
 

 

Mpox (Monkeypox): The Current State of the Global Health Crisis  
 
 
 
ABSTRACT 
Mpox, formerly known as the Monkeypox Virus, is once again in the headlines announcing its 
comeback. While still recovering from the 2022 outbreak - the World Health Organization 
(WHO), for the second time in as many years has declared mpox to be a global health 
emergency. We now find ourselves facing the same uphill battle at the outset of this recurring 
threat. Mpox is a known quantity to the scientific community and has been for more than 60 
years. First identified in humans during the 1970s, mpox is a viral zoonotic disease transmitted 
from animals to humans and is caused by the mpox virus. It is largely relegated to the tropical 
rainforests of Central and West Africa. It has been mostly ignored in Europe and the Americas 
until just recently where it has generated worldwide attention. Cases of the mpox infection first 
appeared sporadically amongst gay and bisexual men with Europe first reporting cases in mid-
2022. Shortly thereafter, occurrences were seen in the metropolitan areas of New York, 
Chicago, San Francisco and Los Angeles. The 2022 outbreak was a turning point with over over 
100 countries reporting cases which had not previously been seen before. Mpox infections are 
transmitted through close personal contact with infected individuals, infected animals or mpox-
tainted materials. The WHO has declared mpox a “Public health emergency of international 
concern”. There are two distinct clades of mpox virus - clade I and clade II. In 2022 the global 
outbreak was caused by clade IIb and most recently by clade Ib. Mpox is genetically similar to 
smallpox. Although no treatment for the mpox virus exists, supporting care, antivirals and 
vaccines developed for smallpox have proven effective. Because of its similarity to smallpox, 
individuals infected with mpox demonstrate attenuated symptoms (i.e. fever, chills, muscle 
aches, sore throat and cough) as compared to those infected with smallpox. After a 3-week 
incubation period, mpox goes away on its own in approximately 2-5 weeks. Diagnostic testing 
and disease confirmation is performed via RT-PCR testing of genetic material from the infected 
areas and through the presence of lymphadenopathy (i.e. enlarged lymph nodes). This overview 
serves as a point of discussion for the aforementioned areas and provides commentary on 
understanding the methods of disease prevention and containment.In summary, the power of 
viral spread causing global pandemics is not to be ignored or neglected - and much more 
research is needed. 
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Introduction 
Humanity entered a new dawn in 2019 with yet another contagion that proved to be the 
deadliest viral outbreak the world has seen in more than a century. The world is now healing 
from the death grip of the novel coronavirus disease (COVID-19) [16]. All hope is not lost - 
through advances in modern medicine, specifically in the fields of vaccine and virology [17,18] 
this deadly infection is better understood and its vice-like grip on humankind is slowly giving way. 
What was a ravenous and untreatable disease just a few years ago is now being held at bay. 
We still have a long way to go in eradicating outbreaks like these, but one thing is for certain, 
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science and public policy working hand in hand can stop the spread and hopefully eradicate 
these life-threatening contagions.  
 
Higher vaccination rates, greater vaccination availability, public awareness and public policy are 
all contributing factors to allay the fears associated with viral outbreaks [19-21]. Furthermore, all 
these factors have resulted in declining infection and death rates. While the remnants of one 
major pandemic have become more manageable and less deadly, the makings of another 
potential pandemic have now appeared on the world’s radar [22,23].  
 
Since 2022, The mpox virus has taken a foothold in countries around the world and we are now 
witnessing a resurgence in cases [22-25]. It first appeared in countries in which it has historically 
been foreign or unheard of. Like that of any such viral disease, the threat of rapid outbreak, rapid 
mutation, public policy response, vaccination development and availability - all driving factors 
from the COVD-19 playbook - are once again front and center for the mpox virus [26]. This of 
course begs the question; does this have the potential to become yet another epidemic of the 
21st century? 
 
Viral Outbreaks 
Throughout the centuries, a constant battle with viral epidemics and outbreaks of infectious 
diseases have dotted our history books [1-4]. The wildfire-like spread of these pandemics have 
had a profound impact on the global population - causing the loss of life, laying waste to entire 
civilizations [6,7], bringing nations to their knees and leaving economies in ruins.  
 
The following outbreaks represent some of the most significant infectious diseases in human 
history, each one exhibiting its own unique set of characteristics and consequences. Of note, 
many of these have been characterized by making the jump from animals to humans and 
humans to humans. Regardless of their characteristics, the social, cultural, religious, political 
and economic impact of these outbreaks is profound [5-7]. 
 
The Justinian Plague (541-542 AD): Affected the Byzantine Empire during the reign of Emperor 
Justinian. This pandemic is considered to be one of the first recorded in history and attributed to 
killing between 25-50 million people [8-11]. 
 
Black Death / Bubonic Plague (1347-1351): This famous outbreak appeared in the mid-14th 
century and spread across Europe, Asia and Africa. An estimated 75-200 million succumbed to 
its devastating grip. This outbreak was caused by the Yersinia pestis bacterium and spread 
through infected fleas and rats. 
 
Cholera (1817- Present): The first cholera pandemic originated in India and spread across Asia 
and Europe between 1817-1824. The second cholera pandemic spread from Asia to Europe and 
America between 1829-1851 and most recently in South Asia (1961). It is still endemic in many 
countries. Cholera is characterized as an acute diarrheal iliness caused by the ingestion of food 
or water contaminated with the Vibrio cholerae bacteria usually found in shellfish and plankton. 
 
Spanish Flu (1918-1920): Also known as the Great Influenza was exceptionally deadly, affecting 
an estimated 500 million people and killing upwards of 50 million. It was caused by the H1N1 
subtype of the influenza A virus [12,13].  
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Asian Flu (1957-1958): This originated in Guizhou, China and is caused by the influenza A virus 
subtype H2N2. It is estimated that between 1-4 million deaths globally were caused by the Asian 
flu. 
 
Hong Kong Flu (1968-1969): A decade after the Asian flu, the Hong Kong flu emerged and 
resulted in one million deaths. It was caused by the H3N2 strain. 
 
Ebola Virus (1976-Present): First detected in South Sudan and the Democratic Republic of 
Congo, it kills between 25% and 90% of those infected. Sporadic outbreaks between 1976-2016 
have claimed close to 12,000 lives [14,15].  
 
HIV/AIDS (1980-Present): Human Immunodeficiency Virus (HIV) is a retrovirus which attacks the 
immune system. HIV made the jump from primates to humans during the early-to-mid-20th 
century in west-central Africa. There is no vaccine or cure for HIV and it has been attributed to 
40 million deaths and counting. 
 
Swine Flu (2009-2010): First detected in La Gloria, Mexico. This H1N1 virus is characterized by 
a reassortment of bird, swine, human and Eurasian pig flu virus. It mainly affected younger 
populations and pregnant women. 
 
Zika Virus (2015-2016): The Zika virus outbreak of 2015 caused only mild symptoms like fever, 
headache, vomiting, muscle pain and skin rash, but more alarmingly it caused birth defects like 
microcephaly and neurological disorders in newborns. It comes from the Flaviviridae family of 
viruses and is spread through mosquitoes. 
 
Respiratory Ailments: 
● SARS (2002-2004): Severe Acute Respiratory Syndrome outbreak that resulted in over 8,000 

cases and approximately 800 deaths. It is a viral respiratory disease of zoonotic origin caused 
by the SARS-CoV-1 virus. 

 
● MERS (2012): Middle East Respiratory Syndrome originated in the middle east attributed to 

over 2,500 cases and 870 deaths. 
 
● COVID-19 (2019-Present): Perhaps the most well knownwell-known respiratory ailment is 

COVID-19. It is a contagious disease caused by coronavirus SARS-CoV-2 with the first 
known case coming out of Wuhan, China. To date it has killed more than 7 million people. 

 
 
Etiology 
Mpox formally known as monkeypox was renamed by the WHO in 2022 to restrain what was 
characterized as “racist and stigmatizing language” surrounding the infection. 
 
Mpox is a rare viral disease that is a part of the Orthopoxvirus genus in the family of Poxviridas. 
The virus is closely related to other orthopoxviruses, which include smallpox. It exhibits the same 
symptoms in humans to those seen in smallpox patients. Although clinically less severe, the 
vaccinia virus, cowpox virus often seen in squirrels, rats and various monkey species. 
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Virus structure: The mpox virus is closely related to the variola virus which causes smallpox, as 
well as the vaccinia virus. Under an electron microscope the virus has a complex structure 
(Figure 1). The virus can be described as being a large “brick” enveloped by a lipoprotein with 
double-stranded DNA. Its size is noted as being between 200-250 nanometers and its mutation 
rate is observed to be slower than that of the coronavirus [22-24,28,39].  
 
Animal Reservoirs: The exact and complete nature of the reservoir is unknown [22,24,25,32] 
Most likely, it is maintained in certain infected African rodents and non-human primates. These 
animals harbor the host and transmit it to other animals or humans through direct or indirect 
contact. The genome encodes various proteins that facilitate the virus’ entry into the host and 
infects and invades the immune system’s response. 
 
Pathogenesis: The pathogen enters the body through broken skin, the respiratory tract, the 
mucous membrane of the eye, nose, mouth, anus or rectum. Once there, the mpox virus initially 
replicates at the site and then spreads to the lymph nodes and finally to the entire body through 
the bloodstream (Figure 3). 
 
Epidemiology  
Previously known as the Central African or Congo Basin clade and the West African clade, the 
strains have officially been renamed by the World Health Organization (WHO) and are now 
referred to as Clade I and Clade II, respectively [23]. In addition to the nomenclature adopted by 
the Centers for Disease Control (CDC); MPV, MPXV or hMPXV are also abbreviations used by 
the scientific community. The Central African (Congo Basin) strain is more severe than the West 
African strain.  
 
Mpox is a rare zoonotic disease that jumps from animals to humans and humans to humans [27] 
with symptoms in humans similar to those seen in smallpox patients with clinically attenuated 
symptoms. Despite being called the mpox virus [22,24,32], the real origin of the virus is  
unknownis unknown. It is found primarily in remote parts of Central and West Africa near tropical 
rainforests [22,24], predominantly in animals including squirrels, rats and various monkey 
species. The mpox virus was first discovered in 1958 when two outbreaks of a pox-like disease 
occurred in colonies of monkeys from Singapore kept for research at the Statens Serum Institute 
laboratory in Copenhagen, Denmark [20,21,33] hence the name “monkeypox”. The first human 
case of mpox was recorded in 1970 in the Democratic Republic of Congo (DRC), in a 9-month 
old9-month-old boy. Since thenthen, sporadic cases have been recorded in Central and Western 
African countries during the 1980s-1990s [15,16,18,19]. 
 
During the 1996-1997 time1996–1997-time frame, a large outbreak occurred in DRC with more 
than 500 reported cases. In 2003, the first outbreak outside Africa in the United States was 
linked to imported animals. There were 47 confirmed cases reported in six states - Illinois, 
Indiana, Kansas, Missouri, Ohio and Wisconsin. No deaths were recorded. In 2017, the largest 
documented case since the 1970s was noted in Nigeria. The 2020 global outbreak was caused 
by the Clade IIb (West African strain). In more recent times, eleven African countries led the 
case count followed by a May 2022 outbreak in the UK [34], raising international awareness and 
response. The UK outbreak was attributed to British citizens who exhibited signs and symptoms 
shortly after returning from Nigeria [35-37]. This outbreak in the UK was followed by instances in 
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16 countries including those on continental Europe, the United States, Canada, Australia, the 
United Arab Emirates, Brazil and India [26,38]. Since then, global case counts have grown 
dramatically, especially in the United States. WHO declared the outbreak a Public Health 
Emergency of International Concern (PHEIC) in July 2022 due to the rapid spread of the 
disease, with many cases occurring among men who have sex with men (MSM). The higher 
mortality variant, Clade Ib, emerged in September of 2023, with the first cases seen in sex 
workers of the DRC. Subvariant, Clade Ib, is responsible for the 2024 global outbreak.  
 
As of August 2024, the global situation with mpox remains a matter of grave concern. The most 
severe outbreak is in DRC where the African Centers for Disease Control and Prevention 
(ACDC) declared it a public health emergency. There have been over 16,800 confirmed cases 
and more than 500 deaths. The fatality rate for this strain is between 3-4%, which is significantly 
higher than the global average (<1%).  
 
Statistics 
The global mpox outbreak of May 2022 gained international attention and it was declared a 
Public Health Emergency of International Concern (PHEIC). A never before seennever-before-
seen outbreak of over 90,000 confirmed cases with over 200 deaths were recorded spanning 
more than 100 countries. The 2022 outbreak saw a significant number of cases emerge in the 
USA, Spain, Brazil, UK and India.  
 
There have been no significant changes in mpox cases in the US during the last six months. 
Mpox virus affected all age groups of men, especially amongst gay men, immunocompromised 
individuals and pregnant women. Mortality rate for mpox is generally around 1-3%. 
 
For the second time in two years, the WHO declared mpox a global health emergency in 13 
African nations with more than 17,000 recorded cases. The 2022 global outbreak was caused by 
Clade II strain, which is still present in the USA and elsewhere. The 2024 outbreak is triggered 
by Clade I and Clade Ib. 
 
Key Scientists in the Field of Mpox 
Dr. Anne Rimoin: Professor UCLA, School of Public Health, Los Angeles CA. Epidemiologist 
experienced in infectious diseases, with an understanding of the various aspects of mpox in 
Central Africa and Democratic Republic of the Congo. 
 
Dr, Daniel Bausch: President of the American Society of Tropical Medicine and Hygiene. Expert 
in infectious disease, worked extensively on viral hemorrhagic fever in zoonotic diseases 
especially all aspects of mpox. 
 
Dr. Inger Damon: Virologist and key figure in the U.S. Centers for Disease Control and 
Prevention (CDC). Made significant contributions and provided expert opinion and guidance 
during the mpox outbreak. 
 
Dr. Anthony Fauci: Director of the National Institute of Allergy. Pre-eminent scientist and 
virologist. Provided expert opinion and guidance on prevention, vaccinations, public health 
administration during mpox outbreak. 
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Dr. Tedros Adhanom Ghebreyesus: Director General of the World Health Organization (WHO). 
Played a vital role during the 2022 mpox outbreak. Declaring mpox a Public Health Emergency 
of International Concern (PHEIC). His leadership is exemplary to global health, raising 
awareness, detection, vaccination and public health administration to control the spread of the 
virus. 
 
Key Public Health Agencies 
World Health Organization (WHO): The WHO has been front and center to the world’s response 
to mpox. It provided expert opinion, guidence and technical support globally during the outbreak. 
In 2022, the WHO declared the mpox outbreak a Public Health Emergency of International 
Concern (PHEIC). 
 
Centers for Disease Control and Prevention (CDC): Played a vital and crucial role during the 
mpox outbreak in the USA and globally. Provided excellent support services to healthcare 
providers including raising public awareness, research, vaccination guidance and public health 
administration to prevent the spread. 
 
European Centre for Disease Prevention and Control (ECDC): Provided total guidance during 
the mpox outbreak of 2022. 
 
National Institute for Communicable Diseases (NICD), South Africa: Monitored Mpox cases 
especially in South Africa where the disease is prevalent.  
 
Signs and Symptoms  
Mpox exhibits symptoms that are similar to that of smallpox, but less severe in nature. The 
outward appearance of the mpox virus is similar to that of chickenpox. However, these two 
diseases are very different and are caused by two distinct viruses [26,42,49-52].  
 
The Incubation period of mpox (time from infection to symptoms) is typically between 6 and 13 
days. In certain casescases, incubation periods of between 5 to 21 days have been observed. 
Even though mpox exhibits milder symptoms than smallpox, it is accompanied by painful 
pustules and rashes [53]. These symptoms usually last between 2 and 4 weeks.  
 
Symptoms are divided into two phases:  
 
1. Invasion (0-5 days): This period is characterized by fever (often the first sign) [32,42], intense 

headaches (a common occurrence during this period), lymphadenopathy (swelling of the 
lymph nodes of the neck, armpit or groin), intense back pain, muscle pain (myalgia) and an 
extreme lack of energy (asthenia) [34,43,44]. Other possible symptoms include, blood in the 
stool, swollen penis, anal/rectal pain and difficulty when urinating. (Figure 2). In severe cases 
development of pneumonia or a bacterial infection leading to sepsis. Clinical Chemistry shows 
high levels of liver enzymes (ALT and AST) and low levels of BUN, hypoalbuminemia, 
leukocytes and thrombocytopenia [79]. 

 
2. Skin Lesions: Within 1-3 days after a fever, skin lesions or skin rashes occur. These lesions 

become pus-filled and are often painful or itchy. The rash typically develops on the face and 
then migrates to the rest of the body (hands, feet, chest, eye, genitals, rectum and inside of 
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the mouth). Some people may develop 1 or more skin lesions while others may develop 100 
or more (Figure 5,6). Mpox progresses through several stages of skin eruptions over the 
course of 2-4 weeks. Patients are contagious right from the onset until new skin has formed. 
Stages associated with skin eruption are (Figure 7). 
● Macules: Often flat, reddish or dark, usually small and circular - these appear on the skin 

and last for a period of 1-2 days 
● Papules: These develop from macules and signal the beginning of inflammation which 

lasts for 1-2 days. Papules are described as bumps on the skin, small and typically red or 
flesh colored 

● Vesicle: Papules turn into vesicles. They are small, often filled with fluid, itchy and painful. 
They last for 1-2 days 

● Pustules: Vesicles turn into pustules. Pustules last for 5-7 days and are described as 
painful, large, pus-filled, inflamed, dimpled or umbilicated. 

● Scabs: Pustules eventually dry up and form dark colored scabs which in turn fall off as the 
skin heals. 

 
The above signs and symptoms vary from person to person. In certain casescases, patients may 
also experience sore throat, cough, nasal congestion, nausea, vomiting and diarrhea. Generally, 
infected individuals develop a rash followed by symptoms and in some casescases, it is 
completely the opposite; symptoms are followed by a rash. Some infected individuals develop a 
rash only and no symptoms. Symptoms can vary from mild to severe, depending on the patient's 
health, age and exposure level. In most cases the illness lasts for 2-4 weeks. Children, pregnant 
women and those with compromised immune systems are at greater risk. The latest research 
indicates that individuals who are asymptomatic (i.e. have the virus but show no outward symp 
Run-off. Continue the next paragraph here.toms) can spread the mpox virus [54-57]. 
 
Differential Diagnosis: Mpox, Smallpox and Chickenpox  
Mpox, smallpox and chickenpox are all viral infectious diseases caused by different viruses. 
They have distinct clinical features that cause systemic and skin rash. 
 
The symptoms of mpox, smallpox and chickenpox are very similar and can be difficult to 
differentiate at first glance [47]. Mpox is caused by the mpox virus, a member of the 
Orthopoxvirus. Lymphadenopathy or swollen lymph nodes is one of the hallmarks of mpox, 
which distinguish it from chickenpox or smallpox. The other symptoms are back pain, myalgia 
and intense fatigue. Mpox has an incubation period of 6-13 days. 1-3 days after the onset of the 
fever, a rash starts on the face and spreads to the palms, trunk and other parts of the body.  
An analysis of the skin rash provides insight into viral diagnosis. Visually, the rash produced by 
the mpox virus has many similar cues to the ones caused by secondary syphilis, herpes simplex 
and varicella-zoster viral infections. A simple RT-PCR (real time polymerase chain reaction) test 
from skin lesions or from open sores produce answers. Interestingly enough, a blood test is not 
deemed reliable due to the fact it produces inconclusive results as to the virus type. Supportive 
care, smallpox vaccines, antivirals like cidofovir and tecovirimat (ST-246) may be used. 
 
Differential Diagnosis: Mpox, Smallpox and Chickenpox 
Both mpox and smallpox belong to the Orthopoxvirus family - they have many similarities and 
many differences. Smallpox is caused by variola virus, which belongs to Orthopoxvirus. An 
Incubation period of 10-14 days, 2-4 days after the fever is noted. Initial sypmptoms include high 
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fever, malaise, severe headache, severe back pain and no lymphadenopathy. Smallpox begins 
and is concentrated on the face, then it spreads to other parts of the body. Smallpox is much 
more contagious, easily transmissible, quite severe and often fatal.  
 
Diagnosis is carried out by PCR and electron microscope - to accurately diagnose mpox, a 
tissue sample of the lesion/rash or fluid from the rash must be taken and sent to a qualified lab. 
Samples collected from the skin, saliva, urine or rectum can also be used in emergencies. 
Supportive care, smallpox vaccine for prevention and antivirals like cidofovir and tecovirimat 
(ST-246) may be used. Smallpox has been eradicated globally, whereas incidents of mpox are 
on the rise [50].  
 
Differential Diagnosis: Mpox and Chickenpox  
The symptoms of Mpox and chickenpox are very similar, the only difference being the presence 
of swelling of the lymph nodes in mpox cases. Mpox is caused by the orthopoxvirus while 
chickenpox is caused by herpes, the varicella-zoster virus, a member of the Herpesvirus family 
[51]. The mpox virus is highly contagious and faster spreading in nature than the chickenpox 
virus. Chickenpox causes mild fever, malaise, upper respiratory symptoms and is less intense 
than mpox or smallpox. Rashes first appear on the face and then spread to the rest of the body 
for incidents of mpox. Conversely, rashes for chickenpox start on the trunk, chest, back, face 
and then spread to other parts of the body. Both viruses are transmitted from skin-to-skin 
contact. Rashes caused by the mpox virus tend to appear at the same time and disappear at the 
same time after a 2-4 week period. Rashes caused by the chickenpox virus appear in waves and 
tend to disappear in approximately 2 weeks. Fatalities attributed to chickenpox are very rare, 
while fatalities attributed to mpox have a 1-11% case to fatality rate. 
 
In general, an accurate diagnosis to help in the effective treatment and management of mpox, 
smallpox and chickenpox is needed. This medical assessment of clinical symptoms spans 
observation (rashes, lymph nodes), lab tests and general patient health considerations. 
 
Complications  
Just as the long-term effects of many viral outbreaks are slowly becoming known, mpox too is 
demonstrating its lasting impact on infected individuals. Mpox for all intents and purposes is still 
very new to the Americas and Europe. As case counts increase and more observational data is 
gathered, mpox’s existence is defined by some very real physical, psychological and 
neurological disorders. More long-term studies are needed to understand the true impact of the 
virus - but a clear indication of what is to come leaves no question as to this uphill battle.  
 
From a physical standpoint, complications from the mpox virus can include secondary bacterial 
infections of the skin and other organs; these include bronchopneumonia, sepsis and infections 
of the cornea (which may lead to vision loss) [58-60]. Additional symptoms may also include 
nausea, vomiting and diarrhea, all resulting in severe dehydration [34]. The CDC states that 
proctitis has also been observed in more than 10% of those infected. Damage to other sensitive 
internal tissue (i.e. anorectal, urethral) is also a hallmark which can lead to persistent long-term 
pain, physiological functions, neurological functions and other such arduous symptoms (Figure 
3). 
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In rare cases neurological complications such as encephalomyelitis (inflammation of the brain 
and spinal cord) have also been observed by the CDC. These neurological conditions may lead 
to seizures, weakness, difficulty walking, headaches, confusion and memory loss. In ocular 
complications, lesions of the eye can cause conjunctivitis, potentially leading to vision problems. 
 
A more interesting and often overlooked symptom is the impact that physical scarring has on the 
individual’s psychology [60]. Although,it is not a “gay disease”, mpox is a virus that for the most 
part is transmitted through sex between men. Physical scarring from lesions and rashes may 
persist for several months or perhaps even years. In certain communities where body dysphoria, 
hypersensitivity and stigmatization are prevalent, the psychological impact caused by permanent 
“cosmetic imperfections” can be devastating to an individual’s mental well beingwell-being. This 
in turn can trigger other stressors and/or anxieties which may lead to yet more physical 
disorders. 
 
Mortality 
In recent years, thousands of mpox cases have been reported from Central and Western Africa 
and a growing number of cases are being reported from Europe and North America [25]. The 
case fatality ratio (CFR) is the yardstick of measurement and serves as an index of disease 
severity. The CFR for mpox varies by viral clade and affected persons. Recovery from mpox can 
be measured in a few weeks. Historically the CFR of the Central African Clade (Congo Basin) 
has been higher, around 1-10%. In contrast, for the West African Clades the CFR is much lower, 
less than 1%. Of note, the West African clade is rarely fatal with a 99% survivability rate [61,62] 
compared to the Central African clade. According to the CDC, higher mortality rates are 
observed in those who are immunocompromised, HIV/AIDs cases, children under 8 years old, 
women who are pregnant or breastfeeding, individuals with a history of eczema, individuals that 
have prolonged exposure to the virus or individuals with severe symptoms. In all these 
instances, there is a greater risk for serious illness or death [38]. Furthermore, the CDC states 
the following incident rates: men (96%), women (2%) and transgender/“undeclared” (2%).  
 
Morbidity 
The severity of the diseasevaries from mild to severe depending on several criteria such as viral 
load (higher viral load equates to greater severity), patient age, immune system health, dietary 
factors, access to timely and competent healthcare, etc. All these factors are determinants in 
positive patient outcomes.  
 
Detection and Diagnosis  
The most relevant and reliable step in detection and diagnosis is to recognise the clinical signs, 
symptoms and rash progression. The initial signs and symptoms are fever, intense headaches, 
myalgia, severe back pain and fatigue. The most distinguished features are enlarged lymph 
nodes (lymphadenopathy) - more specifically, the submental, submandibular (jaw), cervical and 
inguinal nodes [47]. Both smallpox and chickenpox do not display these visual characteristics.  
 
A diagnosis of the mpox virus is conducted using several methods including: patient profile (age, 
type and date of symptoms, contact tracing, etc.) and travel history (travel to “hot spots”, 
contact/interaction with infected animals). Mpox must be differntiated from other diseases with 
similar presentations like: smallpox, chickenpox, allergic skin rash, syphilis, scabies, measles 
and bacterial infections.  
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The next clinical feature is understanding the rash progression. It begins 1-3 days after the fever 
onset. It starts on the face and spreads to the other parts of the body - especially on the palms, 
soles, trunk, genitals and mucous membrane of the mouth and eyes. The progression of rash 
lesions is as follows: macules, papules, vesicles, pustules and finally scabs. Lesions are typically 
in the same stage of development on any given part of the body. 
 
The most common diagnostic tool is the RT-PCR test (real-time polymerase chain reaction). The 
RT-PCR test is the “gold standard” as it is the preferred method due to its accuracy, sensitivity 
and turn-around time. Of note, blood tests are not used to determine the presence of the mpox 
virus as they are deemed to have results that are inconclusive and lack accuracy [63-76].  
 
To determine the presence of the mpox virus, diagnostic samples from rash lesions & fluids, 
throat culture and skin biopsies are used for viral DNA detection which distinguish mpox virus 
from other orthopoxvirus. The handling of these specimens is critical – they should be stored in a 
cool, dry and sterile environment and sent to a qualified laboratory for RT-PCR testing [64].  
 
The other diagnostic methods are electron microscopy, virus isolation, serology and a host of 
other newer methods: 
● Electron Microscopy: It visualizes the virus from lesion samples and provides rapid results but 

is less accurate than a PCR test.  
● Virus Isolation: Is a process that involves culturing the virus in a cell culture media to confirm 

the diagnosis. This method is time consuming.  
● Serology: It detects antibodies against the mpox virus in the blood. This method is used 

mostly in retrospective diagnosis and epidemiological studies but cross reactivity with other 
orthopoxviruses is of concern. 

● Next-Gen Sequencing: It uses an in depth analysis on the viral genome to investigate its 
evolution. 

● Antigen Detection: The detection of viral antigens in tissue samples using 
immunohistochemistry techniques are more relevant to post-mortem cases. 

 
Histopathology, Immunohistochemistry (IHC) and Electron Microscopy (EM) 
Histochemistry, immunohistochemistry and Electron Microscopy are important tools in the 
diagnosis study of mpox. They provide valuable information on changes inside the tissue and 
the cellular response of the infection. This assists in the diagnosis accuracy and provides a 
deeper understanding of the pathophysiolgy and treatment of the disease. 
 
Histopathology: Histopathology provides important information into cellular changes caused by 
the virus. It sheds light on the pathology of the disease and can assist in diagnosis and post-
mortem studies.H&E (hematoxylin and eosin) staining shows changes in epidermal, dermal and 
viral cytopathic effects. Epidermal changes show a ballooning degeneration of keratinocytes, 
spongiosis, the presence of acanthosis, epidermal and keratinocyte necrosis. Dermal changes 
show a dense infiltration of inflammatory cells, dilated blood vessels and in severe cases, 
necrosis of blood vessels. Viral cytopathic effects show eosinophilic intracytoplasmic inclusion 
bodies in keratinocytes and multinucleated giant cells [67-69]. H&E histological staining of the 
mpox virus is nonspecific and similar to other viruses [67-69].  
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Immunohistochemistry (IHC): IHC staining for Orthopox viral antigens is done in reference 
laboratories and uses antibodies to detect specific antigens in tissue samples to confirm the 
presence of a virus (i.e. mpox). Viral antigens are detected within the lesions of the epidermal 
keratinocytes, follicles, eccrine epithelium and other dermal mononuclear cells [63]. Key markers 
include orthopox virus antigens and cellular markers like cytokeratins and lymphocytes. 
 
Electron Microscopy (EM): Electron microscopy reveals round-to-oval, sausage shaped virions 
measuring between 200 to 300 um within the keratinocyte cytoplasm in various stages of 
assembly [67,69].  
 
Using RT-PCR assay for the extracellular-envelope protein gene of the mpox virus can be 
distinguished by IHC and EM [67]. 
 
How Does Mpox Spread?  
The mpox virus can spread in any number of ways. Mpox is primarily zoonotic disease meaning 
it is transmitted to humans from animals. Transmission can also occur from human to human, 
which can lead to an outbreak. Knowing the mode of transmission is important in controlling and 
preventing the spread of the disease. 
 
Animal to Animal Transmission: The main mode of transmission is through direct contact with 
infected animals. This occurs through direct contact with the blood, bodily fluids or cutaneous or 
mucosal lesions. Viral transmissions also occur by being bitten or scratched by an infected 
animal. This can also happen through handling, hunting or eating the meat of an infected animal 
[70,71], particularly in areas with poor public education/awareness. 
 
Human to Human Transmission: Can take place in many forms once it is introduced to the 
human population and degrees of contact. Prolonged exposure to an infected individual by face-
to-face contact through respiratory droplets (coughing, sneezing or talking), hugging, cuddling or 
massage. Direct contact with an infected individual’s rash, saliva, lesion, scab or bodily fluids. It 
can also spread through sexual contact, intimate exposure through kissing, oral/anal/vaginal 
sex, skin contact of the genitals (male & female). Indirect contact with items like clothing, linens, 
bedding, towels, or surfaces that were previously touched or used by an infected individual may 
also transmit the mpox virus. Individuals who are asymptomatic can spread the mpox virus as 
well [73]. 
 
Risk mitigation through fewer or limited sexual partners may decrease exposure risk to the mpox 
virus. For infected males, leading research indicates the detection of the mpox virus in the 
semen; however, the transmissibility of the mpox virus through the semen, vaginal fluids, urine 
or feces has not been established [72].  
 
Pregnant women can transmit the mpox virus to the fetus via the placenta. Additionally, 
individuals whose jobs expose them to orthopoxviruses may be at risk as well (eg. first 
responders, lab workers, public safety officers, healthcare professionals, etc.).  
 
Risk Factors for Transmission 
There are many factors which increase the risk of transmission of mpox. These include close 
contact with household members who are infected, health care workers, sexual contact, 



 

 

community settings like overcrowded mass gatherings (i.e. refugee camps, dormitories). Others 
who are at greater risk are veterinarians, laboratory personnel and animal handlers. 
 
Treatment  
There are no medicines or specific cures available to treat the mpox virus. The virus usually 
goes away on its own after it runs its course of between 2 to 4 weeks. Most therapies 
concentrate on treating and alleviating symptoms during the infection period. A combination of 
supportive care, antiviral medication and vaccines can effectively manage the disease. Once the 
viral infection goes away, individuals usually start feeling better. Symptoms can be managed 
through [22-24,28,74]. 
A combination of supportive care, antiviral medication and vaccines can effectively manage the 
disease. 
1. Supportive Care: Helps alleviate symptoms and prevents complications. There are many over 

the counter medications available for symptom relief, complication mitigation and secondary 
bacterial infection containment. Analgesics for pain relief (i.e. Ibuprofen, Advil, Motrin) and 
antipyretic for fever reduction (i.e. Acetaminophen, Tylenol) are just a few examples. Proper 
hydration and a proper nutrient intake ensure a healthy immune system. A personal hygiene 
regimen that keeps the skin clean, dry, smooth along with the application of antiseptic cream 
mitigates the chance of a bacterial infection. Oxygen therapy for patients with lung and 
respiratory problems can also be of assistance. 

 
2. Antiviral Drug Therapy: Since the mpox and smallpox virus are genetically similar, antiviral 

drugs tecovirimat, cidofovir and brincidofovir developed to protect against smallpox can be 
used to prevent and treat mpox infections. Despite the lack of thorough clinical studies, they 
have been shown to be effective in the treatment of mpox cases [40,75,76]. Figure 8. 

 
● Tecovirimat: Also known as TPOXX or ST-246 is the first antiviral drug is approved in 

Europe and in the USA for the treatment of smallpox and mpox,is an intracellular viral 
release inhibitor for smallpox which has demonstrated efficacy against the mpox virus as 
well. This was first shown to be effective in animal studies and approved by the FDA for 
treatment of smallpox. The drug works by inhibiting the viral envelope protein VP37 that 
the poxvirus needs to spread from the infected cell.Tecovirimat be administered orally or 
intravenously is available through the US federal Strategic National Stockpile.The antiviral 
drug is recommended for patients with severe illness. 

● Cidofovir: Is a DNA polymerase inhibitor that prevents viral replication. Initially used for the 
cytomegalovirus infection, it is currently not approved by the FDA for use in mpox virus 
cases. Cidofovir is toxic to the kidneys. 

● Brincidofovir: This is a lipid conjugate of cidofovir, which is available as Tembexa. It has 
shown promise in animal studies and has been approved by the FDA for use in mpox 
cases. Brincidofovir also works by inhibiting DNA polymerase, preventing DNA replication. 
Brincidofovir is considered safer than cidofovir.  

 
3. Vaccinations: although no specific treatment for mpox exists, controlling the severity and 

spread is possible. Smallpox vaccine development has been shown to be about 85% 
effective for controlling outbreaks. The CDC encourages the use of smallpox vaccines to 
protect against the mpox virus for those individuals who are at higher risk due to lifestyle 
factors and immunocompromised profiles. ACAM2000, Jynneos Intravenous Vaccinia 

Comment [TA46]: This information should be 
under Epidemiology of Mpox 

Formatted: Indent: Left:  0", First line:  0"



 

 

Immune Globulin (IMVANEX) are effective vaccines to prevent, control and reduce viral 
infection outbreaks [77,78]. 

  
3. Vaccination given within 4 days of exposure can prevent the onset of the disease and 

vaccination given within 14 days may reduce the severity. These vaccines offer greater 
benefit if given before for preventing the disease and soon after exposure to reduce 
symptoms and severity. According to studies carried out by the WHO, smallpox vaccines 
have an 85% efficacy rate at preventing mpox. If smallpox vaccines are given to children, 
mpox symptoms may be milder if contracted at a later stage in life. 

 
It is recommended by the CDC that individuals aged 18 years and older and who have been 
exposed to mpox be vaccinated to prevent a viral infection and to lessen any potential 
symptoms. While vaccination is primarily a first preventive measure, the treatment protocol 
known as Post-Exposure Prophylaxis (PEP) plays a crucial role. PEP can also be administered 
to individuals who are unaware of their personal exposure, community affiliations or who live in 
areas where mpox exists. 
 
Mpox Prevention 
Preventing the spread of mpox involves several strategies that focus on reducing the risk of 
transmission. It is of the utmost importance that a healthcare provider be contacted immediately 
if an individual experiences signs or symptoms of the mpox virus. Healthcare providers will 
diagnose the infection through testing and a physical examination. In the event of exposure or 
infection, healthcare providers will administer treatment protocols that prevent an infection or 
decrease the severity of it [52,70,71,75-78].  
 
Telltale signs and symptoms of the mpox infection include feeling feverish, body aches and 
pains, swollen lymph nodes and the appearance of new sores or rashes. If an individual 
experiences something more critical like trouble breathing, chest pain, confusion, loss of 
consciousness or seizures - seek emergency room treatment immediately.  
 
It is best to take appropriate safeguards to prevent exposure to the mpox virus. These 
safeguards are multi-dimensional and depending on an individual’s demographic profile, one or 
more of the following prevention mechanisms may be appropriate. 
 
Animal to Human Transmission:Avoid handling wild animals, use gloves and protective clothes. 
Refrain from eating their meat; when it is used, ensure it is properly cooked. 
 
Human to Human Transmission: Isolate or quarantine the infected individual in a negative 
pressure room to prevent further spread. Use personal protective equipment (PPE) - gloves, 
mask and gowns. Regularly wash hands with soap or alcohalalcohol based sanitizers. Regularly 
disinfect the contaminated areas and surfaces in use. 
 
If you are infected with the mpox virus, alert your sexual partners or any individuals you have 
had close contact with. Ensure all parties involved closely monitor themselves for new and 
emerging signs and symptoms. Seek medical attention immediately so as to contain the spread 
of the virus and to mitigate new or worsening health conditions. It is best to avoid all acts of 
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intimacy (i.e. kissing, hugging, cuddling or engaging in sexual acts) with infected individuals or 
those who display signs or symptoms of the mpox virus.  
 
Screening: If an individual identifies with or belongs to the LGBTQ community, screening for the 
mpox virus is recommended as the majority of cases in the current mpox outbreak are from this 
demographic. The incubation period for the mpox virus is between 5 and 21 days and as such 
monitoring for emerging symptoms or changes in temperature should be done twice daily. All 
medical service providers and first responders should use personal protective equipment (PPE) 
when interacting with individuals infected with the mpox virus.  
 
Vaccination: If an individual believes to have been exposed to the mpox virus or identifies with 
the LGBTQ community, Mpox vaccinations are available. A mpox vaccination will assist in 
containing the virus, help reduce its spread and help attenuate its severity if contracted.  
 
Isolation: If an individual is infected with the mpox virus, self-isolation is the recommended 
course of action. Ensure all lesions and sores are covered and make certain they do not come 
into contact with bedding, linens, clothes or surfaces. Keep lesions and sores covered until they 
scab over and fall off naturally. Wait until a new layer of skin has formed. Do not allow sores or 
rashes to come into contact with non-infected individuals.  
 
Travel: Avoid travel to locations where mpox is known to exist. Central and West Africa appear 
to be the hotspots. It is also best to avoid contact with live, sick or dead animals that are known 
spreaders of the mpox virus (e.g. rodents and primates). This also pertains to ingesting these 
types of animals.  
 
Social Norms and Protocols: Follow the appropriate social norms and protocols to help mitigate 
the risk of contracting and spreading the mpox virus. Although mpox is not as deadly or 
transmissible as COVID-19, the same care must be taken in social settings. It is best that 
infected individuals wear a well-fitted mask which covers the mouth and nose; cover any rashes 
or sores with clean, dry clothing; avoid skin-to-skin or close contact; wash hands frequently with 
soap and water; frequently clean and disinfect surfaces and do not share bedding, towels, linens 
or clothing with others. Infected individuals should not donate blood or any other genetic 
material. These social norms and protocols also apply to individuals that are not infected.  
 
These safeguards have been in place through the COVID-19 pandemic and have proven to be 
effective. The same safeguards should be employed during the mpox outbreak to contain and 
stop the spread of infection. Preventive measures and timely medical intervention are the keys 
to controlling an outbreak. 
 
Healthcare Professionals 
This group of highly qualified individuals come from a multidisciplinary healthcare services  
background. Their expertise focuses on infectious diseases, treatment, research, support 
services and large scale healthcare administration. The following provides insight into their 
specific roles and responsibilities [80-84]: 
 
1. Infectious Disease and Infection Control Specialist: Their role is to diagnose all aspects of the 

mpox virus - providing guidance on treatment, establishing disease prevention protocols, 
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research and development of antiviral drugs and defining viral containment protocols (PPE, 
decontamination, contact tracing, etc.) 

 
2. Urgent Care / Primary Care / Mental Health Care Physician: Their primary role is to diagnose 

and treat the viral condition. Their secondary role is to assemble a team of support care 
professionals to manage the patient case via referrals to specialists, psychological support 
services to manage anxiety and stress, urgent care services should the need arise and other 
counseling and support services. 

 
3. Public Health Administrators and Health Educators: Their role is to manage large scale viral 

outbreaks through data collection, data monitoring and information dissemination. They 
identify outbreaks, monitor the viral spread, monitor case counts, work closely with infectious 
disease specialists to identify the disease, identify medical treatment protocols, establish 
prevention, quarantine and containment protocols, prepare education materials and launch 
public education/awareness campaigns. 

 
4. Dermatologists: Their role is to diagnose the cause of skin lesion and recommend the 

appropriate treatment for skin symptoms. 
 
5. Nurse Practitioners: They provide patient care and support services. They provide ongoing 

monitoring of signs and symptoms and provide the proper care. They also provide 
educational material. 

 
6. Clinical Chemistry Lab: Laboratories provide a very critical role in identifying the disease (and 

its strains) through sophisticated testing such PCR tests, analyzing blood chemistry and 
serology. They work closely with medical professionals to conduct “test, diagnose, treat and 
repeat” cycles until a positive patient outcome is achieved. 

  
7. Pharmacist: They play an important role in dispensing medication, advising patients on the 

safe use of antiviral drugs and alerting them of any potential adverse drug interactions. 
8. Spatial epidemiologists 
9. Disease ecologists 

Take Home Message 
The mpox virus in many ways resembles the same outbreak profile humanity has seen over the 
centuries. It is a viral zoonotic disease which spreads from animals to humans and through 
human to humanhuman-to-human contact. The difference being that modern science, public 
policy, financial resources and political fortitude have been the saving grace in shaping viral 
containment and eradication. Understandably, countries with the willingness and ability to deploy 
these resources have fared better during these times of crisis. 
 
Mpox is a zoonotic viral disease caused by mpox virus, spread from animals to humans through 
direct contact with infected animals. Human to human transmission occurs through respiratory 
droplets, bodily fluids or contaminated objects. Genetically similar to smallpox, both are part of 
the orthopoxvirus family. From a transmissibility and severity perspective, mpox is less 
contagious and demonstrates symptoms far less severe than smallpox. Recognizing the clinical 
assessment for mpox is crucial for proper diagnosis and treatment. In typical cases, a 5 to 21 
day incubation period is followed by symptoms that range from fever, muscle aches and 
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lymphadenopathy. It is similar to smallpox but generally less severe, however, serologic studies 
point to evidence that show it may be more infectious than originally thought. Fluid filled 
rashes/sores on the face, chest and other extremities appear and eventually dry up and fall off. 
The entire course of infection runs between 2 to 4 weeks.  
 
Accurate diagnosis involves laboratory testing, PCR testing for viral DNA, electron 
miccroscopicmicroscopic and serological studies. Additional support is provided by 
histopathology and immunohistochemistry. There is no specific treatment for mpox. Because of 
its genetic similarity, vaccines and antivirals developed to combat smallpox can also be used to 
control and contain mpox. ACAM2000, Jynneos and Tecovirimat are just a few examples of 
smallpox vaccines and antivirals. Other antiviral medications like cidofovir, tecovirimat and 
brincidofovir guard against mpox with very good results.  
 
In addition, supportive care is also important. Ensuring hydration and providing balanced and 
nutritional diet assists the immune system. Preventive measures include avoiding contact with 
infected animals or humans. Other measures include the use of personal protective equipment 
and good hygiene practices. Top priority should be given to the latest developments in 
treatment, prevention and public health guidance. 
 
Unlike smallpox, mpox cannot be fully eradicated due to the existence of an animal reservoir. 
Because of this, incidence of mpox cases require rapid diagnosis, treatment and an effective 
public health response for outbreak containment. Vaccinations, antivirals, pandemic-inspired 
social protocols are all critical components of a viral outbreak containment.  
 
The mpox virus was not on America’s radar. It is mind boggling just how quickly a perfect storm 
of a few sporadic cases in Europe, coupled with making it to the American shores, where no 
immunity to orthopoxviruses exist - and all of a suddensudden, a full-blown potential pandemic is 
on hand. The nature of mpox and by extrapolation, any potentially deadly virus - understanding 
its transmission, treatment protocols and prevention strategies can better help manage the 
disease and reduce its impact on humanity and public health.  
 
This democratized approach is the only hope mankind has for navigating the magnitude and 
severity of future viral outbreaks. Simply put, this responsibility falls on the shoulders of every 
man, woman and child - “no one is safe until everyone is safe” [27,32,70]. 
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Figures 
 

 
Figure # 1. Structure of the Mpox Virus under microscope 
Adopted from VirusDis. 34, 191–203 (2023) 
 

 
Figure # 2. Symptoms caused by the Mpox virus in the body of an infected person 
 
 

 



 

 

Figure # 3. How the Mpox virus enters the body. 
 
 

 
Figure # 4. Complications of the Mpox virus. 
 

 
Figure # 5. Palm lesions of a person infected with the Mpox virus. 
Adopted from the World Health Organization - Nigeria Center for Disease Control 
 



 

 

 
Figure # 6. Body lesions of a person infected with Mpox virus. 
Adopted from the National Capital Poison Control Center, 
Kelly Johnson-Arbor, MD, Medical Toxicologist 
 

 
Figure # 7. Stages of skin eruption associated with the mpov virus. 
Adopted from Mount Sinai Hospital, New York 
 
 

 
Figure # 8. Chemical Structure of Antiviral Drugs for Mpox 
 
  



 

 

References 
1. Murray JL, Alan D Lopez, Colin D Mathers (2004) The global epidemiology of infectious 
diseases. Edited by Christopher. WHO Library Geneva 4. https://apps.who.int/iris/bitstream/ 
handle/10665/43048/9241592303.pdf  
 
2. World Health Organization Report on Infectious Diseases (1999) Removing obstacles to 
Healthy Development. WHO CDS. Geneva. file:///C:/Users/User/Downloads/WHO_ 
CDS_99.1.pdf  
 
3. David M Morens, Gregory K Folkers, Anthony S. Fauci (2004) The challenge of emerging and 
re-emerging infectious diseases. Nature 430: 242-249.  
 
4. Jocelyne Piret, Guy Boivin (2020) Pandemics Throughout History.Front. Microbiol, Sec. 
Infectious Agents and Disease 1: 1-16.  
 
5. National Academies of Sciences, Engineering and Medicine (2001) Emerging Infectious 
Diseases from the Global to the Local Perspective: A Summary of a Workshop of the Forum on 
Emerging Infections. The National Academies Press. 
https://nap.nationalacademies.org/catalog/10084/emerginginfectious-diseases-from-the-global-
to-the-local-perspective  
 
6. Dobson AP, Carper ER (1996) Infectious diseases and human population history: throughout 
history the establishment of disease has been a side effect of the growth of civilization. 
Bioscience 46: 115-126.  
 
7. Wolfe ND, Dunavan CP, Diamond J (2007) Origins of major human infectious diseases. 
Nature 447: 279-283.  
 
8. Benedictow OJ (2004) The Black Death, 1346–1353: The Complete History. Boydell & Brewer 
433. https://www. amazon.in/Black-Death-1346-1353-Complete-History/ dp/0851159435  
 
9. Evket Pamuk S (2007) The Black Death and the origins of the ‘Great Divergence’ across 
Europe, 1300–1600. Eur. Rev. Econ. Hist 11: 289-317.  
 
10. Kelly J (2006) The Great Mortality. An Intimate History of the Black Death, the Most 
Devastating Plague of All Time. HarperCollins 138-141.  
 
11. Joshua Lederberg, Robert E Shope, Stanley C Oaks Jr (1992) Emerging Infections: 
Microbial Threats to Health in the United States. National Academy Press, Washington, D.C. 
https://pubmed.ncbi.nlm.nih.gov/25121245/  
 
12. Reid AH, Fanning TG, Hultin JV, Taubenberger JK (1999) Origin and evolution of the 1918 
“Spanish” influenza virus hemagglutinin gene. Proc. Natl. Acad. Sci 96: 1651-1656.  
 
13. Johnson NP, Mueller J (2002) Updating the accounts: global mortality of the 1918-1920 
“Spanish” influenza pandemic. Bull Hist Med 76: 105-115.  
 



 

 

14. Athena P Kourtis, Kristie Appelgren, Michelle S Chevalier, Anita McElroy, Ebola (2015) Virus 
Disease. Pediatr Infect Dis J 34: 893-897.  
 
15. Shevin T Jacob, Ian Crozier, William A Fischer, Angela Hewlett, Colleen S. Kraft, et al. 
(2020) Virus disease.Nature Reviews Disease Primers 6: 13.  
 
16. Saira Baloch, Mohsin Ali Baloch, Tianli Zheng, Xiaofang Pei (2020) The coronavirus disease 
2019 (COVID-19) pandemic.The Tohoku Journal of Experimental Medicine 250: 271-278.  
 
17. Abbasi J (2020) COVID-19 and mRNA Vaccines-First Large Test for a New Approach. JAMA 
324: 1125-1127.  
 
18. Rauch S, Jasny E, Schmidt KE, Petsch B (2018) New vaccine technologies to combat 
outbreak situations. Front. Immunol 9:1963.  
 
19. Harapan H, Itoh N, Yufika A, Winardi W, Keam S, et al. (2020) Coronavirus disease 2019 
(COVID-19): A literature review. J Infect Public Health 13: 667-673.  
 
20. Shalini Quadros, Shalini Garg, Rupesh Ranjan, Guruprasad Vijayasarathi, Mohammed A 
Mamun (2021) Fear of COVID 19 Infection Across Different Cohorts: A Scoping Review 
Frontiers in Psychiatry 12: 1-24.  
 
21. Kathryn M Edwards, Walter A Orenstein, David S. Stephens (2002) COVID-19: Vaccines. 
https://www.simonandschuster.co.in/books/The-Covid-19-Vaccine-Guide/Kathryn-
MEdwards/9781510767621  
 
22. Chih Cheng Lai, Chi Kuei Hsu, Muh Yong Yen, Ping Ing Lee, Wen Chien Ko (2022) 
Monkeypox: An emerging global threat during the COVID-19 pandemic. J Microbiol Immunol 
Infect 55: 787-794.  
 
23. Boghuma K Titanji, Bryan Tegomoh, Saman Nematollahi, Michael Konomos, Prathit A 
Kulkarni (2022) Monkeypox: A Contemporary Review for Healthcare Professionals. Open Forum 
Infectious Diseases 9: 310.  
 
24. Moore MJ, Rathish B, Zahra F (2022) Monkeypox. StatPearls Publishing. 
https://pubmed.ncbi.nlm.nih.gov/34662033/  
 
25. Sklenovská N, Van Ranst M (2018) Emergence of monkeypox as the most important 
orthopoxvirus infection in humans. Front Public Health 6: 241.  
 
26. Bunge EM, Hoet B, Chen L, Florian Lienert, Heinz Weidenthaler, et al. (2022) The changing 
epidemiology of human monkeypox-a potential threat? a systematic review. PLoSNegl Trop Dis. 
16: e0010141.  
 
27. Editorial - The Lancet Infectious Diseases. Monkeypox: a neglected old foe. Lancet Infect 
Dis 22: 913.  
 



 

 

28. JasndeepKaler, Azhar Hussain, Gina Flores, ShehreenKheiri, Dara Desrosiers (2022) 
Monkeypox: A Comprehensive Review of Transmission, Pathogenesis, and Manifestation. 
Cureus 14: e26531.  
 
29. Fenner F, Henderson D, Arita I, Jezek Z, Ladnyi I (1988) Human monkeypox and other 
poxvirus infections of man. World Health Organization, Smallpox and its Eradication (Ch 29). 
Geneva 1287-1320.  
 
30. Di Giulio DB, Eckburg PB (2004) Human monkeypox: an emerging zoonosis. Lancet Infect 
Dis 4: 15-25.  
 
31. Saleh Al Gburi, Zainab Namuq (2022) A Review of the Recent Monkeypox Outbreak in 2022. 
Cureus 14: e27880.  
 
32. Tanu Singhal, Kabra SK, Rakesh Lodha (2022) Monkeypox: A Review. Indian Journal of 
Pediatrics 89: 955-960.  
 
33. Von Magnus P, Anderson EK, Petersen KB (1959) A pox-like disease in cynomolgus 
monkeys. Acta Pathol. Microbiol. Scand 46:156-176.  
 
34. Eskild Petersen, Anu Kantele, Marion Koopmans, Danny Asogun, Adesola Yinka-Ogunleye, 
et al. (2019) Human Monkeypox: epidemiologic and clinical characteristics, diagnosis, and 
prevention.Infect. Dis. Clin 33:1027-1043.  
 
35. World Health Organization (2022) Multi-country monkeypox outbreak in non-endemic 
countries https://www.who.int/emergencies/disease-outbreak-news/ item/2022-
DON385#:~:text=Since%2013%20May%202022%2C%20cases,virus%2C%20across%20three
%20 WHO%20regions.  
 
36. Nguyen PY, Ajisegiri WS, Costantino V, Chughtai AA, MacIntyre CR (2021) Reemergence of 
human monkeypox and declining population immunity in the context of urbanization, Nigeria. 
2017-2020 Emerg. Infect. Dis 27:1007-1014.  
 
37. Alakunle E, Moens U, Nchinda G, Okeke MI (2020) Monkeypox virus in Nigeria: infection 
biology, epidemiology, and evolution. Viruses 12: 1257.  
 
38. John P Thornhill, SaphaBarkati, Sharon Walmsley (2022) Monkeypox Virus Infection in 
Humans across 16 Countries April–June 2022 N Engl J Med 387: 679-691.  
 
39. Badiani AA, Jay Patel, Ziolkowski K Pfizer (2020) The miracle vaccine for COVID-19? Public 
Health in Practice 1:100061.  
 
40. Damon IK (2011) Status of human monkeypox: clinical disease, epidemiology and research. 
Vaccine 29: D54-59.  
 
41. Beer EM, Rao VB (2019) A systematic review of the epidemiology of human monkeypox 
outbreaks and implications for outbreak strategy. PLoSNegl Trop Dis 13.  



 

 

 
42. Weinstein RA, Nalca A, Rimoin AW, Bavari S, Whitehouse CA (2005) Reemergence of 
monkeypox: prevalence, diagnostics, and countermeasures. Clin. Infect. Dis 41: 1765-1771.  
 
43. Doty JB, Malekani JM, Kalemba LN (2017) Assessing monkeypox virus prevalence in small 
mammals at the humananimal interface in the democratic Republic of the Congo. Viruses 9: 
283.  
 
44. Huhn GD, Bauer AM, Yorita K, et al. (2005) Clinical characteristics of human monkeypox, 
and risk factors for severe disease. Clin. Infect. Dis 41: 1742-1751.  
 
45. Mc Collum AM, Damon IK (20222) Human monkeypox. Clin. Infect. Dis. 58: 260-267.  
 
46. Nuzzo JB, Borio LL, Gostin LO (2022) The WHO declaration of monkeypox as a global 
public health emergency. JAMA 328: 615-617.  
 
47. Gregory D Huhn, Audrey M Bauer, Krista Yorita, Mary Beth Graham, James Sejvar, et al. 
(2005) Clinical characteristics of human monkeypox, and risk factors for severe disease Clin 
Infect Dis 41: 1742-1751.  
 
48. Asfand Yar Cheema, Oboseh J Ogedegbe, Mishaal Munir, Gabriel Alugba, Tioluwani K 
(2022) Monkeypox: A Review of Clinical Features, Diagnosis, and Treatment. Ojo Cureus 14: 
e26756.  
 
49. Jezek Z, Szczeniowski M, Paluku KM, Mutombo M, Grab B (1988) Human monkeypox: 
confusion with chickenpox. Acta Trop 45: 297-307.  
 
50. Ministry of Health and Family Welfare, Govt. of India (2022) Guidelines for management of 
monkeypox disease. https:// main.mohfw.gov.in/sites/default/files/Guidelines%20for%20 
Management%20of%20Monkeypox%20Disease.pdf  
 
51. Breman JG, Kalisa Ruti, Steniowski MV, Zanotto E, Gromyko AI, et al. (1980) Human 
monkeypox, 1970-79.Bull. World Health Organ 58: 165-182.  
 
52. George Citroner (2022) Researchers Find Some People With Monkeypox May Not Have 
Symptoms. https://www.healthline.com/health-news/monkeypox-cases-on-the-riseworldwide-
what-to-know  
 
53. Irith De Baetselier, Christophe Van Dijck, Chris Kenyon, Jasmine Coppens, Johan Michiels, 
et al. (2022) Retrospective detection of asymptomatic monkeypox virus infections among male 
sexual health clinic attendees in Belgium. Nature Medicine. DOI: 10.1038/s41591-022-02004-w  
 
54. Linda Carroll (2022) People can be infected with monkeypox without showing symptoms, 
study suggests.  
 
55. Mary Chris Jaklevic (2022) Monkeypox virus found in asymptomatic people. Internal 
Medicine https://www. 



 

 

mdedge.com/internalmedicine/article/257285/infectiousdiseases/monkeypox-virus-found-
asymptomatic-people  
 
56. Billioux BJ, Mbaya OT, Sejvar J, Nath A (2022) Potential complications of monkeypox. 
Lancet Neurol 21: 872.  
 
57. Emmanuel F Alakunle, Malachy I Okeke (2022) Monkeypox virus: a neglected zoonotic 
pathogen spreads globally Nature Reviews Microbiology 20: 507-508.  
 
58. Benjamin Ryan (2022) Life after monkeypox: Men describe an uncertain road to recovery 
https://www.nbcnews.com/nbcout/out-health-and-wellness/life-monkeypox-men-
describeuncertain-road-recovery-rcna49195  
 
59. Gordon SN, Cecchinato V, Andresen V, Jean-Michel Heraud, Anna Hryniewicz, et al. (2011) 
Smallpox vaccine safety is dependent on T cells and not B cells. J. Infect. Dis 203: 1043-1053.  
 
60. Nitin Kumbhar, Pragya Agarwala (2022) The lurking threat of monkeypox in current times. 
Indian J Med Microbiol 40: 475-479.  
 
61. Li Y, Zhao H, Wilkins K, Hughes C, Damon IK (2010) Realtime PCR assays for the specific 
detection of monkeypox virus West African and Congo Basin strain DNA. J. Virol. Methods 169: 
223-227.  
 
62. Dumont C, Irenge LM, Magazani EK, Garin D, Muyembe JJ, et al. (2014) Simple technique 
for in field samples collection in the cases of skin rash illness and subsequent PCR detection of 
orthopoxviruses and varicella zoster virus.PLoS ONE 9: e96930.  
 
63. Li Y, Olson VA, Laue T, Laker MT, Damon IK (2006) Detection of monkeypox virus with real-
time PCR assays, J Clin Virol 36: 194-203.  
 
64. Olson VA, Laue T, Laker MT, Igor V Babkin, Christian Drosten, et al. (2004) Real-time PCR 
system for detection of orthopoxviruses and simultaneous identification of smallpox virus,J Clin 
Microbiol 42:1940-1946.  
 
65. Bayer-Garner IB (2005) Monkeypox virus: histologic, immunohistochemical and electron-
microscopic findings. J CutanPathol 32: 28-34.  
 
66. Fok Moon Lum, Anthony Torres Ruesta, Matthew Z Tay, Raymond TP Lin, David C Lye, et 
al. (2022) Monkeypox: disease epidemiology, host immunity and clinical interventions. Nat Rev 
Immunol 22: 597-613.  
 
67. Stagles MJ, Watson AA, Boyd JF, More IA, McSeveney D (1985) The histopathology and 
electron microscopy of a human monkeypox lesion. Trans R Soc Trop Med Hyg 79: 192-202.  
 
68. Guarner J, Del Rio C, Malani PN (2022) Monkeypox in 2022: what clinicians need to know. 
JAMA 328: 139-140.  
 



 

 

69. Carlos del Rio, Preeti N Malani (2022) Update on the Monkeypox Outbreak. JAMA 328: 921-
922.  
 
70. Lapa D, Carletti F, Mazzotta V, Giulia Matusali , Carmela Pinnetti, et al. (2022) Monkeypox 
virus isolation from a semen sample collected in the early phase of infection in a patient with 
prolonged seminal viral shedding. Lancet Infect Dis 22: 1267-1269.  
 
71. Jennifer Abbasi (2022) Reports of Asymptomatic Monkeypox Suggest That, at the Very 
Least, Some Infections Go Unnoticed. JAMA 328:1023-1025.  
 
72. Francesco Di Gennaro, Nicola Veronese, Claudia Marotta (2022) Human Monkeypox: A 
Comprehensive Narrative Review and Analysis of the Public Health Implications. 
Microorganisms 10: 1633.  
 
73. John G Rizk, Giuseppe Lippi, Brandon M Henry, Donald N Forthal, Youssef Rizk (2022) 
Prevention and Treatment of Monkeypox Drugs 82: 957-963.  
 
74. Baker RO, Bray M, Huggins JW (2003) Potential antiviral therapeutics for smallpox, 
monkeypox and other orthopoxvirus infections. Antiviral research 57: 13-23  
 
75. Cho CT, Wenner HA (1973) Monkeypox virus. Bacteriol Rev 37: 1-18.  
 
76. Poland GA, Kennedy RB, Tosh PK (2022) Prevention of MP with vaccines: a rapid review. 
The Lancet, Infectious Diseases.  
 
77. Jesse O Shea, Thomas D Filardo, Sapna Bamrah Morris, John Weiser, Brett Petersen, et al. 
(2022) Centers for Disease Control and Prevention. Interim clinical guidance for treatment of 
monkeypox 71: 1023-1028. 
 
78. Cohen J (2022) Monkeypox outbreak questions intensify as cases soar. Science 376: 902-
903. 
 
79. Adler H., Gould S., Hine P., Snell L.B., Wong W., Houlihan C.F., Osborne J.C., Rampling T., 
Beadsworth M.B., Duncan C.J., et al. (2022) Clinical features and management of human 
monkeypox: A retrospective observational study in the UK. Lancet. Infect. Dis. 2022;22:1153–
1162 
 
80. Centers for Disease Control. 2024. Information For Healthcare Professionals 
 
81. World Health Organization. 2024. Monkeypox Key facts and Guidance 
 
82. Journal for Infectious Diseases. Monkeypox: A Comprehensive Review of the Epidemiology, 
Diagnosis and Management 
 
83. INternational Journal of Dermatology.  Dermatologic Manifestation of Monkeypox: A 
Clinician’s Guide 
 



 

 

84. Mental Health and Monkeypox: An Overview 


