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a b s t r a c t

Monkeypox virus (MPXV) is a double-stranded DNA virus belonging to the Poxviridae family of the genus 
Orthopoxvirus with two different clades known as West African and Congo Basin. Monkeypox (MPX) is a 
zoonosis that arises from the MPXV and causes a smallpox-like disease. The endemic disease status of MPX 
was updated to an outbreak worldwide in 2022. Thus, the condition was declared a global health emergency 
independent of travel issues, accounting for the primary reason for its prevalence outside Africa. In addition 
to identified transmission mediators through animal-to-human and human-to-human, especially sexual 
transmission among men who have sex with men came to prominence in the 2022 global outbreak. 
Although the severity and prevalence of the disease differ depending on age and gender, some symptoms 
are commonly observed. Clinical signs such as fever, muscle and headache pain, swollen lymph nodes, and 
skin rashes in defined body regions are standard and an indicator for the first step of diagnosis. By following 
the clinical signs, laboratory diagnostic tests like conventional polymerase chain reaction (PCR) or real-time 
PCR (RT-PCR) are the most common and accurate diagnostic methods. Antiviral drugs such as tecovirimat, 
cidofovir, and brincidofovir are used for symptomatic treatment. There is no MPXV-specific vaccine; 
however, currently available vaccines against smallpox enhance the immunization rate. This comprehensive 
review covers the MPX disease history and the current state of knowledge by assessing broad topics and 
views related to disease origin, transmission, epidemiology, severity, genome organization and evolution, 
diagnosis, treatment, and prevention.
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Introduction

Monkeypox (MPX) is a DNA virus that belongs to the Poxviridae 
family of the genus Orthopoxvirus based on the last update of the 
International Committee on Taxonomy of Viruses (ICTV) in August 2022 
[1] and causes smallpox-like disease. MPX is a zoonotic disease with an 
unidentified primary host and is pathogenic in animals and humans 
[2,3]. It was first discovered in 1958 in a monkey during vaccine re
search and has been reported in several reservoirs, especially in rodents 
and other small mammal species [4,5]. However, the first human 
case—a pediatric patient from Congo—was not reported until 1970, and 
the disease was named MPX [6,7]. The first reported cases were all 
endemic registered in African countries, but in 1996 –1997, human-to- 
human transmission became severe [2,8]. Long-term close contact, re
spiratory droplets, contaminated personal items, and direct contact 
with rash regions are some of the mediators for transmission [9].

Approximately thirty years later, the first MPX case outside 
Africa—due to virus exposure via zoonotic transmission from an 
infected animal—was reported in the U.S. The main factors in the 
disease outbreak were travel from African countries and animal 
importation. From this point on, MPX cases were reported occa
sionally worldwide. However, in 2022, the MPX outbreak became 
international and was thus declared a global health emergency in
dependent of travel issues [10]. On November 28, 2022, the World 
Health Organization (WHO) suggested using the word "mpox" as a 
replacement for "monkeypox". Both terms will be used for one year, 
and "monkeypox" is being phased out [8].

According to the ‘2022 Mpox Outbreak’ presented by the WHO 
on January 16, 2023, 110 countries, areas, or territories reported MPX 
cases. Among them, 103 said it for the first time [8,11]. The total 
number of confirmed cases reached 84,716 as of January 16, 2023; 
the U.S. has the highest number, with 29,980 cases. So far, 80 deaths 
have been reported globally; the top countries are the U.S. (21), 
Brazil (14), Peru (12), Nigeria (7), Mexico (4), Ghana (4), Spain (3), 
and Cameroon (3) (Fig. 1a). According to recent updates by the WHO, 
the worldwide risk is moderate. Regarding geographical distribution, 
the risk is high in the Americas and moderate in Africa, the Eastern 
Mediterranean, Europe, and South-East Asia. The western Pacific 
region is considered low-risk [8]. Global cases since the outbreak`s 
beginning reached their highest value in August 2022; then, they 
gradually decreased and became stable for now (Fig. 1b). However, 
the virus's potential for mutation or evolution and the relaxation of 
safety measures could result in more waves of the outbreak.

Previously, the MPX was reported to be like a smallpox infection 
with less fatality. However, over time, the MPX virus became more 
pathogenic and caused an outbreak with lots of unanswered 

questions. MPX was previously considered a common fact for African 
countries, and now it has become more attractive for authorities, 
organizations, and researchers globally. In this review, MPX (mpox) 
disease history and the current state of knowledge by assessing 
broad topics and views related to disease origin and transmission, 
diagnosis, and treatment, as well as viral genome organization, were 
comprehensively elucidated.

The origin and classification of MPXV

The family Poxviridae consists of 22 genera and 83 species of two 
subfamilies: Chordopoxvirinae (18 genera and 52 species) and 
Entomopoxvarinae (4 genera and 31 species) [1]. The genus Ortho
poxvirus affects humans and animals, with 12 identified members. 
The most well-known member is the variola virus, which causes 
smallpox; others are MPXV, vaccinia virus (smallpox vaccine virus), 
Abatino macacapox virus, Akhmeta virus, Camelpox virus, Cowpox 
virus, Ectromelia virus, Raccoonpox virus, Skunkpox virus, Taterapox 
virus, and Volepox virus [1]. Two viral clades, the West African and 
Central African (Congo Basin) clades, have been identified [13]. The 
central African viruses are more virulent than the West African 
[14,15]. During the 2003 U.S. outbreak, the Central African clade of 
human MPX disease was associated with higher morbidity, death, 
human-to-human transmission, and viremia [16]. The central 
African clade is reported to be more severe and shows a higher 
fatality rate (10%) than the West African clade (4%) [8,17]. The dif
ferences in virulence stem from variabilities in genome organization 
caused by deleted gene regions and gene fragmentation in open 
reading frames [9]. Thus, sample collection from the different areas, 
individuals, and clades is vital for determining the genetic properties 
of the MPXV and confirming the cases and research facilities [18].

Transmission of MPXV

MPX has been primarily observed in West and Central Africa. 
MPXV transmission can occur in several modes, such as animal-to- 
animal, animal-to-human, or human-to-human (Fig. 2). The most 
common animal-to-human transmission is direct contact with an 
infected animal or bodily fluids [9]. Human infections have been 
associated with animal contact. However, it is challenging to de
termine how exactly a human case was exposed in locations where 
animal contact is frequent due to rodent infestations in homes and 
the hunting or preparing of bushmeat from various species [16]. 
Human-to-human transmission has been found in Nigeria and West 
Africa [19]. Living in the same home or using the same dishes that an 
infected person has used are examples of contaminated objects or 

A. Karagoz, H. Tombuloglu, M. Alsaeed et al. Journal of Infection and Public Health 16 (2023) 531–541

532



surfaces that are thought to increase the risk of viral transmission 
among members of the same household.

The first case of human MPX in the U.S. was discovered in 2003. 
Although the outbreak was linked to contact with diseased prairie 
dogs, there was still a risk of transmission from person to person 
[20]. In the U.K., the MPXV was transmitted from a patient to a 
health employee related to contaminated bedding in September 
2018 [21]. Transmission can occur through close contact, fomites, or 
exposure to large respiratory droplets during direct contact with the 
skin lesions of an infected person [16]. Vivancos et al. [22] reported 
an ongoing outbreak of MPXV infections in the U.K. since May 2022. 
It was indicated that all previous cases reported were either im
ported or household or healthcare contacts of imported cases [21]. 
Besides, the MPX cases detected in Israel and Singapore were related 
to traveling to Nigeria [23]. Given the initial lack of epidemiological 
connections to locations in West and Central Africa, the surprising 

presence of MPX in multiple regions raises the possibility of long- 
term undiscovered transmission [8].

In addition, the CDC revised new outbreaks for possible trans
missions, such as hugging, kissing, oral, anal, and vaginal sexual 
intercourse, possibly related to genetic changes that ease the 
human-to-human transmission of the MPXV [17]. On the other hand, 
most of the diagnosed cases in the 2022 outbreak in Europe origi
nated from the West African clade, indicating a limit in inter-human 
transmission [24,25].

Epidemiology of MPXV

Between 1980 and 1985, 282 cases were reported in Zaire at the 
time of initial identification in humans. Their ages ranged from 1 
month to 69 years, and 90% were under 15. No mortality was reported 

Fig. 1. The number of confirmed MPX or mpox cases globally. (a) The top 20 countries have the highest cases as of 16 January 2023. The death tolls are indicated in parenthesis 
(the World Health Organization, 2022 Mpox Outbreak [8]) (b) Weekly distribution of the global cases from the beginning of the outbreak (OurWorldInData [12]). Note: For the 
WHO European region, confirmed and probable cases are included within confirmed case counts.
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in vaccinated patients, while the average fatality in unvaccinated 
cases was 11%, with higher rates in kids (15%) [26] (Table 1).

Immunity against the MPXV was previously obtained by vaccinia, 
but the eradication of smallpox and subsequent decrease in the 
vaccination campaign blocked the gaining of immunity against MPX. 
The shortage of reports from rural Africa contributed to the under
valuation of this infectious virus’ threatening potential [27]. After a 
non-reported period of 39 years in Nigeria and Bayelsa state, MPXV 
re-emerged in 2017, and it was estimated that travellers exported it 
to Israel and other countries. Then, the issue was raised in 2018 and 
2019. Many factors contributed to the MPXV outbreak outside Africa, 
such as importation, shipping, travelling, contact with infected 
monkeys, or suspected or associated populations with a risk of ac
quiring MPXV. This may be attributed to the cessation of the 
smallpox vaccine, as explained above, that revealed cross-immunity 
against MPXV and probably resulted in arising of human-to-human 
transmission.

The outbreaks of MPXV outside Africa demonstrate the global 
connection of the infection. Therefore, programs to promote sur
veillance and diagnosis of MPXV are crucial for knowing the fluc
tuating epidemiology of this infectious disease [28]. MPXV did not 
stop in Africa, but it reached developed countries. Two MPX cases 
have been reported in the U.S. in people who came back from Nigeria 

to Texas in July 2021. A case of a British man was reported on May 6, 
2022, following his visit to Nigeria. As of June 2022, about 1500 cases 
have been reported in more than 43 countries, including North 
America and Europe. The MPXV is common in central and western 
Africa, but it has also been reported in the developed world that 
signs of MPX are spreading worldwide. All infected cases were at
tributed to travel to Africa or via animal shipping. The U.S. is the new 
outbreak center, with 29,980 cases and 80 fatalities. This represents 
a global threat, which insists on designing a strategic plan to prevent 
MPXV from becoming a pandemic disease [29].

MPXV, gender, and hormones-as immunomodulatory action

One of the critical sex differences in infectious diseases is var
iations in an endocrine-immune relationship, particularly in males, 
who are more susceptible to contagion than females because of the 
gonad’s steroid hormones. Male androgens and female estrogens 
modify the host`s immune system. In addition, gonad steroids 
change genes and behaviors, which affect infection and its im
pedance. Therefore, males are more susceptible to contagion than 
females; this is not only because of the androgenic suppressing ef
fect on immunity but also because of sex steroid hormones that 
influence infection-resistance genes. This concept may act 

Fig. 2. The transmission of the MPXV is animal-to-animal, animal-to-human, and human-to-human. 

Table 1 
Distribution of the gender and age factors of MPX. 

Gender/Age (year) Number/Ratio of cases Year Country Reference
Gender: Male 2.5 male:1 female 

99% 
About 7500 cases, male is 99% of cases. 
579/582 (99.5%) confirmed cases are male.

2017 
2022 
2022

Nigeria 
U.S. 
U.S. 
Ontario, 
Canada

[90,92–94]

Gender: Female Rare 
3/582 (0.5%) are female.

2022 
2022

U.S. 
Ontario, 
Canada

[90,94]

Age: Kids younger than 15 Rare 2022 U.S. [90]
Age: 21–40 Male is 2.5 times than female. 2017 Nigeria [93]
Age: 26–40 

Age:  <  20 – 74 years) with an 
average is 36.4 years

Make up the highest proportion of cases. 
582

2022 
2022

U.S. 
Ontario, 
Canada

[90,94]

Age: younger than 40–50 Recently this age became more susceptible to monkeypox because of smallpox’s 
cessation vaccination in the world after the disease’s elimination

2022 [91]

Age: older than 60 Rare 2022 U.S. [90]
Age & Gender are not reported 3–5 2022 Saudi Arabia [91,95]
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significantly in managing infectious diseases and therapy [30]. Males 
generally have a ≥ 50% infection in most African MPX outbreaks. In 
addition, outside of Africa, it happens more frequently in males and 
mainly in the adult population. In the 2022 outbreak, men accounted 
for most cases (98%). Perfect surveillance of MPX cases is the critical 
factor for knowing the dynamic epidemiological fluctuations of this 
infectious disease [21,23,28,31–34].

MPXV has an ortholog to COP-A44L encoding a part of 346 aa. 
The COP-A44L encodes a 3-β-hydroxysteroid dehydrogenase re
quired to form steroid hormones -either sex hormones or gluco
corticoids- to convert pregnenolone to progesterone as 
dehydroepiandrosterone to androstenedione. It is well known that 
glucocorticoids have immuno-inhibitory and anti-inflammatory ef
fects, which affect the immune system against the virus. However, 
A44L is not required for viral replication. Therefore, A44L affects 
virulence by promoting steroid release and suppresses the immune 
system’s response [35–37].

Genome organization and viral entry mechanism of the MPXV

The double-stranded DNA (dsDNA) genome of the MPXV is about 
197.2 kb in size and encodes 181 proteins. The linear genome has 
covalently closed hairpin ends (no free 3′ or 5′ ends). The 10 kb in
verted terminal repeats (ITR) locate at both ends of the genome 
(Fig. 3). Genes are tightly packed; intergenic areas longer than 
100 bp are uncommon. The "housekeeping" genes involved in tran
scription, replication, and virion assembly are encoded in the con
served central area. The genes encoded in the terminal domains vary 
between different poxviruses and produce proteins implicated in 
disease and host range. The first complete MPXV genome of the 
current MPXV outbreak (isolate name MPXV_U.S._2022_MA001) is 
released in the GenBank database with an accession ID of ON563414, 
as dated May 30, 2022 [38] < https://www.ncbi.nlm.nih.gov/nuccore/ 
ON563414  >  . The Oxford nanopore technology revealed that the 
genome size of MPXV is 197,205 bp as linear dsDNA.

The average size of the MPXV ranges between 200 and 250 nm. 
The MPXV replicates in the cytoplasm of the infected host cell and 

has a core area with lateral bodies, double-stranded deoxyr
ibonucleic acid (dsDNA), and a lipoprotein envelope (Fig. 3). Micro
pinocytosis, viral endocytosis, and cell membrane fusion facilitate 
viral entry via the nasopharyngeal, oropharyngeal, subcutaneous, 
intradermal, and intramuscular pathways. Inflammatory immune- 
mediated phagocytosis is triggered by MPXV replication at the in
oculation, which causes MPXV to spread to the blood, lymph nodes, 
tonsils, bone marrow, spleen, and other organs. The MPXV genome 
and proteins are released into host cells under the control of MPXV 
mature virions (MV) and enveloped virions (EV). Following MPXV 
mRNA transcription and translation, intracellular mature virions 
(IMV) with viral DNA encoding the virus are produced. IMVs 
wrapped in Golgi apparatus-derived membranes create intracellular 
enveloped virions (IEVs), which fusion with the host inner cell 
membrane to make cell-associated virions (CEVs) before being re
leased into extracellular areas to form extracellular enveloped vir
ions (EEV) [39].

Evolution of the MPXV genome

Poxviruses are thought to mutate at a rate of between 10−5 and 
10−6 mutations per replication site. Sequence analyses of the 2022 
outbreak of MPXV in the U.S. revealed many mutations compared to 
previous MPXV sequences. Those mutations mostly appear as 5′ GA- 
to-AA within the Apolipoprotein B mRNA Editing Catalytic 
Polypeptide-like3 (APOBEC3) motif, which indicates APOBEC3 cy
tosine deaminase activity [38,40]. However, G-to-A mutations were 
enriched in the more recently sampled West African MPXV se
quences between 2017 and 2022 rather than in West African MPXV 
clades before 2017 or Congo Basin MPXV clades [38]. The role of 
APOBEC3 proteins, which primarily work on single-stranded DNA, 
has been thoroughly investigated in RNA viruses, including HIV [41]. 
Its role in DNA viruses is also shown [42–44]. Through cytosine-to- 
uracil deaminase activity, APOBEC3 proteins are a crucial part of the 
vertebrate innate immune system that blocks the replication of 
foreign viruses [41,45]. However, the activity of APOBEC3 protein in 

Fig. 3. The structure of the MPXV and its genome. 
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different MPXV lineages should be determined to verify the effect of 
G-to-A mutations [38].

Jones et al. [46] recently analyzed 47 MPXV genome sequences 
from Berlin, Germany, sampled between May 20 and July 4, 2022. 
Compared to the previous MPXV outbreak, non-synonymous amino 
acid changes were observed. Interestingly, an initial 5′ gene was 
duplicated in sequences from two lesions of the same patient. Four 
genes near the 3′ genome end were disrupted or entirely deleted 
because of an 856-nucleotide translocation between genome ter
mini. Such genome rearrangements in orthopoxviruses are known to 
confer fitness advantages and thus may provide virus adaptation in 
the unprecedented human-to-human transmission of the current 
MPX outbreak [46].

The genome's plasticity of orthopoxviruses is most visible in two 
inverted terminal repeats (ITR) regions at the ends of the genome, 
where immunomodulatory host range factors that also affect viru
lence are primarily present [47,48]. Modifying these areas is thought 
to be the primary mechanism underlying the quick adaptability of 
the orthopoxviruses after changing hosts [49,50]. The Western and 
Central African MPXV clade sequences differ significantly in dele
tions and insertions in the ITR regions, which was also observed in 
sequences from the 2003 U.S. outbreak [46,51]. The mutation rate, 
adaptability, and genetic evolution of MPXV are among the factors 
that increase transmissibility, virulence, and immune evasion. This 
could lead to an increase in MPX cases worldwide in the near or 
long term.

Clinical symptoms

It has been reported that cases between 1970 and 2019 are be
tween four and 21, and males are more vulnerable than women. On 
top of it, most cases after the 2022 outbreak are also men (98%) who 
had sexual intercourse with other men—gay or bisexual men—and 
are in their thirties. 96% of the cases have rashes, while 69% also 
show flu-like symptoms [17]. Respiratory distress/bronchopneu
monia, sepsis, gastrointestinal/mouth, and throat ulcers, fever, su
perinfection skin, inflammation/lymphadenopathy, corneal 
infection, and skin scarring/cellulitis/skin lesions are amongst the 
most common symptoms and complications [9]. Clinical signs that 
last two to four weeks can appear suddenly and proceed mildly [52]. 
Nevertheless, the severity and progression of the MPX disease differ 
between individuals.

Following the entrance of the MPX virus into the cell throughout 
respiratory mucosa, examining the clinical signs of MPX takes ap
proximately 7–21 days of the incubation period. Non-specific and 
common symptoms were reported in all MPX cases: fever, headache, 
myalgia, backache, lymphadenopathy, chills, exhaustion, and rashes. 
Following infection, some probable complications were estimated as 
bacterial superinfection in lesion regions, corneal infection, sepsis, 
dehydration, bronchopneumonia, and respiratory distress [9].

During the 2003 outbreak, a bedside volunteer care team de
scribed a hospitalized child in the U.S. who had contact with an 
infected prairie dog. She has admitted to the hospital with severe 
symptoms such as fever, headaches, muscle aches, general fatigue, 
chills, swollen lymph nodes, dysphagia, accompanying vomiting, 
breathing, and eating problems that worsened within five days: as 
the progression of flat red macules over the trunk, extremities, 
palms and soles with the following coverage of remaining part of the 
body including the mouth, face and oral pharynx. A small number of 
lesions in the external genital region with protected vulval mucosa 
were observed, which resulted in difficulty in the usual acts of the 
human body. On the fourth day of hospitalization, patients’ swallow 
cervical lymphadenopathy decreased, which resulted in comfort in 
eating and drinking habits. Afterward, no new lesions were ob
served, and the previous ones started to crust. Eventually, symptoms 
almost faded from the seventh day of hospitalization, and the 

patient was discharged [53]. The same year, a six-year-old child with 
severe encephalitis accompanying common symptoms was admitted 
to the hospital [54].

In another reported case, a four-year-old boy from the 
Democratic Republic of Congo was admitted to a hospital in 
December 2016. The child was admitted to the hospital on the third 
day of symptomatic illness for fever, rhinitis, conjunctivitis, cough, 
one-sided cervical lymphadenitis, and vesiculopapular rashes in his 
whole trunk area face. These symptoms were regarded as measles or 
chickenpox; however, due to a lack of diagnostic tools, no test could 
be run on the patient. Supportive treatments started immediately 
but did not prevent the symptoms` progression. On admission day 
12, the child passed away, and a blood test for measles also came 
negative [55].

In the 2017–2018 Nigeria outbreak, 122 confirmed MPX cases 
aged between 2 days and 50 years were analyzed. All patients had 
vesiculopustular rashes on their whole body, especially intensely 
distributed in their face, and with other common symptoms such as 
fever, pruritus, headache, and lymphadenopathy [56].

A current report from London HCID Center during the 2022 
outbreak displayed significant differences between current and 
previous outbreaks. In previous outbreaks, most of the community 
was vaccinated against smallpox, and a higher proportion of cases 
were children. Recent MPX outbreaks of West African and Basin 
clades have influenced children and adults, specifically males. In the 
2022 London outbreak, 197 reported cases were all male − 196 being 
either gay, bisexual, or having sexual intercourse with another man-. 
All cases showed mucocutaneous lesions, especially in genital re
gions and perianal areas. Non-specific symptoms reported pre
viously were also reported in the latest outbreak. On the other side, 
rectal pain and penile edema (swelling) were newly and commonly 
reported in this outbreak. While the distribution of lesions in pre
vious cases focused on the trunk, face, leg, head, and arms, in the 
current outbreaks, lesions were intensively localized in the genitals 
and perianal regions [52].

Although no study refers to sexual transmission of MPX, the 2022 
outbreak describes new symptoms and community in that route. 
Thus, clinicians and researchers should consider all MPX symptoms 
as if they are associated with each other, even if they seem irrele
vant, especially in diagnosing, treating, and future prevention stra
tegies.

Therapeutic options and prevention

Treatment of the disease is not based on MPXV-specific medi
cations; generally, supportive symptomatic treatments and drugs 
that act as an inhibitor for viral DNA synthesis are used [9,24]. Al
most all patients with mild symptoms get well without medical 
treatment. Supportive treatments for reducing pain, preventing de
hydration, etc., are sufficient for patient care and comfort, according 
to the CDC guide`s recommendations for controlling MPX outbreaks. 
Typically, vaccination against MPX with either smallpox vaccines, 
antivirals, or vaccinia immune globulin (VIG) is considered effec
tive [57].

Vaccination against smallpox is known to effectively cross-pro
tect humans from MPXV and other poxvirus members. However, the 
number of people vaccinated lowered after 1980, when the WHO 
announced that the smallpox virus had been eradicated. Early in 
2021, authorities certified the production of smallpox vaccines due 
to concerns about biological weapon attacks and the MPX outbreak. 
Currently, two vaccines are approved in the U.S., JYNNEOS (live-at
tenuated, non-replicating vaccine)—known as Imvamune/Imvanex in 
Europe— and ACAM2000 (live-attenuated, replicating vaccine). The 
protection of these vaccines against the MPXV was examined in 
well-defined animal models, cynomolgus macaques, which have 
been previously used in smallpox vaccine research. The infection 
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course of the aerosolized MPXV in macaques is similar to that of 
natural smallpox infection in humans. Animals immunized with two 
doses of the JYNNEOS vaccine and a single dose of the ACAM2000 
vaccine were fully protected against the severe and lethal effects of 
the disease. In contrast, immunization with a single dose of JYNNEOS 
did not abolish disease severity and fatal impact [58]. JYNNEOS 
vaccine was licensed in Europe in 2013, is produced in Denmark for 
adults over 18 susceptible to disease and was approved by the FDA 
(U.S. Food and Drug Administration) in 2019 [59–61]. JYNNEOS is as 
protective against smallpox as MPX, but vaccination after observing 
MPX symptoms is not recommended by the CDC [62]. The second 
smallpox vaccine, ACAM2000, has been FDA-approved since 2007, 
but it allows the virus to replicate inside cells. Thus, it causes severe 
side effects [63]. Only individuals at risk, laboratory researchers, and 
military personnel in Europe and the U.S. can be vaccinated. Al
though non-replicating viral-based vaccines are suitable, they re
quire multiple times of immunization in higher doses, thus as an 
alternative and safer method with a higher protection rate, gene and 
protein subunit vaccines target key protective elements of Ortho
poxvirus species seems a good choice [64].

As part of the investigational new drug (IND) protocol, the 
Aventis Pasteur Smallpox Vaccine (APSV) is available against MPX. 
APSV is a replication-competent vaccinia vaccine and is considered 
non-significant against MPX. Yet it is suitable under IND or 
Emergency Use Authorization (EUA) in case of unavailable licensed 
vaccines [57]. However, the WHO and the FDA are planning future 
vaccination programs, vaccine supply, suitable doses, and vaccina
tion intervals; this data will also help detect vaccine effectiveness 
and all other related topics [65].

Although antiviral efficacy against MPX is unknown, they were 
approved on animals for smallpox and have been used in humans. 
Antivirals are only used in severe cases, such as im
munocompromised patients, pediatrics, pregnant and breastfeeding 
women, and patients suffering from lesions near the mouth, eyes, 
and genitals. Tecovirimat (TPOXX or ST-246), brincidofovir, and ci
dofovir are approved antivirals against smallpox [57]. The ther
apeutic action of anti-Orthopoxvirus compound ST-246 (viral 
envelope VP37 inhibitor) was assessed on animal models, prairie 
dogs as transmission agents. ST-246 was applied to intranasally in
fected dogs for 14 days, starting from intranasal infection days zero 
to three and after post-rash development. Dogs treated before 
symptom onset were all asymptomatic, while the post-rash group 
was ill but recovered [66]. In another study, applied to non-human 
primate models infected with smallpox (variola) and MPXV, ST-246 
was established to be safe, effective, and preventive in pre- and post- 
exposures to the viral agent. ST-246 is protective in disease severity 
and death and could be used for prophylactic or therapeutic func
tions [67]. These studies showed that human therapeutic doses of 
ST-246 are effective in different stages of the illness [68]. Brincido
fovir and cidofovir work as viral DNA polymerase inhibitors and are 
analogs of one another. Due to possible toxicity to several internal 
organs, their usage protocol is also under EUA or IND. While MPX 
efficacy of cidofovir in animal tests has been established, brincido
fovir activity has only been shown for infections caused by the genus 
Orthopoxvirus [57].

VIG (vaccinia immunoglobulin) is hyperimmune globulin ap
proved by the FDA for reducing the adverse effects of live-vaccinia 
virus vaccination (e.g., ACAM2000) [57]. VIG’s efficacy against 
smallpox and MPX hasn’t been proven. Thus, it should be used under 
the IND protocol. The hyperimmune plasma collected from in
dividuals vaccinated with live-vaccinia virus contains protective 
antibodies. Also, non-essential vaccinia virus antibodies with un
known functions in protective immunity are found in plasma [64]. 
Preparation of well-known monoclonal and polyclonal antibody 
mixtures that specifically recognize vaccinia virus epitopes may be 
considered safer alternatives.

Susceptibility to MPX disease

The world faces an outbreak with lots of unknowns. Factors that 
indicate population immunity to the genus Orthopoxvirus need to be 
analyzed and reported to prevent diseases involving MPX, smallpox, 
and the vaccinia virus. Age, sex, medical history, ethnicity, vaccina
tion state, and possible exposure to orthopoxvirus infections in
dicate MPX susceptibility.

The cross-protective potential of available vaccines against the 
Orthopoxvirus genus members is known. Since the eradication of 
smallpox in the 1980 s, both the vaccination status of the population 
and studies have slowly dropped. In 2001 a local report from Sante ́ 
Publique France (the French Institute of Public Health) indicated that 
the smallpox vaccination rate of people born after 1979 was almost 
0%, while it was 90% in those born before 1966 [69]. Seroprevalence 
investigation of different populations from Europe, Africa, and South 
America shows that all groups are vulnerable to orthopoxvirus in
fection; unlike uncontrolled ordinary spreading of orthopoxvirus in 
African countries, public immunity is also low [59,69]. In addition, 
the co-infection of an HIV-positive immunosuppressed individual 
with MPX causes severe symptoms and a higher mortality rate [55].

Age and vaccination status are considered susceptibility de
terminants. In the 2003 outbreak, an MPX history of three family 
members was assessed. A woman aged 30, her 33 years old husband, 
and her six-year-old daughter had several MPX symptoms. The man 
who previously received the smallpox vaccine showed mild symp
toms with rashes, while the woman who was not vaccinated against 
MPX showed similar signs. Their child, who received all childhood 
vaccines except the varicella vaccine, had more severe symptoms 
and was hospitalized for severe encephalitis [70]. Thus, probable 
protective effects of vaccination against Orthopoxvirus species and 
age-related immunity should be considered when considering sus
ceptibility.

In the 2022 outbreak, males, especially those having intercourse 
with other men, were more susceptible to transmission and showed 
severe symptoms [52]. It has to be noted that lack of knowledge 
about how sexual transmission occurs in those people may also be 
the reason for the worsened outcome and thus makes these people 
susceptible to spreading the disease.

Connection with possible animal reservoirs and suitable vectors 
of human transmission make individuals susceptible to MPX [71]. 
Nevertheless, other potential factors of susceptibility need in
vestigation. In addition, scientific approaches and techniques should 
be utilized to clarify the relationship between population genetics, 
viral genomics, public immunity, and disease susceptibility.

Breaking down social distances and physical barriers via social 
events (i.e., religious meetings and sports events) or natural and 
man-made disasters (i.e., natural disasters and wars) expose people 
to infectious agents. Meanwhile, the world refugee crisis also in
creases spreading rate of infectious agents. At the end of 2021, 89.3 
million people fled from their own country, started a dangerous 
journey, and sought safety in other places [72], which also caused an 
increase in the spreading rate of viruses such as MPXV [73]. The 
desperate journey is, by itself, unhealthy and unprotective; men 
hiding sexual orientation, men having sex with men (MSM), and 
avoiding safe sex practices at the beginning make this group more 
vulnerable to diseases. Even after entering a safe country, refugees 
confront economic problems, and individuals of this vulnerable 
group may have sex to continue their life [74]. All in all, authorities 
should promulgate refugee regulations to prevent MPXV spread by 
improving food aid, health, sanitation, security, camping and 
movement route, and housing conditions.

Recently, a primary concern in FIFA World Cup 2022 was the risk 
of increasing the spreading rate of COVID-19 and MPX. Managing 
crowds is hard on its own; meanwhile, dealing with such a big 
hosting for the first time and the climate increases the spreading 
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rate of infectious diseases. Dealing with all of this needs pro
fessionalism. Otherwise, both Qatar locals and people from around 
the globe would have been at serious risk for both MPX and other 
zoonotic diseases [75]. The grouping strategy recommended by the 
WHO director [76] and using expertise from countries like Saudi 
Arabia that can manage and overcome huge crowds due to religious 
meetings every year could be helpful preventive activities.

Diagnostic assays

Diagnosing the MPXV by looking solely at clinical symptoms is 
challenging; thus, molecular assays and tests of patient specimens 
are helpful and strongly required for case confirmation. Diagnostic 
tests are crucial for determining the presence of an orthopoxvirus 
infection. MPX or orthopoxvirus can now be identified using various 
diagnostic techniques in clinical specimens from patients [77]. Col
lection and analysis of samples should be practiced by re
commendations for standard precautions.

Viral culture, visualization via electron microscopy, im
munohistochemistry, anti-orthopoxvirus IgG and IgM, and real-time 
PCR techniques are suitable methods for MPXV diagnosis [16]. It is 
possible to utilize PCR alone or in conjunction with sequencing [78]. 
Combining these tests with clinical and epidemiological data, such 
as a patient's immunization history, yields the best results [16]. The 
best and least intrusive specimens for laboratory confirmation of 
MPXV is skin lesion material, including swabs of lesion surface and/ 
or exudate, roofs from more than one lesion, or lesion crusts [78]. 
Besides, the other type of specimens and collection procedures have 
been described by the CDC [79]. The following is a list of the diag
nostic procedures that can be used to distinguish clinical specimens 
from MPXV or orthopoxvirus: 

• Viral culture/isolation, where a patient specimen is used to 
cultivate and describe a live virus. It can produce a pure, live virus 
culture allowing accurate species categorization. It takes many 
days to finish the assay. Well-trained technicians must carry it 
out to minimize bacterial contamination and recognize further 
characterization of the viral effect on cells [16].

• Electron microscopy can be used to locate viral particles in viral 
cultures, scab material, vesicular fluid, or biopsy specimens 
where a brick-shaped particle is visible after negative staining, 
allowing for the visual identification of a poxvirus. The assay 
must be carried out in a significant laboratory with qualified 
personnel and an electron microscope [16].

• Immunohistochemistry test enables the detection of ortho
poxvirus-specific antigens and rules out or becomes aware of 
other suspect agents in biopsy specimens. The test is not specific 
to the MPXV and must be performed at a significant laboratory 
with skilled technicians [16].

• Serology test (Anti-orthopoxvirus IgG, IgM) where immuno
fluorescences or neutralization assays can be used to measure 
antibodies against the orthopoxviruses [80]. However, WHO does 
not recommend the use of antibody testing alone in the diagnosis 
of MPXV, as vaccination may interfere with serologic testing [78].

• Conventional PCR and real-time (RT)-PCR tests specifically 
targeted the MPXV’s DNA utilizing lesion material from active 
cases. It is a highly sensitive method where contamination wor
ries are justified. However, these tests need pricey supplies and 
equipment and must be carried out by qualified technicians 
[16,80,81]. The RT-PCR protocol for West African-specific MPXV 
was described by Li et al. [82]. In addition, orthopoxvirus OPX3 
real-time PCR assay can be applied to diagnose MPX DNA [38,71]. 
Both assays produced similar Ct values in samples originating 
from USA_2022_FL001, USA_2022_VA001, or 44 USA_2021_TX 
samples. However, a point mutation (SNP) that is conserved in 
2022 MPXV sequences in Europe and partly in the USA, but not in 

the West African MXPV sequences, decreased the sensitivity of 
OPX3 RT-PCR assay. The sequence analyses revealed that the SNP 
(DNA polymerase gene, VACV-Cop E9L, 322 C to T), which cor
responds to the binding site of the reverse primer, causes an 
increase in Ct value ∼6.8 compared to West African specific assay 
[38]. Possible mutations should be closely screened and assessed 
for an update on the primer sequences. The updated RT-PCR 
primer and probe sequences has been released by the CDC [83].

• Tetracore Orthopox BioThreat Alert is a point-of-care diagnostic 
tool that can quickly detect orthopoxvirus antigens in an active 
case utilizing lesion material from a patient. It can be done with 
little expertise at room temperature, but tests must be conducted 
in endemic areas as the MPXV cannot be detected with this 
technique, which is less accurate than PCR [16,80,81,84,85].

Traditional procedures, including virus isolation from clinical 
specimens, electron microscopy, and immunohistochemistry, are 
still valid methods. But they need highly developed technical ex
pertise, specialized training, and a high-end laboratory, as men
tioned above [16,80,81,84,85].

To determine the underlying cause of occurrences that are de
tected after the fact, antibody-based diagnostics are necessary. 
Orthopoxvirus cross-reactivity makes anti-orthopoxvirus im
munological assays effective when the virus-causing sickness has 
already been identified [16,80,81,84–86]. For retrospective in
dividuals who have ever been exposed to an orthopoxvirus, in
cluding by vaccination, anti-orthopoxvirus immunoglobulin G (IgG) 
alone will not offer a conclusive diagnosis. Contrarily, serological 
methods that assess anti-orthopoxvirus immunoglobulin M (IgM) 
are better suited for detecting recent infections, particularly in those 
who have already undergone immunization [16,80,81,84–86].

PCR analysis of specimens can be used to determine whether a 
lesion sample contains MPX or orthopoxvirus. These tests are sus
ceptible and practical for the detection of viral DNA. But its appli
cation as a diagnostic tool in rural, resource-limited settings still 
needs to be improved [81,84]. The point-of-care test is an ideal field 
deployable. However, there have been few advancements in this 
area. A recent Tetracore Orthopox BioThreat Alert trial using lesion 
samples from acute orthopoxvirus infections generated positive 
findings. This method successfully identified the vaccinia and 
monkeypox viruses in preparations with 107 plaque-forming units/ 
mL, and 5 out of 6 assessed clinical specimens were accurately 
identified [85].

Out from these laboratory diagnostic tests, studies are ongoing to 
find out fast, easy, and accurate molecular methods for the diagnosis 
of MPXV. For instance, Chen et al. [87] developed a portable 
CRISPR–Cas-based system for naked-eye detection of MPXV. The 
system combines the high sensitivity advantage of CRISPR-Cas12 and 
the isothermal nucleic acid amplification techniques. The assay 
yielded a limit of detection (LOD) of 13.5 copies/µl and 15 copies/µl 
by using a microtiter plate reader and one-pot system, respectively. 
Also, RT-PCR assay was developed by Paniz-Mondolfi et al. [88], 
which targets F3L-gene of MPXV with a LOD of 7.2 genome copies/ 
reaction. In a recent preprint, Singh et al. [89] described a method to 
distinguish MPXV from other related orthopoxviruses by targeting a 
single nucleotide polymorphism (SNP) on the polA gene. The diag
nosis is based on the RPA amplification followed by CRISPR-Cas12a 
detection. In this assay, the LOD was 60 synthetic viral copies per 
reaction. Because of their high sensitivity, these techniques are 
promising for use in POC testing of MPXV, which help control the re- 
emergence and transmission of the MPX disease in populations.

Future perspective

Analysing current and future cases is fundamental to unravelling 
MPX. For instance, information on how region, animal population, 
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and human interaction effects MPX is limited. On top of it, identi
fying potential reservoir(s), effects of season on disease incidence, 
travelling status, and age distribution at MPX infection are also open 
questions that must be answered. Authorized organizations, re
search institutes, and governments should agree on early diagnosis 
signs to reduce the transmission rate and provide medical support. 
More importantly, developing different approaches for vaccination 
programs. Thus, a broad range of investigations and further research 
is needed to prevent other possible public health threats and global 
concerns.

Conclusion

MPX is not new: African countries have faced MPX for a long 
time, with ordinary outbreaks in particular regions. Although its 
worldwide spreading potential is low, some regions have limitations 
in propagation control, prevention, and vaccination supply. However, 
it must be noted that there is always a possibility of an unexpected 
outbreak in a globalized world. MPX’s spreading rate is directly 
correlated with the pathogenicity-dependent genetic varieties, 
transmission mechanism, population’s lifestyle, increase in the vi
able host population, and changes in their habitats and vaccination 
profile of people. Moreover, other unknown variables also affect the 
spreading rate, which must be clarified further. Hence, outputs from 
health centers and scientific research are vital for investigating the 
efficacy of available vaccines on MPX. Developing a new generation 
of safe vaccines is essential for public and global health security. 
Border restrictions, developing rapid and accurate diagnostic tests, 
and routine screening of risk populations may prevent MPXV rota
tion. Determining signs and symptoms of the disease is also helpful 
for discriminating symbols from overlapped co-infection. Diagnostic 
data accumulated in easy-to-reach applications can be used for early 
detection and prevention of disease. Yet the best protection method 
is paying attention to personal hygiene, avoiding touching used 
objects, and avoiding animal waste. Novel drugs and vaccines low
ered the rate of diseases and thus allowed social gatherings. 
However, we should be aware that these diseases are still in our 
lives, and our decisions will shape the future and show if we made 
the right choice against outbreaks.
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