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Abstract: Monkeypox (MPX) is a relatively unknown and minor resurgent viral zoonotic disease 

caused by the monkeypox virus (MPXV). The disease can spread from person to person or from 

animal to person. The disease is most prevalent in the tropical rainforests of West and Central Africa. 

The first MPXV outbreak was recorded in a monkey during 1958 as a small pox-like disease causing 

flu-like symptoms, such as chills and fever, as well as a rash, and the first MPXV case in a human 

was in a 9-month-old child in the Democratic Republic of the Congo on 1 September 1970. There 

were 16,016 laboratory confirmed cases of MPXV infection and five deaths reported in 75 

countries/territories/areas across all six WHO Regions as of 22 July 2022. MPXV has a wide host 

range, including humans, squirrels, mice, rabbits, hamsters, porcupines, non-human primates 

(orangutans, chimps, sooty mangabeys, cynomolgus monkeys), black-tailed prairie dogs, African 

brush-tailed porcupines, rats, and shrews. MPXV replicates at the site of inoculation, the respiratory 

or oropharyngeal mucosa, and spreads to other organs, such as the skin, lungs, and gastrointestinal 

tract, where clinical signs and symptoms of the disease manifest. Before the rash appears, most 

patients have prominent lymphadenopathy, which distinguishes human MPX from small pox. This 

is followed by macules, papules, vesicles, pustules, umbilication, scabbing, and desquamation. 

Laboratory tools, such as virus isolation, PCR-based assays, haemagglutination inhibition assays, 

electron microscopy, ELISA, Western blotting, or immunohistochemistry, have been used to 

confirm diagnoses. Following a confirmatory diagnosis, tecovirimat, an FDA-approved antiviral 

drug, is currently available to treat severe cases of MPXV infection, along with symptomatic and 

supportive therapies. Physical and close contact activities, such as sleeping in the same room or on 

the same bed as the infected person, intimate contact with an infected partner, living in the same 

house as infected people, and sharing the same cups and plates, must be avoided to prevent the 

spread of the disease. Vaccination with vaccinia virus against monkeypox is approximately 85% 

effective and may protect against MPXV infection if administered within 4 days and up to 14 days 

(without showing any symptoms) after initial contact with a confirmed monkeypox case. 
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1. Introduction 

Monkeypox (MPX) is a relatively unknown viral zoonotic disease caused by the 

monkeypox virus (MPXV). The disease has been most common in the West and Central 

Africa’s tropical rainforests. MPXV is a highly pathogenic virus that causes lesions and 

clinical symptoms similar to smallpox [1,2]. It has caused sporadic outbreaks in various 

countries in the past, and it is now re-emerging globally, causing flu-like symptoms, such 

as chills and fever, as well as a rash. Its re-emergence could be due to wildlife spill over. 

In Africa, the case fatality rate ranges from 1 to 10%, with young children dying at a higher 

rate [3]. However, the case-fatality rate in children who have not been immunised against 

smallpox ranges from 1% to 14% [4,5]. 

Citation: Ranjan, R.; Biswal, J.K.  

Monkeypox: Re-Emerging Zoonotic 

Threat. Zoonotic Dis. 2022, 2, 234–247. 

https://doi.org/10.3390/zoonoticdis 

2040019 

Academic Editor: Stephen K. Wikel 

Received: 4 September 2022 

Accepted: 15 October 2022 

Published: 18 October 2022 

Publisher’s Note: MDPI stays 

neutral with regard to jurisdictional 

claims in published maps and 

institutional affiliations. 

 

Copyright: © 2022 by the authors. 

Licensee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license 

(http://creativecommons.org/licenses

/by/4.0/). 



Zoonotic Dis. 2022, 2, 19 235 
 

As the number of MPX cases grows on a daily basis around the world [6], current 

knowledge of MPX is essential. In this context, this review provides an in-depth 

understanding of MPX, including epidemiology, aetiology, diagnosis, treatment, 

biosafety and biosecurity measures, prevention and control, and so on. 

2. Epidemiology and Its History 

Monkeypox has most likely been present in Sub-Saharan Africa for thousands of 

years, ever since humans became infected with the MPXV virus from infected animals [7]. 

The first MPXV outbreak in a monkey was recorded in 1958 as a small pox-like disease 

[8,9], and the first MPXV case in a human was a 9-month-old child in the Democratic 

Republic of Congo on 1 September 1970, where a MPXV-like virus was isolated [10], and 

several cases of MPXV were recorded [11,12]. The current outbreak of MPXV is a strange 

and unsettling reminder of poxviruses, a largely forgotten threat since the last natural case 

of small pox was in Somalia in 1977, and WHO declared eradication on 8 May 1980. The 

virus is found naturally in West and Central Africa near tropical jungles [3]. Nigerian 

travellers brought the disease into Israel, Singapore, and the United Kingdom in 2018–

2019 [13–16]. The disease arrived in Dallas, TX (USA) in July 2021 from Lagos, Nigeria 

[17]. 

Monkeypox affects people of all age groups, but children under the age of 16 account 

for the majority of cases [4]. It may happen in small villages where children under the age 

of 16 hunt and eat squirrels, which are thought to be a reservoir for MPXV [18]. MPXV 

isolates from West Africa appear to be less virulent and/or transmissible to humans and 

nonhuman primates than those from Central Africa’s Congo Basin. Furthermore, the 

discontinuation of smallpox vaccination appears to have increased humans’ susceptibility 

to severe monkeypox. The first human case of monkeypox was discovered in 1970 in a 9-

month-old child in the Democratic Republic of the Congo (formerly Zaïre), in a region 

where smallpox had been eradicated in 1968 [10,19]. Six more cases of human monkeypox 

infection were reported in Liberia, Sierra Leone, and Nigeria the following year [20]. 

Between 1970 and 1979, 47 human cases of monkeypox were identified, with Zaïre 

accounting for 38 of them [3,7]. Between 1981 and 1986, 338 cases were reported in the 

Democratic Republic of the Congo, and more than 400 cases were reported between 

February 1996 and October 1997. [21,22]. After an outbreak in the Midwestern United 

States (Illinois, Indiana, Kansas, Missouri, Ohio, and Wisconsin) caused by the 

importation of MPXV-infected West African rodents from Ghana, the first cases of human 

monkeypox in the Western Hemisphere were reported in 2003 [3,23–25]. A timeline of 

monkeypox outbreaks globally at various intervals is depicted in Figure 1. As of 7 August 

2022, there were a total of 27,814 laboratory confirmed cases of MPXV infection and 11 

deaths reported in 89 countries/territories/areas across all six WHO Regions [6] (Figures 2 

and 3). 

 

Figure 1. Timeline of monkeypox outbreaks globally at various interval [26–30] Data used for 

making timeline from Centers for Disease Control and Prevention, 2016, Formenty et al. (2010), 
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Learned et al. (2005), International Federation of Red Cross and Red Crescent Societies (2016), 

Damon et al. 2006. 

 

Figure 2. Geographic distribution of confirmed cases of monkeypox reported to or identified by 

WHO from official public sources from 1 January 2022 to 7 August 17:00 CEST (adopted from WHO 

official site, https://www.who.int/publications/m/item/multi-country-outbreak-of-monkeypox--

external-situation-report--3---10-august-2022) accessed on 13 August 2022 [6]. 

 

Figure 3. Number of confirmed monkeypox cases and deaths reported as on 7 August 17:00 CEST 

by WHO (Numerical value taken from WHO official site). 

3. Etiology, Host, and Reservoir 

MPX disease is caused by MPXV, a pathogen classified as risk group 3 [31], which 

belongs to the family Poxviridae, subfamily Chordopoxvirinae, and genus Orthopoxvirus 
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[7,23,32]. MPXV is a 200–250 nm brick-shaped or oval enveloped virus with characteristic 

surface tubules and a dumbbell-shaped core component [33,34]. The MPXV genome is 

made up of 197 kb of linear double-stranded DNA that can replicate in the cytoplasm but 

not in the nucleus [3]. The Poxviridae family is further subdivided into two sub-families, 

Chorodopoxvirinae and Entomopoxvirinae (Table 1). 

Table 1. Classification of pox group virus belongs to Family Poxviridae [35]. 

Sub-Families Genus Species (Members)—Virus 

1. Chorodopoxvirinae 1. Avipoxvirus  

 2. Capripoxvirus  

 3. Centapoxvirus  

 4. Cervidpoxvirus  

 5. Crocodylidpoxvirus  Akhmeta virus 

 6. Leporipoxvirus Abatino macacapox virus 

 7. Macropopoxvirus Camelpox virus 

 8. Molluscipoxvirus cowpox virus 

 9. Muselpoxvirus Ectromelia virus 

 10. Oryzopoxvirus Monkeypox virus 

 11. Orthopoxvirus Raccoonpox virus 

 12. Parapoxvirus Skunkpox virus 

 13. Pteropopoxvirus Taerapox virus 

 14. Salmonpoxvirus Vaccinia virus 

 15. Sciuripoxvirus Variola virus 

 16. Suipoxvirus Volepox virus 

 17. Vespertilionpoxvirus  

 18. Yatapoxvirus  

2. Entomopoxvirinae 1. Alphaentomopoxvirus  

 2. Betaentomopoxvirus  

 3. Deltaentomopoxvirus  

 4. Gammaentomopoxvirus  

MPXV shares antigens with the variola and vaccinia viruses [19]; 30 proteins each for 

these three members were shown by polyacrylamide gel electrophoresis [36]. Variola, 

vaccinia, and MPXV are considered to be an important member of subgroup 

Orthopoxvirus because they cause infection in human beings [37]. Following the 

eradication of the smallpox virus, MPXV is regarded as the most important Orthopoxvirus 

infection in humans. It is divided into two clades based on genetic and phenotypic 

analysis: West African and Congo Basin (Central African). Clinical signs are nearly 

identical in infections caused by West African and Congo Basin clades viruses [38], but 

mortality rates vary from 1–3.6% with no direct human-to-human transmission for the 

West African clade (WAC) in comparison to the Central African clade (CAC) with a higher 

mortality rate of 10% with human-to-human transmission [39–41]. WAC is less virulent 

than CAC, which could be attributed to deletions and fragmentation in the MPXV open 

reading frame. These open reading frames are thought to be involved in viral life cycle, 

host range, or immune evasion changes, or to be virulence factors [40]. Furthermore, 

MPXV of CAC has been shown to suppress the host response through apoptosis [42]. 

Humans, squirrels, mice, rabbits, hamsters, porcupines, non-human primates 

(orangutans, chimps, sooty mangabeys, cynomolgus monkeys), black-tailed prairie dogs, 

African brush-tailed porcupines, rats, and shrews are all hosts for MPXV [3,7,10,20–

25,41,43–47]. Although, the natural reservoir for MPXV is unknown, arboreal squirrels 

Funisciurus and Heliosciurus are thought to act as a reservoir for the monkeypox virus 

[19,21,43,48]. 
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4. Mode of Transmission 

Infections are spread through lesion fluids or crusts, respiratory secretions, and 

infected host tissues [7,38,49,50]. The exact mode of MPXV transmission is still unknown; 

however, the possible modes of MPXV transmission, animal-to-human or human-to-

human transmission, are shown in Table 2. 

Table 2. Mode of transmission of Monkeypox virus. 

Sr. No. Transmission Reports 

1 

Animal-to-human transmission 

through a bite or direct contact with the 

infected animal’s blood, body fluids, or 

lesions (1° Transmission) 

Mutombo et al., 1983 [51]; 

Nalca et al., 2005 [7]; 

Croft et al., 2007 [24]; 

Reynolds et al., 2007 [23]; 

Brown and Leggat, 2016 [52]; 

Petersen et al., 2019 [8];  

Diaz, 2021 [46] 

2 

Human-to-human via the respiratory 

tract, by direct contact with body fluids 

of an infected person, respiratory 

droplets, or with virus-contaminated 

objects (fomites) (2° Transmission) 

Weber and Rutala, 2001 [5]; 

Nalca et al., 2005 [7]; 

Centers for Disease Control and 

Prevention, 2007 [49]; 

Croft et al., 2007 [24]; 

Formenty et al., 2010 [27]; 

Parker & Buller, 2013 [53]; 

Nolen et al., 2015 [54] 

3 Consuming raw/infected meats 
Parker & Buller, 2013 [53] 

Thomassen et al., 2013 [48] 

4 Nosocomial 

Ellis et al., 2012 [55]; 

Nolen et al., 2015 [54]; 

Yinka-Ogunleye et al., 2018 [56]; 

Ihekweazu et al., 2020 [57] 

R0 values for MPXV, or the reproductive ratio or degree of disease transmissibility, 

range from 1.10 to 2.40 in countries where exposure to Orthopoxvirus species is minimal 

[58]. This R0 implies that each infected individual has the ability to infect one to two other 

people. Because of its transmissibility, it is necessary to take special precautions to 

maintain social distance and to quarantine oneself. The transmission pattern of MPX in 

endemic and non-endemic settings are depicted in Figure 4. 
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Figure 4. Transmission of human monkeypox in endemic and non-endemic settings, where 

monkeypox transmission leads to an outbreak of this disease. Zoonotic factors are very important 

in endemic settings, while in non-endemic settings, transmission could be the result of transferring 

infected animals from one place to another. Human-to-human transmission occurs both in endemic 

and non-endemic settings (adopted form Titanji et al., 2022 [59] with minor modification). 

Previously, it was thought that human-to-human transmission was not sustainable, 

however, the rate of transmission is increasing, with a secondary attack rate of about 10% 

[3,5]. MPXV can transmit from person to person; a chain of up to six sequential human-

to-human transmission events has been documented [3,7,22,60,61]. Previous research has 

also stated that sexual transmission and spread are the most common in men who have 

sex with men (MSM) [62,63] (Figure 5). 

 

Figure 5. Mode of transmission of monkeypox [6]. 

MPV cases increased 20-fold in the Democratic Republic of the Congo between the 

1980s and the mid-2000s due to sexual transmission [64]. Other common risk factors for 
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person-to-person transmission of MPXV infection include sleeping in the same room or 

bed with an infected person, sharing the same cups and plates [65], handling or eating 

dead bush meat or monkeys [66,67], and sleeping on the floor in an affected area [54]. 

In the current scenario, a potential threat of reverse zoonotic transmission is being 

monitored, as are new MPXV reservoirs, which, due to their broad host range, may result 

in repeated transmission to humans. Keeping rodents isolated and monitored to prevent 

possible transmission is a concerning situation. 

5. Infectious Dose, Incubation Period and Communicability Period 

MPXV infectious dose is not well understood. This virus’s incubation period ranges 

between 7 and 17 days [68]. It is communicated to other people 1–2 days before the rash 

appears and continues until all of the scabs fall off or subside. 

6. Pathology and Pathophysiology 

MPX pathogenesis began with MPXV transmission in the host, which could be the 

result of human-to-human or animal-to-human transmission (Figure 6). MPXV, like the 

smallpox virus, infiltrates the host system. MPXV begins to replicate at the site of 

inoculation, which is the respiratory or oropharyngeal mucosa. The virus enters the 

bloodstream after replication, resulting in primary viraemia. During primary viraemia, 

the virus spreads to the local lymph node via monocytic cells and replicates again. 

Following replication, the virus enters the bloodstream, causing secondary viraemia, and 

the virus spreads to other organs, such as the skin, lungs, and gastrointestinal tract, where 

clinical signs and symptoms of the disease manifest [68]. Infected people are thought to 

be most infectious during the secondary viraemic phase, also known as the prodromal 

phase. 

 

Figure 6. Pathogenesis of monkeypox virus. 
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Symptoms, such as fever, myalgias, lymphadenopathy, common cold-like 

symptoms, and so on, appear during the prodromal phase. The enlargement of auxiliary, 

cervical, maxillary, and inguinal lymph nodes appear during fever onset, and this could 

be due to a host immune response [69]. Rashes would appear first on the face and spread 

across the body in a centrifugal manner after the onset of fever and/or lymphadenopathy 

[42,69], which means that lesions appear on the extremities and the face rather than the 

abdominal region. MPX rashes are vesiculopustular in nature and go through several 

developmental stages before desquamation. These developmental stages are enanthem, 

macule, papule, vesicle, pustule, and crust [42,61]. In the early stages, the lesion shows 

central epidermis necrosis and may extend to the superficial layer of dermis in humans 

[70,71]. Later on, a necrotic area surrounded by oedema and clefts develops in the 

interstitial space of cells, and cellular debris and fluid are deposited in this space [69,70]. 

Non-human primates have also been reported to have lesions, such as pustules, 

ulcerations, necrosis, and interstitial hyperplasia [72]. Furthermore, bronchopneumonia 

has been documented in humans [69], whereas non-human primates’ lungs have been 

shown to have fulminant bronchopneumonia, focal necrosis, and diffused pulmonary 

consolidation [70]. 

7. Diagnosis 

Initially, it was thought that the clinical presentation of human MPX resembled that 

of smallpox in terms of clinical symptoms, severity, and mortality [73]. MPX causes mild 

disease symptoms and is less fatal than smallpox [74], but it can cause severe illness in 

young children, pregnant women, and immunocompromised individuals [75]. During the 

prodromal period of 2 to 3 days, important symptoms include fever, headache, body 

aches, and exhaustion [3,23,24]. 

Most patients have prominent lymphadenopathy (it may be unilateral or bilateral in 

submandibular, cervical, postauricular, axillary, and inguinal lymph nodes) before the 

onset of the rash (which distinguishes human MPX from small pox [3,23,24,76]), followed 

by macules, papules, vesicles, pustules, umbilication, scabbing, and desquamation [3,7]. 

These processes last for approximately 2–4 weeks [3,48,56,77,78]. 

The rash usually appears in a centrifugal pattern, spreading to the palms and soles 

of the feet [3]. Mucous membranes, conjunctivae, the mouth, the tongue, and the genitalia 

can all develop lesions [7]. Monkeypox has a similar clinical presentation to smallpox, 

with the exception of pronounced lymphadenopathy and generally milder symptoms 

[4,19]. As a result, lymphadenopathy is regarded as a key distinguishing feature of 

monkeypox [4,5,7]. MPX should be considered in the differential diagnosis of mucosal 

lesions or unusual eruptive skin rashes associated with distinct lymphadenopathy, 

gastrointestinal symptoms, and hematologic abnormalities in endemic settings [79]. Some 

complications are also reported after MPXV infection, and these complications are 

encephalitis [79,80], severe dehydration due to vomiting and/or diarrhoea [42,80], 

tonsilitis, pharyngitis [60], conjunctivitis and oedema of eyelids [60], bronchopneumonia 

[42], and pitted scarring [26,42]. The frequency of symptoms in reported cases of 

monkeypox globally are presented in Figure 7. 
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Figure 7. Frequency of symptoms in reported cases of monkeypox globally, as of 22 July 2022 (n = 

9099) (data were taken from WHO official site)[75]. 

Laboratory tools, such as virus isolation, PCR-based assays, haemagglutination 

inhibition assays, electron microscopy, ELISA, Western blotting, or 

immunohistochemistry, were used to confirm the diagnosis [3,5,7,19,24,32,43]. Skin 

lesions, such as the roof, and fluid from vesicle and pustules, should be collected in sterile 

containers for MPXV diagnosis. Clinical samples can also include dry crusts and blood. 

Samples should be stored in dry ice or at −20 °C after collection. Serology and antigen 

detection methods are ineffective for detecting exclusive MPXV infection, because the 

virus is serologically cross reactive to the other members of Orthopoxvirus; thus, antigen 

and antibody detection methods do not provide MPX specific confirmation [81]. 

However, anti-Orthopoxvirus IgG and IgM assays can be used to assess a recent or remote 

exposure to the Orthopoxvirus family. In cases of MPX, leukocytosis, increased 

transaminase levels, decreased blood urea nitrogen, and hypoalbuminemia have all been 

observed [79]. 

8. Treatment 

At the moment, there is no systematic treatment for MPX disease, but antiviral drugs 

may be used after a confirmatory diagnosis of MPXV. Tecovirimat, an FDA-approved 

antiviral drug, is currently available to treat severe cases of MPXV infection [69]. This 

tecovirimat (ST-246 or TPOXX, an oral medication) is a small-molecule compound that 

targets a gene that produces the viral envelop protein VP37, a major envelope protein 

required for extracellular virus production 

[https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-

science/tecovirimat, accessed on 25 September 2022] that aids in viraemia reduction and 

rapid recovery with no side effects [69,76]. Cidofovir is also being considered as a potential 

therapeutic agent for MPXV infections, as it has been shown to have in vitro activity 

against many DNA viruses, including MPXV, by inhibiting viral DNA polymerase [42,82]. 

Other symptomatic and supportive therapies, in addition to the above-mentioned MPX 
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disease treatment, have been required for early recovery. Respiratory distress, 

bronchopneumonia, sepsis, ulcer, fever, skin lesion, and other symptoms may necessitate 

supportive care. 

9. Prevention and Control 

Contact with infected or vulnerable people should be avoided. Physical and close 

contact activities include sleeping in the same room or on the same bed with an infected 

person, intimate contact with an infected partner, living in the same house with infected 

people, sharing the same cups and plates, and so on. When dried, Orthopoxviruses are 

stable at room temperature [49]. Heat (autoclaving and incineration) inactivates it [83]. 

Chloroxylenol-based household disinfectants, 0.5 percent sodium hypochlorite, 

glutaraldehyde, formaldehyde, and paraformaldehyde are all effective against 

Orthopoxviruses [83]. 

10. Immunization and Prophylaxis 

Vaccination against monkeypox with vaccinia virus (a live attenuated vaccine against 

smallpox virus) is approximately 85 percent effective [3,49,84]. Smallpox vaccines may 

protect against MPXV infection if administered within 4 days and up to 14 days (in 

absence of any symptoms) after initial contact with a confirmed monkeypox case [6,7,49]. 

Vaccination against smallpox is currently declining globally, which could be the cause of 

the global resurgence of MPXV infections. WHO recommends pre-exposure vaccination 

for health workers, laboratory personnel, outbreak response team members, and people 

who have multiple sexual partners [6]. 

11. Biosafety and Biosecurity Measures 

MPXV is a risk group 3 pathogen, also known as a security sensitive biological agent 

(SSBA), and is thus governed by the Human Pathogens and Toxins Act (HPTA) and the 

Health of Animals Act (HAA). Work involving regulated infectious materials, animals, or 

cultures necessitates Biosafety level 3 containment facilities. Personnel entering the 

laboratory should remove their street clothes and jewellery, and change into laboratory-

specific clothing and shoes, or wear full-coverage protective clothing (i.e., completely 

covering all street clothing). When infectious materials are directly handled, additional 

protection, such as solid-front gowns with tight-fitting wrists, gloves, and respiratory 

protection, should be worn over laboratory clothing. When there is a known or potential 

risk of splashing, eye protection must be worn [85]. All infectious material activities 

should be carried out in a biological safety cabinet (BSC) or other appropriate primary 

containment devices, along with personal protective equipment. Infected materials must 

be centrifuged in closed containers placed in sealed safety cups, or in rotors loaded and 

unloaded in a biological safety cabinet. Needles, syringes, and other sharp objects should 

be used with extreme caution. Waterproof dressings should be applied to open wounds, 

cuts, scratches, and grazes. Additional precautions should be taken when working with 

animals or engaging in large-scale activities [85]. 

In the case of a spill, allow aerosols to settle before gently covering the spill with 

paper towels and applying a suitable disinfectant, beginning at the perimeter and working 

towards the centre while wearing protective clothing. Allow enough time for contact 

before cleaning (30 min) [85]. Decontaminate all disposal materials using steam 

sterilisation, chemical disinfection, and/or incineration [85]. 

12. Conclusions 

Monkeypox disease is a neglected viral zoonotic disease that has been reported in 

over 75 countries around the world. Everyone should be aware of the pathogen, clinical 

signs and symptoms, transmission, prevention, control, biosafety, and biosecurity in order 

to manage and control the disease effectively. This review provides a concise 
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understanding of MPX. MPX surveillance, vaccination, and antiviral use can all aid in the 

reduction of MPX cases. 
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