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ABSTRACT

Background: The World Health Organization led a program to eliminate smallpox, which was validated 40
years ago. According to estimates, most nations have stopped vaccinating their citizens against the disease
on a regular basis. Cross immunity has been affected as a result, and a sizable section of the world's
population no longer possesses protection to orthopox viruses that are directly connected to one another,
such monkeypox and smallpox. These data raise the possibility that emerging or re-emerging human would
fill the epidemiological gap left by smallpox, along with occasional instances of human pathogens with many
orthopox viral infections.

Aim of this study: This review focused on the disease caused by the monkeypox virus and its significant
modes of transmission, which has recently reemerged in some nations globally, as well as how to prevent
the disease from spreading.

Conclusion: The monkeypox virus can spread in a variety of methods, all of which need intimate contact
with ill people or infected animals. Small mammals are occasionally able to carry the virus without showing
any symptoms. Monkeys, hedgehogs, rodents, anteaters, prairie dogs, dogs, and squirrels are just a few of
the many animal species that can contract the monkeypox virus. Viral transmission between humans is less
frequent than with infected animals, however, close contact either exposure to respiratory droplet, mouth
contact to mouth or to skin, or skin contact with mucosal skin lesions of an infected person are the methods
of transmission. Good personal hygiene and vaccination is recommended to build immunity against
monkeypox. Further research is needed to clarify the role of host as well as viral components in the
pathogenesis of serious and lethal infection, as well as to gain a better understanding of their risks, genes,
and natural histories. This will enable global healthcare strategists to develop effective protection plans.
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INTRODUCTION

here are still many new and reemerging

diseases caused by viruses, as well as a
large variety of infectious illnesses that can harm
both people and animals. Now, they represent a
significantly bigger hazard to international public
health than they did a century ago. Monkeypox
virus (MPXV), which is currently causing outbreaks
outside of Africa, is genetically related to the
variola virus (smallpox) and is phylogenetically
linked to the West African lineage . Because of
their rapid expansion and ability to produce the
most dreadful and terrible diseases in humans,
viruses are a major cause of infectious disease
death and morbidity worldwide. Many viruses can
also be employed as both bioweapons and mass-
destruction weapons 2. Significant international
attention has been raised by the monkeypox
(MPX) outbreak in 2022 that will affect numerous
nations in both endemic and nonendemic regions.
In particular since scientists have been worried
about the possibility of a monkeypox outbreak for
well over a decade °. As the world commemorates
forty years of smallpox elimination, Nigeria and
other countries have recently had an epidemic of a
serious skin rash illness with monkeypox virus
(MPXV) as the causative agent °. This review
focused on the disease caused by monkeypox
virus and its significant methods of transmission
globally, which has recently reemerged in some
countries around the world, as well as how to
prevent the spread of the disease and other
details.

METHODS

Data from reputable and trustworthy sources,
including the World Health Organization (WHO)
and the Centers for Disease Control and
Prevention (CDC), as well as publications in peer-
reviewed journals, were analyzed. Several
previously published studies from various countries
were gathered and summarized in this review from
the occurrence of monkey pox disease until
November 2022. For pertinent information, reports
from global and national scientific and
governmental organizations were gathered. The
search was then modified to look for other
pertinent articles on Scopus. All observational and
intervention  studies including people who
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displayed MPX were included, along with both
systematic and nonsystematic reviews were also
included. Studies that provided data on the number
of affected individuals in each nation were
eliminated.

Background Information and Taxonomy
The term "monkeypox" originated when the virus
was discovered in monkeys for the first time in
Copenhagen, Denmark, 1958 *. The first individual
instances of this uncommon viral zoonosis were
discovered in a youngsters gategory from the
Republic of the Congo in Africa in 1970 °. With a
rash resembling smallpox but being clinically less
severe, monkeypox is the most common in the
west and central African tropical rainforest areas .
In the past, the smallpox vaccine has been proven
to offer cross-protection towards MPX
Vaccination against smallpox was halted after the
World Health Organization (WHO) declared the
disease eradicated around 1980. So it is currently
thought that over 70% of people worldwide no
longer have immunity to the disease
International travels or importing animals have
been connected to MPX infections found in nations
outside of Africa (such as Europe and North
America). Scientists were disturbed by the virus'
abrupt and unanticipated development in many
populations throughout the world in non-endemic
regions. The WHO issued a Public Health
Emergency of International Concern (PHEIC)
regarding the spreading monkeypox outbreak on
July 2022 8.

Poxviruses have an enclosed, brick-like shape
and are big (200-250 nm) dsDNA viruses °. A
double DNA virus known as the human MPXYV is a
member of the Poxviridae family, the
Chordopoxvirnae subfamily and the Orthopoxvirus
genus >°. It was divided into two clades: the West
African variation, with an estimated case fatality
ratio (CFR) of less than 4% and a higher frequency
in HIV patients, and the Congo Basin gCentraI
African) form, with a CFR of 10% °. Both
aforementioned virus clades were just found in
Cameroon. In the European / North American 2022
outbreaks, a third strain believed to be related to
Branch 2 was found ®%. As a result of the
enormous number of infections reported in
previous and present outbreaks in the Congolese
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Democratic Republic, more instances of the central
African clades have been recorded overall than
those associated to the West African clades *°. The
West African clades patients in non-endemic
countries have been isolated as a result of the
multi-country outbreaks in May 2022 *°.

Transmissions Pathways and Pathogenesis
The MPXV can spread in a variety of methods, all
of which need intimate contact with ill people or
animals, as listed below:

1.Transfers from Animals to Humans:

Human viral infections have been linked to animal
interaction, although it can be challenging to
determine the exact exposure of an infected
human in regions where contact with animals is
frequent. Small mammals are occasionally able to
carry the virus without showing any symptoms, but
non-human primates can contract monkeypox and
have symptoms similar to those seen in humans .
Monkeys, hedgehogs, rodents, anteaters, prairie
dogs, dogs, shrews, and squirrels are just a few of
the many animal species that can contract the
monkeypox virus. Bunge et al ** listed the factors
associated with monkeypox infection which
includes the putative ways of transmission. Close
contact with or exposure to potential pathogens
present mainly in the body secretions of diseased
animals including feces, saliva, pulmonary
excretions (typically include inhaling droplets after
long exposure to infected body), communicate
directly with fluids secreted from dermatological or
gastrointestinal lesions *2. In areas where
resources like food are scarce, households are
compelled to kill and cook small mammals, which
increase their likelihood of getting MPX .

2.Transfers from Humans to Humans:

It is less frequent than animals-to-humans
transmission, however, close contact either
exposure to respiratory droplet, mouth contact to
mouth or to skin, or skin contact with mucosal skin
lesions of an infected person are the main
methods of transmission. All these ways lead to
the transfer of droplets or body exudate secreted
from an infected patient to other person or contact
with contaminating things or surfaces ™. Using
dishes that have been used by an infected
individual or sharing a home is two instances of
contaminated objects or surfaces that are
considered to enhance the likelihood of outbreaks
among family members 3 Air transmission may
occur for unknown reasons, and research is being
done to find out more °. Also, it has been found
that guys who have sex with other males are more
likely to become ill; this was learned during the
current recent monkeypox outbreak *°. While the
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WHO is unsure if monkeypox may be transmitted
sexually, it is known that it can be transferred by
close contact ***".

The virus is transmitted either from individual to
individual or from animals to peoples, this leads to
the etiology and pathophysiology of monkeypox.
The stages of disease development go through
two stages, the first of which is called the
incubation stage and is marked by the absence of
symptoms and contagiousness in the patient, It
can continue up to 21 days but is typically 7 to 14
days long. The second stage is referred to as the
prodromal stage when disease symptoms such as
mucocutaneous infections, lymphadenitis, or even
other  non-specified abnormalities  become
apparent in infected individuals and the individual
in this staqe is considered to be the most
contagious 8 Starting with exposure to the
patient's nasopharyngeal or bronchial mucosal, the
MPXV distributes similarly to smallpox. In the event
of  transmission between individuals, the
pulmonary and nasopharyngeal mucosal serve as
the injection site where the MPXV replicates after
getting into the body. Following viral replication, the
first viremia causes the viral burden to migrate to
the nearby lymph nodes. Via the bloodstream, the
second viremia's viral load spreads to faraway
lymph nodes and tissues '°. Secondary viremia,
which affects the skin and tertiary organs including
the respiratory system, digestive system, etc.,
develops from the lymphoid organs during the
prodromal stage.

Monkeypox Multicounty Outbreak 2022

Several countries are endemic for monkeypox
especially in Central and West Africa, including
Cameroon, Cote d'lvoire, Central African Republic,
Gabon, Liberia, Nigeria, Congo, Democratic
Republic of the Congo (DRC), and Sierra Leone.
The majority of cases appears sporadic or takes
place in the midst of small-scale outbreaks ***°.
Cases even outside the endemic regions are
frequently related to the foreign travels or the
importing animals infected with the MPX virus. A
significant rise has been noticed in monkeypox
outbreaks in comparison to the preceding three
decades. The DRC has experienced the most
outbreaks, with Central African Republic and
Nigeria coming in second and third place,
respectively '*. A number of injuries were recorded
in Republic of the Congo, South Sudan, Cameron,
Liberia, United Kingdom, United State, Sierra
Leone, Israel, Singapore etc. 1 According to the
WHO study "2022 Monkeypox Outbreak:
Worldwide Trends," the total number of new MPX
reported cases worldwide is declining 2021,
However, the number of recorded incidents
climbed slightly (2.4%), from week 43 (24-30
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October 2022)to week 44 (31 oct. 2022 to 6
Nov. 2022) *°.

Clinical Manifestations and Consequences

Monkeypox has a wide range of signs and
symptoms. While some people have milder
symptoms, others may have more serious illnesses
that call for in-facility care . Individuals with
weakened immune systems, pregnant women, and
children are often at a greater risk *°. The
incubation period of MPX is usually seven to
fourteen days, although it may vary. Serum
antibodies can be detected during the second
week after exposure *°. Monkeypox virus infection
begins with initial manifestations such as increase
body temperature, shiver, headache, muscle
aches, backaches, and exhaustion, followed by the
development of lesions from oropharyngeal origins
throughout the body. After the commencement of
fever, the infected person often develops a
dermatitis that extends to other areas on their
body. The skin sores can range from a single sore
to numerous ones. Initially, the skin sores are flat,
but they later fill with fluid, crust over, dry up, and
eventuallg/ fall away, revealing a fresh skin layer
beneath .

During the prodromal stage, an individual may
experience lymphadenitis, muscle aches, and
other immune system-stimulating symptoms. As
these symptoms are non-specific, an infected
person may mistake them for those of a common
cold or flu. However, as the immune system is
activated, fever sets in, and lymph nodes in the
cervical, maxillary, and inguinal regions become
enlarged *®*°. The death rate varies from one to
ten percent depending on the clade of the virus’
strain causing the infection and the accessibility of
contemporary healthcare 2 One to three days
following the commencement of the elevated body
temperature and lymphadenopathy, rashes would
frequently begin to manifest. The fever frequently
subsides the next day, or even up to three days
after the rash first emerges % The rash began on
the face and quickly moved across the body 2,
The symptoms in chickenpox are superficial rather
than deep and occur in groups of virions (up to 10
in each cluster) of the same stage, with less
intense manifestations on the face and upper and
lower limbs than on the abdomen and the rest of
the body **%'.

Significant skin disruption caused by the skin
lesions raises concerns about bacteria severe
infection, which has been reported in 19% of
monkeypox individuals who have not gotten the
vaccine %%, The rash seen in those who have
been infected has a highly specific presentation,
including bacteremia, dehydration, encephalitis,
ocular inflammation, cellulitis, persistent scarring,
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respiratory distress, inflammation of lungs and
bronchioles, sepsis, and septic shock. The
protective barriers of the mucosal and skin
surfaces could be compromised, a severe focal
inflammation would be elicited in the lymphatics,
and lung congestion could result from monkeypox
2% Exfoliation can be crucial in cases of substantial
rash burden, exposing patients to dehydration and
protein losses. The willingness and/or capacity of a
patient to take nourishment and drink water may
be reduced by severe illness and
bronchopneumonia. Severe clinical symptoms of
sickness can also be influenced by co-infections
(like malaria, HIV, varicella) as well as
comorbidities (such as malnourishment). An
optimum treatment strategy for low-resource
settings should consider the likelihood of each of
these outcomes for a given patient .

Laboratory Diagnosis

The non-specific nature of monkeypox symptoms
necessitates consideration of a broad range of
differential  diagnosis, such as molluscum
contagiosum, chickenpox, scabies, syphilis,
rickettsia infections, bacterial skin infections,
measles, anthrax, and other non-infectious causes
of rash. Monkeypox can be differentiated and
distinguished clinically from chickenpox and
smallpox by the existence of enlarged lymph nodes
(lymphadenopathy), especially in the submental,
cervical, inguinal, and submandibular nodes 4 The
best clinical specimens for laboratory testing are
those obtained from skin infections, such as pus or
scabs. A nasopharyngeal or oropharyngeal swab
should be used to collect viral cultures. Biopsies
obtained from skin rash or from the top of an intact
lesion are useful for diagnosis 42, Serologic tests
require samples from both acute and chronic
patients. Immunoglobulin M or G specific for the
monkeypox virus should be detected after 5 or 8
days of presentation, respectively. In the lacking of
confirming the diagnosis, it can be confirmed using
serological techniques including ELISA,
polymerase chain reaction (PCR), electron
microscopy (EM), and morphological and clinical
illness presentation. However, the specificity of
identification depend solely on clinical examination
is limited *>*",
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Therapy and Vaccination

In most cases, symptoms wil go away by
themselves or with effective care, such as fever-
relieving drugs. However, depending on how well a
person's immune system responds to the illness,
an infection in some people might cause serious
health issues or even death. At present, there is no
evidence-base medication for MPX infections;
simply a symptomatic medication and supportive
therapy are the primary options for patient
management %2 Another point to mention is the
possibility of adopting countermeasures tested in
clinical trials of smallpox in the developed countries
to the management of MPX in Africa. Despite there
are currently no anti-virus medications against
virus available used to treat MPX, there are two
experimental chemical substances (ST-246®,
SIGA Technologies, Inc., New York, NY, USA; and
CMX-001®, Chimerix, Inc., Durham, NC, USA)
taken orally that have just demonstrated promise in
combating orthopoxvirus illnesses ***. Both drugs
can be administered orally and have successfully
completed phase 2 human effectiveness trials.
None, however, has been put to the test in a
carefully managed clinical study as a therapy for
human monkeypox. In such trials, enormous
resources would be needed to make sure that sick
people were well controlled and able to give Prior
approval *°.

Several antiviral drugs that may be act as anti-
MPXV were currently available. Tecovirimat
inhibits p37, a conserved protein throughout all
orthopoxviruses, which blocks the formation of viral
membrane. Tecovirimat was granted FDA
agreement in 2018 for smallpox management 8,
The CDC has an EA — IND( Enhanced Access -
Investigational New Drug) protocol which allows
tecovirimat to be used in MPXV infections (non-
variola orthopoxviruses). Cidofovir, DNA
polymerase inhibitor, indicate therapeutic benefits
against orthopoxvirus types. Because cidofovir
induces kidney damage, a modified variant of this
drug-CMX-001, an oral medication that functions
by blocking DNA polymerase-is in the early stages
of research *. Brincidofovir (BCV, CMX001) is a
pro-drug of cidofovir has a broad spectrum long-
acting oral antiviral medication (e.g. against
cytomegalovirus retinitis in patient with AIDS), it
has demonstrated an in vitro efficacy against
smallpox (variola) virus, and is being developed as
a smallpox management according to the US
FDA's 'Animal Rule’ ****. Brincidofovir, which the
FDA approved as a therapeutic treatment of
smallpox in 2021, may be safer than cidofovir
because it has not been linked to serious renal
toxicity or other significant side effects when used
to treat CMV infections, though there is limited
clinical evidence to support this **. ST-246,
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another orally administered medication, blocks the
release of internal viruses and has demonstrated
promising efficacy against variola
(orthopoxviruses) virus. It has also been used to
treat the MPXV in non-human primates and small
vertibrates with success *.

A person is infectious up to the point at which all
of the wounds have crusted over, all of their dead
skin has peeled off, and a new skin layer has
grown over everything %2 Whether this mode of
transmission plays a significant role in the
epidemic's continuous expansion is currently being
investigated by experts. The vast majority of MPX
cases were seen in youngsters under ten years
and individuals with no previous vaccination mark
had a considerably greater assault rate (7.2%5)
than those with a vaccination mark. (0.9%) *,
Because the vaccination provides cross-protection
against the monkeypox virus, the rate of fatal
cases in people who were not inoculated against
smallpox is 11% % The lifetime of smallpox
immunization is uncertain, however it is expected
to even provide up to 85% cross-protection from
MPX ¥,

Some health  professionals believe the
reemergence of MPX is partly due to the
discontinuation of regular MPX immunization
following illness was declared eliminated in 1980
% In the United States, two licensed vaccines
available for the protection against smallpox have
been approved by the FDA: JYNNEOS® (Imvanex®
in Europe and Imvamune® in Canada) and
ACAM2000® (Acambis, Inc.) , both contain a live
virus, while the first one has replication
incompetent vaccinia virus in comparison to other
that has replication competent vaccinia virus 23*%.
They could provide protective immune responses
to monkeypox. The WHO declared the global
elimination of smallpox as a result of widespread
immunization programs; such two vaccines are
given for individuals who were high-risk of
infection, rather than universal vaccination. It is
recommended that people who are occupationally
exposed to orthopoxviruses, such as researchers,
should receive vaccinations as pre-exposure
prophylaxis. Close contacts of infected Patients
can also receive a post-exposure vaccine **.

Control and Prevention

To prevent human contraction of monkeypox, the

following measures can be taken 404t

1.To avoid the propagation of virus through
droplets, it is recommended that close contact
with infected individuals be avoided. Touching
the skin of people with monkeypox-like
symptoms such as rash, blisters, or scabs
should be refrained from, and it is also
recommended that kissing, embracing, cuddling,
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or engaging in sexual activity with monkeypox
sufferers be avoided.

2.After handling anything that might be infectious,
it is advised to practice good personal hygiene
and clean hands immediately.

3.Things touched by a person infected with MPX,
such as drinking or eating utensils, bedding,
towels, or clothing, should be avoided.

4.Vaccination is recommended to build immunity
against monkeypox.

5.Infected animals, especially in endemic areas,
such as rodents, primates, and monkeys, which
are usually the species that can transmit the
monkeypox virus, should be avoided.

6.In endemic areas, maintaining potent airways

also contributes to avoiding respiratory
infections, atelectasis, and pulmonary
compromise.
CONCLUSION

Monkeypox virus infection is associated with
significant skin degeneration. The majority of
people didn't involve hospitalization as a result.
Like other  viral diseases, the common
manifestation of monkeypox is a progressive onset
of fever, while Ilymphadenopathy is a key
differentiating feature. Isolation precautions should
be initiated by clinicians and lab confirmation
should be obtained if patients report recent travel
to regions where the new virus is still spreading or
touch with a confirmed MPX case. Further
research is needed to clarify the role of both host
and virus components in the pathogenicity of
serious and life-threatening illness, as well as to
gain a better understanding of their risks, genes,
and natural histories. This will enable health care
strategists to develop successful preventive
measures.

ACKNOWLEDGMENT

This research was made possible thanks to
support from College of Pharmacy/University of
Mosul for providing the resources necessary to
complete this work.

Observance of Ethical Principles

Not relevant. There are no studies by any of the
authors in this article that used animals. There are
no studies by any of the authors in this article that
used human subjects.

Competing Interests

This study's authors confirm the absence of
conflicts of interest.

Ann Coll Med Mosul June 2023 Vol. 45 No.1

Maimonah Qasim Yahya

REFERENCES

1.Hung YP, Lee CC, Lee JC, Chiu CW, Hsueh PR,
Ko WC. A brief on new waves of monkeypox and
vaccines and antiviral drugs for monkeypox. J
Microbiol Immunol Infect. 2022;55(5):795-802.
D0i:10.1016/j.jmii.2022.08.016. Epub 2022 Sep
6. PMID: 36115792; PMCID: PMC9521168.

2.Kabuga Al, ElI Zowalaty ME. A review of the
monkeypox virus and a recent outbreak of skin
rash disease in Nigeria. Journal of Medical
Virology. 2019;91(4):533-40.
doi.org/10.1002/jmv.25348.

3.Simpson K, Heymann D, Brown CS, Edmunds
WJ, Elsgaard J, Fine P, Hochrein H, Hoff NA,
Green A, lhekweazu C, Jones TC. Human
monkeypox—After 40 years, an unintended
consequence of smallpox eradication. Vaccine.
2020;38(33):5077-81.
doi.org/10.1016/j.vaccine.2020.04.062

4.Petersen, E.; Kantele, A.; Koopmans, M.
Asogun, D.; Yinka-Ogunleye, A.; Inekweazu, C.;
Zumla, A. Human Monkeypox: Epidemiologic
and Clinical Characteristics, Diagnosis, and
Prevention. Infect. Dis. Clin. 2019;33:1027—
1043. doi.org/10.1016/j.idc.2019.03.001

5.0goina, D.; lzibewule, J.H.; Ogunleye, A.;
Ederiane, E.; Anebonam, U.; Neni, A.; Oyeyemi,
A.; Etebu, E.N.; Ihekweazu, C. The 2017 human
monkeypox outbreak in Nigeria-Report of
outbreak experience and response in the Niger
Delta University Teaching Hospital, Bayelsa
State, Nigeria. PLoS ONE 2019;14:€0214229.
DOI: 10.1371/journal.pone.0214229

6.Reynolds MG, Carroll DS, Karem KL. Factors
affecting the likelihood of monkeypox's
emergence and spread in the post-smallpox era.
Current Opinion in Virology. 2012;2(3):335-43.
doi.org/10.1016/j.coviro.2012.02.004

7.Di Gennaro F, Veronese N, Marotta C, Shin JI,
Koyanagi A, Silenzi A, Antunes M, Saracino A,
Bavaro DF, Soysal P, Segala FV. Human
Monkeypox: A Comprehensive Narrative Review
and Analysis of the Public Health Implications.
Microorganisms. 2022;10(8):1633.
doi.org/10.3390/microorganisms10081633

8.World Health Organization (2022) Multi-country
monkeypox outbreak: situation update.

9.Reddy KR. Is Smallpox Dead?(The Story of
Highly Contagious and Most Feared Disease).
Journal of Gandaki Medical College-Nepal.
2018;11(1). doi.org/10.3126/jgmcn.v11i1.20784

10. Raut A1, Kasarla RR. Resurgence of
Monkeypox Virus Disease in Humans: A Review.
Virol  Immunol J.  2022;6(2):1-6. DOIL:
10.23880/vij-16000293

11. Titanji BK, Tegomoh B, Nematollahi S,
Konomos M, Kulkarni PA. Monkeypox: A
Contemporary Review for Healthcare

103


https://www.sciencedirect.com/science/article/pii/S1684118222001451
https://pubmed.ncbi.nlm.nih.gov/36115792/
https://pubmed.ncbi.nlm.nih.gov/36115792/
https://onlinelibrary.wiley.com/doi/full/10.1002/jmv.25348
https://www.sciencedirect.com/science/article/pii/S0264410X2030579X
https://www.sciencedirect.com/science/article/pii/S0891552019300170?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/30995249/
https://www.sciencedirect.com/science/article/pii/S1879625712000314
https://www.mdpi.com/2076-2607/10/8/1633
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/media-resources/science-in-5/monkeypox-who-is-at-risk?gclid=CjwKCAjw79iaBhAJEiwAPYwoCO7XKlbrim6uQNpipUQNXEkle3379_K85CkUWn4BMzdRwXRUsrDOEhoC-M8QAvD_BwE
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/media-resources/science-in-5/monkeypox-who-is-at-risk?gclid=CjwKCAjw79iaBhAJEiwAPYwoCO7XKlbrim6uQNpipUQNXEkle3379_K85CkUWn4BMzdRwXRUsrDOEhoC-M8QAvD_BwE
https://www.nepjol.info/index.php/JGMCN/article/view/20784

Maimonah Qasim Yahya

Professionals. Open Forum Infect Dis.
2022;9(7):ofac31*-0. doi: 10.1093/ofid/ofac310.
PMID: 35891689; PMCID: PMC9307103.

12. Bunge EM, Hoet B, Chen L, Lienert F,
Weidenthaler H, Baer LR, Steffen R. The
changing epidemiology of human monkeypox—A
potential threat? A systematic review. PL0S
neglected tropical diseases.
2022;16(2):e0010141.
Doi:10.1371/journal.pntd.0010141

13. Kaler J, Hussain A, Flores G, Kheiri S,
Desrosiers D. Monkeypox: a comprehensive
review of transmission, pathogenesis, and
manifestation. Cureus. 2022;14(7).
doi:10.7759/cureus.26531

14. Doty JB, Malekani JM, Kalemba LN, Stanley
WT, Monroe BP, Nakazawa YU, Mauldin MR,
Bakambana TL, Liyandja Dja Liyandja T, Braden
ZH, Wallace RM, Malekani DV, McCollum AM,
Gallardo-Romero N, Kondas A, Peterson AT,
Osorio JE, Rocke TE, Karem KL, Emerson GL,
Carroll DS. Assessing Monkeypox Virus
Prevalence in Small Mammals at the Human-
Animal Interface in the Democratic Republic of
the Congo. Viruses. 2017;9(10):283. doi:
10.3390/v9100283. PMID: 28972544; PMCID:
PMC5691634.

15. Kugelman JR, Johnston SC, Mulembakani PM,
Kisalu N, Lee MS, Koroleva G, McCarthy SE,
Gestole MC, Wolfe ND, Fair JN, Schneider BS.
Genomic variability of monkeypox virus among
humans, Democratic Republic of the Congo.
Emerging infectious diseases. 2014;20(2):232.
doi: 10.3201/eid2002.130118

16. Okyay RA, Bayrak E, Kaya E, Sahin AR,
Kogyigit BF, Tasdogan AM, Avci A, Simbiul HE.
Another Epidemic in the Shadow of Covid 19
Pandemic: A Review of Monkeypox. proteins.
2022;7:10. DOI: 10.14744/ejm0.2022.2022

17. Caldeira MB, Fernandes C. Cutaneous
Lesions From Monkeypox Infection. Sexually
Transmitted Diseases. 2022;49(9):595. doi:
10.1097/0L0Q.0000000000001674

18. Alakunle E, Moens U, Nchinda G, Okeke MI.
Monkeypox virus in Nigeria: infection biology,
epidemiology, and evolution. Viruses.
2020;12(11):1257. D0i:10.3390/v12111257

19. Kumar N, Acharya A, Gendelman HE,
Byrareddy SN. The 2022 outbreak and the
pathobiology of the monkeypox virus. Journal of
Autoimmunity. 2022:102855.
doi.org/10.1016/j.jaut.2022.102855

20. Monkeypox situation update, as of 8
November 2022.

21. Isidro J, Borges V, Pinto M, Sobral D, Santos
JD, Nunes A, Mixao V, Ferreira R, Santos D,
Duarte S, Vieira L, Borrego MJ, Ndncio S, de
Carvalho IL, Pelerito A, Cordeiro R, Gomes JP.

104

The Global Resurgence of Monkeypox ..

Phylogenomic characterization and signs of
microevolution in the 2022 multi-country
outbreak of monkeypox virus. Nat Med.
2022;28(8):1569-1572. doi:  10.1038/s41591-
022-01907-y. Epub 2022 Jun 24. Erratum in: Nat
Med. 2022 Oct;28(10):2220-2221. PMID:
35750157; PMCID: PMC9388373.

22. Torres HM, Ellsworth G, Zucker J, Glesby MJ.
Approaching monkeypox: a guide for clinicians.
Top Antivir Med. 2022;30(4):575-581. PMID:
36375131; PMCID: PMC9681140.

23. Dashraath P, Nielsen-Saines K, Rimoin A,
Mattar CNZ, Panchaud A, Baud D. Monkeypox
in pregnancy: virology, clinical presentation, and
obstetric management. Am J Obstet Gynecol.
2022;227(6):849-861.e7.doi:
10.1016/j.aj0g.2022.08.017. PMID: 35985514;
PMCID: PMC9534101.

24. Adalja A, Inglesby T. A novel international
monkeypox outbreak. Annals of Internal
Medicine. 2022. D0i:10.7326/M22-1581

25. Sklenovska N, Van Ranst M. Emergence of
monkeypox as the most important orthopoxvirus
infection in humans. Frontiers in public health.
2018;6:241. D0i:10.3389/fpubh.2018.00241

26. Osadebe L, Hughes CM, Shongo Lushima R,
Kabamba J, Nguete B, Malekani J, Pukuta E,
Karhemere S, Muyembe Tamfum JJ, Wemakoy
Okitolonda E, Reynolds MG, McCollum AM.
Enhancing case definitions for surveillance of
human monkeypox in the Democratic Republic
of  Congo. PLoS Negl Trop Dis.
2017;11(9):e0005857. doi:
10.1371/journal.pntd.0005857. PMID: 28892474;
PMCID: PMC5593177.

27. Erez N, Achdout H, Milrot E, Schwartz Y,
Wiener-Well Y, Paran N, Politi B, Tamir H,
Israely T, Weiss S, Beth-Din A, Shifman O,
Israeli O, Yitzhaki S, Shapira SC, Melamed S,
Schwartz E. Diagnosis of Imported Monkeypox,
Israel, 2018. Emerg Infect Dis. 2019;25(5):980-
983. D0i:10.3201/eid2505.190076. Epub 2019
May 17. PMID: 30848724, PMCID:
PMC6478227.

28. McCollum AM, Damon IK. Human monkeypox.
Clinical infectious diseases. 2014;58(2):260-7.
D0i:10.1093/cid/ciu196

29. Nipp RD, Kelley MJ, Williams CD, Kamal AH.
Evolution of the Quality Oncology Practice
Initiative supportive care quality measures
portfolio and conformance at a Veterans Affairs
medical center. J Oncol Pract. 2013;9(3):e86-9.
doi: 10.1200/JOP.2013.000923. PMID:
23942507; PMCID: PMC3651577.

30. Reynolds MG, McCollum AM, Nguete B,
Shongo Lushima R, Petersen BW. Improving the
Care and Treatment of Monkeypox Patients in
Low-Resource Settings: Applying Evidence from

Ann Coll Med Mosul June 2023 Vol. 45 No.1


https://academic.oup.com/ofid/article-abstract/9/7/ofac310/6615388
https://pubmed.ncbi.nlm.nih.gov/35891689/
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0010141
https://www.cureus.com/articles/100707
https://www.mdpi.com/227974
https://www.mdpi.com/227974
https://pubmed.ncbi.nlm.nih.gov/28972544/
https://pubmed.ncbi.nlm.nih.gov/28972544/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3901482/
https://ejmo.org/10.14744/ejmo.2022.2022/
https://journals.lww.com/stdjournal/Fulltext/2022/09000/Cutaneous_Lesions_From_Monkeypox_Infection.1.aspx
https://journals.lww.com/stdjournal/Fulltext/2022/09000/Cutaneous_Lesions_From_Monkeypox_Infection.1.aspx
https://www.mdpi.com/1999-4915/12/11/1257
https://www.sciencedirect.com/science/article/pii/S0896841122000634
https://www.ecdc.europa.eu/en/news-events/monkeypox-situation-update
https://www.ecdc.europa.eu/en/news-events/monkeypox-situation-update
https://www.nature.com/articles/s41591-022-01907-y
https://www.nature.com/articles/s41591-022-01907-y
https://pubmed.ncbi.nlm.nih.gov/35750157/
https://pubmed.ncbi.nlm.nih.gov/35750157/
https://pubmed.ncbi.nlm.nih.gov/36375131/
https://pubmed.ncbi.nlm.nih.gov/36375131/
https://www.sciencedirect.com/science/article/pii/S0002937822006512
https://www.sciencedirect.com/science/article/pii/S0002937822006512
https://pubmed.ncbi.nlm.nih.gov/35985514/
https://pubmed.ncbi.nlm.nih.gov/35985514/
https://www.acpjournals.org/doi/full/10.7326/M22-1581
https://www.frontiersin.org/articles/10.3389/fpubh.2018.00241/full
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0005857
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0005857
https://pubmed.ncbi.nlm.nih.gov/28892474/
https://pubmed.ncbi.nlm.nih.gov/28892474/
https://wwwnc.cdc.gov/eid/article/25/5/19-0076_article
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6478227/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6478227/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6478227/
https://academic.oup.com/cid/article/58/2/260/335791
https://pubmed.ncbi.nlm.nih.gov/23942507/
https://pubmed.ncbi.nlm.nih.gov/23942507/

The Global Resurgence of Monkeypox ..

Contemporary  Biomedical and  Smallpox
Biodefense Research. Viruses. 2017;9(12):380.
D0i:10.3390/v9120380. PMID: 29231870;
PMCID: PMC5744154.

31. Soheili M, Nasseri S, Afraie M, Khateri S,
Moradi Y, Mahdavi Mortazavi SM, Gilzad-Kohan
H. Monkeypox: Virology, Pathophysiology,
Clinical Characteristics, Epidemiology, Vaccines,
Diagnosis, and Treatments. J Pharm Pharm Sci.
2022;25:297-322. D0i:10.18433/jpps33138.
PMID: 36130588.

32. Adnan N, Hag ZU, Malik A, Mehmood A, Ishaq
U, Faraz M, Malik J, Mehmoodi A. Human
monkeypox virus: An updated review. Medicine
(Baltimore). 2022;101(35):e30406.
D0i:10.1097/MD.0000000000030406. PMID:
36107544; PMCID: PMC9439836.

33. Chittick G, Morrison M, Brundage T, Nichols
WG. Short-term clinical safety profile of
brincidofovir: A favorable benefit-risk proposition
in the treatment of smallpox. Antiviral Res.
2017;143:269-277.
Do0i:10.1016/j.antiviral.2017.01.009. Epub 2017
Jan 14. PMID: 28093339.

34. Guarner J, Del Rio C, Malani PN. Monkeypox
in 2022-What Clinicians Need to Know. JAMA.
2022;328(2):139-140.
Do0i:10.1001/jama.2022.10802. PMID: 35696257.

35. Shchelkunov SN, Totmenin AV, Safronov PF,
Mikheev MV, Gutorov VV, Ryazankina Ol,
Petrov. NA, Babkin 1V, Uvarova EA,
Sandakhchiev LS, Sisler JR, Esposito JJ,
Damon IK, Jahrling PB, Moss B. Analysis of the
monkeypox virus genome. Virology.
2002;297(2):172-94.
D0i:10.1006/viro.2002.1446. PMID: 12083817;
PMCID: PMC9534300.

36. Huhn GD, Bauer AM, Yorita K, Graham MB,
Sejvar J, Likos A, Damon IK, Reynolds MG,
Kuehnert MJ. Clinical characteristics of human
monkeypox, and risk factors for severe disease.
Clin Infect Dis. 2005;41(12):1742-51.
Do0i:10.1086/498115. PMID: 16288398.

37. Centers for Disease Control and Prevention.
Monkeypox and smallpox vaccine guidance.
Accessed June 9, 2022.
https://www.cdc.gov/poxvirus/monkeypox/clinicia
ns/smallpox-vaccine.html

38. Rimoin AW, Mulembakani PM, Johnston SC,
Lloyd Smith JO, Kisalu NK, Kinkela TL,
Blumberg S, Thomassen HA, Pike BL, Fair JN,
Wolfe ND, Shongo RL, Graham BS, Formenty P,
Okitolonda E, Hensley LE, Meyer H, Wright LL,
Muyembe JJ. Major increase in human
monkeypox incidence 30 years after smallpox
vaccination campaigns cease in the Democratic
Republic of Congo. Proc Natl Acad Sci U S A.
2010;107(37):16262-7.

Ann Coll Med Mosul June 2023 Vol. 45 No.1

Maimonah Qasim Yahya

D0i:10.1073/pnas.1005769107. Epub 2010 Aug
30. PMID: 20805472; PMCID: PMC2941342.

39. Rizk JG, Lippi G, Henry BM, Forthal DN, Rizk
Y. Prevention and Treatment of Monkeypox.
Drugs. 2022;82(9):957-963. doi:
10.1007/s40265-022-01742-y. Epub 2022 Jun
28. Erratum in: Drugs. 2022 Aug;82(12):1343.
PMID: 35763248; PMCID: PMC9244487.

40. Diaz JH. The Disease Ecology, Epidemiology,
Clinical Manifestations, Management,
Prevention, and Control of Increasing Human
Infections  with  Animal  Orthopoxviruses.
Wilderness Environ Med. 2021;32(4):528-536.
doi: 10.1016/j.wem.2021.08.003. Epub 2021 Sep
22. PMID: 34563454; PMCID: PMC9628996.

41. Hasan S, Saeed S. Monkeypox Disease: An
Emerging Public Health Concern in the Shadow
of COVID-19 Pandemic: An Update. Trop Med
Infect Dis. 2022;7(10):283. doi:
10.3390/tropicalmed7100283. PMID: 36288024;
PMCID: PMC9607171.

105


https://www.mdpi.com/1999-4915/9/12/380
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5744154/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5744154/
https://journals.library.ualberta.ca/jpps/index.php/JPPS/article/view/33138
https://pubmed.ncbi.nlm.nih.gov/36130588/
https://journals.lww.com/md-journal/Fulltext/2022/09020/Human_monkeypox_virus__An_updated_review.108.aspx?context=LatestArticles
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9439836/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9439836/
https://www.sciencedirect.com/science/article/pii/S0166354216307148
https://pubmed.ncbi.nlm.nih.gov/28093339/
https://pubmed.ncbi.nlm.nih.gov/28093339/
https://jamanetwork.com/journals/jama/article-abstract/2793516
https://pubmed.ncbi.nlm.nih.gov/35696257/
https://www.sciencedirect.com/science/article/pii/S0042682202914467
https://pubmed.ncbi.nlm.nih.gov/12083817/
https://pubmed.ncbi.nlm.nih.gov/12083817/
https://academic.oup.com/cid/article-abstract/41/12/1742/344953
https://academic.oup.com/cid/article-abstract/41/12/1742/344953
https://pubmed.ncbi.nlm.nih.gov/16288398/
https://www.cdc.gov/poxvirus/monkeypox/clinicians/smallpox-vaccine.html
https://www.cdc.gov/poxvirus/monkeypox/clinicians/smallpox-vaccine.html
https://www.pnas.org/doi/abs/10.1073/pnas.1005769107
https://pubmed.ncbi.nlm.nih.gov/20805472/
https://pubmed.ncbi.nlm.nih.gov/20805472/
https://pubmed.ncbi.nlm.nih.gov/35763248/
https://pubmed.ncbi.nlm.nih.gov/35763248/
https://pubmed.ncbi.nlm.nih.gov/35763248/
https://www.sciencedirect.com/science/article/pii/S1080603221001575
https://pubmed.ncbi.nlm.nih.gov/34563454/
https://pubmed.ncbi.nlm.nih.gov/34563454/
https://www.mdpi.com/1865672
https://www.mdpi.com/1865672
https://pubmed.ncbi.nlm.nih.gov/36288024/
https://pubmed.ncbi.nlm.nih.gov/36288024/

