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Abstract

Purpose Modern research is increasingly focusing on the study of new viruses and the re-emergence of past microbes, such
as Coronaviruses, particularly Sars-Cov?2 that was responsible for the very recent pandemic.

Methods and Results This infection manifested itself and still continues to manifest as a severe respiratory syndrome. The
main discriminator of whether or not one succeeds in overcoming this infection may depend on a great many factors, but
the main one is definitely determined by vaccination, which has minimized hospitalizations and more severe syndromes.
Conclusion Recently, a new virus, the monkeypox virus, which was previously confined to Central and West Africa but is
now gradually spreading to more than 30 countries including the United States of America, where such an infection is not

endemic, is coming forward again.
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The Smallpox

Smallpox viruses are a very large group of DNA viruses that
cause infections in both humans and animals. Smallpox origi-
nated with the infection of a subspecies of vertebrates namely
cows, and their immunity was responsible for the discovery
of a vaccine against smallpox in humans, thanks to Edward
Jenner, called the "father of immunization" [1]. Smallpox
and monkeypox are closely related, and even the symptoms,
fever and skin rushes, are strikingly similar. Monkeypox was
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discovered in 1970 in the Democratic Republic of Congo, but
its epidemiology remains "ad horas" unknown. Viruses that
usually infect animals and that are thus confined to their own
world, very often can evolve and adapt to the environment
in a way that allows a "species jump" and thus leading to
infection and transmission among humans. This is what hap-
pened with Sars-Cov-2 and is what is progressively happen-
ing with Monkeypox [2]. This problem is mainly attributable
to the promiscuity that very often occurs between the human
and animal worlds in underdeveloped countries and, in fact,
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before the declaration of some cases of monkeypox in non-
African countries, such as the United States of America, this
infection was endemic only in: Cameroon, Central African
Republic, Democratic Republic of Congo, and Nigeria [3].
Smallpox immunization with the vaccine was also effective
against monkeypox. However, it is strongly discouraged to
carry out such vaccination after 1980 since this infection
shares several clinical and pathological factors with other
microbial infections, such as Varicella Zooster Virus, cowpox,
and many others [4]. The process of total eradication of small-
pox worldwide was initiated in 1958 by the World Health
Assembly received a report on the catastrophic consequences
of smallpox in 63 countries leading then in 1967, under the
tutelage of the World Health Organization to a global cam-
paign that led to the eradication of smallpox finally in 1977.
On May 8, 1980, the World Health Assembly announced to
the entire momdo that smallpox had been eradicated [5, 6].

Monkeypox

The current re-emergence of monkeypox cases may be due both
to a decline in vaccination and to a gene development of the
virus itself that would then be able to implant itself more easily
into the human genome. This should be considered, therefore,
an important cue both to continue gene sequencing of the virus
by keeping it "under control" and to highlight host preferences
and possible hot reservoirs that continue to develop [7].
Monkeypox has a lower incidence of severe forms than
COVID-19, although there are many concerns about the geo-
graphical spread and further resurgence of the infection [8, 9].
Between 2010 and 2019, a few cases were reported in Nigeria
after 40 years of silencing infections. Since 2003, however,
cases of monkeypox have also been reported in countries where
the disease was not endemic. In particular, there are reports
that transmission would have occurred as a result of the impor-
tation of rodents from Ghana into the United States. Studies
show that the probability of animal-to-human transmission
is high [10]. The first cases were probably detected in one of
the following countries, Nigeria, the United States, Singapore.
[11-13], however to date the first epidemic outbreak is still
unclear where it occurred. In the United Kingdom, cases of
hospital transmission and cases that occurred via the family
route have been identified [14]. Epidemiological data show
that infected cases can be carried by travelers [15]. In addition,
the epidemic potential corresponding to RO >1 is evidence of
transmission between humans [16]. The outbreak of a high pro-
portion of monkeypox cases as of May 2022 with non-directed
transmission from endemic countries has raised several issues
referring to how this infection could spread, but especially to
the fact that the line of transmission may have changed in the
meantime. This "mutated" transmission could thus raise serious
health issues, which at the dawn of the end of the Coronavirus
pandemic, is certainly one of the major issues to be addressed.

@ Springer

Even though, compared with COVID-19 pandemic, it is note-
worthy that there are already ready-made vaccines as a weapon
for MPX, which is a substantial advantage [17, 18].

Biology and Physiopathology

Monkeypox virus (MPXV) belongs to the family Poxviridae
[19]. Poxviruses are viruses with a linear double-stranded
DNA (dsDNA) genome composed of about 200 genes. Gener-
ally, for this type of virus. molecular genetics shows that about
half of the genes serve for viral replication, while the remain-
ing half are the so-called accessory genes, which are useful
for the virus to penetrate cells into the host organism [20].

The Poxviridae family consists of several viruses, all
descended from a rodent probably[21], including cowpox
virus (CPXV) camel pox virus (CMLV), and several new
variants emerging and identified in recent years [22, 23].
Immunity acquired by infection or vaccination against a
virus in this family can also protect against infection of
other species. Human monkeypox is typically a zoonosis that
clinically resembles smallpox but a lower mortality rate and
human-to-human transmission and also differs from small-
pox epidemiologically [24, 25].

Biological fluids, respiration, and wound exudate are the
main inducer of virus transmission. In addition, the virus
is highly stable as demonstrated by laboratory studies [26].

Monkeypoxvirus (MPXV), in spite of its name, is wide-
spread in African rodents especially squirrels, which are
now considered the virus' maintenance reservoir [27, 28].
Two strains of MPXV are known today: a more virulent one
that can lead to 10% mortality from the Congo Basin, while
another milder one is found in West Africa [29]. MPXV
can still infect additional animals such as dogs and other
rodents with relatively low doses [30-36]. "Wild" mice are
susceptible to MPXV (CAST/eij strain of mice) and differ
from the more resistant classical mice [37—40].

The CAST mouse/MPXV model may have advantages
for studying correlations of immunity and vaccine efficacy.

Monkeypox is similar to but milder than the now extinct
smallpox. Its manifestation consists of three stages:

1. Incubation: can range from 7 to 14 days, but is generally
around 13 days.

2. Prodromal phase: includes fever and lymphadenopathy

3. Skin rash.

The lymphadenopathy characteristic of the prodromal
phase is the essential element that distinguishes monkeypox
from smallpox and chickenpox.

The rash also deserves a separate characterization: it is
in fact distinguished in turn into several phases. An initial
macular phase in which the papules appear rosaceous, but
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flat and not raised. These papules then become denser,
vesicular and pustular. They then evolve further to become
scabs that will then inevitably fall off. The rash can affect
the face, trunk, and extremities, and sometimes the geni-
tals, and all of these areas are involved at the same level,
so the manifestation occurs simultaneously in all of the
above areas. Extreme care must be taken with papules in
the pustular phase, as they contain active virus that by
direct transmission can infect another individual [41].
Secondary symptomatology may be of serious concern
compared with primary manifestations. This, in fact, can
occur with bronchopneumonia, gastroenteritis, sepsis,
encephalitis, and keratitis [42] (Table I).

Although how monkeypox manages to maintain itself
in the wild is still unknown, in recent decades the research
world has been asking ever more probing questions to pre-
vent this same virus from implanting itself in new hosts out-
side endemic areas. Certainly one of the main reasons why
this monkeypox manages to stay active in the wild is that it
uses different hosts. One of the most concerning alerts is the
implantation of this virus in ground squirrels in regions of
North America, which would then represent one of the most
dangerous outbreaks in the coming years. [43]. The rationale
for why this virus is of concern lies in the fact that it can lurk
in any mammalian cell, and the interval at which it main-
tains itself in the host is variable. Infectivity may depend
on several factors, chief among them the responsiveness of
the host's immune system. An interesting study considered
528 case infections of Monkeypox diagnosed between April
27 and June 24, 2022, in 16 countries. The study showed
that during infection, 95% of people presented with a rash,
73% with anogenital lesions, and 41% with mucosal lesions.
Common systemic features occurring preceding, concur-
rently with, or after the rash included fever (62%), lethargy
(41%), myalgia (31%), and headache (27%) [44].

Replication

Antiviral factor K is a protein that inhibits the multiplica-
tion of the viral genetic material and, consequently, the

Table| Characteristics Stage for Clinical Symptoms Monkeypox Disease

multiplication of the virus, thus causing the infection to stop
or be attenuated. It is targeted by two viral genes E3L and
K3L. It has been found that primate K protein genes have
undergone substantial modifications and are susceptible to
inhibition of the K3L gene [44, 45]. The main modifica-
tion that would have originated is that the viral genome has
evolved small inhibitors of human antiviral K protein. For
these reasons, it is very likely that much more virulent vari-
ants could be generated in humans. In fact, the greatest fear
is that other types of variants of the same virus family could
be generated. Smallpox virus mutates less rapidly than RNA
viruses because the DNA genome has a DNA polymerase
that has a 3'-5' exonuclease correction activity [46]. The
mutation rate of poxviruses could result in up to 2 nucleotide
mutations in the genome per year compared to the dozens
that can occur in an RNA virus [47-49]. Poxviruses there-
fore vary much less even than SARS-CoV-2 [50] however,
it must be said that the smallpox virus genome is large and
flexible and allows for large changes to the structure caus-
ing loss or increase of genes altering viral phenotypes very
rapidly. Generally however, mutants have repeats in their
genome of a viral gene that is often the direct target of the
drug therapy being undertaken [51, 52] and because of this
the virus in order to resist the effect of the drug increases the
production of that affected gene.

Vaccine

It is curious to note that the practice used until 1800 for
immunization in the East against smallpox was that of "vari-
olation," which consisted of subcutaneous implantation of
portions of virus extrapolated from scabs of infected patients.
This practice made it possible to avoid the more severe and
violent forms of smallpox. Later an English physician Jenner
reported a viable alternative. He noticed that the lesions on
the hands of milkers who contracted cowpox were similar
to those produced by variolation. He then verified whether
bovine virus inoculation could avoid the pustules caused by
variolation. This finding produced an important assessment:

Phase Characteristics Stage Duration
Enanthem Lesions form on the tongue and in the mouth (Fever and other prodromal symptoms can occur) 1-2 days
Macules  Macular lesions (Fever and other prodromal symptoms can occur) (Respiratory and rectal symptoms can occur) 1-2 days
Papules  Lesions progress from macular to papular (Fever and other prodromal symptoms) (Respiratory and rectal symptoms 1-2 days
can occur)

Vesicles  Lesions become vesicular (Fever and other prodromal symptoms) (Respiratory and rectal symptoms can occur) 1-2 days
Pustules  Lesions then typically become pustular (Fever and other prodromal symptoms) 5-7 days
Scabs By the end of the second week, pustules have crusted and scabbed over. Scabs will remain for about a week before ~ 7—14 days

beginning to fall off.
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the two viruses, i.e., cowpox and smallpox, are very similar
and coming from the same family (Orthopoxvirus) provide
cross immunity. The efforts therefore led by WHO to eradi-
cate smallpox ended in 1977 when precisely the last case of
smallpox was diagnosed in Somalia. Despite this it should be
noted that the vaccine used by Jenner in the beginning was
different than the one used in the vaccine campaign. Jenner
used cowpox virs (CPXV), while the one used in the vaccine
campaign was live vaccinia smallpox virus (VACV). The
eradication of smallpox was a formidable, but more impor-
tantly encouraging achievement that saved millions of lives
and also allowed for the discontinuation of vaccination since
it was estimated that vaccination protects for an interval of
20 to 30 years [53].

This remained silent until the first decade of the 2000s
when following the Twin Towers terrorist attack, fearing
that it might be the prelude to a bioterrorist attack, the
United States immediately worked to develop both a vac-
cine and a pool of antiviral drugs. Currently, two antiviral
drugs and two smallpox vaccines are on the market and
approved by the FDA that could also have positive efficacy
in treating monkeypox virus. The first new generation vac-
cine was ACAM2000, SIMILAR TO Dryvax because it was
obtained on a cell culture with a clone of Dryvax. Vaccines
such as the latter generate immunity with antibodies and
B cells detected even 60 years later and specific immunity
against human monkeypox virus as high as 85 percent [54].

ACAM?2000 contains replication competent VACV and is
administered by skin scarification. ACAM2000 is contrain-
dicated in pregnancy and in cases of established immunode-
ficiency and appears to have a risk/benefit profile similar to
Dryvax for which the most noted side effect is myopericar-
ditis. The second vaccine synthesized but not yet approved
for human use is MVA-BN. It is produced with the modified
Ankara vaccine strain (MVA). MVA is altered in replication
in most mammalian cells, in part due to the loss of two host
genes. It is administered with a double dose of subcutaneous
injection 4 weeks apart [55]. The safety profile is extremely
encouraging, especially the efficacy shown in studies from
animal trials tested for smallpox virus and monkeypox
virus. In July 2022, the European Medicines Agency's Com-
mittee for Medicinal Products also recommended extending
IMNAVEX use in the European Union, for immunization of
adults against monkeypox [56]. To confirm this efficacy, the
EU will collect data resulting from an observational study
conducted during the monkeypox epidemic.

Antiviral Drugs
Tecovirimat and Brincidofovir are the two drugs to date

approved by the FDA for monkeypox. Tecovirimat acts
on the virus envelope by preventing virion release and
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blocking the activity of the VP37 protein, encoded by a
gene that is present throughout the orthopoxvirus genus
family [57]. Blocking the interaction of VP37 inhibits the
activation of the Rab9 GTPase and TIP47 cells, thus pre-
venting the replication of fully functional cells, capable
of exiting the cell and spreading the virus long distances
passing from cell to cell. In contrast, the second drug is the
propharmaceutical of the antiviral cidofovir [58]. There
is lipid conjugation with cidofovir, which thus allows this
drug to be used at lower concentrations, consequently
reducing its toxicity and still allowing it to have a targeted
action on inhibition of viable DNA replication. Brincido-
fovir is already on the market for the treatment of cyto-
megalovirus. Limited studies of drug use in some cases of
monkeypox have shown that tecovirimat is more effective
than brincidofovir because the latter can develop pharma-
coresistance with mutations in F13L (highly conserved
viral membrane protein) and E9L (DNA polymerase) [59,
60]. On July 13, 2018, tecovirimat has been authorized
for the placing on the American market as the first drug
indicated for the treatment of smallpox, to which the indi-
cation was later extended to also treat MPX. Afterwards,
Tecovirimat has been also authorized for the placing on
the European market on 06 January 2022 [61]. In the
context of the monkeypox outbreak, EU government has
already been facilitating the conduct of large multinational
trials in the EU on the use of the antiviral tecovirimat by
reviewing the trial protocols and liaising with the Clinical
Trial Coordination Group (CTCG) and national regulatory
bodies to coordinate and facilitate the approval of clini-
cal trial applications by national competent authorities.
Recent evidence has shown that several interesting studies
are underway that are identifying new compounds with
antiviral activity against the virus responsible for Monk-
eypox monkeypox. Tyrosine kinase inhibitors of the Src/
Abl family are conceivable as potential inhibitors of viral
release from the cell [62]. The methylene blue derivative,
PAV-866, has shown in vitro antiviral activity against
various Orthopoxviruses. including monkeypox virus by
blocking virus binding, fusion, and entry [63]. In order to
limit as much as possible a new scenario that could harken
back to the recent pandemic from which we may be get-
ting out of, the biology of this virus certainly needs to be
studied in depth to try to assess any genetic changes while
keeping them under control and limiting transmission to
humans as much as possible Fig. 1.

Expert Opinion

Since the beginning of the monkeypox epidemic and until
October 4, 2022, there have been approximately 20,000 con-
firmed cases of monkeypox (MPX) in EU/EEA countries.
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Figure 1 The antiviral effect of Cidofovir and Brincidofovir is the
result of a selective interaction with the viral DNA polymerases. The
mechanism of action of tecovorimat is the viral wrapping inhibition.

Spain, France, and Germany are the European countries that
have reported the largest cases of infection. The Clade II b
variant appears to be responsible for the current epidemic
by giving clinically less severe symptomatology with less
transmissibility and lower mortality. The person's immune
response generates the individual's degree of response to the
disease. However, it appears that vaccines on the market for
smallpox eradication could provide some immunity against
MPX as well. The vaccines approved to date against MPX
are recommended only for certain high-risk persons, and
there is no universal vaccination. Much confusion still exists
about the intradermal or subcutaneous route of administra-
tion in different countries, so the important thing today is to
ensure the right doses to guarantee immunization. However,

the intradermal route, with a lower dose than the subcuta-
neous route has limited data in the literature to date about
its efficacy. In addition, not all countries are aligned on the
population categories recommended for smallpox vaccina-
tion. To date, there is no approved treatment specifically for
Monkeypox infections. However, some antivirals developed
for use in smallpox patients may prove useful against MPX.
These antivirals include: tecovirimat or ST-246 (TPOXX);
brincidofovir (Tembexa); and cidofovir (Vistide). Addition-
ally, intravenous vaccinia immune globulin (VIGIV), which
is licensed for the treatment of complications from small-
pox (vaccinia) vaccination, may be authorized for use to
treat monkeypox and other pox viruses during an outbreak.
Clinical evidence on efficacy against MPX is needed for
antiviral agents; to date there are few results demonstrating
antiviral activity against orthopoxvirus. In addition, no data
are available on the efficacy of VIGIV in the treatment of
monkeypox virus infection. The use of VIGIV has no proven
benefit in the treatment of monkeypox, and it is not known
whether a person with severe monkeypox infection would
benefit from treatment with VIGIV. Cidofovir, brincidofovir
in the treatment of monkeypox cases in people have no sup-
porting clinical evidence, only data of antiviral activity on
orthopoxvirus. Well-organized clinical trials are needed to
generate the right evidence.

Conclusion

The epidemic caused by monkeypox unlike COVID-19 is not
having the same severity and speed of spread, both because
of the different biological characteristics of the virus and the
ready availability of different vaccines and antiviral agents
for smallpox and monkeypox. The rapid initiation of infec-
tion control measures and the use of vaccines and antiviral
agents are important strategies for controlling the monkey-
pox epidemic. To limit as much as possible a new scenario
that could resemble the recent pandemic from which we may
be about to emerge, the biology of this virus certainly needs
to be studied in depth to try to assess any genetic changes
while keeping them under control and limiting transmission
to humans as much as possible. Regardless, the new reality
is that human monkeypox is no longer a rare zoonotic dis-
ease and needs more public health attention.
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