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Monkeypox virus is nature's wake-up call: a bird’s-eye view
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Abstract

Several infections have emerged in humans, domestic animals, wildlife, and plant populations, causing a severe problem for
humanity. Since the discovery of the Monkeypox virus (Mpox) in 1958 in Copenhagen, Denmark, it has resurfaced several
times, producing severe infections in humans and resulting in a significant fatality rate. Mpox is an Orthopoxvirus of the
Poxviridae family. This family contains various medically important viruses. The natural reservoir of Mpox is unknown
yet. Mpox might be carried by African rodents and nonhuman primates (such as monkeys). The role of monkeys has been
confirmed by its various outbreaks. The infection may be transferred from unidentified wild animals to monkeys, who can
then spread it to humans by crossing species barriers. In close contact, human-to-human transmission is also possible. Mpox
outbreaks have been documented regularly in Central and Western Africa, but recently in 2022, it has spread to over one
hundred-six countries. There is no specific treatment for it, although the smallpox vaccine, antivirals, and vaccinia immune
globulin help in the effective management of Mpox. In conclusion: Monkeypox poses a severe threat to public health due
to the lack of specific vaccinations and effective antivirals. Surveillance studies in affected regions can assist in the early
diagnosis of disease and help to control significant outbreaks. The present review provides information on epidemiology,
clinical symptoms, risk factors, diagnosis, and preventive measures of Mpox.
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Introduction

The newly emerging and re-emerging viral infection is a
significant public health concern. Infectious agents emerge
due to imbalances in various ecological, environmental,
or demographic factors. Deforestation, global warming,
changing climate, high population density, unregulated
development, poor sanitation, and vector adaptability put
selection pressure on host—pathogen reservoirs, resulting
in various viral emergence and re-emergence. Outbreaks
of Crimean Congo hemorrhagic fever (CCHF), Ebola hem-
orrhagic fever (EHF), Lassa hemorrhagic fever, HIV-1,
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Marburg virus (MARV), SARS-CoV, MERS-CoV, Nipah
virus (NiV) [49], Zika virus (ZIKV) [52], Rift Valley fever
(RVF), Cat Que Virus [53] and COVID-19 are only a few
among of several outbreaks in last few decades. Because of
the unexpected recent Monkeypox virus (Mpox) epidemic,
people worldwide should exercise care and be aware of the
virus and its spread. Mpox was initially identified in research
centre in Copenhagen, Denmark, in 1958 as an agent of a
pox-like infection in monkeys [35]. The term ‘Monkeypox'
was coined for pox-like infectious outbreaks observed in the
population of Cynomolgus monkeys (Macaca fascicularis)
[32].

The first human case of Mpox infection was discovered
in the Democratic Republic of Congo in 1970, shortly after
Smallpox was eradicated. Undoubtedly, prior occurrences of
Mpox were possible in Central Africa, but they were most
likely misdiagnosed, due to the high prevalence of Small-
pox. Human infection with Mpox has been frequently docu-
mented in several central and western African countries and
sometimes outside Africa. Mpox is a large, double-stranded
DNA virus that belongs to the Orthopoxvirus genus of the
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Poxviridae family. Skunkpox, Volepox, Raccoonpox, Cow-
pox, Variola, Camelpox, Ectromelia, Teterapox, Uasin Gishu
disease, and Vaccinia viruses of this family other than Mon-
keypox also cause infection in humans [38]. Smallpox was
a highly infectious disease of the Poxviridae family. It was
responsible for the killing of up to 30% of people. Due to
an efficient vaccination effort, the natural infection has been
eradicated.

Monkeypox is a zoonotic viral infection caused by the
Monkeypox virus carried by infected rodents and squirrels
native to central and western Africa. Secondary transmis-
sion from person to person is also possible, but far less than
Smallpox. The incubation period of Monkeypox virus is
similar to Smallpox virus. The clinical symptoms of Monk-
eypox in human are comparable to Smallpox but less severe.
Fever, headache, muscular pains and fatigue are among the
prominent clinical symptoms of Monkeypox. It causes
lymph node swelling (lymphadenopathy), which is absent or
rare in the case of Smallpox. The symptoms of Monkeypox
usually subside on their own after a few weeks, but Mon-
keypox can cause more severe symptoms and even death
in newborns, infants, and those with underlying immune
weaknesses. Mpoxs are divided into two genetic clades:
the Congo Basin clade, which causes a case fatality rate of
2—-10%, and the West African milder clade, which causes
low mortality in Smallpox virus unvaccinated persons [7,
34]. Due to the severe disease caused by Mpox, it requires

a quick, sensitive, precise, and cost-effective therapy. There
is no confirmed Mpox-specific vaccination or antiviral for
its effective treatment. The previous Mpox outbreaks were
managed with smallpox vaccination, antivirals, and vaccinia
immune globulin (VIG). Smallpox vaccination, antivirals,
vaccinia immune globulin, and other symptomatic therapy
effectively reduced the Mpox disease symptoms. The pre-
sent review focuses on distribution, clinical symptoms, risk
factors, diagnosis, and preventive measures of Monkeypox
viruses.

The causative agent of Monkeypox

Poxviridae is one of the prominent viral families containing
various medically important viruses like Variola (VARV),
Cowpox (CPX), Vaccinia (VACV), and Monkeypox virus
(Mpox). Mpox is an enveloped, double-stranded DNA
virus that belongs to the genus Orthopoxvirus and the fam-
ily Poxviridae. It has a sophisticated internal structure that
comprises a double-stranded DNA genome (130-260 kb)
and various types of enzymes. The detailed structure of the
Mpox virus is given in Fig. 1

It is a brick-shaped virus with distinctive surface tubules
and a 200-250 nm dumbbell-shaped core component. The
Poxviridae family has two subfamilies (Chordopoxvirinae
and Entomopoxvirinae). Orthopoxvirus, Molluscipoxvirus,
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Fig. 1 Basic structure of Monkeypox virus (Mpox)
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Parapoxvirus, and Yatapoxvirus of Chordopoxvirinae can
naturally infect humans. The Orthopox genus has 11 distinct
species of viruses that are antigenically and physically simi-
lar. Skunkpox, Volepox, and Raccoonpox are three North
American viruses, whereas Monkeypox, Cowpox, Variola,
Camelpox, Ectromelia, Teterapox, Uasin Gishu disease, and
Vaccinia are eight Eurasian-African viruses [38]. Accord-
ing to a computational study, the Monkeypox virus has a
big genome with 196,858 base pairs that encode 190 open
reading frames with 60 amino acid residues [3, 43]. Viruses
with DNA genomes can replicate in the host cell's nucleus,
while orthopoxviruses survive in the host cell's cytoplasm
and replicate there. Its genome encoded all of the proteins
required for viral replication, virion assembly, transcription,
and translation (Fig. 2). Among the Orthopoxvirus, house-
keeping genes are also found in the conserved area (central
region). The Monkeypox virus-host interaction is mainly
controlled by the genes located at the termini (ITRs, STRs)
and Hairpin loops [4, 16, 46]. There is a difference between
infectious Mpox virions isolated from infected cells in ani-
mal culture and the patient directly. Mpox virions isolated
from animal culture do not contain an extra outer membrane,
as do naturally released virions obtained from the patient.

Mpox is a zoonotic virus that infected rats and squir-
rels may transfer, turning central and western Africa into
endemic regions. Mpox can affect a variety of mammals, but
rodents are most likely to be the reservoir of the virus. There
is the potential that primates may have reserves. Mpox has
only been found in wild animals like Thomas's rope squir-
rel (Funisciurus anerythrus), Cercocebus arys, Pan troglo-
dytes, Pouched rats, and African dormice. These animals
shed high Mpox titers in oral, nasal, and rectal secretions,
which might have contaminated the environment and spread
to other animals [15]. Earl et al., [12] study also showed that
the virus was growing in the noses of infected dormice five
days after infection. Infected rats and monkeys can spread
Mpox through skin or mucosal contact [15]. Animal stud-
ies might provide the most likely transmission channels to
determine how long these animals can keep and shed the
virus and simulate Mpox transmission in different species.
Secondary transmission of Mpox from one person to another
is conceivable, although considerably less often than Small-
pox. It is transmitted by sexual activity, as seen recently [14].
The severity of Mpox can be from mild to life-threatening.
Mpox has two genetic clades: a Congo basin clade related to
2-10% death in Smallpox unvaccinated persons and a West
African clade linked to milder illness and exceptionally low
mortality in Smallpox unvaccinated people [7, 34].
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Epidemiology of Mpox

Monkeypox virus has a long history of prevalence in cen-
tral and western Africa, although smallpox obscured it
because of symptomatic similarities. After Smallpox was
eradicated, Mpox instances came to light and became
more prominent. Mpox is a zoonotic virus that may be
transmitted from a reservoir animal to humans. In rare
circumstances, Mpox has been transmitted from person to
person. The rodents or squirrels living in the Sub-Saharan
Africa rain forests act as potential reservoirs, amplifying
Mpox. Humans and monkeys are accidental Mpox hosts
[31]. Between 1970 and 1979, only 47 cases of Mpox were
documented worldwide. Thirty-eight of them are from the
Democratic Republic of Congo, with the rest being from
Gabon, the Ivory Coast, Liberia, Nigeria, and Sierra Leone
in western Africa. Most Mpox cases in the Democratic
Republic of Congo have animal contact histories. Out of
these 47 patients, seven (14.9%) died, while 40 (85.1%)
recovered. Person-to-person transmissions amongst 7.5%
of family members were also noted [5]. Due to the signifi-
cant impact of Mpox on human health and wealth, World
Health Organization (WHO) conducted surveillance from
1981 to 88 to check Mpox prevalence in the Democratic
Republic of Congo (DRC). The Mpox surveillance in DRC
revealed that over 70% of human cases had direct animal
contact history. It was also observed that Mpox secondary
transmission (person-to-person) occurs at a substantial rate
of 30%. The Mpox monitoring revealed a critical role in
animal transmission. Children (mean age 4.4 years) were
more susceptible to Mpox infection. The smallpox vac-
cination or herd immunity against Smallpox can protect
people from contracting Monkeypox because Smallpox
and Monkeypox viruses are closely related. According to
historical evidence from Africa, the smallpox vaccination
is at least 85% effective in preventing Monkeypox. Small-
pox vaccine recipients have a low prevalence of Mpox,
indicating a low risk of an Mpox epidemic [22, 23].
Human Mpox cases decreased after 1986, with just 13
cases recorded from 1986 to 1992 and no patients reported
from 1993 to 1995 [20, 42]. In the Democratic Republic
of Congo's Kasai-Oriental province, an outbreak of Mpox
was recorded in 1996-97. There were over 500 cases of
Mpox, with a lower fatality rate (1-5%), but a significant
incidence of man-to-man transmission was higher as
compared to previous epidemics (78%). The Ministry of
Health of the Democratic Republic of Congo conducted
surveillance during 1998-2002, and more than 1200 cases
of Mpox were found [30]. In 2003, the first human Monk-
eypox cases in the Western Hemisphere were recorded fol-
lowing an epidemic in the Midwest USA (Illinois, Indiana,
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Kansas, Missouri, Ohio, and Wisconsin). It was caused
by the importation of Monkeypox-infected West African
rodents from Ghana. In total, 72 incidents of Mpox were
noted based on clinical presentation. Out of these, 37 were
further confirmed with laboratory testing. This epidemic
raised awareness of the health risks associated with the
worldwide commerce of exotic animals. Presently Mpox
has its footprints outside of Africa. Numerous human cases
of infection have been documented in Israel (2018), Singa-
pore (2019), the United Kingdom (UK) (2018, 2021), and
the United States of America (USA) (2003, 2021) [60].
Now recent outbreak of Mpox has occurred in 106 nations
(2022), and WHO declared the Mpox outbreak as public
health emergency of international concern (PHEIC) on
23 July 2022.

Recent outbreak of Monkeypox virus (Mpox)
disease in various countries

The Monkeypox virus has a long prevalent history in Cen-
tral and Western Africa. Based on the prevalence of Mpox,
a country may be termed as endemic or non-endemic. An
epidemic is defined as a single incidence of Monkeypox
in a non-endemic country. Mpox has expanded its range
from endemic to non-endemic nations all of a sudden.
Till September 21, 2022, One hundred and six countries
have reported human cases of Mpox, and there will be
more chance of more expansion of Mpox cases. Due to the
increase in international travel and low awareness among
the population, this may further rise. Furthermore, WHO
expects more cases of Monkeypox to be discovered as sur-
veillance expands in non-endemic countries. Epidemio-
logical investigations are underway; as of September 21,
2022, sixty-one thousand and seven hundred fifty-three
(61,753) confirmed Monkeypox cases, and twenty-three
(23) deaths have been reported to WHO from 105 coun-
tries [61] (Table 1). Most Mpox cases have been reported
through general care or reproductive health care. It is chal-
lenging to trace the probable cases of Mpox in cases with-
out a travel history to an endemic region. According to a
preliminary epidemiological study, Mpox is spread sexu-
ally among men who have sex with other men (MSM). The
emergence of Monkeypox in several nations simultane-
ously shows that undetected transmission has been going
on for some time, as well as recent amplifying events.
In certain nations, however, the offender is given a travel
warning. However, some countries issue traveler adviso-
ries to the passenger and carry surveillance on the traveler,
people close to him before his hospitalization, and hospital
health workers.
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Table 1 Monkeypox reported

cases from 1970 to 2022

S.no.  Country Year No. of cases® Death  References
1 Andorra 2022 4 0 61
2 Argentina 2022 265 0 61
3 Aruba 2022 3 0 61
4 Australia 2022 132 0 61
5 Austria 2022 301 0 61
6 Bahamas 2022 2 0 61
7 Bahrain 2022 1 0 61
8 Barbados 2022 1 0 61
9 Benin 2022 3 0 61
10 Belgium 2022 744 1 61
11 Bermuda 2022 1 0 61
12 Bolivia 2022 129 0 61
13 Bosnia & Herzegovina 2022 3 0 61
14 Brazil 2022 6649 2 61
15 Bulgaria 2022 6 0 61
16 Cameroon 1979 2 0 11,57, 61

1989 4 0

2018 1 0

2022 7 2
17 Canada 2022 1363 0 61
18 Central African Republic 1984 6 0 11, 58, 61

2001 4 0

2010 2 0

2015 12 3

2016 11 1

2017 8 0

2018 9 0

2022 8 2
19 China 2022 5 0 61
20 Chile 2022 728 0 61
21 Colombia 2022 1260 0 61
22 Congo 2022 5 0 61
23 Costa Rica 2022 4 0 61
24 Cote d’Ivoire 1971 1 0 61

1981 1 0
25 Croatia 2022 27 0 61
26 Cuba 2022 2 1 61
27 Curacao 2022 1 0 61
28 Cyprus 2022 5 0 61
29 Czech Republic 2022 65 0 61
30 Democratic Republic of Congo ~ 1970-2017 > 1000/ Year* - 11, 39, 61

2018 2850 60

2019 3794 73

2020 4594 171

2021 1284 58

2022 195 0
31 Denmark 2022 183 0 61
32 Dominican Republic 2022 31 0 61
33 Ecuador 2022 68 1 61
34 EI Salvador 2022 2 0 61
35 Estonia 2022 11 0 61
36 Finland 2022 33 0 61
37 France 2022 3898 0 61
38 Gabon 1987 5 2 11
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Table 1 (continued) S.no.  Country Year No. of cases® Death  References

39 Georgia 2022 2 0 61
40 Germany 2022 3563 0 61
41 Ghana 2022 84 4 61
42 Gibraltar 2022 6 0 61
43 Greece 2022 69 0 61
44 Greenland 2022 2 0 61
45 Guadeloupe 2022 1 0 61
46 Guam 2022 1 0 61
47 Guatemala 2022 12 0 61
48 Guyana 2022 2 0 61
49 Honduras 2022 4 0 61
50 Hungary 2022 75 0 61
51 Iceland 2022 12 0 61
52 India 2022 12 1 61
53 Indonesia 2022 1 0 61
54 Iran (Islamic Republic of) 2022 1 0 61
55 Ireland 2022 97 0 61
56 Italy 2022 828 0 61
57 Israel 2018 1 0 13, 61

2022 247 0
58 Jamaica 2022 12 0 61
59 Jordan 2022 1 0 61
60 Japan 2022 4 0 61
61 Latvia 2022 5 0 61
62 Lebanon 2022 11 0 61
63 Liberia 1970 4 0 11,61

2017 2 0

2022 3 0
64 Lithuania 2022 5 0 61
65 Luxembourg 2022 55 0 61
66 Malta 2022 33 0 61
67 Mexico 2022 1049 0 61
68 Monoco 2022 3 0 61
69 Montenegro 2022 2 0 61
70 Morocco 2022 3 0 61
71 Martinique 2022 1 0 61
72 Nederlands 2022 1209 0 61
73 New Caledonia 2022 1 0 61
74 New Zealand 2022 5 0 61
75 Nigeria 1971 2 0 11, 40, 47, 58, 61

1978 1 0

2017-2018 101 0

2022 277 6
76 Norway 2022 89 0 61
77 Panama 2022 12 0 61
78 Paraguay 2022 1 0 61
79 Pera 2022 2054 0 61
80 Philippines 2022 4 0 61
81 Poland 2022 167 0 61
82 Portugal 2022 908 0 61
83 Puerto Rico 2022 160 0 61
84 Qatar 2022 4 0 61
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Table 1 (continued)

S.no.  Country Year No. of cases® Death  References
85 Republic of Congo 2003 11 1 11,61
2009 2 0
2017 88 6
2022 2 0
86 Republic of Korea 2022 2 0 61
87 Republic of Moldova 2022 2 0 61
88 Romania 2022 38 0 61
89 Russian Federation 2022 2 0 61
90 Saint Martin 2022 1 0 61
91 Saudi Arabia 2022 8 0 61
92 Serbia 2022 31 0 61
93 Sierra Leone 1970 1 0 61
2014 1 0
2017 1
94 Slovakia 2022 14 0 61
95 Slovenia 2022 46 0 61
96 South Africa 2022 5 0 61
97 Spain 2022 7037 2 61
98 Sweden 2022 179 0 61
99 Switzerland 2022 502 0 61
100 Sudan 2005 19% 0 11,61
2022 6 1
101 Singapore 2019 1 0 59, 61
2022 19 0
102 Thailand 2022 8 0 61
103 Turkiye 2022 1 0 61
104 Ukraine 2022 1 0 61
105 United Arab Emirates 2022 16 0 61
106 United Kingdom 2018 3" 0 11,55, 61
2021 3 0
2022 3552 0
107 United State of America 2003 47" 0 11, 33, 61
2021 1* 0
2022 22,957 0
108 Uruguay 2022 5 0 61
109 Venezuela 2022 3 0 61

The year-by-year distribution of Monkeypox viruses in various nations is shown in the Table 1

"> 1000/year suspected cases reported in DRC from 2005

°It includes suspected cases, as well as laboratory, confirmed cases

"2 unrelated imported cases, they visited Nigeria

*Imported cases to the USA, patients who visit Nigeria

‘Imported cases from the shipment of Ghana to the USA firstly reported cases outside Africa

“Reported cases come from DRC to South-Sudan

Clinical symptoms of Mpox

Mpox can enter the body through skin abrasions, the mucosa
of the upper respiratory tract, or through ingestion. The Mon-
keypox virus incubation period ranges from 5 to 21 days. The
commencement of the prodromal stage is marked by the
appearance of early symptoms of Mpox, which are similar to
those of other viral illnesses (e.g. fever, malaise, headache,

weakness, etc.). Early investigations showed that Mpox was
similar to Smallpox regarding clinical symptoms, morbid-
ity, and mortality. Compared to the smallpox virus, Mpox
has a modest transmission rate from person to person [5].
Smallpox and Mpox cannot be distinguished based on clini-
cal symptoms, requiring the use of a specialized laboratory
confirmation assay for their accurate diagnosis and subse-
quent treatments. The development of lymphadenopathy is
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one clinical feature that distinguishes Mpox from Smallpox.
In Monkeypox, lymph node swelling can be widespread or
restricted to a few locations (e.g. neck, and armpit). Cough,
pharyngitis, chest tightness, nausea, diarrhea, myalgia, and
back discomfort are some of Mpox infection's extra-cutane-
ous symptoms, (Fig. 3).

The rash typically appears one to three days after the
fever has started. Cutaneous lesions can be flat or slightly
elevated, filled with clear or yellowish fluid, crusted, dried
up, and eventually fall off. A person's lesions can range from
a few hundred to several thousand. The rash primarily affects
the face, palms of the hands, and soles of the feet. They
also appear on the lips, genitals, and eyes. The majority of
patients recover without much difficulty. However, Second-
ary infections such as skin and soft tissue infections (SSTIs)
(20%), pneumonitis (12%), ophthalmic (ocular) involvement
(5%), and mild encephalitis (less than 1%) may cause issues
for a small number of people [56]. Lesions in the mouth and
on the body will appear after the prodrome. Before drop-
ping off, lesions go through many phases. The lesions of an
infectious person change from the beginning of the enan-
them until the scab stage. The Enanthema phase follows the
prodromal phase, which is marked by the development of
red skin lesions or vesicular pustules that spread from the
face to the entire body. These are hard, pea-size (10 mm in
diameter) lesions that are painful. The status of smallpox

vaccination, rather than sex or age, differentiates the occur-
rence and severity of clinical features of the Mpox [2]. Mpox
can generally show milder infection and reduced morbidity
and mortality in Smallpox pre-vaccinated cases. In recent
years, 3—6% mortality was noted in endemic countries; most
of the casualty happens in youngsters or those with under-
lying health problems. Also, the symptom of Mpox in ani-
mals are lethargy, coughing, running nose and eye, anorexia,
fever, and a rash that looks like pimples or blisters [6].

Diagnosis of Mpox

Human Monkeypox is a reportable illness with a significant
health impact; a quick, sensitive, specific, and cost-effective
diagnosis and treatment should be necessary for effective
management. Human Monkeypox can be accurately diag-
nosed via virus isolation, electron microscopy, conventional
PCR, and Real-Time PCR. Immunohistochemical evidence
of an orthopoxvirus in tissue can also be helpful for its diag-
nosis. Patient travel histories along with clinical symptoms
are helpful for quick surveillance of Mpox. Virus isolation
is considered the gold standard but time-consuming, and a
higher bio-safety level is required. Mpox virus isolation can
be done in the rhesus-monkey kidney, rabbit kidney, MRC-5,
RD, B-SC- 40, Vero cells, and embryonated chicken eggs.

Node

Exhaustion

Headache

Backache

Painful Body
Rash

| Symptom of Monkeypox Virus

Fig. 3 Clinical symptom of Monkeypox virus (Mpox)
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Mpox produces CPE with rounded cells within 1-4 days,
with significant cytoplasmic bridging and syncytium devel-
opment. In embryonated chicken eggs, it causes tiny, opaque
hemorrhagic pocks on the chorioallantoic membranes. In the
case of emerging viruses, when there is no primer, probes,
or specific cell line, then electron microscopy is very helpful
for the initial diagnosis of viruses. An electron microscope
is a very costly instrument, and highly specialized persons
are required for viral diagnosis. Laboratory diagnosis of
poxvirus infections through electron microscopy can rap-
idly exclude chickenpox (varicella) and a herpes virus, but
it is challenging to differentiate similar shape viruses [9, 19].
The earliest evidence for an orthopoxvirus as a causative
agent of the 2003 US epidemic came from a negative stain
EM of cell culture supernatants [45]. Early management is
better possible through rapid and accurate diagnosis. After
the availability of primers and probes, conventional and/or
Real-time PCR became dominant, effective, and reliable
diagnosis assays in the modern era of science. Molecular
diagnostic assays are comparatively better than other diag-
nostic methods for viral agents. Several molecular diagnostic
techniques can help with the definitive diagnosis of Mpox
infections. Two DNA-based diagnostic methods that can be
considered more practical are PCR with restriction endo-
nuclease digestion or hemagglutinin gene (HA) sequencing

which can identify an Orthopoxvirus in a few hours. The
molecular assay can provide further information about the
sequencing of their genomes. Molecular diagnostic assays
are comparatively more rapid, sensitive, specific, and eco-
nomical. They can be performed at a lower bio-safety level
than virus isolation. Serologic diagnostic assays work on
the principle of antigen—antibody reaction and are less ben-
eficial for the identity of Mpox infection. Due to their close
antigenic relationships and cross-reactivity across members
of the Poxviridae family.

Management of Mpox

Mpox has the potential to spread from one person to another.
It poses a potential threat to become another pandemic [54].
Surveillance, accurate diagnosis, and patient management
should be used to control Mpox, (Fig. 4) effectively. Several
precautions may be taken to prevent the spread of Mpox
infection. One should avoid touching animals that may har-
bor the Mpox or dead animals, especially in regions of the
Mpox outbreak. Because Mpox is spread by direct contact,
avoiding direct contact can help to minimize the risk of an
epidemic. It is safer to stay away from anything that has
come in contact with a sick animal, such as bedding where
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Fig.4 Management of Monkeypox virus (Mpox)
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animals are housed in farms or laboratories. Similarly, inter-
action with Mpox-infected patients who have been isolated
should be with extreme caution and with proper safety gear.
There should be a physical barrier between Mpox patients
and other patients and visitors. Immunocompromised
patients, who are at a higher risk of Mpox or any other viral
infection, should take extra precautions at all times and
especially during the viral outbreak. To reduce the danger
of transmitting Mpox infections, cleanliness and frequent
hand-washing with soap and water or with an alcohol-based
hand sanitizer should be followed after contact with infected
animals or people. During the research and treatment of
Mpox patients, one should wear personal protective equip-
ment (PPE) and practice bio-safety precautions. Vaccines or
antiviral drugs should be available to handle viral infections
effectively, but unfortunately, no particular medicine or vac-
cinations are available. Hence Mpox patients can only be
offered symptomatic therapy.

The smallpox vaccine provides substantial (85%) protec-
tion against Mpox infection. Persons at high risk of Mpox
infection, such as those researching animal or human Mon-
keypox cases, health care professionals caring for infected
patients, and laboratory workers handling potentially infec-
tious materials, should undergo post-exposure smallpox
vaccination. According to the CDC, immunization should
be sought within four days after initial close contact with
a confirmed Monkeypox case, and vaccination should be
considered up to 14 days after exposure. Vaccinia immune
globulin might be utilized as a preventive for people exposed
but unable to be vaccinated due to low T-cell activity [18].

Several factors, including prior immunization history,
baseline health, immune status, and comorbidity, influence
the prognosis for Monkeypox. Hospitalization may be nec-
essary for those with the hemorrhagic disease, confluent
lesions, sepsis, encephalitis, or other disorders. Immuno-
compromised patients with leukemia, lymphoma, malig-
nancy, solid organ transplantation, therapy with alkylating
agents, antimetabolites, radiation, tumor necrosis factor
inhibitors, high-dose corticosteroids, or a recipient of hemat-
opoietic stem cell or organ transplant have the poor outcome
of Mpox infection [44]. Similarly, pediatric populations, par-
ticularly patients younger than eight years of age, may have
severe infections [23]. The atopic dermatitis patients and
other active exfoliative skin diseases (e.g. eczema, burns,
impetigo, varicella-zoster virus infection, herpes simplex
virus infection, severe acne, severe diaper dermatitis with
extensive areas of denuded skin, psoriasis) can experience
severe disease complications with Mpox. Furthermore,
Mpox infection can be risky in expecting or nursing women
[8]; this would also be a case in persons with one or more
complications, such as a secondary bacterial skin infection,
gastroenteritis with severe nausea/vomiting, diarrhea, dehy-
dration, bronchopneumonia or other comorbidities [41].
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Medical countermeasures available
for the treatment of Monkeypox

There is currently no medication explicitly approved for
Mpox treatment. However, antivirals designed for peo-
ple with Smallpox seem a viable option for Monkeypox.
Adults and children can be treated for Smallpox using the
antiviral drug Tecovirimat. Although there is no data on
Tecovirimat's efficacy in treating human Monkeypox infec-
tions, research on various animal species shows promise
that Tecovirimat is useful in treating diseases caused by
orthopoxviruses. More detailed clinical studies on humans
are warranted to establish that the medication will be safe
and productive. In the absence of particular vaccinations
or antiviral drugs, medicinal plant-based treatment may
be a viable option. Compared to manufactured medicines,
ethnomedicine is gaining popularity because of its safety
and broad-spectrum action. Medicinal herbs are already
effective in treating viral diseases such as Herpes Simplex
Viruses, Dengue Fever, Chikungunya, etc. [24-29, 50,
51]. Various bioinformatics tools assist in more focused
research and help narrow down more precise vaccinations
or antivirals [21].

Vaccinia immune globulin intravenous
(VIGIV)

VIGIV can treat post-vaccination problems such as eczema
vaccinatum, progressive vaccinia, severe vaccinia, vac-
cinia infections in people with skin disorders, and aberrant
infections by the vaccinia virus. So far, no data are avail-
able on the efficacy of VIG in treating Monkeypox virus
infection. A person with a severe Monkeypox infection
may benefit from receiving VIG therapy, although there
is no evidence to support this claim. After pre-clinical
studies on efficacy and safety, medical professionals could
be allowed to use this for an emergency, at least in limited
cases, under strict clinical trial protocols with due per-
mission. As smallpox vaccination after exposure to the
Monkeypox virus is prohibited, VIG can be investigated for
preventive use in exposed individuals with severe impair-
ment in T-cell function.

Antiviral drugs known as Cidofovir are frequently pre-
scribed to people with HIV or CMV infection. Cidofovir
can be administered to Mpox-infected individuals once
detailed in vitro, and animal studies have demonstrated the
efficacy of Cidofovir against orthopoxviruses and mini-
mal toxicity to the host. Although it is unclear if Cido-
fovir therapy will benefit someone with a severe Mpox
infection, it is worth studying that under strict ethical and
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clinical trial guidelines. Brincidofovir is another antiviral
considered safer than Cidofovir in adults, pediatric, and
newborns treated for Smallpox, this can also be tried for
treatment for Mpox in vitro, and animal studies have estab-
lished that it is effective against orthopoxviruses.

Prevention and control

The primary preventive measure for Monkeypox viral infec-
tion is to educate people about the risk factors and ways
to reduce viral exposure. Monkeypox can spread from one
person to another through close physical contact, includ-
ing sexual activities. Some evidence suggests that Monk-
eypox can also spread through sexual transmission routes
(e.g. through semen or vaginal fluids). Direct skin-to-skin
contact with lesions during sexual activities can be one of
the dominant causes of Mpox spread [21]. Health work-
ers, relatives, and household members have a higher risk
of Monkeypox infection as they are in close contact with
patients during caregiving and treatment [42]. Handling and
caring for infected or suspected persons should be done with
extra precautions. If possible, a smallpox-vaccinated person
should take care of the Mpox patient. As Mpox is a zoonotic
virus, the infection can also spread from animal to human,
avoiding contact with animals and their products and hous-
ing. A non-vegetarian should follow extra safety precautions
regarding food consumption and handling. Suspected and
Mpox-infected or contact animals should be isolated and
quarantined promptly [42]. There should be rapid, sensi-
tive, specific, and cost-effective diagnostic approaches for
early and accurate diagnosis of Mpox. For effective manage-
ment, scientists should follow new strategies like therapeutic
agents, and particular vaccines, and target specific antivirals.
Continuous surveillance of Mpox in humans and animals in
the endemic region can act as a milestone and predict the
outbreak [42].

Future perspective

The newly emerging and re-emerging viral infection is a sig-
nificant public health concern of the current times. Crimean
Congo hemorrhagic fever (CCHF), Ebola hemorrhagic fever
(EHF), Lassa hemorrhagic fever, HIV-1, Marburg virus
(MARYV), SARS-CoV, MERS-CoV, Nipah virus (NiV), Zika
virus (ZIKV), Rift Valley fever (RVF), Cat Que Virus infec-
tions, and COVID-19 disease are only a few of them. As an
emerging virus, the Monkeypox virus has spread from Africa
to other regions of the World, including India, and hence is a
growing concern. It can cause infection in humans, domestic
and wild animals, ranging from moderate to life-threatening
consequences. There are limited diagnostic assays for the

Mpox. Virus isolation, electron microscopy, traditional PCR,
and Real-Time PCR can all be used to diagnose it reliably.
There is no specific treatment for Mpox infection.

Without specialized vaccinations or antiviral drugs,
medicinal plant-based treatment offers a viable option.
Ethnomedicine is gaining popularity because of its safer
and more broad-spectrum action. Medicinal herbs can
aid in treating Monkeypox and other viruses by provid-
ing a rapid, sensitive, specific, and cost-effective therapy.
Medicinal herbs are the most abundant sources of antibac-
terial compounds. Plants are a key way to find new medi-
cal compounds that can be used to make new drugs. Plants'
secondary metabolites are also a source of medicines. Alka-
loids, flavonoids, terpenoids, tannins, coumarins, quinones,
carotenoids, and steroids are good sources of therapeutic
agents. Each year, scientists take out several new secondary
metabolites from plants. These provide a source of potential
treatments for cancer, antimicrobial analgesic, etc. proper-
ties. Some of them can be highly used for the treatment of
viral infections. Many medicinal herbs are already utilized
to treat Herpes Simplex Viruses, Dengue Fever, Influenza,
Chikungunya, etc. [24-29, 50, 51]. Many studies demon-
strate that various combinations of ethanolic, methanolic,
and aquatic plant extracts are employed to target the various
viral replication pathways. In the situation of the reappear-
ance of Monkeypox viruses, herbal remedies play a crucial
role. Research reveals that Monkeypox and its associated
viruses are not only effectively treated with plant-based
therapeutics but also they are less toxic and have fewer side
effects [1, 10, 17, 36, 37, 48].

Mpox is a well-known virus. It can potentially be
employed as a bioterrorism agent and is hazardous. As a
result, we should have a variety of antiviral drugs and an
effective Mpox vaccine. There is an urgent need to estab-
lish sophisticated diagnostic tools and therapeutic agents for
Mpox. Focus research efforts are warranted to develop
in vitro and in silico technologies for designing therapeutic
interventions with minimal side effects. Like in other viral
infections, Mpox could be controlled by stringent measures
against its spread, targeted antiviral medication and efficient
vaccinations at war footing levels.

Conclusion

Mpox is an emerging disease that can cause mild to severe
illness in humans across the World. Mpox and the smallpox
virus belong to the same family. It has the potential to be
used as a bioterrorism agent. Mpox outbreaks have been
regularly documented in Central and Western Africa, but
during the year 2022, it has spread to over 105 countries.
There is also a chance of its spread at a larger scale in the
future, which is a global concern. It is hence essential that

@ Springer



202

S.Boora etal.

nations should exchange information about emerging dis-
eases like Mpox through the WHO. Monkeypox can have
serious health consequences; a rapid, sensitive, specific, and
cost-effective diagnosis is required for appropriate manage-
ment. Human and animal surveillance should be done con-
tinuously to predict possible Mpox outbreaks. Except for
the smallpox vaccination, which provides some protection,
there is no particular therapy for Mpox infection. Medicinal
plants are a rich source of secondary metabolites that may
help offer natural and safe treatments without specific vac-
cines or antiviral medications for Mpox.
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