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Abstract  
 
Monkeypox, once a rare zoonotic disease, was endemic to some African countries since its 
original identification among humans in 1970. Since then, cases in non endemic regions were 
linked to returning travelers or those who had contact with transported animals. The causative 
agent, Monkeypox virus, belongs to Orthopoxviruses, the same family as Variola; the causative 
organism for smallpox.  Although most Monkeypox outbreaks until recently were linked to zoonotic 
transmission, secondary human-human transmission in smallpox unvaccinated individuals was 
observed in a small proportion of overall cases. Smallpox was declared eradicated in 1980 and 
since its eradication, monkeypox virus is the most significant poxvirus to cause human disease. 
The 2022 monkeypox outbreak marks a significant paradigm shift in the human and poxvirus 
association, with new modes of transmission, concerns of viral evolution and entrenchment as a 
sexually transmitted disease. Monkeypox clinically resembles smallpox but is far milder. At this 
time there are no approved therapies for monkeypox and antiviral agents effective against 
smallpox are being utilized. Additionally, preventive strategies being utilized include smallpox 
vaccination like JYNNEOS and ACAM2000. In this narrative review, we discuss the virology, 
epidemiology, transmission, clinical manifestations, diagnosis, management and prevention 
strategies associated with monkeypox.  
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1. History & Introduction 
Monkeypox, once an uncommon largely ‘zoonotic’ illness with a short chain of human to human 
transmission [1,2], is caused by the monkeypox virus (MPV) of the Poxviridae family and 
Orthopoxvirus genus. MPV was first isolated from cynomolgus monkeys exhibiting smallpox like 
lesions. The disease name was coined in 1958; at the Statens Serum Institut research facility in 
Copenhagen, Denmark, housing monkeys for poliomyelitis vaccine research and production [3]. 
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Subsequently, the earliest animal-human zoonotic transmission was described in 1970 in a 9 
month old male infant, in the Democratic republic of Congo (DRC) [4]. In 1970, 5 more human 
cases of monkeypox were reported in Liberia and Sierra Leone (4 in children aged 4 - 9 years 
and a fifth in a 24 year old adult) [5]. A total of 59 cases in other sporadic outbreaks of monkeypox 
had been reported between 1970-1980s in central and west African countries; mostly associated 
with wildlife contact [6–8].  
Early human monkeypox outbreaks coincided with the last stages of the global smallpox 
eradication vaccination program. It was observed that vaccination and infection from one member 
of the orthopoxvirus conferred cross-protection against another [5]. Since humans were not seen 
as a reservoir for MPV the ‘global commission for eradication of smallpox’ was prompted to 
consider monkeypox a non-threat to smallpox eradication, thus deciding to cease the vaccination 
program [8]. Epidemiological surveys of infections during this period indicated an increasing 
concern for rising human-human transmission of MPV in secondary cases; in otherwise 
unvaccinated individuals, causing the commision to promote a continuous monkeypox disease 
surveillance [8]. Subsequently, serological surveys (utilizing the vaccinia haemagglutination-
inhibiting (HI) antibody testing) of over 10,000 unvaccinated children in Cote d'lvoire, Sierra Leone 
and DRC indicated antibody positivity rates of 12.5-19.2%. Furthermore at least 30% of sera-
positive individuals did not recollect any clinical manifestations, indicating a subclinical 
presentation [8]. As the screening and surveys were intensified, a few hundred cases of 
monkeypox were reported in DRC between 1981 - 1986, largely in children (86%) and a significant 
number of remaining cases in smallpox - unvaccinated adults; the overall fatality rate was 
reportedly 9.8% [6,8]. In DRC, during a significant prolonged outbreak between 1996 - 1997, the 
fatality rate was 3.7%, with similar epidemiology as earlier, but increasing human-human 
transmission was observed [8–10]. In all these outbreaks, monkeys, squirrels and other 
mammalian species were seen as the key participants in MPV lifecycle and transmission to 
humans [6,10,11]. Significantly, the genomic sequence analysis of MPV was observed to be 
mostly unchanged and human-human transmission was considered to be low [10]. Another 
outbreak in DRC, in 2001, reported a total of 31 human cases and pointed to monkeys as one of 
the sources of primary infection, while secondary human-human transmitted infection was seen 
in smallpox unvaccinated individuals [6].   From 1970 to 2017, MPV had led to multiple monkeypox 
cases in sporadic outbreaks across the central and west-African belts, considered endemic 
regions - including Cameroon, Central African Republic, Congo Brazzaville, Côte d'Ivoire, DRC, 
Gabon, Liberia, Nigeria, Sierra Leone, and South Sudan [12].  
Interestingly, pet prairie dogs, transported with other infected exotic small mammals from Ghana, 
were associated with the ‘first non-endemic outbreak’ of human monkeypox, occurring in the 
United States (US) with 47 confirmed and probable cases but did not feature community 
transmission [13,14]. Subsequently, a few cases of travel-associated monkeypox; outside of the 
endemic African regions, were encountered in in Israel in September 2018, in the United Kingdom 
(UK) in September 2018, December 2019, May 2021 and May 2022, in Singapore during May 
2019 and in the US in July and November 2021; all cases were associated with limited secondary 
spread [15–18]. These cases, in travelers returning from Nigeria, coincided with the Nigerian 
outbreak of human monkeypox in 2017 - 18, infecting 122 individuals with a fatality rate of 6% 
[12].  
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In May 2022, beginning with a cluster of cases detected in the UK and subsequently through the 
European union, several countries in historically non-endemic regions reported multiple cases of 
monkeypox associated with significant human-human transmission, now spread across 81 non-
endemic and 7 historically endemic countries [19]. Monkeypox has recently been declared a 
‘public health emergency of international concern’ by the World Health Organization (WHO), a 
critical designation concurrently shared with COVID-19 and Poliomyelitis. Globally, significant 
concerns are being raised due to presentation of newer modes of transmission, potential 
entrenchment as a sexually transmitted disease, evolution of the virus, among others [20].  
With an aim to decipher current circumstances, virology of MPV becomes a key first step towards 
understanding monkeypox. 
 
2. Virology & Pathogenesis  
MPV, a double stranded DNA (dsDNA) virus, is similar in structure to other orthopoxviruses; 
namely, Variola, Vaccinia and Cowpox virus. MPV, like other poxviruses, has a brick-like, oval 
structure, measuring 200 - 250 nm. The viruses are characterized by a dumbbell-shaped nucleus 
housing the linear double stranded deoxyribonucleic acid (dsDNA) ~197 kb, surrounded by lateral 
bodies [21]. The virions are enclosed by a lipoprotein outer membrane with surface tubules. 
Palindromic hairpins combine the ends of the DNA strands covalently, while inverted terminal 
repeats, which hold the origins of replication for DNA viruses, are made up of hairpin loop, tandem 
repeats, and some open reading frames (ORF). DNA synthesis is initiated at one end of the 
inverted terminal repeats and continues to the other end [22]. Similar to other orthopoxviruses, 
the MPV genome consists of!"#$!%&'()%*!+,+-,.)'%&//0+(!123!,4!56$!&70+,!&809!'):09;):!&:!
<)%%!&:!:=';8=;'&%!4)&=;'):![21]. Additionally, the central part of the MPV genome consists of highly 
conserved genes, seen across orthopoxviruses. Uniquely though to MPV, significant lengths of 
its right side genome contain duplication of the four left terminal ORFs; as a part of terminal 
inverted repeat. These terminal regions exhibit considerable variation as a result of ORF 
truncation and deletions. There is approximately 84.5-84.6% overlap of genome nucleotide 
sequences between the MPV and Variola virus [21].  
The lifecycle of MPV in the host cell cytoplasm is largely similar to other orthopoxviruses [22–25]. 
Entry of the virus into the host cell is mediated by fusion of viral proteins to host cell membrane 
glycosaminoglycans. This triggers the virion to release its contents into host cell cytoplasm. In an 
immediate next phase; as early as 30 minutes post-infection, viral RNA-polymerase transcribes 
early expression of viral proteins and causes uncoating of its entire genome [23,26]. The next 
intermediate phase, taking place approximately 100 minutes post-infection involves expressions 
of a series of genes orchestrating recruitment of viral DNA-polymerase for replication. In the next 
subsequent - late phase; 2 - 48 hours post infection, structural proteins are produced through 
transcription of late genes and recruiting host cell endoplasmic reticulum and golgi-apparatus and 
assembling spherical proto-virions in host cytoplasmic viral factories [23,26,27]. Mature virions 
can be released from the host cell via lysis as a non-enveloped intracellular mature virion (IMV) 
or bud out as an external enveloped virion (EEV) having acquired a double membrane from the 
golgi apparatus. EEV further sets up a cellular microtubule transport that fuses to the host-cell 
membrane lipoprotein before releasing outside [22,23,26]. Interestingly, these 2 forms of mature 
virions are believed to exhibit variable antigenic properties and host cell attachment sites. These 
variations modulate the host immune response and infectivity of progeny virions [26]. Additionally, 
one study showed that EEV plays a key role in viral dissemination while IMV plays a predominant 
role in host-host transmission [28]. These factors of virion replication and egress need to be 
looked at carefully and may hold insights into the new transmission modes associated with the 
2022 global monkeypox outbreak. 
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The infected cell hosts most of the viral DNA replication, transcription, assembly, and release and 
all housekeeping genes, present on the conserved central region of the genome [22]. 
Significantly, there is 83.5% - 93.6% commonality between the Variola and MPV putative 
virulence and immunomodulatory amino acid sequences. Furthermore, previous studies have 
shown that certain mutations in genes for two interferon (IFN) resistance encoding intracellular 
proteins, causing IFN sensitivity, could have been key in making human-human transmission of 
MPV less efficient in earlier outbreaks, while these genes were intact in other orthopoxviruses 
such as Variola [21]. Other differences in complement-binding proteins compared to Variola and 
presence of a L-1β-binding protein in MPV may contribute to a less pronounced clinical disease, 
while the absence of the latter in Variola has been associated with significant pathogenicity and 
fever [21]. The phylogenetic analysis of orthopoxviruses have shown that MPV is slightly distant 
from Variola and Vaccinia viruses while the Cowpox virus may be a progenitor [21,29]. These and 
other discrete differences in MPV genome, compared to other orthopoxviruses, require attention 
and may hold answers towards its unique virulence, pathogenesis and transmission, particularly 
as the 2022 monkeypox global outbreak exhibits differences in these aspects from previous 
outbreaks.  

Phylogenetically, MPV has been grouped into two genetic clades based on geography, 
disease severity and sequence homology - the Central African/Congo Basin (CB) and West 
African (WA) clades and reports suggest that the latter has been associated with a milder form of 
disease [30,31]. The human-human transmissibility, disease-associated morbidity, mortality and 
viraemia are more severe with the CB clade [30]. The most significant difference between the two 
clades is associated with the DNA sequence diversity at the terminal region, for genes that encode 
the host-response modulation proteins [30–32]. Prior epidemiological surveys assessing 
monkeypox showed that infection with either clade has a similar serological response in smallpox 
unvaccinated individuals, but associated with higher mortality rates in the CB clade infected 
patients [32,33].   

The origins of the 2022 global monkeypox outbreak remain to be determined and most 
cases lack an obvious epidemiological link to Africa. Viral genomic analysis has recently been 
performed to understand possible links between global cases, origins of infection, and 
transmission dynamics. MPV sequence comparison with a 2021 US case, associated with travel 
from Nigeria, shows high similarity to the 2022 outbreak sequences, suggesting they belong to 
the WA clade [34,35].  
 
3. Epidemiology - Current Status 
Between January 1, 2022 and  August 8, 2022, a total of 30,189 cases of Monkeypox have been 
reported among 88 countries, of which 81 countries have not reported cases hitherto [19,36]. Vast 
majority of the cases have been reported out of the European region with the most affected 
countries being the US, Spain, UK, Germany, France, Brazil, Netherlands, Canada, Portugal and 
Italy. Per recent WHO data, these countries contain 88.9% of all the cases reported globally [37]. 
On May 17, 2022, the first confirmed case of monkeypox in the US was reported out of the state 
of Massachusetts [38]. US case counts at the time of this writing are 8,934 with New York being 
the most affected state (1,960 cases as of August 8, 2022). Coastal states with higher population 
density have reported more cases than others, namely New York and California [39].   
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The 2022 Monkeypox outbreak has remarkably affected men who have sex with men (MSM) 
(97.5%) and bisexual men. Bulk of the global cases have been reported among young males 
(98.8%) with a median age of 37 years (interquartile range: 31-43 years). Notably, 96 cases 
reported to date have occurred among those <18 years of age. Human immunodeficiency virus 
(HIV) infection has been reported among 37.6% of those with Monkeypox and known HIV status. 
339 cases occurred among health workers and community versus occupational exposure remains 
an ongoing investigation. While direct contact seems to be the most likely mode of transmission, 
a novel finding amid this outbreak is the report of a sexual encounter as a transmission event, 
specifically large events with sexual contacts [37]. Demographic findings from US data are 
concordant with global reports published by the WHO and indicate that young MSM make up the 
majority of cases (median age: 35 years). Of the available data on race and ethnicity, about 38% 
have been reported to be Caucasian/non hispanic, 26% African American and 32% Hispanic [38].  
The US CDC has provided case definitions for suspected, probable and confirmed cases of 
Monkeypox [40]. Additionally, guidance on epidemiological and exclusion criteria have also been 
provided as a part of the 2022 Monkeypox response. Suspected cases include those with a new 
characteristic rash or cases that meet epidemiologic criteria and have a high clinical suspicion. 
Probable cases have been defined as those without suspicion of other recent Orthopoxvirus 
exposure and demonstration of Orthopoxvirus DNA by PCR; or demonstration of Orthopoxvirus 
by immunohistochemistry or electron microscopy of a clinical specimen. Suspected cases could 
also be established by demonstration of anti-Orthopoxvirus IgM antibodies 4 to 56 days after rash 
onset. Confirmed cases include those with MPV DNA presence established from clinical 
specimens by PCR or next generation sequencing (NGS); or those where MPV has been isolated 
in culture.  
Epidemiologic criteria are: 
Within 21 days of onset of symptoms: 
·    Contact with one or more individuals with a similar rash who received a probable or 
confirmed Monkeypox diagnosis OR 
·    Close or intimate personal contact with individuals in a social network where Monkeypox 
is present, including MSM who meet partners on the web or on mobile applications or at social 
events including parties 
·    Travel outside the US to a country with confirmed Monkeypox cases or to a Monkeypox 
endemic country 
·    Contact with a live or dead wild animal or exotic pet which is an African endemic species 
or use of a product derived from such animals, including lotions, cream, powder and game meat. 
Exclusion criteria are an alternate diagnosis; or lack of rash within 5 days of onset of illness in an 
individual with symptoms consistent with Monkeypox; or inability to demonstrate Orthopoxvirus 
or Monkeypox virus or antibodies to Orthopoxvirus despite high quality clinical specimens. More 
recent Monkeypox case fatality rates are 3-6% per the WHO with historic rates ranging from 0 to 
11% among the general population [18]. 
 
4. Transmission  
MPV transmission has been observed through two routes - animal-human and human-human. 
While humans are the sole reservoir for Variola, the causative virus of smallpox, rodents are 
considered to be reservoirs of MPV, though yet to be confirmed. Trapping studies to understand 
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monkeypox seroprevalence in small African mammals and non-human primates suggested an 
abundance of seropositivity, isolation of MPV and presence of sparse rash lesions in one small 
mammalian species - rope squirrels (Funisciuris), suggesting that it might be a likely reservoir of 
MPV [33,41]. Animal-human transmission may occur through direct contact with infected animal 
skin lesions, bodily fluids, animal bite and scratches, handling infected animal meat and 
consumption. Human-human transmission may occur through direct, personal contact with 
lesions and bodily fluids, prolonged face to face contact or indirect contact with fomites such as 
clothing and bedding. Contact with respiratory secretions may also contribute to transmission, 
though airborne transmission transmission has not been reported as of this writing [1,2,33,42]. 
Nosocomial transmission has been observed in previous outbreaks, associated with both clades 
of MPV [1,12,43].  
The incubation period of Monkeypox is usually 6-13 days (range: 5-21 days) [44] but amid the 
2022 cases, shorter incubation periods have been reported with a median incubation period of 7 
days (range: 3-20 days) [45]. In the current global Monkeypox outbreak, human to human 
transmission seems to be predominant. While initial US cases reported international travel within 
21 days of symptom onset, to countries experiencing Monkeypox outbreaks, more recent cases 
seem to show signals of community transmission [38]. Close sexual contact has also been 
observed as a key factor in disease transmission. Replication competent MPV isolation from 
seminal fluid of a male patient with Monkeypox has been reported and speculated to be a result 
of passive viral diffusion from blood or exfoliated genital epithelium. However, it remains unclear 
if MPV can replicate in the seminiferous tubules or the remainder of the genital tract.  Interestingly, 
this patient had received smallpox vaccination during childhood [46]. Although the precise 
transmission patterns of the 2022 global Monkeypox outbreak are yet to be fully understood, 
evidence supporting transmission as a result of sexual activity continues to accumulate [45]. Lack 
of or waning herd immunity from cessation of smallpox vaccination prevents cross protection 
offered against Monkeypox by smallpox vaccination [47].  
Vertical transmission of MPV has been observed in a still-born fetus birthed through a second-
trimester loss to a monkeypox infected mother. The case demonstrated generalized skin rashes 
with detection of viral agents in the fetal tissue, umbilical cord and placenta [48]. Previous 
outbreaks have shown that monkeypox, like smallpox, can have a high risk for pregnancy loss, 
severe congenital infection and severe maternal morbidity and mortality; but the impact of MPV 
on maternal and fetal health during the current outbreak remains unknown as yet. Recent 
guidelines strongly recommend close observation, reporting, management and prevention 
mechanisms to aid maternal and fetal health [49]. 
 
5. Clinical manifestations & Diagnosis 
Early diagnosis and robust management are key to curtailing the extent of the ongoing 
Monkeypox outbreak as transmission continues. The diagnosis of Monkeypox is based on patient 
history, clinical presentation and diagnostic testing. Gathering a detailed travel and sexual history 
are of the utmost importance given evolving transmission patterns and disease spread beyond its 
endemic distribution. Clinical features of Monkeypox traditionally include prodromal symptoms 
such as fever, malaise, chills, lymphadenopathy, myalgia or headache along with a pleomorphic, 
often umbilicated skin rash. The lesions have been described as firm, deep seated, well 
circumscribed and may affect palms and soles [50]. Macules, papules, vesicles and pustules 
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progress to scab and eventually desquamate. An individual is considered infectious until all skin 
lesions have completely re epithelialized. Pitted scars or skin with variable pigmentation may 
result at the sites of prior skin lesions. Monkeypox is generally a self-limited disease that resolves 
over 2-4 weeks. Severe cases can occasionally occur, are more common among children and 
worse outcomes remain a possibility among immunocompromised hosts. Features of severe 
disease include encephalitis, sepsis, hemorrhage, confluent skin lesions or other complications 
resulting in hospitalization. 
  
Potential complications of Monkeypox include encephalitis, corneal ulceration and scarring 
resulting in loss of vision, secondary bacterial infection of skin lesions, respiratory tract infection 
such as bronchopneumonia and sepsis [18]. Disease prognosis depends on several factors 
including age, prior smallpox vaccination status, medical comorbidities, use of 
immunosuppressive drugs and the severity of illness.  
 
Although the true extent of asymptomatic Monkeypox remains unknown, fresh reports of this 
phenomenon have emerged this year. Three Belgian male attendees of a sexual health clinic 
were identified to be MPV PCR positive on samples collected from the anorectal region, with 
eventual spontaneous viral clearance [51].  
 
Salient clinical features of the 2022 Monkeypox cases include dermal lesions over the external 
genitalia, anal region and oral mucosal lesions which are most likely portals of exposure and viral 
entry. Thornhill et al describe similar clinical presentations among those with and without HIV [45]. 
Sore throat, penile edema, rectal pain have also been observed among patients from London, UK 
with PCR confirmed Monkeypox [52]. Patel et al also reported a variable timeline of systemic and 
mucocutaneous symptoms among cases and described several cases where patients presented 
solely with dermatological symptoms without systemic features of disease. Novel clinical findings 
from the 2022 cases also include mucocutaneous ulcers and fewer skin lesions, less 
disseminated disease and proctitis causing anorectal pain [45].  
 
Confirmatory laboratory tests  - immunohistochemistry, enzyme-linked immunosorbent assay 
(ELISA), viral culture and polymerized chain reaction (PCR) are performed using scab material, 
lesion fluid, vesicular fluid or biopsy specimens from an individual suspected with monkeypox to 
confirm diagnosis and rule out other diseases [18,53]. MPV proteins assessment using gel-
electrophoresis can also confirm diagnosis, but may not be appropriate as a first-line  diagnostic 
in the clinical setting [54]. Real-time PCR, based on nucleic acid amplification, is considered the 
gold standard, first-line diagnostic test due to its accuracy and high sensitivity. Other tests are 
recommended when a suspected case tests negative with PCR [55]. RT-PCR testing targets 
regions of the DNA polymerase gene, E9L, F3L gene, extracellular-envelope protein gene (B6R), 
DNA dependent RNA polymerase subunit 18, among others [12,56]. On the other hand, whole-
genome sequencing using NGS is a comprehensive and insightful testing methodology but is 
seldom used and reserved for use downstream due its laborious, expensive and time-consuming 
nature. RT-PCR test results can take 24-72 hours and are currently conducted only by public 
health laboratories and 5 commercial labs - Aegis Science, Labcorp, Mayo Clinic Laboratories, 
Quest Diagnostics and Sonic Healthcare, in the US [57]. The US CDC has laid down the 
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diagnostic process for MPV testing [58]. Testing for non Variola orthopoxvirus PCR can be set up 
after initial patient assessment. Healthcare providers are responsible for establishing contact with 
public health authorities at the local or state level.  If Orthopoxvirus testing (PCR) results positive, 
MPV characterization is forwarded to the CDC. 
Importantly, when possible, vaccinated individuals (smallpox vaccinated within the last 3 years) 
should handle monkeypox suspected specimens in BSL-2 containment using BSL-3 practices 
[58]. Laboratory testing of MPV in the US has suggested that cases in the current outbreak are 
associated with the West African clade [59].  
 
6. Management  
Majority of Monkeypox cases tend to have a mild clinical course with self-resolution even without 
treatment. There is no current US Food and Drug Administration (FDA) approved antiviral labeled 
for use specifically against MPV. The antivirals available for use include repurposed agents 
effective against smallpox; namely,Tecovirimat (TPOXX/ST-246) and brincidofovir. Cidofovir, an 
antiviral approved for use against cytomegalovirus (CMV) , has also shown efficacy against 
orthopoxviruses in vitro. 
 
6a. Tecovirimat 
Tecovirimat (TPOXX) was approved by the FDA in 2018 for the treatment of smallpox in adults 
and children. It inhibits VP37, a viral envelope wrapping protein and disrupts viral replication and 
release. It is currently available for use in the US under an expanded access investigational new 
drug protocol at no cost (EA-IND) [60]. Tecovirimat is available as oral and intravenous 
formulations. While efficacy data on the use of TPOXX against Monkeypox are lacking, a 
favorable safety profile with common adverse effects such as headache, nausea, vomiting and 
abdominal pain has been reported. Neutropenia has also been reported among one trial 
participant [61]. Intravenous formulation use may result in infusion site erythema, pain and 
swelling [60]. Thornhill et reported on the treatment of recent Monkeypox cases with TPOXX  [45]. 
Adler et al describe management of a human Monkeypox case with TPOXX with a favorable 
outcome [62]. Monkeypox in a returning traveler from Nigeria to the US, treated with TPOXX has 
also been recently described [63].   
  
6b. Brincidofovir 
Brincidofovir was approved by the FDA for use against smallpox in adults and pediatric patients, 
in June 2021. It is a prodrug of Cidofovir and contains a lipid conjugate. Intracellularly, it is 
converted to Cidofovir and eventually its active metabolite, Cidofovir diphosphate (CDP), which 
incorporates into viral DNA and inhibits viral DNA polymerase, thereby inhibiting viral replication. 
Large scale human data on the use of Brincidofovir against MPV are lacking but an animal model 
showed trends of protection against lethal Monkeypox with 29-57% survival rates among infected 
prairie dogs, depending on the time of treatment initiation [64]. 
Adler et al also described 3 human cases of Monkeypox treated with Brincidofovir. Treatment 
cessation occurred due to elevation of liver enzymes [62]. Brincidofovir is available as an oral 
formulation (tablet and oral suspension) and has a better renal safety profile compared to 
Cidofovir [62]. 
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6c. Cidofovir 
Cidofovir has the same mechanism of action as its prodrug, Brincidofovir. Large scale human 
data on efficacy of Cidofovir against Monkeypox are lacking. However, animal data on its use 
against orthopox viruses including Cowpox, Vaccinia, Ectromelia and Rabbitpox exist [65]. 
Thornhill et al reported cases amid the 2022 Monkeypox outbreak that were treated with Cidofovir. 
It is only available as an intravenous formulation and can have significant renal toxicity [45].   
 
6d. Vaccinia Immune globulin Intravenous (VIGIV) 
VIGIV is FDA licensed for treatment of complications after Vaccinia vaccination, including 
Vaccinia (progressive or severe generalized), eczema vaccinatum and aberrant infections due to 
Vaccinia virus. It can also be used for Vaccinia infections in those with certain skin conditions [66]. 
Data for its use against Monkeypox are lacking; but, in the US, it is available as a response 
measure in the event of Orthopoxvirus outbreaks under an EA-IND.  
 
Figure 1 is an illustration of mechanisms of action of available therapies against Monkeypox along 
with its clinical symptoms.  
 
Interim guidance for the treatment of Monkeypox has been provided by the US CDC [66]. Antiviral 
use for those with clinical features of aberrant disease in atypical locations, severe disease, 
complications, and those at high risk for severe disease has been suggested. Risk factors for 
severe disease includes age < 8 years, atopic or other exfoliative dermatitis, pregnancy, lactation 
and immunocompromise. Immunocompromising conditions include uncontrolled HIV, acquired 
immunodeficiency syndrome, leukemia, lymphoma, other malignancy, radiation, solid organ 
transplantation, hematopoietic stem cell transplantation <24 months post-transplant or >24 
months post-transplant with graft-versus-host disease or disease relapse, autoimmune disease 
with immunodeficiency; and lastly  iatrogenic immunosuppression as a result of the use of 
alkylating agents, antimetabolites, tumor necrosis factor inhibitors or high dose corticosteroids.  
Additionally, symptomatic, and supportive care along with effective pain management are 
paramount [66]. 
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Figure 1. An illustration of the symptoms of monkeypox (A) and the life cycle of MPV inside the host cell 
cytoplasm to elicit the mechanism of action of four different antiviral therapies; Cidofovir, Brincidofovir, 
Vaccinia immune globulin and Tecovirimat (B). 
 
 
7. Prevention  
Some measures can help prevent spread of MPV. Direct contact based prevention strategies 
include - avoiding close, direct contact with people who have skin lesions resembling monkeypox, 
avoid touching the rash and scabs, avoiding close contact including hugging, kissing; avoiding 
sexual contact with infected individuals and avoiding contact with animals that exhibit monkeypox 
like symptoms [67]. Other prevention measures include - avoid sharing utensils with a person who 
has monkeypox, avoid touching items that have been in contact with a person infected with 
monkeypox, such as bedding and clothes [67]. Washing hands frequently with soap and water or 
use of an alcohol-based hand sanitizer can be very effective. Healthcare professionals caring for 
patients should wear proper personal protective equipment, cover their entire body with a water-
resistant gown, be double-gloved and use N-95 masks. Patients should be placed under contact 
isolation in a single patient room until all lesions have crusted and fully re epithelialized [67].  
Studies have shown that the smallpox vaccine provides significant protection against monkeypox 
and may improve disease outcomes [8,68]. The two US FDA approved vaccines - JYNNEOS and 
ACAM2000 can be useful in prevention strategies for monkeypox. JYNNEOS contains live 
Vaccinia virus that is not replication competent in human cells and is administered as two 
subcutaneous doses, 28 days apart, with full protection being afforded 14 days after completion 
of the vaccine series. JYNNEOS is licensed by the FDA for adults 18 years and older against 
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smallpox and Monkeypox. Unike ACAM2000, JYNNEOS can be given to those with HIV, atopic 
or other exfoliative dermatitis. ACAM2000 on the other hand, contains live replication-competent 
Vaccinia virus, and is given a single percutaneous dose by multiple puncture technique. After 
inoculation, a lesion (also called “take”) develops at the injection site and may take upto 6 weeks 
to heal. Protective immunity is achieved at least 4 weeks after vaccination. ACAM2000 is licensed 
for use against smallpox and can be used against Monkeypox with an EA-IND. Since this is a live 
viral vaccine, it should not be given to certain individuals. ACAM2000 has been linked to cases of 
vaccination induced myocarditis and pericarditis [69]. 
The US CDC’s recommendation on ‘post-exposure prophylaxis’ (PEP), coupled with isolation and 
utilizing other preventive methods, is vaccinating individuals 4 days after monkeypox exposure to 
prevent disease and administration between 4-14 days can improve disease outcome [69]. PEP 
plus plus (PEP++) is an expanded approach aimed to reach people with certain risk factors even 
if they have not had documented exposure to confirmed Monkeypox cases, with the objective of 
flattening the epidemiological curve and slowing disease spread in areas with high levels of 
transmission [69]. These strategies can help prevent transmission and control disease outbreak 
further. Additionally, the pre-exposure prophylaxis (PrEP) guidelines by CDC suggests 
vaccinating individuals at high-risk for monkeypox [69]. While these vaccines have been tested 
for efficacy against monkeypox in animal studies (JYNNEOS) or allowed for clinical use under 
FDA’s EA-IND, there is no data hitherto on their efficacy for PEP, PEP++ or PrEP for the current 
global outbreak [69–72]. Additionally, the administration of ACAM2000 is contraindicated in 
individuals with  immunosuppression or immunocompromise, atopic dermatitis, eczema, 
pregnancy or breastfeeding, infants, underlying heart disease and among those with major 
cardiac risk-factors [69,71]. 
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