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Abstract 

An Orthopoxvirus-based zoonotic illness known as monkeypox causes a small pox-like illness in 

humans was discovered in 1970. New outbreaks in Sudan and the United States of America have 

sparked new study revealing environmental variables leading to the extended geographical 

distribution of the human monkeypox virus ((MPXV), which was formerly restricted to West 

Africa (WA) and the Congo basin (CB). The current 2022 multi-nation monkeypox outbreak is 

the biggest outside of Africa in recorded history. An example of a developing zoonotic disease 

that has been considered to have high pandemic potential for decades because to the recent rise 

in the number of human outbreaks. Healthcare practitioners worldwide are attempting to get 

familiar with the varied clinical manifestations and therapy of this virus as public health 

organizations seek to limit the current outbreak. In light of the current outbreaks worldwide, we 

provide updated information on monkeypox for healthcare professionals in this review. Despite 

the fact that the smallpox vaccine protects against MPXV, the prevalence is rising due to new 

non-immune generations. The likelihood of animal-to-human transmission is growing as a result 

of environmental conditions increasing the frequency of interaction with prospective hosts. 

Greater potential for transmission through globalization, and environmental factors all increase 

the threat of MPXV to previously unaffected nations. The frequency of human monkeypox has 

substantially increased in rural DRC thirty years after widespread smallpox immunization efforts 

stopped. It is becoming more and more important to provide health workers with appropriate 

diagnostic testing, vaccines, and antiviral medication. In order to more accurately quantify the 

public health burden and create measures for lowering the risk of infection spreading farther, 

monitoring and epidemiological analysis must be improved. 
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Introduction 

The first human case of monkeypox was documented in the Democratic Republic of the 

Congo (DRC) in 1970. Since then, instances have been documented outside of Africa and in 

other regions of Africa, mainly the West and Central [1]. Human monkeypox cases have 

increased since the 1970s, with the DRC seeing the biggest increase. Since 2003, import- and 

travel-related dissemination outside of Africa has occasionally been the source of outbreaks [2]. 

The risk of catching monkeypox is increased by activities or contact with sick humans or animals 

[3]. Our data shows a rise in instances of monkeypox, especially in the DRC, where it is highly 

prevalent, and that it has moved to other countries. It also shows an increasing median age from 

young children to young adults. The increase in human-to-human transmission after the 

termination of smallpox immunization, which provided some cross-protection against 

monkeypox, may be the cause of these observations [4,5]. The emergence of outbreaks outside 

of Africa emphasizes the disease's global significance. Increased surveillance and case detection 

are crucial for comprehending the epidemiology of this resurgent disease, which is changing 

continuously. In total, 10 African nations and 4 other nations have now reported cases of human 

monkeypox. Examples include Nigeria, where the illness returned after a 40-year absence in the 

last decade, and the United States, where an outbreak happened in 2003 [6,7]. The number of 

cases has increased at least ten times, and from young children (4 years old) in the 1970s to 

young adults (21 years old) in 2010–2019, the median age at presentation has changed. The 

termination of smallpox vaccines, which offered some cross-protection against monkeypox, may 

be responsible for this. The Central African clade had a case fatality rate of 10.6% compared to 

the West African clade's 3.6 percent [8,9]. In general, monkeypox is gradually gaining 

importance on a global scale. Programs for surveillance and detection are crucial resources for 

comprehending the epidemiology of this resurgent disease, which is constantly evolving [10]. 

Rodents, rabbits, and non-human primates are the main hosts for poxviruses, which can 

sporadically be transmitted to humans to facilitate the occurrence of human-to-human 

transmission. The monkeypox virus exhibits clinical symptoms that are comparable to smallpox. 

Monkeypox case fatality rates are about 10%, which is lower than smallpox. Monkeypox was 

only known to affect non-human hosts until 1970 [10,11]. The central African (Congo Basin) 

clade and the West African clade are two separate genetic clades of the monkeypox virus. In the 

past, the Congo Basin clade has been associated with more severe disease and is regarded to be 

the more virulent of the two genetic clades [12]. The Congo Basin clade of human monkeypox 

illness, evident during the 2003 US outbreak, was linked to a higher level of morbidity, death, 

human-to-human transmission, and viraemia [13,14]. A number of potential genes that may be 

implicated in the varying clade virulence were discovered through genome comparisons of the 

west and central African strains [15]. 

 Poxviruses have enormous double-stranded DNA genomes and are shaped like bricks or 

ovals represented in figure 1. Poxviruses are larger than other viruses, making it more difficult 

for viruses like monkeypox to get past host defenses by travelling across gap junctions. 

Orthopoxvirus require a more elaborate approach to live inside the host because of the bigger 

size of the virus, which also makes it challenging for the virus to multiply quickly.  The bigger 

size of the Orthopoxvirus alarms the body's immune system extremely early and facilitates the 

generation of an immunological response [16]. Orthopoxvirus are equipped with a collection of 
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chemicals expressed by virulence genes that will operate as modulators by being directed against 

the host's immune system's components in order to be able to avoid the host immune system. 

 

 
Figure 1. Source: https://basicmedicalkey.com/11-poxviruses/ 

 

 

Depending on whether they operated intracellularly or extracellularly, these proteins that 

modulate the host's immune response can be divided into two groups. These proteins can be 

divided into two categories based on their modulatory effects on the host's immune response: 

Virotransducer proteins and virus stealth proteins are examples of intracellular proteins. The 

ability of the cell to fight against infection, including the oxidative burst and apoptotic pathways, 

is hindered by the Virotransducer proteins. The major histocompatibility complex class 1 (MHC 

1) and CD+4 are immune recognition molecules that the virostealth proteins, which also function 

intracellularly, down regulate in order to decrease the likelihood of the host immune system 

detecting the virus [12]. 

There is just one form of external protein, viromimic proteins; however, there are two 

different types of intracellular modulatory proteins that help monkeypox evade the host's 

immune response. Viromimic proteins fall into two categories, and both have the ability to 

control how the immune system reacts. The host cytokines and chemokines are competitively 

bound by the virus receptors, which are either produced or present as cell surface glycoproteins, 

which prevent them from performing their functions. As a result, virokines create viral mimics of 

host cytokines, chemokine’s, and growth factors that are successful in both obstructing host 

responses that are harmful for virus survival and encouraging responses suitable for viral 

replication and dissemination.  In order to enable viral replication, these modulatory proteins 

simultaneously strive to subvert the host's immune response. Monkeypox and other 

Orthopoxviruses could not avoid the immune system if these proteins weren't present. Entrance 

into the host cell, membrane fusion, and invasion. In the case of the poxvirus, the fusion occurs 

prior to the disruption of the mature virion (MV), which has a single membrane, and the 

extracellular enveloped virion (EV), which has a second outer membrane [12]. 

 

 

https://basicmedicalkey.com/11-poxviruses/
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Etiology 

Monkeypox is spread when you come into contact with an animal or a person infected 

with the virus [17]. Animal-to-person transmission occurs through broken skin, like from bites or 

scratches or through direct contact with an infected animal’s blood, bodily fluids or pox lesions 

(sores). Monkeypox can spread from person to person, but it’s less common [18,19]. Person-to-

person spread (transmission) occurs when you come in contact with the sores, scabs, respiratory 

droplets or oral fluids of a person who is infected, usually through close, intimate situations like 

cuddling, kissing or sex [20]. Research is ongoing, but researchers aren’t sure if the virus is 

transmitted through semen or vaginal fluids [21]. You can also get monkeypox by coming into 

contact with recently contaminated materials like clothing, bedding and other linens used by a 

person who is infected or an infected animal [22]. 

 

Epidemiology 

Sub-Saharan Africa has likely had monkeypox for thousands of years, since humans first 

contracted the virus through close contact with diseased animals [23]. It wasn't until 1970 that 

monkeypox was identified as a different illness after the smallpox virus had been eradicated and 

it became clear that smallpox-like illnesses were still occurring in rural regions [24]. The 

monkeypox virus was first discovered in 1958 while being studied in laboratory monkeys at 

State Serum Institutes in Copenhagen, Denmark, and Africa. As a result of the first outbreak in 

the USA that was connected to infected pet prairie dogs, monkeypox has gained attention as a 

disease of worldwide public health significance since 2003. Due to the fact that the majority of 

the infected people fell ill after interaction with pet prairie dogs, it was believed that native 

prairie dogs kept alongside rodents imported from Ghana in Western Africa were the main cause 

of the outbreak. Monkeypox had been determined to be the reason for a concentration of cases in 

the US Midwest in the summer of 2003 [25]. 

Since 2003, there have been numerous instances of monkeypox recorded in a number of 

nations, with Nigeria seeing the greatest outbreak in 2017. According to an epidemiological 

modeling study, the monkeypox R0 value ranges from 1.10 to 2.40 in nations with minimal 

exposure to Orthopoxvirus species. R0 is also known as the reproduction ratio, which is another 

way of saying the degree of transmissibility of the illness. In circumstances of imported human 

or animal cases, this score signals that a monkeypox epidemic is about to break out. The stated 

R0, as previously mentioned, shows that each infected person has the capacity to infect one to 

two more individuals [26,27]. A person who is afflicted must take particular precautions to 

socially isolate and quarantine themselves due to the virus's ability to spread.  

From 1 January through 4 September 2022, 52 996 laboratory-confirmed cases of 

monkeypox and 18 deaths have been reported to WHO from 102 countries/territories/areas in all 

six WHO Regions represented in figure 2. As of 4 September, the ten countries that have 

reported the highest cumulative number of cases globally are the United States of America (n = 

19 351), Spain (n = 6645), Brazil (n = 5197), France (n = 3646), Germany (n = 3493), the United 

Kingdom (n = 3413), Peru (n = 1546), Canada (n = 1289), the Netherlands (n = 1172), and 

Portugal (n = 871). Together, these countries account for 88.0% of the cases reported globally 

[28]. 

Since 1 January 2022, cases of monkeypox have been reported to WHO from 102 

Member States across all 6 WHO regions. As of September 07 2022 at 17h CEST, a total of 

54,709 laboratory confirmed cases and 397 probable cases, including 18 deaths, have been 

reported to WHO represented to figure 3. 
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Figure 2. Region wise Deaths Reported to WHO [from 1 January 2022 to 04 September 

17:00 CEST] 

 
Figure 3. Cumulative Number of confirmed monkeypox cases reported to WHO [from 1 

January 2022 to 04 September 17:00 CEST] 

 

Transmission of Monkeypox Virus to Humans 
The route of MPXV transmission from animals to people as well as the specific animal 

host reservoir for monkeypoxis yet unknown. Animal studies have shown aerosol transmission, 
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which could account for the nosocomial outbreak in the Central African Republic [29].  

However, it is believed that human monkeypox infections in people are caused by indirect or 

direct contact with live or dead animals. People are forced to hunt tiny mammals (bushmeat) in 

order to obtain protein-rich food due to poverty and ongoing civil turmoil, which increases their 

exposure to wild rodents, which may carry monkeypox [30].  In the town of Bukenda in Zaire's 

Equatorial region, a 9-year-old boy with smallpox-like vesicular skin lesions was found to have 

monkeypox in August 1970. (Now DRC). This patient was discovered during a period of 

increased smallpox surveillance that was carried out nine months after the World Health 

Organization (WHO) verified that smallpox had been eradicated in the DRC. Geographic 

Endemism and Increasing Caseload Since its discovery, the illness has primarily affected Central 

and West Africa, with infrequent reports of human cases of monkeypox spread by local wildlife. 

Studies conducted in the past revealed that Sierra Leone, Nigeria, the Ivory Coast, and Liberia all 

experienced similar incidents in 1970 and 1971 [31]. 

The rate of human monkeypox cases has been steadily raising, according to later, better 

observation. Over the past 20 years, the number of human monkeypox cases has grown 

tremendously and has already surpassed the total cases reported in the first 45 years following its 

discovery. When compared to data from a WHO improved surveillance programme conducted 

from 1970 to 1986 indicating 404 instances, a thorough enhanced surveillance study conducted 

in the DRC in 2004 and 2005 revealed a sharp increase in incidence. In lower age groups that 

were not vaccinated as part of the smallpox eradication programme, the incidence was higher in 

forested areas [32]. 

Ten African nations—DRC, Republic of the Congo, Cameroon, Central African 

Republic, Nigeria, Ivory Coast, Liberia, Sierra Leone, Gabon, and South Sudan—have so far 

recorded instances of human monkeypox. When smallpox vaccinations were stopped in the early 

1980s after smallpox was eradicated, the population's cross protective immunity began to 

decline. This is thought to be the cause of the rising occurrence of human monkeypox cases in 

Central and West Africa. The declining immunologic state is likely—and much more so—

connected to the rising percentage of people who were never administered the vaccine, that is, 

non-vaccinated younger age groups, than it is to the diminishing vaccine-induced immunity 

among those who were initially immunized [33]. In the endemic regions of Central and West 

Africa, both mechanisms contribute to an increase in the proportion of vulnerable people. The 

growing contact between people and small mammals that could be transmitting MPXV is 

another major factor that is thought to be contributing to the prevalence of monkeypox [34]. 

Humans invade jungles and forests, the natural environment of the reservoir species. Civil wars, 

refugee displacement, farming, deforestation, climate change, demographic changes, and 

population movement may have led to a spread of monkeypox-infected animals and increased 

their interaction with humans across West and Central Africa. 

The World Health Organization reported 120 cases of monkeypox on May 26, 2022, in 

23 non-endemic nations. The latest outbreaks may be attributed to lowered resistance to the 

orthopoxviruses, movement of people from endemic to non-endemic areas, genetic alterations in 

the viral genome, and diminished surveillance. 

WHO assesses the global risk as Moderate Regionally, WHO assesses the risk in the 

European Region as High and as Moderate in the African Region, Region of the Americas, 

Eastern Mediterranean Region and the South-East Asia Region. The risk in the Western Pacific 

Region is assessed as Low-Moderate. Monkeypox reporting completeness and Case profiles as 

of 07 September 2022 represented in figures 4, 5, and 6 
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Figure 4. Monkeypox Reporting Completeness as of 07 Sep 2022 

 
Figure 5. Monkeypox Reporting Completeness as of 07 Sep 2022 
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Figure 6. Case profiles (excluding men who have sex with men) as of September 07 2022 

 

Monkeypox Cases in the United States 

The first cases outside of Africa were discovered in the United States in 2003, yet 

monkeypox continued to be a neglected worldwide public health problem. A monkeypox virus 

was found to be the cause of numerous Midwesterners' fever, rash, respiratory problems, and 

lymphadenopathy after an outbreak investigation connected the symptoms to contact with pet 

prairie dogs (Cynomys species). It quickly spread [35,36]. During the outbreak, cases of 
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Wisconsin. An African-specific monkeypox virus was discovered through molecular analysis 

(clade) [37,38]. Epidemiologic research found that the virus had been brought from Ghana to 

Texas, particularly, on April 9, 2003, together with a consignment of small mammals that 

included 6 genera of African rodents and represented 9 different species [39-42]. These included 

African giant pouched rats (Cricetomys sp.), rope squirrels (Funiscuirus sp.), tree squirrels 

(Heliosciurus sp.), dormice (Graphiurus sp.), brush-tailed porcupines (Atherurus sp.), and striped 

mice (Lemniscomys sp.). Some of the diseased animals were kept next to prairie dogs, which 

were eventually sold as pets [41-43]. 
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Three individuals in the United Kingdom were identified as having monkeypox in 
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monkeypox was detected since the clinical picture of the three patients' illnesses sparked worry 

over an exotic disease [46]. 

One of the main incidents was eating bush meat and coming into contact with someone 

who had a possible rash while at a family gathering. In endemic regions, there is secondary and 

tertiary human-to-human transmission of monkeypox. Notably, it can be difficult to definitively 
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prove that human-to-human transmission occurs in endemic regions because even secondary and 

tertiary cases may have been exposed to infected animals [47,48]. Unquestionable proof of 

human-to-human transmission from an infected patient is provided by the illness received by the 

British healthcare worker. A case of monkeypox imported from Nigeria was reported in Israel in 

October 2018. It is common knowledge that tourists can serve as sentinels for epidemics of 

contagious diseases in the places they visit. Three cases imported from Nigeria within a few 

months should worry health authorities since it is inconsistent with reports of low levels of 

transmission in Nigeria [49]. 

Clinical symptoms 

Lesions are firm or rubbery, well-circumscribed, deep-seated, and often develop umbilication 

(resembles a dot on the top of the lesion) [50] 

During the current global outbreak: 

 Lesions often occur in the genital and anorectal areas or in the mouth 

 Rash is not always disseminated across many sites on the body 

 Rash may be confined to only a few lesions or only a single lesion 

  Rash does not always appear on palms and soles 

 Rectal symptoms (e.g., purulent or bloody stools, rectal pain, or rectal bleeding) have 

been frequently reported in the current outbreak [51] 

 Lesions are often described as painful until the healing phase when they become itchy 

(crusts) [52] 

 Fever and other prodromal symptoms (e.g., chills, lymphadenopathy, malaise, 

myalgias, or headache) can occur before rash but may occur after rash or not be present 

at all [53] 

 Respiratory symptoms (e.g. sore throat, nasal congestion, or cough) can occur 

 Lesions typically develop simultaneously and evolve together on any given part of the 

body. The evolution of lesions progresses through four stages—macular, papular, 

vesicular, to pustular—before scabbing over and desquamation [54,55] 

 The incubation period is 3-17 days. During this time, a person does not have symptoms 

and may feel fine [56,57] 

 The illness typically lasts 2-4 weeks. 

 The severity of illness can depend upon the initial health of the individual and the route 

of exposure. The West African virus genetic group, or clade, which is the clade 

involved in the current outbreak, is associated with milder disease and fewer deaths 

than the Congo Basin [58,59] 

Diagnosis 

Any suspected cases of human monkeypox should be reported right away to the 

neighborhood health office. Despite the fact that clinical traits can be useful in distinguishing 

different poxvirus infections from other causes of vesiculopustular rashes, laboratory 

confirmation is necessary for a conclusive diagnosis. In panel 2, the CDC's case criteria for the 

US outbreak are presented. Blood and skin tissue are suitable samples for diagnostic testing, 

and the local public health department may also ask for further samples. By using a sterile 

scalpel or 26-gauge needle to unroof the lesions, two scabs or material from vesicles at the 

very least should be gathered and placed in separate sterile containers [60,61]. 
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  The material should be thoroughly swabbed off the vesicle's base with a sterile cotton 

or polyester swab, then transferred to a spotless microscope slide and allowed to air dry. The 

swabbed substance shouldn't be kept in transport media because dilution can impact the 

outcomes of subsequent tests. For transportation to the CDC (or comparable national reference 

laboratory) for additional diagnostic testing, the item should be kept on dry ice or at -20°C. 

(http://www.cdc.gov/ncidod/monkeypox /diagspecimens.htm) provides more comprehensive 

information on sample collecting. Monkeypox -related samples should be handled with 

Biosafety Level 2 procedures, containment tools, and facilities. Blood and skin biopsy tissue 

are additional clinical samples that should be taken into account for diagnostic testing [62]. 

Skin lesions that have been biopsied can be prepared for upcoming histological 

examination and electron microscopy. Monkeypox lesions share histopathological 

characteristics with smallpox lesions, including necrosis of the stratum basale, surrounding 

dermal papillae, and stratum spinosum. In the cytoplasm of epidermal cells, Guarnieri bodies-

like structures can be detected. The cytoplasm of infected epidermal cells in monkeypox 

lesions was abundant with huge, brick-shaped Orthopoxvirus particles nevertheless, this 

technique is unable to distinguish between distinct Orthopoxvirus species. Although it is 

possible to isolate the smallpox virus from blood, especially during the prodromal viraemic 

period, there is less information on the use of blood cultures for MPV isolation. In some 

circumstances, blood collection for paired acute-phase and convalescent-phase serum samples 

can be helpful. To distinguish an infection with MPV from an infection with another poxvirus, 

several diagnostic tests can be employed. The CDC currently uses DNA-based assays in 

conjunction with cell culture or chick chorioallantoic membrane isolation to diagnose 

Orthopoxvirus infection [63,64]. 

The most accurate techniques for identifying and classifying Orthopoxviruses are 

DNA-based testing, including PCR with sequencing. To establish Orthopoxvirus identity to 

the species level, restriction-endonuclease digestion can be used in conjunction with PCR 

amplification of a distinctive Orthopoxvirus hemagglutinin gene. There are numerous PCR 

procedures for Orthopoxvirus detection. Recently, a quick approach for species-specific 

Orthopoxvirus detection utilizing a DNA oligonucleotide microarray has been published. The 

target is the crmB gene, which encodes a receptor for tumor necrosis factor. Due to the close 

antigenic relationships between the surface antigens of the Orthopoxviruses, serological 

testing for MPV antigens is challenging. A virus-neutralizing test using hyperimmune 

reference sera, a hemagglutination-inhibition assay using chicken erythrocytes, and the 

detection of particular viral antibodies are just a few of the serological techniques that are 

available [65]. 

  However, the sensitivity ranges from 50 to 95 percent for these tests, and serological 

testing are ineffective for the identification of acute infection. According to experts, there is 

now no serological assay that can accurately and correctly diagnose Orthopoxvirus infections. 

 

Treatment / Management 

According to the World Health Organization, the European Medicines Agency (EMA) 

approved tecovirimat for treatment against monkeypox in 2022. It was initially developed as a 

smallpox treatment. Any use of tecovirimat must be closely overseen because it is currently 

not easily accessible. Cidofovir has antiviral effectiveness against a range of viruses because it 

inhibits viral DNA polymerase [66,67]. 
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Numerous Orthopoxviruses have been observed to be particularly vulnerable to 

tecovirimat, including variola, vaccinia, cowpox, ectromelia, rabbitpox, and monkeypox. 

Monkeypox may benefit from the use of tecovirimat, an oral inhibitor of intracellular viral 

release. Despite the recommended treatment options, supportive and symptomatic therapy has 

been found to be the cornerstone of treating a monkeypox virus infection [68,69]. It's 

important to understand that the only established treatment for monkeypox is to manage 

symptoms and prevent complications [69]. Symptoms and supportive treatment options for 

human monkeypox represented in table 1. In view of the 2003 US monkeypox outbreak and 

the current presentation of cases worldwide, further research is necessary before any 

medication or vaccine can be created [70].  

Table 1. Symptoms and supportive treatment options for human monkeypox 

Symptoms/Complications Supportive treatment 

Respiratory distress/ 

Bronchopneumonia 

Oral/intravenous antibiotics for prophylaxis, nebulizer 

treatments, non-invasive ventilation 

Sepsis 
Oral/Intravenous antibiotics, supplemental oxygen, 

corticosteroids, Insulin. 

Gastrointestinal/mouth and 

throat ulcers 

Oral/Intravenous antiemetic and antidiarrheal medications, 

oral/intravenous rehydration. 

Fever Antipyretic medications, external cooling 

Super infection skin 

Oral/Intravenous antibiotics, Incision, and drainage, 

advanced wound management  

Ex. Negative pressure wound therapy. 

Inflammation/Lymphadeno

pathy 
Oral/Intravenous anti-inflammatory/analgesic medications.  

Corneal infection Ophthalmic antibiotics/antivirals and corticosteroids. 

Skin scarring/cellulitis/skin 

lesions 

Application of moist occlusive dressings to promote re-

epithelization. 

 

Conclusions 

Ten African nations have reported cases of the monkeypox virus since 1970, with 

Nigeria having seen the greatest recorded outbreak. With certain foci in West Africa, the 

monkeypox virus continues to be the most dangerous poxvirus in circulation throughout 

Central Africa. The most recent outbreak in Nigeria points to a spillover from reservoir hosts 

in a region where civil unrest and displacements occurred, probably giving a favorable 

environment for the virus to spread into the region where it had not previously been. With 262 

suspected and 115 confirmed cases, seven fatalities, and 115 confirmed cases, this outbreak is 

currently the worst in West Africa. This highlights the importance of surveillance and the hunt 

for the virus's origin. Human monkeypox patients typically exhibit constitutional symptoms 

such as fever, headache, muscle aches, and backaches. These symptoms are then followed by 

lymphadenopathy and well-defined pustular rashes with centrifugal distribution. Antiviral 

therapy has advanced with the recent development and licensing of tecovirimat as a treatment 

for the monkeypox virus. 

The origin of the monkeypox needs to be explored at its root level and diagnosed at 

early stages by laboratory confirmations and implementation of precautionary measures to 

stop the monkeypox virus's mass spread. Integration of computational and experimental 
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studies is useful in identifying and accelerating drug design and developing new treatment 

techniques.  
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