-Rv ‘TTACAACGCAATCGATACATG’); N3R (MPXV_E5R_F 
“ATGTTGATATTAATAATCGTATTGTGGT’ and MPXV_E5R_R “AAAGTCAATGCAC-
TCTTAAAGATTCTCAA”); F4L (F4L_F ‘CGTTGGAAAACGTG AGTCCGG’ and F4L_R ‘ATT-
GGCGTTTTTTGCAGCCAG’); and E5R (N3R-F319 ‘AACAACCGTCCTACAATTAAACAACA’ and 
N3R-500-Rv ‘TAATGCAGATATAATA TCTTT’) [58, 73-77]. In addition, human MPXV isolates 
obtained during this outbreak in Europe all belong to the same clade, implying that they came 
from a single source [78].  These isolated viruses are very similar to those isolated in Nigeria, 
the United Kingdom, Singapore, and Israel during 2017-2018 [35, 41-43, 79]. Compared to 
mutation rates of RNA viruses, Orthopoxviruses have significantly lower rates [80]. This is due 
to the fact that their viral DNA polymerase possesses an activity known as 3′-5′ proofreading 
exonuclease [81]. The essential genes for virus replication are encoded in the highly conserved 
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 central region of Orthopoxvirus genomes. In contrast, the two terminal regions of the virus are 
highly variable and may exhibit deletions as well as sequence rearrangements [82]. These 
variable terminal regions contain the vast majority of the genes that control virulence as well as 
host range [82]. Genes of double-stranded DNA viruses can be duplicated or deleted through 
the process of recombination, which enables the virus to adapt to environmental pressures as 
well as changes in the host [83]. A large genomic rearrangement in a MPXV sequence from a 
2022 case in the state of Minnesota (MN), USA has been most recently detected [85]. Screening 
of WGS data of 206 U.S. MPXV samples found seven (3.4%) sequenced genomes containing 
similar abnormal read coverage profiles that suggested putative large deletions or genomic 
rearrangements [85]. In particular, three MPXV genomes contained deletions ranging from 2.3 
to 15 kb and four genomes contained more complex rearrangements [85]. All samples were 
positive using VAC1 and Clade II (West African)-specific MPXV diagnostic tests; however, the 
possibility exists that similar rearrangements result in viruses in which the target of a PCR 
diagnostic test is deleted [85]. Continuing genomic analysis during the current outbreak is 
warranted. 

Innate immunity evasion by monkeypox virus 
The innate immune system utilizes pattern recognition receptors (PRRs) to detect invading 
pathogen-associated molecular patterns (PAMPs) and initiate an immune response cascade. 
Against viral infections, innate immunity plays an integral role in (1) sensing viral patterns as 
the first line of defense and (2) mediating a robust adaptive immune response via activation of 
cytokines, chemokines, and antiviral type I interferons (IFNs). In the context of MPXV, a 
dsDNA virus whose replication occurs exclusively in the cytoplasm within viral factories, it is 
interesting to see how cytosolic viral DNA PRRs interact with MPXV-derived PAMPs, and how 
the virus itself manages to protect the self-sufficient ≈197kb genome from innate sensing. 

Antiviral innate sensing starts from the intracellular DNA sensors, which include Toll-like 
receptor (TLR) and cyclic GMP-AMP synthase (cGAS). Cascade will then be initiated by 
activating adaptor proteins, mainly the stimulator of interferon genes (STING), to aptly produce 
pro-inflammatory molecules and antiviral IFNs. DNA viruses generally evade innate detection 
by hiding their DNA from cytosolic PRRs or abrogating either the PRRs or downstream 
signaling cascade. With ≈190 non-overlapping ORFs, poxviruses possess some of the most 
extensive arsenals of viral proteins capable of antagonizing the host immune response. 
Nevertheless, most data on innate response have been gathered from other members of the 
Poxviridae family, for instance, vaccinia virus (VACV) and myxoma virus (MYXV) [84]. 

TLR9 is the only DNA sensor out of the 10 TLRs in humans which recognizes CpG motifs in 
dsDNA commonly found in viral genomes, although CpG-rich region does not seem to be 
detected in, for example, the modified vaccinia virus Ankara (MVA) genome [85]. The 
importance of TLR9 against poxviruses nonetheless has been chiefly explored in mousepox-
causing ectromelia virus (ECTV), whose infection becomes up to a 100-fold more pathogenic in 
TLR9-/-, or its adaptor protein MYD88-/-, mice relative to wild type, while TLR2-/-, TLR4-/- and 
TLR7-/- mice survive [86]. It has been elegantly shown that the TLR9-MyD88-interferon 
regulatory factor 7 (IRF7) pathway in CD11c+ cells is imperative for local type I IFN response 
after ECTV infection, in conjunction with the cGAS-STING-IRF7/nuclear factor κB (NF-κB) 
pathway in CD11b+ Gr1+ monocytes [87]. Similarly, TLR9 has also been implicated in both 
recombinant fowlpox virus and myxoma virus (MYXV) host responses via the MyD88-
dependent pathway [88, 89].  

TLR recognitions may be broader than its canonical ligands, which explains why several 
TLRs other than TLR9 have also been implicated in poxvirus sensing. TLR3-/- mice had higher 
protection against VACV with a reduction in IL-6, tumor necrosis factor alpha (TNF-α), and 
pro-inflammatory chemokines, but knockout of its downstream adapter, Toll/interleukin-1 
receptor (TIR)-domain-containing adaptor inducing IFN (TRIF), caused mice to be more 
susceptible to infection [90]. Subsequently, TRIF-dependent TLR4-/- mice were found to have 
higher VACV replication and mortality, thus establishing TLR4 as a mediator of innate 
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 protection against VACV [91]. As adjuvant, TLR3 agonist poly(I:C) also improve postexposure 
vaccination efficacy of MVA against ECTV, even higher than TLR9 agonist CpG ODNs [92].  

Several poxviruses’ proteins possessing Bcl2-like-fold have been shown to antagonize the 
TLR3 and TLR4 pathway [93]. VACV A52R and A46R share similarities with the TIR domain, 
and the former disrupt TLR cascade by associating with interleukin-1 receptor-associated kinase 
2 (IRAK2) and TNF receptor-associated factor 6 (TRAF6), while the latter associates with TRIF 
to inhibit IRF3 activation [94-96]. B14 also inhibits NF-κB induction by TLR3 by preventing 
inhibitor of NF-κB kinase β (IKKβ) phosphorylation [97]. 

cGAS is a universal cytosolic DNA sensor that catalyzes 2’3’-cyclic GMP-AMP (cGAMP) 
from ATP and GTP upon target DNA binding, which results in the binding of a second 
messenger cGAMP to the adaptor protein STING. The latter recruits TBK1 to phosphorylate 
IRF3 and relocate it into the nucleus to induce antiviral IFN while also activating NF-κB. While 
TLR9 may be regarded as having a relatively minor role in specialized immune cells, the cGAS-
STING pathway is deemed to be vital in the response against poxviruses in many cell types. In 
cGAS-/- mice, VACV infection is 100% lethal without sufficient type I IFN production [98, 99]. 
Together with TLR9, cGAS is also imperative in ECTV sensing, subsequent production of type I 
IFN and cytokines, and viral replication control [100]. In modified VACV Ankara strain (MVA) 
infection, IFN production in conventional dendritic cells is solely dependent on the cGAS-
STING, and not MDA5, MAVS, or even the TLR9-MyD88 pathway. Such findings indicate the 
importance of the cGAS-STING pathway in the MVA-based VARV vaccine, which has been long 
known to prevent MPXV infection effectively [101]. 

Poxvirus virulence factors can facilitate evasion of cGAS detection upstream of STING or 
STING activation itself. Seminal papers have described how VACV F17, known to dysregulate 
mammalian target of rapamycin (mTOR) by sequestering mTOR regulators Raptor/Rictor to 
the Golgi, blunts interferon-stimulated gene (ISG) responses via mTOR-dependent cGAS 
degradation while also enhancing poxviral protein production [102, 103]. More virulent strains 
of VACV are also capable of disrupting cGAS and blocking STING dimerization via virulence 
factors that are not limited to the DNA sensing inhibitor C16 [104]. The recently discovered 
poxvirus immune nucleases or poxins are enzymes capable of cleaving cGAMP and restrict 
STING-dependent signaling, of which VACV B2 has been noted as an example. Poxin-encoding 
genes are conserved among poxviruses but seem to be inactive in VARV and MVA [105]. 
Numerous other PRRs play a varying role in antigen sensing and antiviral activity against 
poxviruses, including other DNA sensors (e.g., interferon-γ inducible protein 16 [IFI16]), RNA 
sensors (e.g., retinoic acid-inducible gene I [RIG-I]-like receptors [RLR]), and inflammasomes 
and NOD-like receptors (NLR, e.g., NLR family pyrin domain containing 3 [NLRP3]). Thorough 
reviews are available [106-108]. 

Cross-reactive immunity by vaccination 
Routine vaccination against smallpox was discontinued by the WHO following the last 
community acquired case in the world in 1978. Nevertheless, 350 million doses of smallpox 
vaccines have been stockpiled by the WHO and seven countries in the event of reemergence of 
smallpox and for the potential use in a monkeypox outbreak [109, 110]. Two currently licensed 
vaccines for smallpox (and monkeypox) are ACAM2000 (Sanofi Pasteur®), a plaque-purified 
clone of Dryvax vaccine cultured serum-free in Vero cells, and JYNNEOS (or MVA-BN, 
Bavarian Nordic®), a live attenuated vaccine derived from MVA. Specific historical reviews for 
both vaccines are available [111-113]. 

To understand the capability of cross-reactive immunity, it is interesting to compare the 
genomic differences between MPXV and VARV, and to identify whether smallpox vaccines 
might be able to provide an MPXV-specific immune response. Genomic conservation between 
both viruses may reach 96% in the central regions but may be less, 83-94%, in the terminal 
regions [72, 114]. While a small proportion of differences are found in virulence-related genes, 
most of these variations stem from open reading frames (ORFs) whose functions remain 
unclear. The following virulence genes are full-length in VARV but absent or truncated in 
MPXV: C3L (complement inhibitor, truncated in clade 1 but absent in clade 2), C10L (IL-1β 
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 antagonist), E3L (IFN resistance), K3L (inhibitor of antiviral protein kinase PKR), and BR-211 
(group 3 ortholog of ANK/F-box genes). On the other hand, these full-length virulence genes 
found in MPXV are absent or truncated in VARV: BR-203 (apoptosis inhibitor), A44L 
(hydroxysteroid dehydrogenase), B10R (T4 ortholog, apoptosis inhibitor and ER resident). 
Another well-known virulence protein in orthopoxviruses, BR-209 (IL-1β binding protein), 
appears fragmented in MPXV yet absent in VARV. The TNF receptor homolog CrmB exists in 
two copies in MPXV inverted terminal repeats but only one in VARV, while CrmC, -D, and -E 
are truncated in MPXV but absent in VARV [115, 116]. Concerning cross-reactive immunity, 
differences in gene and protein expression may correlate with epitope variation between MPXV 
and VARV or VACV. T cell epitope mapping showed that at least 71% of VACV T cell epitopes 
are shared with both MPXV clade 1 and MPXV-2022, thus indicating possible cross-reactivity 
between the MVA vaccines and MPXV [117]. Nevertheless, experimental testing on this in silico 
prediction is warranted. 

Prevention of monkeypox and its impact 
Viral transmission occurs through close contact with respiratory secretions, skin lesions of an 
infected person or recently contaminated objects (fomites), or from contact with the blood, 
bodily fluids, or cutaneous or mucosal lesions of an infected animal, or ingestion of 
undercooked meat. Respiratory droplets, lesions on the skin or mucous membranes, blood, or 
bodily fluids all contain the virus. Mother-to-child transfer through the placenta or acquisition 
during or after birth has been reported [118]. 

During an outbreak of monkeypox, practicing hand hygiene, close contact and droplet 
precaution are essential public health measures. However, if aerosol-generating procedures are 
conducted, it is advised to take additional airborne precautions. Maintaining a distance of at 
least 1 meter from suspected individuals, as well as wearing a well-fitted mask and disposable 
gloves, is recommended. Virus from skin lesions remain transmissible until all lesions have 
dried, crusted, fallen off, and a new layer of skin has developed underneath; this can take 2-4 
weeks. It is important to be aware that the MPXV may remain in body fluids even after all skin 
lesions have healed. The WHO recommends that sexually active patients use condoms for 12 
weeks following recovery for both receptive and injective sexual activity [8]. Despite the lack of 
conclusive evidence of infectivity, viral DNA persists in the semen of infected patients for at 
least 9 days after the onset of symptoms [119]. 

Early case detection, patient isolation and contact tracing are essential to control human-
to-human spread. Vaccination has also been introduced to control the current global outbreak, 
mainly located in the Americas and Europe. The U.S. has rolled out a vaccination strategy, using 
the JYNNEOS vaccine, in June 2022; over 300,000 doses have been distributed to date, mainly 
among males aged 25-39 years [9]. Similarily the United Kingdom has implemented a program 
to offer men at risk, health-care workers and close contacts of people infected with the virus, 
access to the vaccine. A vaccine program has been implemented in other European countries. 
At the end of August, the global trend of reported cases has begun to fall [120]. 

According to WHO’s vaccine and immunization guidance, mass vaccination is currently not 
required, based on risks/benefits and limited vaccine supply. Both primary preventive 
vaccination (PPV) and post-exposure preventive vaccination (PEPV) are advised, depending on 
the risk of exposure. PPV is indicated for certain populations, such as persons with multiple sex 
partners, healthcare and laboratory personnel. PPV is also recommended for those who are at 
high risk of developing severe disease, including children, pregnant women, and 
immunocompromised patients. For PEPV, it is recommended for medium to high risk contact 
within 4 days, and up to 14 days, in the absence of symptoms [11].  A person who has been 
exposed to the monkeypox virus should be monitored for symptoms for 21 days after the last 
exposure [12]. 

Second- and third-generation vaccines are being advised for preventive vaccinations. 
Minimally replicating vaccine (LC16) and non-replicating vaccine (MVA-BN) are considered for 
children and pregnant people instead of the replicating vaccinia-based ACAM2000, which is 
contraindicated in severe immune deficiency patients. LC16 has been licensed for use in 
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 children in Japan, while MVA-BN is for people >18 years in most countries. The approval has 
been based on safety and efficacy studies in humans, with normal health or with underlying 
diseases, and in animal models. However, no clinical studies have been performed in pregnant 
women or children. Clinical trials, mostly with MVA-BN, have revealed good immunogenicity 
without serious safety concerns [13, 121-124], but good data on the effectiveness of preventing 
monkeypox remains limited. Practice-based vaccine research using standard protocols and data 
collection is encouraged in monkeypox control and prevention.  

Conclusions and future perspectives  
The worldwide dissemination of MPXV necessitates comprehensive understanding of this new 
public health threat. Although the current transmission network of the virus largely involves 
men who have sex with men, the occurrence of infection among women and children requires 
vigilant public health control efforts to prevent further community spread of the virus. Future 
research is recommended to elucidate the evolutionary history of the virus spill-over event(s) 
that contributed to the current outbreak. Furthermore, phylodynamic analyses can help to 
understand the transmission dynamics of MPXV. Focus on comprehensive understanding of the 
innate and adaptive immune responses directed specifically towards MPXV is also needed. This 
will help to design efficacious and safe vaccines that can aid to control the infection in endemic 
regions and to mitigate the spread of the virus implicated in the ongoing outbreak.   
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