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Foreword 
This Master Question List (MQL) was developed by the Department of Homeland Security 
(DHS) Science and Technology Directorate (S&T) to present the current state of available 
information to government decision makers. This MQL quickly summarizes what is known and 
what additional information is needed to address fundamental questions such as, “What is the 
infectious dose?” and “How long does the virus persist in the environment?” The information 
provided is a succinct summary to allow structured and scientifically guided discussions 
across the Federal Government without burdening them with the need to review scientific 
reports, and to prevent duplication of efforts by highlighting and coordinating research. 

Introduction 
Monkeypox virus (MPXV) is a zoonotic virus (a virus that originates in animals) that causes 
the disease mpox, which has symptoms similar to, but less severe than smallpox, eradicated 
in 1980. MPXV has two distinct clades: Clade I and Clade II, with a higher case fatality rate 
associated with Clade I infection.1 Outbreaks of MPXV have historically resulted from zoonotic 
spillover of Clade I MPXV in Central Africa and Clade II MPXV in West Africa and are 
considered endemic in different countries in the African continent.  Some cases have 
occasionally been exported to Europe and North America. However, since May 13, 2022, 
mpox cases have been reported in multiple countries, including the United States. The virus 
involved in the 2022 outbreak, which is ongoing as of 2024, is Clade IIb, a member of the 
clade associated with less severe disease. Historically, this subgroup of MPXVs has not 
generally been associated with significant human-to-human transmission. However, this has 
not been the case in the current outbreak. To date, most, but not all, cases have been 
reported in men who have sex with men (MSM), and the location of the lesions suggests that 
sexual transmission has had a significant role in the spread of the disease. Clade IIb 
continues to circulate at low levels and cases continue to be reported worldwide.2 Since late 
2023, the Democratic Republic of the Congo (DRC) has been experiencing a large outbreak 
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that is linked to Clade Ib, which is associated with more severe disease. As of the preparation 
of this document, the fatality rate of Clade Ib appears to be lower than other Clade I viruses 
but still higher than Clade II viruses.  

Key Updates 
• Since late 2023, a large outbreak of mpox has been affecting the DRC. This outbreak is 

linked to a new subclade, Clade Ib, which was first identified in the Kamituga Health Zone 
located in the South Kivu Province in eastern DRC. 1, 3 

• Clade Ib has expanded to other African countries including Burundi, Kenya, Rwanda, and 
Uganda.1  

• Clade Ib predominately affects young adults.1, 3  
• Clade Ib has been detected outside of Africa with confirmed travel associated cases in 

Sweden4-5 and Thailand.6-7 No cases of Clade Ib have been reported in the U.S.8 
• As of September 09, 2024, there have been 9,644 confirmed cases of mpox worldwide in 

2024 (3449 Clade I and 6011 Clade II). 8  
• Estimated mortality rates by subclade are 5-10% (Clade Ia), 0.7% (Clade Ib), 0% (Clade 

IIa), and 0.2% (Clade IIb).9 
• The U.S. Centers for Disease Control and Prevention (CDC) ceased updates on Clade IIb 

case counts in the U.S. as of January 10 , 2024, due to stabilized low levels of 
transmission.2 

 
The cutoff date for information gathering related to this document was 09/09/2024. 
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Major Findings by Topic Area 
Topic Overview of Current Knowledge  

BACKGROUND 

• MPXV belongs to the same group of viruses as the Variola major 
virus, which causes the human disease known as smallpox and 
was declared eradicated in 1980. This group also includes 
vaccinia virus (an attenuated poxvirus used as the smallpox 
vaccine), horsepox virus, and cowpox virus. These viruses, 
known as orthopoxviruses (OPVs), are extremely large viruses 
with DNA genomes. 

• MPXV causes a disease similar to, but generally less severe 
than, smallpox.  

• There are two distinct MPXV clades: Clade I (formerly Congo 
Basin/Central African clade) and Clade II (formerly West African 
clade), with a higher case fatality rate associated with Clade I 
infection. 

INFECTIOUS DOSE 

• The infectious dose of MPXV in humans is unknown. 

• Based upon studies in non-human primates (NHPs), the 
infectious dose via inhalation is estimated to be between 10 and 
10,000 infectious viral particles. Most of these studies were 
conducted with the Clade I MPXVs. 

• Clade II MPXVs have generally been found to be less infectious 
than Clade I MPXVs. 

TRANSMISSIBILITY 

• Four clades of MPXV are recognized, and modes of transmission 
vary between clades. Clades Ia and IIa viruses are associated 
with zoonotic transmission. Clade Ia viruses have been shown to 
exhibit limited human-to-human transmission, while Clade Ib and 
IIb viruses spread between humans more readily, particularly via 
sexual contact. Clade IIb viruses were predominantly associated 
with sexual transmission between MSM during the 2022-2023 
outbreak. 

• The reproduction number (R0) is a mathematical estimate of the 
average number of new individuals that a single infected 
individual will infect in a population without immunity. The R0 of 
mpox across all clades is generally estimated to be between 0.57 
to a maximum of 1.25.  

• The calculated R0 for the Clade IIb outbreak is 1.10-2.40.  

• For the Clade I outbreak in the DRC between August 2023 and 
March 2024, the R0 estimated for the total outbreak 
(predominately Clade Ia) is 1.2-1.3 and the estimated R0 for the 
South Kivu region (predominately Clade Ib) is 1.4-1.6. Evidence 
suggests that the transmission rate of MPXV has increased over 
time due to declining immunity in the population after the end of 
smallpox vaccination. 
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Major Findings by Topic Area 
Topic Overview of Current Knowledge  

HOST RANGE 

• Mpox is a zoonotic disease and outbreaks are initiated by human 
contact with animals. 

• NHPs can be intermediate hosts but are not likely to be reservoir 
hosts. 

• The primary reservoir of the virus is unknown but is likely to be 
one or more species of rodent. 

• It is not known if rodent species native to the U.S. could serve as 
reservoir hosts, though several can become infected. 

INCUBATION 
PERIOD 

• The interval between exposure and the development of 
symptoms ranges from 1-31 days, with 7-17 days being the 
typical range. 

• Patients are contagious during the first week of the rash and may 
continue shedding the virus for weeks after symptoms have 
dissipated. 

CLINICAL 
PRESENTATION 

• Early presentation consists of fever, fatigue, headache, 
backache, mild to severe pulmonary lesions, anorexia, dyspnea, 
conjunctivitis, nasal discharge, swollen lymph nodes, chills 
and/or sweats, sore throat, cough, and shortness of breath. 

• Rash presents within 1-4 days upon onset of symptoms and lasts 
from 2-4 weeks. 

• Rash typically does not appear on the extremities but may 
appear on the palms and soles of feet. Lesions can develop on 
mucous membranes, in the mouth, on the tongue, and on the 
genitalia. 

• In the Clade IIb and Clade Ib outbreaks, lesions on the genitalia 
and the perianal region have been more common due to the role 
of sexual transmission. 

• Some patients in the Clade IIb and Clade Ib outbreaks have 
presented without fever. 
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Major Findings by Topic Area 
Topic Overview of Current Knowledge  

CLINICAL 
DIAGNOSIS 

• One U.S. Food and Drug Administration (FDA)-cleared test and 
eight Emergency Use Authorization (EUA) tests are approved for 
diagnosis of mpox in the U.S. All tests require swabs from 
lesions. 

• The current CDC case definition requires positive polymerase 
chain reaction (PCR), sequencing, or culture to be considered a 
confirmed case. 

• PCR based diagnostic testing in the U.S. is available through 
local, state, territorial or tribal health department and many large 
commercial laboratories. Outside of the U.S., testing is more 
limited, often with fewer than 50% of suspected cases tested in 
some African countries. 

• Culture-based diagnostics should only be performed by the CDC. 

FATALITY RATE 

• Estimated mortality rates by subclade are 5-10% (Clade Ia), 
0.7% (Clade Ib), 0% (Clade IIa), and 0.2% (Clade IIb). 

• As of September 09, 2024, the fatality rate in the U.S. for Clade 
IIb is 0.2%, which is consistent with the global rate. 

• Data indicate that subpopulations, such as individuals with 
human immunodeficiency virus (HIV) and children, have 
increased likelihood for fatal outcomes. 

• Fetal mortality rates vary based on MPXV variant with Clade Ia 
exhibiting the highest rate at 75%. 

MEDICAL 
TREATMENT 

• Tecovirimat (also known as TPOXX or ST-246), cidofovir 
(Vistide), and brincidofovir (Tembexa) are antiviral medicines 
approved for the treatment of smallpox and have been shown to 
be effective against poxviruses. However, TPOXX does not 
appear to reduce the duration or impact mortality when used to 
treat Clade I mpox.  

• Vaccinia Immune Globulin Intravenous (VIGIV) is FDA approved 
for treatment of severe symptoms associated with Vaccinia 
vaccination. Efficacy against mpox has not been proven in 
humans; however, animal studies show cross-protection against 
OPVs, including MPXV. 

• TPOXX and VIGIV are in the Strategic National Stockpile (SNS). 
Brincidofovir was added to the SNS in October 2022, however 
tecovirimat should still be considered first for use. 

VACCINES 

• Two vaccines that were originally developed for smallpox have 
been licensed by the FDA for use against mpox and are 
maintained in the SNS (JYNNEOS and ACAM2000). Additional 
vaccines are available under an Investigational New Drug (IND) 
or internationally. 

• For post-exposure prophylaxis (PEP), following a known or 
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Major Findings by Topic Area 
Topic Overview of Current Knowledge  

presumed MPXV exposure, individuals can be vaccinated up to 4 
days post-exposure for the best chance at protection. 

• The CDC does not recommend booster vaccinations (more than 
two doses) except for specific groups including healthcare 
professionals without proper personal protective equipment 
(PPE) working directly with infected patients and laboratory staff 
working directly with infected animals or cultures. 

ENVIRONMENTAL 
STABILITY 

• The median time of MPXV DNA persistence in various patient 
samples, like blood, urine, and skin lesions, is 5.7 days to 13.5 
days. 

• MPXV, like other OPVs, can be stable in the environment for 
days to weeks under some circumstances.  

• MPXV can survive in scabs for months to years. 

• MPXV is resistant to desiccation in hot and cold environments.  

• Closely related OPVs may be stable for days to weeks in water, 
soil, and on refrigerated food. 

• MPXV is susceptible to inactivation under acidic conditions. 

DECONTAMINATION 

• U.S. Environmental Protection Agency (EPA) recommends 
bleach and a number of quaternary ammonium reagents for use 
against emerging viral pathogens.  

• Data demonstrating effectiveness against MPXV are not 
available for most common disinfectants, however testing with 
vaccinia virus (a close relative) suggests that bleach, Virkon, 
Dettol, and Sanytex are effective. 

PERSONAL 
PROTECTIVE 

EQUIPMENT (PPE) 

• Optimal PPE for clinicians caring for infected patients includes 
disposable gown and gloves, National Institute for Occupational 
Safety and Health (NIOSH)-certified N95 (or comparable) filtering 
disposable respirator, and face shield or goggles. 

• Additional PPE may be required for individuals working with 
samples or animals known or suspected to be infected with 
MPXV. 

• Laboratory studies with MPXV require Biosafety Level 2 or 3 
(BSL-2 or BSL-3) precautions. These laboratories have 
enhanced safety precautions (such as the use of respirators) and 
higher levels of containment to avoid laboratory staff exposure or 
accidental release of a pathogen. 

GENOMICS 

• MPXV is a member of the Orthopoxvirus genus of the Poxviridae 
family of enveloped viruses, with a linear double-stranded DNA 
genome of around 200 kilobase pairs (kbp).  

• The distinct MPXV Clade Ib lineage linked to the Kamituga 
Health Zone in DRC was reveled through genomic analysis in 
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Major Findings by Topic Area 
Topic Overview of Current Knowledge  

January 2024. Clade Ib is divergent from previously sequenced 
Clade I strains.  

• Various genomic changes have been observed in both the Clade 
IIb and Clade Ib outbreaks that are associated with human-to-
human transmission. 

• The increase in human-to-human transmission observed with 
both Clade IIb and Clade Ib may be due to increased editing by 
the host RNA editing enzyme APOBEC3. 
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Infectious Dose 
How much agent will make a healthy individual ill? 

What do we know? 
The infectious dose of MPXV in humans by any route is unknown.10  
• Cynomolgus macaques infected with MPXV are considered to currently be the best animal 

model for studying human mpox and its treatments, although no NHP model exists that 
perfectly represents human disease arising from OPV infection.11 

• The estimated infectious dose (the dose required to cause any infection, not necessarily 
death) is <101-104 infectious viral particles (plaque forming units [PFUs]) in various animal 
models via intravenous, oral, intranasal, inhalation/aerosol, intradermal, and cutaneous 
routes. However, only aerosol infectious doses have been tested in NHPs. In this model, the 
median infectious dose is estimated to be 200 PFU via the aerosol route.12-13 

The estimated median dose required to cause a lethal infection (median lethal dose or 
LD50) is variable and has been estimated to be 105-107 PFU in NHPs, depending on route 
of exposure.12-15 
• Across multiple animal models and exposure routes, the Clade I MPXV has generally been 

shown to have a lower lethal dose and higher mortality rate than Clade II MPXV. Exposure 
doses in these studies ranged from 10-107 PFU.16 

• In an aerosol study with cynomolgus macaques, the inhalation LD50 for the Clade I 
ZaireV79-I-005 strain of MPXV was determined to be between 104 and 105 PFU.17 

What do we need to know? 
• What is the infectious dose in humans by relevant routes? 

• What is the infectious dose of Clade Ib and Clade IIb MPXV in the NHP model? 

• What is the correlation of animal models to human infection and disease? (Additional 
studies are needed to develop improved animal models). 

Transmissibility 
How does it spread from one host to another? How easily is it spread? 

What do we know? 
Four clades of MPXV are recognized, and modes of transmission vary between clades. 
Clade Ia and IIa viruses are associated with zoonotic transmission, with only Clade Ia 
viruses exhibiting limited human-to-human transmission. Clade Ib and IIb viruses spread 
between humans more readily, particularly via sexual contact. Clade IIb viruses were 
predominantly associated with sexual transmission between MSM during the 2022-2023 
outbreak.3, 18 
• Transmission of MPXV occurs when a person comes in contact with the virus from an 

animal,19-21 human, or material contaminated with the virus. The virus may enter the body 
through broken skin, the respiratory tract, or other mucous membranes such as the rectum, 
eyes, genitals and oral cavity.22-26 Transmission has been recorded from mother to fetus via 
placenta.27-30 
o Transmission by receptive anal, vaginal, or oral sexual contact is difficult to measure, as 

such exposure usually occurs in the context of sexual intercourse involving skin-to-skin 
contact. Live MPXV was found in seminal fluid samples, however no cases have been 
documented in which semen was the only method of MPXV transmission.31-33  

• Humans can be contagious before a visible rash appears and can continue shedding the 
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virus weeks after symptoms have dissipated.22-23, 34-38 

• Transmission in a healthcare setting is unlikely when infection control measures are taken.39 
Reported cases of infection following occupational exposure to MPXV have been 
predominately associated with needle stick injuries (67%) and fomites (22%).40-42 

Since April 2022, Clade IIb MPXV has spread among humans who have not travelled to 
endemic areas and is credited to close, direct physical contact, which includes sexual 
transmission .26, 32, 43-45 Human-to-human transmission has become the primary mode of 
transmission, raising concerns for unaccounted community spread.44 
• Human-to-human transmission has been reported in previous outbreaks, but was not 

common.46-48 Clade II infection has historically been rarely associated with human-to-human 
transmission.48 22, 49-52;53  

• The mechanism for increased human-to-human spread is multifaceted and may include 
population-specific behaviors that increase risk.37 
o Direct contact among MSM has been cited as a source of a significant number of the 

infections in the Clade IIb outbreak.44, 54 
o Rates of droplet transmission in the Clade IIb outbreak do not appear to be different from 

prior outbreaks.22-23, 34, 55 

• A case study of 129 pediatric households during the Clade IIb outbreak in California 
reported a secondary transmission rate of 7.1% for children < 9 that dropped to 0% for 
pediatric household contacts 10 or older.45 

The R0 of the Clade IIb outbreak is conservatively calculated to be 1.10-2.40 in countries 
like the U.S. with declining OPV immunity.27, 56;23 
• R0 is a mathematical estimate of the average number of new individuals that a single 

infected individual will infect in a population without immunity. If this number is less than 
one, the infection will quickly burn out. If it is greater than one, the infection can spread and 
cause an epidemic if not controlled. 

• Several aspects of the Clade IIb outbreak, including transmission between MSM, are 
expected to complicate efforts to estimate R0 and may make previous estimates unreliable 
for this outbreak.37 
o For the Clade IIb outbreak in Canada, the R0 is estimated in the high-risk MSM 

population to be 1.464 and the low-risk population R0 to be 0.0066.57 
A record 14,626 cases of MPXV were recorded in the DRC for 2023.58-60 A new subclade, 
Clade Ib, emerged in DRC in late 2023 and is associated with more sustained human-to-
human transmission.3 
• Based on available epidemiological data, Clade Ib has been spreading rapidly among 

adolescents and young adults, unlike Clade Ia.58, 61-62 This could be a byproduct of the 
region where Clade Ib appears to have originated. 

• The Clade Ib outbreak appears to be associated with sexual transmission. Most cases 
presented with genital lesions and in 29% of confirmed and suspected cases individuals 
indicated sex work as a profession.3 This could be related to the concentration of sex 
workers associated with the mining industry in the region.63-65  

For the Clade I outbreak in the DRC between August 2023 and March 2024, the R0 
estimated for the total outbreak (predominately Clade Ia) is 1.2-1.3 and the estimated R0 
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for the South Kivu region (predominately Clade Ib) is 1.4-1.665 
 

What do we need to know? 
• Is transmissibility affected by route of exposure? That is, would an individual infected via the 

aerosol route be more infectious than a person infected via direct contact? 

• What is the ultimate impact of cessation of smallpox vaccination on the rate of human-to-
human transmission?20 

• What is the role of droplet/respiratory transmission in the current Clade Ib and Clade IIb 
outbreaks vs. other routes? 

Host Range 
How many species does it infect? Can it transfer from species to species? 

What do we know? 
Mpox is a zoonotic disease with transmission from animals (e.g., NHPs and rodents) to 
humans.19, 66 
• The name monkeypox comes from the fact that the virus was first isolated from a monkey. 

NHPs are often intermediate hosts, exhibiting the same symptoms as humans,67  however, 
and are not likely to be the reservoir.47, 66, 68 
o The primary reservoir is unknown, but small mammals (especially rodents) are likely to 

maintain the virus in environments of West and Central Africa69 and are asymptomatic 
carriers.67 The Gambian pouched rat, dormice, and sun and rope squirrels are of 
particular interest.52, 66, 70-76 

o Other potential hosts include multiple rodent species (prairie dogs, rabbits, porcupines, 
hamsters, shrews, chinchillas), opossums, marmots, groundhogs, anteaters, and 
hedgehogs.19, 52, 68-69, 77-79 

• Contaminated body fluids from animals and eating undercooked meat in addition to eating 
wild game are all suspected of having the ability of spreading the virus to humans.80 

• In 2003, humans became infected with Clade II MPXV after having contact with infected 
prairie dogs purchased as pets; these animals had been housed near a number of infected 
African rodents prior to being sold as pets.81 

• CDC instructs veterinarians to consider all mammals susceptible to MPXV due to the wide 
variety of animals shown to exhibit mpox infection, and the lack of information regarding the 
types of animals that may become ill.36 

• Relocation of animals from their natural habitats caused by humans moving to new 
environments, increasing travel from areas where the virus is endemic, and transporting 
laboratory animals or pets are all causes of increased incidence of mpox infection.67 
 

What do we need to know? 
• What is the potential for mpox to become an ongoing disease outside of West and Central 

Africa, such as by establishing a reservoir within native North American species? 

• Which animal hosts (including new animal reservoirs) outside of Central Africa are capable 
of harboring disease and what is the ease of transmission? 

• Is there a possibility of establishing new hosts of MPXV in household pets, agricultural 
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animals, or zoo animals?  
 

Incubation Period 
How long after infection do symptoms appear? Are people infectious during this time? 

What do we know? 
Typical incubation period in humans is 3-17 days, but can range from 1-31 days.22, 46, 72, 82-

83 
• Case studies from a 1980 surveillance program measured time intervals from exposure to 

fever onset ranges from 10-14 days, and from exposure to rash onset ranges from 
12-16 days.73 

• In the 2003 U.S. mpox outbreak (Clade II), the median incubation period was 12 days 
(range 2-26 days).46, 84 

• In the 2017-2018 human mpox outbreak in Nigeria (Clade II), the time from first contact to 
disease onset ranged from 3-34 days (mean 13 days; median 9.5 days).85 

• During the Clade IIb outbreak, the mean incubation period of 7.6 days (range from 3-20 
days) was estimated from exposure to first symptom onset, and from exposure to rash onset 
was 8.7 days.54, 86-87  
o Given the different types of exposures and routes of transmission, the incubation period 

for mpox in the recent outbreak may also have a different duration.88 During this period, 
a person does not have symptoms and may not appear ill. The severity of illness can 
depend upon the initial health of the individual and the route of exposure.83  

• People who were exposed to the virus through non-invasive routes (i.e., petting infected 
animals) experienced slower illness progression with longer incubation period versus people 
with a complex exposure (i.e., scratch or bite from an infected animal).86-87 

Patients are contagious during the first week of the rash,72, 82 and direct contact should 
be prevented until lesions have completely healed.89 
• In the Clade IIb outbreak, the median time from the development of the first skin lesion to 

the development of additional skin lesions was observed to be 5 days (range, 2-11 days).32 
• Humans can be contagious before a visible rash appears and can continue shedding the 

virus weeks after symptoms have dissipated.22-23, 34-38 It is usually a self-limiting disease with 
symptoms lasting 2-4 weeks.90 

• In the Clade IIb outbreak, mpox has only been known to spread by people from the time 
symptoms start and up until the rash has fully healed and a fresh layer of skin has formed. 
However, MPXV has been detected in some samples taken from people who reported no 
symptoms.91 

What do we need to know? 
• What is the degree of infectivity of the host during the incubation period prior to onset of 

symptoms? 

• What is the incubation period for Clade Ib? 

• How should public health organizations intervene depending on incubation period? 

• Are humans infectious via sexual fluids such as semen or vaginal secretions before 
symptom onset?  
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Clinical Presentation 

What are the signs and symptoms of the infected person? 
What do we know? 

Human disease associated with Clade II MPXV infection is generally less severe than 
Clade I MPXV infection.9, 48  
• Evidence suggests that the route of exposure may affect clinical presentation. Severity or 

location of lesions may correlate to how the virus is transmitted.92 

• Recent multi-country studies showed that three men among 224 samples collected 
were serology confirmed MPXV exposure but without any symptoms.88, 93 

The major clinical features of human mpox are similar to those of smallpox;94-95 however, 
lymphadenopathy (lymph nodes with abnormal size, number, or consistency) is a key 
distinguishing feature of mpox.82, 96  
• The disease typically presents with a short prodromal phase with influenza-like illness 

before classical mpox symptoms such as rash appear.22, 47, 70, 82, 97-98 
o Prodromal period (lasts 1-4 days): fever, fatigue, headache, backache, mild to severe 

pulmonary lesions, anorexia, dyspnea, conjunctivitis, nasal discharge, swollen lymph 
nodes, chills and/or sweats, sore throat, cough, and shortness of breath.22, 47, 70, 82, 97-98 

o In the Clade IIb outbreak, disease has not always been accompanied by classical 
prodromal symptoms and may present as a rash with typical lesions with or without 
perceptible fever.37  

• Following the prodromal phase, mild to severe rash/lesions may appear, lasting 2-4 weeks. 
The rash may appear on the chest, face, genitals, hands/palms and feet. Lesions can 
develop on mucous membranes, in the mouth, on the tongue, and on the genitalia. 22, 47, 70, 82, 

94, 98 The rash typically looks like blisters, pustules, or pimples and can be either itchy or 
painful.94 

• Proctitis and tonsillitis have been more common in the Clade IIb outbreak due to the 
outsized role of sexual transmission.37, 99-100 

• In a case study assessing primarily Clade Ib cases, skin rash, fever, headache, and swollen 
lymph nodes were the most common symptoms, having been reported by 88%, 74%, 72%, 
and 70% of patients, respectively. Additionally, two patients (one male and one female) 
reported being asymptomatic.63 This is consistent with other MPXV clades.101  
o Males displayed symptoms of skin rash, chills or sweats, genital lesions, headache, and 

muscle pain more frequently than females.63 
Atypical Presentation, Common Misdiagnoses, and Complications are associated with 
MPXV infection. 
• Varicella is a common misdiagnosis for the mpox infection. The varicella rash is centripetal 

with lesions that appear superficial and have irregular borders, described as “dew drop on a 
rose petal.” This description differs from the mpox infection with a rash that follows a 
centrifugal pattern of distribution and lesions with defined borders that are deep and hard. 
Varicella also progresses rapidly at multiple stages, while mpox develops slowly with lesions 
at similar stages throughout the body. Lymphadenopathy is not observed in varicella.102 

• Due to the genital and perianal presentation of lesions, in many cases, this may lead to a 
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misdiagnosis with sexually transmitted infections such as syphilis, chancroid, and herpes.37, 

100, 103-104  

• Patients with previous health concerns such as HIV or cancer may result in atypical clinical 
presentation of mpox, such as lesions appearing prior to systemic symptoms, dyspnea, and 
pharyngitis.92, 105 

• Complications associated with MPXV infection includes ocular infections, which may result 
in corneal scarring and permanent vision loss.25 Mpox can result in fatal outcomes for fetus 
in pregnancy.106 

• Children, pregnant women, and immunocompromised individuals are at higher risk for 
serious complications and death from mpox.95 

• Mpox related complications also include secondary infections such as bacterial skin 
infections in open lesions, dehydration or malnutrition caused by vomiting and diarrhea, 
pneumonia, or infections of the blood, brain, heart, or other organs.95, 107 

What do we need to know? 
• What rapid laboratory diagnostic would improve the ability of healthcare workers and others 

to differentiate mpox from other diseases caused by poxviruses, including smallpox? 

Clinical Diagnosis 
Are there tools to diagnose infected individuals? 

When during infection are they effective? 
What do we know? 

As of September 09, 2024, one FDA-cleared test and eight EUA tests have been approved 
for diagnosis of mpox in the U.S. All tests utilize swabs from lesions.108 
• CDC’s Non-Variola OPV Real-Time PCR Primer and Probe Set is the only FDA-cleared 

test.108 

• Five of the EUA tests are performed via real-time PCR with multiple targets, two via real-
time PCR with one target, and one is an at-home collection kit that is sent to Labcorp for 
testing.109  

The current CDC case definition requires positive PCR, sequencing, or culture to be 
considered a confirmed case.110 
• PCR-based diagnostics are the most reliable diagnostic tools for MPXV.111 

o PCR-based methods can be used on scab or vesicle material samples with or without 
virus isolation or propagation.20, 70, 78, 112-115 PCR-based methods are effective during 
acute illness21 and can differentiate between MPXV Clade I and Clade II strains.116 

• PCR based diagnostic testing in the U.S. is available through local, state, territorial or tribal 
health department and many large commercial laboratories.117 Outside of the U.S., the 
availability of testing is more limited, often with less than 50% of suspected cases tested in 
some African countries, though access is expanding.118 

• Contact local or state health departments to inquire about diagnostic testing prior to 
contacting the CDC.38, 111 

Antibody-based tests and electron microscopy are only sufficient for “probable” case 
status under the current case definition.110  
• Enzyme-Linked Immunosorbent Assay (ELISA)-based serological diagnostics can be used 

to determine if exposure has occurred after a patient is PCR negative, but cannot 
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differentiate between clades, and may not be able to differentiate vaccinated from infected 
individuals.119 
o Immunoglobulin M (IgM) titers may be positive as early as 2 days after rash onset; it is 

recommended that samples be collected at least 5 days after onset of rash.119 
o IgG titers may be positive as early as 1-2 days after rash onset; it is recommended that 

samples be collected after 14 days following onset of rash.119 

• PCR detection and diagnostic techniques remain effective for Clade Ib.120 

• The CDC recommends that patients who travel from DRC receive Clade-specific testing.121 
What do we need to know? 

• In resource-limited settings, how can tests that detect MPXV without requiring virus isolation 
or amplification be improved? 

Fatality Rate 
How likely is it that some individuals will die from mpox? 

What do we know? 
Case fatality rate can range from 0-17%, depending on subclade, vaccination status, and 
age.47, 51, 72-73, 112 
• Estimated mortality rates by subclade are 5-10% (Clade Ia), 0.7% (Clade Ib), 0% (Clade IIa), 

and 0.2% (Clade IIb).9 

• The current case fatality rate in DCR estimated at 4.9%.3,18 

• As of September 09, 2024, no deaths from Clade 1b have been reported in Rwanda, Kenya, 
or Uganda.122 

• As of September 09,  2024, there are 2466 confirmed cases of Clade IIb, with seven deaths 
in all of 2024. The fatality rate so far in 2024 is 0.2%.123 The case fatality rate in the U.S. at 
the height of the outbreak was 0.1%.124 

Fetal fatality was studied in African countries and found data supporting that fatality 
rates vary based on MPXV variant. There are no data for fetal fatality regarding U.S. 
cases. 
• Clade Ia has the most severe effects during pregnancy with a 75% fetal mortality rate.28 

• During the Clade IIb outbreak, there were no confirmed cases of fetal infection.125-126 

• In a cohort of eight pregnant women admitted to the hospital with Clade Ib MPXV, four had 
fetal losses—a fetal mortality rate of 50%125 

Data indicate that subpopulations, such as individuals with HIV and children, have 
increased likelihood for fatal outcomes. 
• A case study conducted on the Nigerian MPXV outbreak from 2017 to 2019 indicated that 

the risk of dying from mpox was nearly 14-fold higher in persons living with HIV compared 
with non-HIV coinfected cases.127 

• The WHO reports a higher case fatality ratio in the current DRC outbreak for those under 5 
years old (7.8%) than those over 5 years old (3%).128 

What do we need to know? 
• Are there demographic subpopulations who are more likely to have fatal outcomes, and if 

so, which groups are they? 
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• Do previous or existing medical issues increase likelihood of mpox mortality? 

Medical Treatment 
Are there effective treatments? 

What do we know? 
Tecovirimat (also known as TPOXX or ST-246), cidofovir (Vistide), and brincidofovir 
(Tembexa) are antiviral medicines approved for the treatment of smallpox or other 
therapeutic indications.129-130 These antivirals have been shown to be effective against 
poxviruses in in vitro and in vivo studies.131 However, TPOXX does not appear to reduce 
the duration or impact mortality when used to treat Clade I mpox.132 
• TPOXX was approved in the U.S. only for the treatment of human smallpox; however, 

through a CDC Expanded Access-Investigational New Drug (EA-IND) protocol during the 
global outbreak of 2022, it was made available for certain mpox patients,129 particularly for 
severe clinical symptoms or the immunocompromised.131, 133  
o A small study with confirmed MPXV-positive adults taking 600 mg oral TPOXX twice 

daily for 14 days resulted in no new lesions at median of 5 days after starting 
treatment.134  
 Oral TPOXX is available in the U.S. through enrollment in the ongoing STOMP (Study 

of Tecovirimat for mpox) clinical trial across the U.S. People who have been exposed 
or are symptomatic should contact their healthcare provider for enrollment.130, 135-136 
There is also an arm of the study for people who are immunocompromised, pregnant, 
lactating, have certain skin conditions, or are under 18.129  

• Cidofovir is FDA approved for the treatment of cytomegalovirus retinitis in acquired 
immunodeficiency syndrome (AIDS) patients.129 When used in animal studies, it was 
administered intravenously at 5 mg/kg on the day of infection to 2 days post-infection and 
provided complete protection from clinical mpox symptoms in NHPs.137 However, this drug 
causes kidney damage.131 

• Brincidofovir is a prodrug of cidofovir and is FDA approved for smallpox in adults and 
children.129 It can be used in lower doses than cidofovir, so it is less toxic.131 There are no 
efficacy data of brincidofovir in people, but in vitro and in vivo studies showed efficacy 
against OPVs. Brincidofovir would be given if the patient has a contraindication to 
tecovirimat or progresses to severe disease while on TPOXX.129 However, MPXV can 
become resistant to brincidofovir.131 

• VIGIV is FDA approved for treatment of severe symptoms associated with Vaccinia 
vaccination. Efficacy against mpox has not been proven in humans; however, animal studies 
show cross-protection against OPVs, including MPXV.129, 138-139  
o VIGIV at 6,000 U/kg may be administered for MPXV or complications of vaccination with 

live vaccina vaccines. This is used only in case-by-case basis. May need to re-dose, as 
half-life is 30 days, and may need to revaccinate for live viruses afterward.140 

• TPOXX and VIGIV are in the SNS.141 Brincidofovir was added to the SNS in Oct 2022, 
however, TPOXX should still be considered for use first. 129, 142  

What do we need to know? 
• What is the efficacy of antiviral drugs against MPXV specifically? 
• The JYNNEOS vaccine can be used as a PEP, what antiviral drugs or other treatments 

might be effective? 
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Vaccines 
Are there effective vaccines? 

What do we know? 
Two vaccines that were originally developed for smallpox have been licensed by the FDA 
for use against mpox and are maintained in the SNS (JYNNEOS and ACAM2000). 
Additional vaccines are available under an IND or internationally. 
• JYNNEOS (Bavarian Nordic A/S; known internationally as Imvamune or Imvanex) is a non-

replicating Modified Vaccinia Ankara (MVA) vaccine. This vaccine is the dominant vaccine 
used for mpox in the U.S., and is licensed for MPXV by the FDA in addition to licensure for 
smallpox.143 In April 2024, JYNNEOs was made commercially available in the U.S.143  
o A case-control study in the U.S. reporting on over 10,000 HIV+ patients showed full 

vaccination of those without immunocompromising conditions yielded 76.3% efficacy 
and 40.8% efficacy in partially vaccinated patients. The overall adjusted vaccine 
effectiveness was 66.0% when fully vaccinated, and 35.8% when partially vaccinated.144  

o Most post-vaccination breakthrough infections occur within two weeks of the first dose, 
prior to the second dose and before maximum protection is achieved.145-146 

o The vaccine is given in two doses, with the second dose four weeks after the first. 
Individuals are most protected two weeks after the second dose. While receiving the 
second dose four weeks after the first dose is the standard schedule, the second dose 
can be administered at any time.147  

o The duration of protection is not yet known148; however, no data to date indicate waning 
immunity.143   

o The most common side effects are pain, redness, or itching at the vaccination site, as 
well as fever, headache, tiredness, nausea, chills, and muscle aches.148-149  

o For PEP, following a known or presumed MPXV exposure, individuals can be vaccinated 
up to 4 days post-exposure for the best chance at protection. Vaccination can be 
considered up to 14 days following exposure but may be less effective. Once symptoms 
are present the vaccine will not be effective.150  

o There is limited data on vaccination with JYNNEOS in pregnant or lactating women. 
JYNNEOS can be given during pregnancy or nursing, but risks versus benefits should 
be discussed on a case-by-case basis.151   

• ACAM2000 (Emergent) is a live vaccinia virus vaccine licensed for smallpox and MPXV, 
which was initially made available for MPXV under EA-IND  and received full approval in 
August 2024.150, 152  
o This vaccine is given as a single percutaneous dose.153 
o Greater risk of serious side effects have been found with this vaccine, and it should not 

be given to individuals who are immunocompromised or who have heart disease.154 Not 
for use in pregnant or nursing women, infants, or young children.155 

• Aventis Pasteur Smallpox Vaccine (APSV) is another live vaccinia vaccine that is in the SNS 
only for smallpox, but in rare circumstances could be used for mpox under an EUA or as an 
IND in an emergency, in cases where the other two vaccines weren’t available or there are 
contraindications.153, 156 Both JYNNEOS and ACAM2000 vaccines are in the SNS.150 

• There has been a significant increase in human mpox cases over the decades following the 
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end of smallpox vaccinations in rural areas of DRC.20, 37 

• Vaccination is not recommended for individuals who have recovered from a natural mpox 
infection, since reinfection is rare, occurring in less than 0.1% of patients.143  

• Due to risk versus benefit, limited vaccine supply, and transmission through close or intimate 
contact, widespread mass vaccination is not recommended. Vaccination strategies focus on 
vaccinating high risk populations as well as PEP vaccination of individuals with known or 
suspected exposure through contact tracing.150, 155 

The CDC does not recommend booster vaccinations (more than 2 doses) except for 
specific groups:157  
• Vaccination is not recommended for healthcare professionals, or for clinical laboratory staff 

performing hematology, uranology, etc., unless sexual risk factors are present.143, 157 

• Research laboratory staff who are investigating animal or human mpox cases and directly 
handle infected animals or cultures and typically work with much higher virulence stocks. 
These staff should get a booster between 2 and 10 years depending on the type of work.  

• Healthcare workers who are caring for patients with mpox if appropriate PPE isn’t available. 
What do we need to know? 

• Would it be advantageous to make the smallpox vaccine routinely available to those in 
MPXV-endemic regions with an increased risk of exposure? 

• What is the duration or protection of the vaccines?  

• Is there a higher incidence of breakthrough infection with vaccination versus recovery from 
natural infection?  

• Are all treatments equally effective for each known strain in humans? 
Environmental Stability 

How long does the agent live in the environment? 
What do we know? 

• Poxviruses, like variola and vaccinia viruses, are known to remain infectious in sloughed 
scabs and unwashed bed linen for months to years, but MPXV may be less stable.158-160 
Viral OPV DNA present in lesion material is stable for a long period of time if kept in a 
relatively dark, cool environment.161-162 

The median time of MPXV DNA persistence in various patient samples, like blood, urine, 
and skin lesions, was shown to be 5.7 days to 13.5 days.160 
• MPXV DNA was detected on PPE, multiple surfaces, and an air sample taken during 

bedding change >1.5 meters from a patient’s bed in the hospital. Viral isolation of the air 
sample resulted in an increase in viral DNA, but not cytopathic effects.163  

• Live MPXV was recovered from multiple porous and non-porous surfaces in a patient’s 
residence 15 days after the patient was admitted to the hospital.164 

• MPXV-contaminated material including clothes, paper, and dust may remain contagious for 
years if not disinfected.158 

As an OPV, MPXV is expected to be quite stable in the environment:165 
• MPXV is relatively resistant to desiccation both in heat and cold.165 

• Repeated freezing and thawing of undiluted MPXV-infected tissue culture fluid up to 
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12 times produced a 1.5- to 4-fold loss of infectious virus.165 

• After 6 months of storage of infected tissue culture fluid at 4°C, the infectivity titer of stocks 
remained unchanged from the original; however, at -20°C there was a 100-fold loss of 
infectious virus, and at -70°C there was a 30-fold loss of infectious virus.165 

• After 15 months of storage, the loss in viability was about 500-fold at 4°C, 1,000-fold at 
-70°C, and more than 10,000-fold at -20°C.165 

• Vaccinia, another OPV, is stable for days to weeks in storm water and soil, lasting longer at 
cold temperatures.159 

What do we need to know? 
• How long does the virus remain viable in dried scabs on a patient? 

• Does MPXV stability follow the same general trends as other OPVs? 
o If not, what is the stability of MPXV on various common surfaces and food items? 

Decontamination 
What are effective methods to kill the agent in the environment? 

What do we know? 
EPA lists emerging viral pathogens into Tiers (1-3), denoting increasing difficulty of 
inactivation. MPXV is Tier 1, meaning that it is among the easiest to destroy (chemically), 
with inactivation of virus upon destruction of its envelope.166 
• List Q contains all EPA-registered disinfectants for use on emerging viral pathogens 

including MPXV.166 

• Common household disinfectants on List Q include many with active ingredients of sodium 
hypochlorite (bleach) or quaternary ammonium (compounds).166 

• List Q also identifies hospital-grade disinfectants.166 Hospital disinfection is similar to above 
recommendations, with added notes to avoid sweeping, dry dusting, and vacuuming in the 
room of a patient with mpox.166-167 

Effective means of home disinfection include standard laundry and dish washing 
methods, while using PPE and observing proper hand hygiene.168  
• Hot water cycle achieving 140oF is recommended for laundering bed linens and clothing. 

Soiled laundry should not be shaken, as it may cause the virus to become airborne. 168  

• After removal of PPE, hands should be washed for at least 20 seconds with soap and water.  
If soap and water are not available, an alcohol based sanitizer with ≥ 60% alcohol is 
recommended.169  

Vaccinia virus is commonly used as a surrogate for OPV inactivation.  
• The disinfectants Virkon® and Dettol® were found to inactivate vaccinia virus. 5% Virkon 

completely inactivated the virus on contact while Dettol completely or near completely 
inactivated the virus on contact. Complete inactivation was achieved with contact time of 30 
minutes 170 

• Formulations of 80% ethanol-based and 75% isopropanol-based disinfectants inactivated 
MPXV in tissue culture with a reduction factor of ≥6.7 when either were used a 
concentrations of 60% and 80% (vol/vol). A 30-second exposure with either formulation 
inactivated MPXV in tissue culture at concentrations above 30% (vol/vol).171  
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• Sanytex (3-10%) reduced vaccinia virus >104-fold in suspension containing protein after a 3-
minute incubation. The higher concentration Sanytex was required to decontaminate higher 
protein concentrations in the suspension. Vaccinia virus (with protein) dried on a surface 
was reduced >104-fold with 30% Sanytex after 30 minutes.172 

• Ultraviolet (UV) light at 254 nm for 20 seconds inactivates vaccinia virus in water.159 Dried 
vaccinia was inactivated (>4 log10 reduction) in under 7 minutes with UV-C light (200-
280 nm), which causes damage to the viral nucleic acids.173  

What do we need to know? 
• What viral titers of MPXV can be effectively decontaminated with sodium hypochlorite? 

(bleach), and how quickly does a prepared bleach solution lose effectiveness against 
MPXV? 

• What is the minimum inhibitory concentration of decontaminating agent and duration of 
required contact time in samples relevant to MPXV (e.g., scabs and blood)? 

Personal Protective Equipment (PPE) 
What PPE is effective and who should be using it? 

What do we know? 
• Recommendations for the general public include avoiding skin contact with anyone that has 

mpox as well as their belongings, washing hands frequently, and getting vaccinated. 
Everyday use of PPE is not necessarily recommended but left to individual choice. For high-
risk populations, masking may help prevent the spread of MPXV.174-175 

• For clinicians, PPE should be donned before entering the patient’s room and used for all 
patient contact. Optimal PPE includes disposable gown and gloves, NIOSH-certified N95 (or 
comparable) filtering disposable respirator, and face shield or goggles. All PPE should be 
disposed of prior to leaving patient’s room.167, 176 

• For dental care workers, NIOSH-certified N95 mask, particulate respirators (FFP3), fluid-
resistant attire and eye protection are recommended.177  

• All procedures involving handling potentially infectious material should be performed in 
laboratories utilizing BSL-2 or BSL-3 practices, depending on the risks involved in the 
procedure.178 

• All persons working in or entering laboratory or animal care areas where activities with 
MPXV are being conducted may require additional PPE such as shoe covers and 
specialized gloves. 

• Precautions should be taken against direct contact with lesions until the lesions have 
healed.89 Cover open wounds and lesions. Use gown or sheet to cover lesions if transport is 
required, such as within hospital.179 

What do we need to know? 
• What additional precautions are required for immunosuppressed or other populations that 

may have prolonged contact with an infected individual? 
Genomics 

How does the disease agent compare to previous strains? 
What do we know? 

MPXV is a member of the Orthopoxvirus genus of the Poxviridae family of enveloped 
viruses, with a linear double-stranded DNA genome of around 200 kbp.96, 180 
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• On August 12, 2022, the World Health Organization (WHO) updated MPXV variant 
nomenclature to Clade I (formerly Congo Basin/Central African clade) and Clade II (formerly 
West African clade). Both clades are further divided into subclades a and b.181  

• Like all OPVs, MPXV has an extremely low evolutionary rate, estimated at 6.5 x 10-6 
substitutions/per site/per year,182 which is approximately 2-3 orders of magnitude slower 
than RNA viruses like SARS-CoV-2 or Ebola virus.183 

Historically, the strains belonging to Clade II tend to be less pathogenic and human-
transmissible than Clade I strains.112, 116, 184-185  
• Clade I MPXVs are regulated as U.S. Health and Human Services (HHS) Select Agents by 

the CDC Federal Select Agents Program. Clade II MPXVs are not Select Agents due to their 
lower severity/lethality.186 

• A constellation of interdependent virulence factors appears to be responsible for the 
difference in virulence between Clade I and II viruses.115, 187-189 

The 2022 global outbreak strain is a MPXV Clade IIb virus.37, 190  
• The virus associated with the Clade IIb outbreak may have an accelerated evolutionary rate 

relative to other OPVs, potentially as much as an order of magnitude greater.191 
The 2024 outbreak strain is a MPXV Clade Ib virus.9 
• The distinct MPXV Clade Ib lineage linked to the Kamituga Health Zone in the DRC was 

revealed through genomic analysis in January 2024. Clade Ib is divergent from previously 
sequenced Clade I strains in DRC and increases the known diversity of Clade I by 54%.3, 192 

• Clade Ib appears to be mutating at an accelerated rate as compared to Clade Ia, where the 
former has nearly 150 nucleotide substitutions compared to the 96 nucleotide substitutions 
for Clade Ia.3 

• Clade Ib contains a large ~1 kbp deletion within a region typically used for identifying Clade I 
viruses.3 PCR techniques remain effective for Clade Ib.120 

Various genomic changes have been observed in both the 2022 Clade IIb and current 
(Clade Ib) outbreaks that are associated with human-to-human transmission.3, 193-194  
• Four distinct lineages have been detected in Clade I, and a deletion that resulted in gene 

loss appears to correlate with human-to-human transmission.112 

• The increase in human-to-human transmission observed with both Clade IIb191, 195 and Clade 
Ib3 may be due to increased editing by the host RNA editing enzyme APOBEC3.  

• Loss of inverted repeats have also been reported in APOBEC3, indicative of evolutionary 
diversification.196 

• Whole genome analysis of almost 2,000 samples from previous outbreaks revealed recent 
high mutation rates in MPXV regions relating to host cell attachment, potentiating 
transmissibility of the virus.183 

What do we need to know? 
• Are there changes due to genomic destabilization and gene loss/gain that may pose a 

potential threat for accelerated adaptation to humans? 

• Has the progressive loss of non-essential genes enabled MPXV to adapt to human-to-
human transmission? A study demonstrated that gene copy number variation might be a 
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crucial factor for modulating virus fitness.112, 197 

• Could further adaptation of MPXV to humans occur through gene loss/gain or through 
nucleotide changes resulting in optimization of non-equivalent, redundant pathways 
(convergent evolution)? 

• To determine more accurate genomic evolutionary rates, what is the phylogeny of MPXV in 
human populations prior to and including the Clade Ib and Clade IIb outbreaks?
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Commonly Used Acronyms and Abbreviations 

Acronym/Term Definition Description 

AIDS Acquired Immunodeficiency 
Syndrome 

A chronic condition that compromises the 
immune system caused by HIV  

APSV Aventis Pasteur Smallpox Vaccine 
Investigational vaccine with potential use 
under EUA or IND during smallpox 
emergency 

BSL Biosafety Level N/A 

CDC Centers for Disease Control and 
Prevention N/A 

DHS S&T 
U.S. Department of Homeland 
Security Science and Technology 
Directorate 

N/A 

DRC Democratic Republic of the Congo N/A 

EA-IND Expanded Access Investigational 
New Drug  

Provisional FDA approval granted for use of 
investigational drug as clinical treatment 

ELISA Enzyme-Linked Immunosorbent 
Assay 

Assay used to detect the presence of 
antibodies to a specific protein 

EPA U.S. Environmental Protection 
Agency N/A 

EUA Emergency Use Authorization 
Provisional FDA approval granted for 
pharmaceuticals and other medical 
products under emergency conditions  

FDA U.S. Food and Drug Administration N/A 

HHS U.S. Department of Health and 
Human Services N/A 

HIV Human Immunodeficiency Virus N/A 

Ig Immunoglobulin Antibodies (glycoprotein molecules 
produced by white blood cells) 

IND Investigational New Drug 
FDA designation allowing for 
limited/controlled use of an unapproved 
pharmaceutical under specific conditions  

LD50 Median Lethal Dose Dose required to cause a lethal effect in 
50% of subjects 

mpox Monkeypox virus Disease N/A 

MPXV Monkeypox Virus N/A 

MQL Master Question List N/A 

MSM Men who have Sex with Men N/A 

MVA Modified Vaccinia Virus Ankara Vaccina virus that cannot replicate in 
normal cells 

NHP Non-Human Primate N/A 

NIOSH National Institute for Occupational 
Safety and Health  N/A 

OPV Orthopoxvirus Group of viruses containing smallpox, 
monkeypox, vaccina virus, and others 
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Acronym/Term Definition Description 
PEP Post-Exposure Prophylaxis N/A 

PFU Plaque Forming Unit 
Unit representing a single infectious viral 
particle derived from viral quantification via 
plaque assay 

PPE Personal Protective Equipment Equipment intended to protect individuals 
against hazardous environments 

qPCR Quantitative Polymerase Chain 
Reaction 

Assay used to determine the number of 
RNA or DNA molecules representing a 
specific sequence target present in a 
sample 

R0 Basic Reproductive Number 

Average number of new infections that each 
case is expected to generate in a population 
where all individuals are susceptible to 
infection 

SNS Strategic National Stockpile 

Stockpile of drugs, tests, vaccines, and 
equipment maintained by the Federal 
Government for pandemic and biothreat 
response 

TCID50 
Median Tissue Culture Infectious 
Dose 

Dose necessary to infect 50% of tissue 
cells.; used as a standard measure of 
infectivity (e.g., it required 103 TCID50 to 
produce clinical signs in exposed chickens) 

TPOXX Tecovirimat N/A 

UV Ultraviolet Light with wavelength in the 100-400 nm 
range  

VIGIV Vaccinia Immune Globulin 
Intravenous 

Biologic regulated by the FDA for treatment 
of vaccinia and related complications; 
implicated for use in mpox 

WHO World Health Organization N/A 

 



CLEARED FOR PUBLIC RELEASE 
TECHNICAL INFORMATION REGARDING MONKEYPOX VIRUS (MPXV) 

10/10/2024 
 CLEARED FOR PUBLIC RELEASE  24 

References 

1. European Centre for Disease Prevention and Control (ECDC), Risk assessment for the EU/EEA of the 
mpox epidemic caused by monkeypox virus clade I in affected African countries. 
https://www.ecdc.europa.eu/en/publications-data/risk-assessment-mpox-epidemic-monkeypox-virus-
clade-i-africa (accessed 20 August 2024). 

2. Centers for Disease Control and Prevention (CDC), Ongoing 2022 Global Outbreak Cases and Data. 
https://www.cdc.gov/poxvirus/mpox/response/2022/index.html (accessed 23 August 2024). 

3. Vakaniaki, E. H., et al., Sustained human outbreak of a new MPXV clade I lineage in eastern 
Democratic Republic of the Congo. Nat Med 2024. https://www.ncbi.nlm.nih.gov/pubmed/38871006 

4. BBC, First case of more dangerous mpox found outside Africa. 
https://www.bbc.com/news/articles/c4gqr5lrpwxo (accessed 20 August 2024). 

5. Deutsche Welle, Sweden reports first mpox clade 1 case outside Africa. 
https://www.dw.com/en/sweden-reports-first-mpox-clade-1-case-outside-africa/a-69955272 (accessed 20 
August 2024). 

6. Reuters, Thailand says mpox case recorded in traveller from Africa. 
https://www.reuters.com/business/healthcare-pharmaceuticals/thailand-says-mpox-case-recorded-
foreigner-travelling-africa-2024-08-21/ (accessed 21 August 2024). 

7. Reuters, Thailand confirms mpox case is clade 1b, second outside of Africa. 
https://www.reuters.com/business/healthcare-pharmaceuticals/thailand-confirms-its-mpox-case-is-clade-
1b-strain-first-country-2024-08-22/ (accessed 23 August 2024). 

8. Centers for Disease Control and Prevention (CDC), 2023 Outbreak in Democratic Republic of the 
Congo. https://www.cdc.gov/poxvirus/mpox/outbreak/2023-drc.html (accessed 23 August 2024). 

9. World Health Organization (WHO), Overview of clinical characteristics of various MPXV clades. 
https://cdn.who.int/media/docs/default-source/consultation-rdb/overview-of-clinical-characteristics-of-
various-clades.pdf?sfvrsn=78263ab0_3 (accessed 09 September 2024). 

10. Poland, G. A., et al., Prevention of monkeypox with vaccines: a rapid review. Lancet Infect Dis 2022, 
22 (12), e349-e358. https://www.ncbi.nlm.nih.gov/pubmed/36116460 

11. Schmitt, A., et al., Non-Human Primate Models of Orthopoxvirus Infections. Vet Sci 2014, 1 (1), 40-62. 
http://www.mdpi.com/2306-7381/1/1/40 

12. Nalca, A., et al., Experimental infection of cynomolgus macaques (Macaca fascicularis) with 
aerosolized monkeypox virus. PLoS One 2010, 5 (9), 1-12. 
https://www.ncbi.nlm.nih.gov/pubmed/20862223 

13. Moss, B., Smallpox vaccines: targets of protective immunity. Immunol Rev 2011, 239 (1), 8-26. 
https://www.ncbi.nlm.nih.gov/pubmed/21198662 

14. Stittelaar, K. J., et al., Antiviral treatment is more effective than smallpox vaccination upon lethal 
monkeypox virus infection. Nature 2006, 439 (7077), 745-8. 
https://www.ncbi.nlm.nih.gov/pubmed/16341204 

https://www.ecdc.europa.eu/en/publications-data/risk-assessment-mpox-epidemic-monkeypox-virus-clade-i-africa
https://www.ecdc.europa.eu/en/publications-data/risk-assessment-mpox-epidemic-monkeypox-virus-clade-i-africa
https://www.cdc.gov/poxvirus/mpox/response/2022/index.html
https://www.ncbi.nlm.nih.gov/pubmed/38871006
https://www.bbc.com/news/articles/c4gqr5lrpwxo
https://www.dw.com/en/sweden-reports-first-mpox-clade-1-case-outside-africa/a-69955272
https://www.reuters.com/business/healthcare-pharmaceuticals/thailand-says-mpox-case-recorded-foreigner-travelling-africa-2024-08-21/
https://www.reuters.com/business/healthcare-pharmaceuticals/thailand-says-mpox-case-recorded-foreigner-travelling-africa-2024-08-21/
https://www.reuters.com/business/healthcare-pharmaceuticals/thailand-confirms-its-mpox-case-is-clade-1b-strain-first-country-2024-08-22/
https://www.reuters.com/business/healthcare-pharmaceuticals/thailand-confirms-its-mpox-case-is-clade-1b-strain-first-country-2024-08-22/
https://www.cdc.gov/poxvirus/mpox/outbreak/2023-drc.html
https://cdn.who.int/media/docs/default-source/consultation-rdb/overview-of-clinical-characteristics-of-various-clades.pdf?sfvrsn=78263ab0_3
https://cdn.who.int/media/docs/default-source/consultation-rdb/overview-of-clinical-characteristics-of-various-clades.pdf?sfvrsn=78263ab0_3
https://www.ncbi.nlm.nih.gov/pubmed/36116460
http://www.mdpi.com/2306-7381/1/1/40
https://www.ncbi.nlm.nih.gov/pubmed/20862223
https://www.ncbi.nlm.nih.gov/pubmed/21198662
https://www.ncbi.nlm.nih.gov/pubmed/16341204


CLEARED FOR PUBLIC RELEASE 
TECHNICAL INFORMATION REGARDING MONKEYPOX VIRUS (MPXV) 

10/10/2024 
 CLEARED FOR PUBLIC RELEASE  25 

15. Huggins, J., et al., Nonhuman primates are protected from smallpox virus or monkeypox virus 
challenges by the antiviral drug ST-246. Antimicrob Agents Chemother 2009, 53 (6), 2620-5. 
https://www.ncbi.nlm.nih.gov/pubmed/19349521 

16. Hutson, C. L.; Damon, I. K., Monkeypox virus infections in small animal models for evaluation of anti-
poxvirus agents. Viruses 2010, 2 (12), 2763-76. https://www.ncbi.nlm.nih.gov/pubmed/21994638 

17. Barnewall, R. E., et al., Inhalational monkeypox virus infection in cynomolgus macaques. Front Cell 
Infect Microbiol 2012, 2, 117. https://www.ncbi.nlm.nih.gov/pubmed/23061051 

18. Americo, J. L., et al., Virulence differences of mpox (monkeypox) virus clades I, IIa, and IIb.1 in a 
small animal model. Proc Natl Acad Sci U S A 2023, 120 (8), e2220415120. 
https://www.ncbi.nlm.nih.gov/pubmed/36787354 

19. Guarner, J., et al., Monkeypox transmission and pathogenesis in prairie dogs. Emerg Infect Dis 2004, 
10 (3), 426-31. https://www.ncbi.nlm.nih.gov/pubmed/15109408 

20. Rimoin, A. W., et al., Major increase in human monkeypox incidence 30 years after smallpox 
vaccination campaigns cease in the Democratic Republic of Congo. Proc Natl Acad Sci U S A 2010, 107 
(37), 16262-7. https://www.ncbi.nlm.nih.gov/pubmed/20805472 

21. Hammarlund, E., et al., Multiple diagnostic techniques identify previously vaccinated individuals with 
protective immunity against monkeypox. Nat Med 2005, 11 (9), 1005-11. 
https://www.ncbi.nlm.nih.gov/pubmed/16086024 

22. McCollum, A. M.; Damon, I. K., Human monkeypox. Clin Infect Dis 2014, 58 (2), 260-7. 
https://www.ncbi.nlm.nih.gov/pubmed/24158414 

23. Grant, R., et al., Modeling Human-to-Human Transmission of Monkeypox. Bulletin of the World Health 
Organization 2020, 98 (9), 638-640. https://pubmed.ncbi.nlm.nih.gov/33012864/ 

24. Centers for Disease Control and Prevention (CDC), Mpox: Information For Healthcare Professionals. 
https://www.cdc.gov/poxvirus/monkeypox/clinicians/index.html (accessed 01/09/2023). 

25. Altindis, M., et al., Diagnosis of monkeypox virus–An overview. Travel medicine and infectious 
disease 2022, 102459. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9534096/ 

26. Forni, D., et al., Monkeypox virus: The changing facets of a zoonotic pathogen. Infect Genet Evol 
2022, 105, 105372. https://www.ncbi.nlm.nih.gov/pubmed/36202208 

27. Li, H., et al., The evolving epidemiology of monkeypox virus. Cytokine Growth Factor Rev 2022, 68, 1-
12. https://www.ncbi.nlm.nih.gov/pubmed/36244878 

28. Schwartz, D. A., et al., Mpox Virus in Pregnancy, the Placenta, and Newborn. Arch Pathol Lab Med 
2023, 147 (7), 746-757. https://www.ncbi.nlm.nih.gov/pubmed/36857117 

29. Dashraath, P., et al., Potential mechanisms of intrauterine transmission of monkeypox virus. Lancet 
Microbe 2023, 4 (1), e14. https://www.ncbi.nlm.nih.gov/pubmed/36113497 

30. Schwartz, D. A., et al., Congenital Mpox Syndrome (Clade I) in Stillborn Fetus after Placental Infection 
and Intrauterine Transmission, Democratic Republic of the Congo, 2008. Emerg Infect Dis 2023, 29 (11), 
2198-2022. https://www.ncbi.nlm.nih.gov/pubmed/37705112 

31. Meschi, S., et al., MPXV DNA kinetics in bloodstream and other body fluids samples. Sci Rep 2024, 
14 (1), 13487. https://www.ncbi.nlm.nih.gov/pubmed/38866796 

https://www.ncbi.nlm.nih.gov/pubmed/19349521
https://www.ncbi.nlm.nih.gov/pubmed/21994638
https://www.ncbi.nlm.nih.gov/pubmed/23061051
https://www.ncbi.nlm.nih.gov/pubmed/36787354
https://www.ncbi.nlm.nih.gov/pubmed/15109408
https://www.ncbi.nlm.nih.gov/pubmed/20805472
https://www.ncbi.nlm.nih.gov/pubmed/16086024
https://www.ncbi.nlm.nih.gov/pubmed/24158414
https://pubmed.ncbi.nlm.nih.gov/33012864/
https://www.cdc.gov/poxvirus/monkeypox/clinicians/index.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9534096/
https://www.ncbi.nlm.nih.gov/pubmed/36202208
https://www.ncbi.nlm.nih.gov/pubmed/36244878
https://www.ncbi.nlm.nih.gov/pubmed/36857117
https://www.ncbi.nlm.nih.gov/pubmed/36113497
https://www.ncbi.nlm.nih.gov/pubmed/37705112
https://www.ncbi.nlm.nih.gov/pubmed/38866796


CLEARED FOR PUBLIC RELEASE 
TECHNICAL INFORMATION REGARDING MONKEYPOX VIRUS (MPXV) 

10/10/2024 
 CLEARED FOR PUBLIC RELEASE  26 

32. Thornhill, J. P., et al., Monkeypox virus infection in humans across 16 countries—April–June 2022. 
New England Journal of Medicine 2022, 387 (8), 679-691. 
https://www.nejm.org/doi/full/10.1056/NEJMoa2207323 

33. Barboza, J. J., et al., Virus Identification for Monkeypox in Human Seminal Fluid Samples: A 
Systematic Review. Trop Med Infect Dis 2023, 8 (3). https://www.ncbi.nlm.nih.gov/pubmed/36977174 

34. Graham, M. B., et al., Monkeypox. http://emedicine.medscape.com/article/1134714-overview#showall 
(accessed 5/29/2014). 

35. Centers for Disease Control and Prevention (CDC), Monkeypox 
https://www.cdc.gov/poxvirus/monkeypox/transmission.html (accessed 7/29/2020). 

36. Centers for Disease Control and Prevention (CDC), Monkeypox Transmission (for Veterinarians). 
https://www.cdc.gov/poxvirus/monkeypox/veterinarian/transmission.html. 

37. Centers for Disease Control and Prevention (CDC), Monkeypox Virus Infection in the United States 
and Other Non-endemic Countries—2022; CDCHAN-00466; CDC (Centers for Disease Control and 
Prevention),: Atlanta, Georgia, 5/20/2022, 2022. 
https://emergency.cdc.gov/han/2022/han00466.asp?ACSTrackingID=USCDC_511-
DM82529&ACSTrackingLabel=HAN%20466%20-%20General%20Public&deliveryName=USCDC_511-
DM82529 

38. Centers for Disease Control and Prevention (CDC), 2022 Monkeypox: Information for Healthcare 
Professionals. https://www.cdc.gov/poxvirus/monkeypox/response/2022/hcp/index.html (accessed 
06/13/2022). 

39. Fleischauer, A. T., et al., Evaluation of human-to-human transmission of monkeypox from infected 
patients to health care workers. Clin Infect Dis 2005, 40 (5), 689-94. 
https://www.ncbi.nlm.nih.gov/pubmed/15714414 

40. Migaud, P., et al., A case of occupational transmission of mpox. Infection 2023, 51 (4), 1169-1173. 
https://www.ncbi.nlm.nih.gov/pubmed/36735196 

41. Choi, Y., et al., Case Report and Literature Review of Occupational Transmission of Monkeypox Virus 
to Healthcare Workers, South Korea. Emerg Infect Dis 2023, 29 (5), 997-1001. 
https://www.ncbi.nlm.nih.gov/pubmed/36856759 

42. Mermel, L. A., Viable mpox in the inanimate environmental and risk of transmission. Infect Control 
Hosp Epidemiol 2023, 44 (12), 2102-2103. https://www.ncbi.nlm.nih.gov/pubmed/37665113 

43. Alpalhao, M., et al., Monkeypox: a new (sexually transmissible) epidemic? J Eur Acad Dermatol 
Venereol 2022, 36 (12), e1016-e1017. https://www.ncbi.nlm.nih.gov/pubmed/35841292 

44. El Eid, R., et al., Human monkeypox: A review of the literature. PLoS pathogens 2022, 18 (9), 
e1010768. https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1010768 

45. Wendorf, K. A., et al., Household Transmission of Mpox to Children and Adolescents, California, 
2022. J Infect Dis 2024, 229 (Supplement_2), S203-S206. 
https://www.ncbi.nlm.nih.gov/pubmed/37831784 

46. Centers for Disease Control and Prevention (CDC), Multistate Outbreak of Monkeypox --- Illinois, 
Indiana, and Wisconsin, 2003. Morbidity and Mortality Weekly Report 2003, 52(23), 537-540. 
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5223a1.htm 

https://www.nejm.org/doi/full/10.1056/NEJMoa2207323
https://www.ncbi.nlm.nih.gov/pubmed/36977174
http://emedicine.medscape.com/article/1134714-overview#showall
https://www.cdc.gov/poxvirus/monkeypox/transmission.html
https://www.cdc.gov/poxvirus/monkeypox/veterinarian/transmission.html
https://emergency.cdc.gov/han/2022/han00466.asp?ACSTrackingID=USCDC_511-DM82529&ACSTrackingLabel=HAN%20466%20-%20General%20Public&deliveryName=USCDC_511-DM82529
https://emergency.cdc.gov/han/2022/han00466.asp?ACSTrackingID=USCDC_511-DM82529&ACSTrackingLabel=HAN%20466%20-%20General%20Public&deliveryName=USCDC_511-DM82529
https://emergency.cdc.gov/han/2022/han00466.asp?ACSTrackingID=USCDC_511-DM82529&ACSTrackingLabel=HAN%20466%20-%20General%20Public&deliveryName=USCDC_511-DM82529
https://www.cdc.gov/poxvirus/monkeypox/response/2022/hcp/index.html
https://www.ncbi.nlm.nih.gov/pubmed/15714414
https://www.ncbi.nlm.nih.gov/pubmed/36735196
https://www.ncbi.nlm.nih.gov/pubmed/36856759
https://www.ncbi.nlm.nih.gov/pubmed/37665113
https://www.ncbi.nlm.nih.gov/pubmed/35841292
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1010768
https://www.ncbi.nlm.nih.gov/pubmed/37831784
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5223a1.htm


CLEARED FOR PUBLIC RELEASE 
TECHNICAL INFORMATION REGARDING MONKEYPOX VIRUS (MPXV) 

10/10/2024 
 CLEARED FOR PUBLIC RELEASE  27 

47. Breman, J. G., et al., Human monkeypox, 1970-79. Bull World Health Organ 1980, 58 (2), 165-82. 
https://www.ncbi.nlm.nih.gov/pubmed/6249508 

48. Hutson, C. L., et al., Dosage comparison of Congo Basin and West African strains of monkeypox 
virus using a prairie dog animal model of systemic orthopoxvirus disease. Virology 2010, 402 (1), 72-82. 
https://www.ncbi.nlm.nih.gov/pubmed/20374968 

49. Learned, L. A., et al., Extended interhuman transmission of monkeypox in a hospital community in the 
Republic of the Congo, 2003. Am J Trop Med Hyg 2005, 73 (2), 428-34. 
https://www.ncbi.nlm.nih.gov/pubmed/16103616 

50. Jezek, Z., et al., Human monkeypox: secondary attack rates. Bull World Health Organ 1988, 66 (4), 
465-70. https://www.ncbi.nlm.nih.gov/pubmed/2844429 

51. Jezek, Z., et al., Human monkeypox: disease pattern, incidence and attack rates in a rural area of 
northern Zaire. Trop Geogr Med 1988, 40 (2), 73-83. https://www.ncbi.nlm.nih.gov/pubmed/2841783 

52. Hutson, C. L., et al., Monkeypox zoonotic associations: insights from laboratory evaluation of animals 
associated with the multi-state US outbreak. Am J Trop Med Hyg 2007, 76 (4), 757-68. 
https://www.ncbi.nlm.nih.gov/pubmed/17426184 

53. Pan, D., et al., Transmission of monkeypox/mpox virus: A narrative review of environmental, viral, 
host, and population factors in relation to the 2022 international outbreak. J Med Virol 2023, 95 (2), 
e28534. https://www.ncbi.nlm.nih.gov/pubmed/36708091 

54. Centers for Disease Control and Prevention (CDC), Technical Report 1: Multi-National Mpox 
Outbreak, United States, 2022. https://www.cdc.gov/poxvirus/monkeypox/cases-data/technical-
report/report-1.html (accessed 01/25/2023). 

55. Centers for Disease Control and Prevention (CDC), CDC Monkeypox Response: Transmission. 
Centers for Disease Control and Prevention (CDC),: 2022. 
https://www.cdc.gov/media/releases/2022/0509-monkeypox-transmission.html 

56. Grant, R., et al., Modelling human-to-human transmission of monkeypox. Bull World Health Organ 
2020, 98 (9), 638-640. https://www.ncbi.nlm.nih.gov/pubmed/33012864 

57. Bragazzi, N. L., et al., Adaptive changes in sexual behavior in the high-risk population in response to 
human monkeypox transmission in Canada can help control the outbreak: Insights from a two-group, two-
route epidemic model. J Med Virol 2023, 95 (4), e28575. https://www.ncbi.nlm.nih.gov/pubmed/36772860 

58. World Health Organization (WHO), 2022-24 Mpox (Monkeypox) Outbreak: Global Trends. 
https://worldhealthorg.shinyapps.io/mpx_global/ (accessed 20 August 2024). 

59. Whitehouse, E. R., et al., Clinical and Epidemiological Findings from Enhanced Monkeypox 
Surveillance in Tshuapa Province, Democratic Republic of the Congo During 2011-2015. J Infect Dis 
2021, 223 (11), 1870-1878. https://www.ncbi.nlm.nih.gov/pubmed/33728469 

60. Charniga, K., et al., Updating Reproduction Number Estimates for Mpox in the Democratic Republic of 
Congo Using Surveillance Data. Am J Trop Med Hyg 2024, 110 (3), 561-568. 
https://www.ncbi.nlm.nih.gov/pubmed/38320310 

61. Sam-Agudu, N. A., et al., A global update of mpox (monkeypox) in children. Curr Opin Pediatr 2023, 
35 (2), 193-200. https://www.ncbi.nlm.nih.gov/pubmed/36809304 

https://www.ncbi.nlm.nih.gov/pubmed/6249508
https://www.ncbi.nlm.nih.gov/pubmed/20374968
https://www.ncbi.nlm.nih.gov/pubmed/16103616
https://www.ncbi.nlm.nih.gov/pubmed/2844429
https://www.ncbi.nlm.nih.gov/pubmed/2841783
https://www.ncbi.nlm.nih.gov/pubmed/17426184
https://www.ncbi.nlm.nih.gov/pubmed/36708091
https://www.cdc.gov/poxvirus/monkeypox/cases-data/technical-report/report-1.html
https://www.cdc.gov/poxvirus/monkeypox/cases-data/technical-report/report-1.html
https://www.cdc.gov/media/releases/2022/0509-monkeypox-transmission.html
https://www.ncbi.nlm.nih.gov/pubmed/33012864
https://www.ncbi.nlm.nih.gov/pubmed/36772860
https://worldhealthorg.shinyapps.io/mpx_global/
https://www.ncbi.nlm.nih.gov/pubmed/33728469
https://www.ncbi.nlm.nih.gov/pubmed/38320310
https://www.ncbi.nlm.nih.gov/pubmed/36809304


CLEARED FOR PUBLIC RELEASE 
TECHNICAL INFORMATION REGARDING MONKEYPOX VIRUS (MPXV) 

10/10/2024 
 CLEARED FOR PUBLIC RELEASE  28 

62. World Health Organization (WHO), Multi-country outbreak of mpox, External situation report#35- 12 
August 2024. https://www.who.int/publications/m/item/multi-country-outbreak-of-mpox--external-situation-
report-35--12-august-2024 (accessed 20 August 2024). 

63. Masirika, L. M., et al., Epidemiology, clinical characteristics, and transmission patterns of a novel 
Mpox (Monkeypox) outbreak in eastern Democratic Republic of the Congo (DRC): an observational, 
cross-sectional cohort study. medRxiv 2024, 2024.03.05.24303395. 
http://medrxiv.org/content/early/2024/03/05/2024.03.05.24303395.abstract 

64. European Centre for Disease Prevention and Control (ECDC), Outbreak of mpox caused by 
Monkeypox virus clade I in the Democratic Republic of the Congo. https://www.ecdc.europa.eu/en/news-
events/outbreak-mpox-caused-monkeypox-virus-clade-i-democratic-republic-congo (accessed 20 August 
2024). 

65. Marziano, V., et al., Incubation period, serial interval, generation time and reproduction number of 
mpox clade I. medRxiv 2024, 2024.05.10.24307157. 
http://medrxiv.org/content/early/2024/05/10/2024.05.10.24307157.abstract 

66. Mutombo, M., et al., Human monkeypox transmitted by a chimpanzee in a tropical rain-forest area of 
Zaire. Lancet 1983, 1 (8327), 735-7. https://www.ncbi.nlm.nih.gov/pubmed/6132084 

67. Ullah, M., et al., Epidemiology, host range, and associated risk factors of monkeypox: an emerging 
global public health threat. Front Microbiol 2023, 14, 1160984. 
https://www.ncbi.nlm.nih.gov/pubmed/37213509 

68. Kulesh, D. A., et al., Monkeypox virus detection in rodents using real-time 3'-minor groove binder 
TaqMan assays on the Roche LightCycler. Lab Invest 2004, 84 (9), 1200-8. 
https://www.ncbi.nlm.nih.gov/pubmed/15208646 

69. Centers for Disease Control and Prevention (CDC), Mpox in Animals. 
https://www.cdc.gov/poxvirus/monkeypox/veterinarian/monkeypox-in-animals.html (accessed 
01/09/2023). 

70. Reynolds, M. G., et al., Spectrum of infection and risk factors for human monkeypox, United States, 
2003. Emerg Infect Dis 2007, 13 (9), 1332-9. https://www.ncbi.nlm.nih.gov/pubmed/18252104 

71. Hutson, C. L., et al., A prairie dog animal model of systemic orthopoxvirus disease using West African 
and Congo Basin strains of monkeypox virus. J Gen Virol 2009, 90 (Pt 2), 323-333. 
https://www.ncbi.nlm.nih.gov/pubmed/19141441 

72. Di Giulio, D. B.; Eckburg, P. B., Human monkeypox: an emerging zoonosis. Lancet Infect Dis 2004, 4 
(1), 15-25. https://www.ncbi.nlm.nih.gov/pubmed/14720564 

73. Damon, I. K., Status of human monkeypox: clinical disease, epidemiology and research. Vaccine 
2011, 29 Suppl 4, D54-9. https://www.ncbi.nlm.nih.gov/pubmed/22185831 

74. Reynolds, M. G., et al., Factors affecting the likelihood of monkeypox's emergence and spread in the 
post-smallpox era. Curr Opin Virol 2012, 2 (3), 335-43. https://www.ncbi.nlm.nih.gov/pubmed/22709519 

75. Doman, M., et al., Animal Models Used in Monkeypox Research. Microorganisms 2022, 10 (11), 
2192. https://www.ncbi.nlm.nih.gov/pubmed/36363786 

76. Xiang, Y.; White, A., Monkeypox virus emerges from the shadow of its more infamous cousin: family 
biology matters. Emerg Microbes Infect 2022, 11 (1), 1768-1777. 
https://www.ncbi.nlm.nih.gov/pubmed/35751396 

https://www.who.int/publications/m/item/multi-country-outbreak-of-mpox--external-situation-report-35--12-august-2024
https://www.who.int/publications/m/item/multi-country-outbreak-of-mpox--external-situation-report-35--12-august-2024
http://medrxiv.org/content/early/2024/03/05/2024.03.05.24303395.abstract
https://www.ecdc.europa.eu/en/news-events/outbreak-mpox-caused-monkeypox-virus-clade-i-democratic-republic-congo
https://www.ecdc.europa.eu/en/news-events/outbreak-mpox-caused-monkeypox-virus-clade-i-democratic-republic-congo
http://medrxiv.org/content/early/2024/05/10/2024.05.10.24307157.abstract
https://www.ncbi.nlm.nih.gov/pubmed/6132084
https://www.ncbi.nlm.nih.gov/pubmed/37213509
https://www.ncbi.nlm.nih.gov/pubmed/15208646
https://www.cdc.gov/poxvirus/monkeypox/veterinarian/monkeypox-in-animals.html
https://www.ncbi.nlm.nih.gov/pubmed/18252104
https://www.ncbi.nlm.nih.gov/pubmed/19141441
https://www.ncbi.nlm.nih.gov/pubmed/14720564
https://www.ncbi.nlm.nih.gov/pubmed/22185831
https://www.ncbi.nlm.nih.gov/pubmed/22709519
https://www.ncbi.nlm.nih.gov/pubmed/36363786
https://www.ncbi.nlm.nih.gov/pubmed/35751396


CLEARED FOR PUBLIC RELEASE 
TECHNICAL INFORMATION REGARDING MONKEYPOX VIRUS (MPXV) 

10/10/2024 
 CLEARED FOR PUBLIC RELEASE  29 

77. Khodakevich, L., et al., Monkeypox virus: ecology and public health significance. Bull World Health 
Organ 1988, 66 (6), 747-52. https://www.ncbi.nlm.nih.gov/pubmed/2853010 

78. Ropp, S. L., et al., PCR strategy for identification and differentiation of small pox and other 
orthopoxviruses. J Clin Microbiol 1995, 33 (8), 2069-76. https://www.ncbi.nlm.nih.gov/pubmed/7559950 

79. Silva, N. I. O., et al., Here, There, and Everywhere: The Wide Host Range and Geographic 
Distribution of Zoonotic Orthopoxviruses. Viruses 2020, 13 (1). 
https://www.ncbi.nlm.nih.gov/pubmed/33396609 

80. Hoque, M., et al., Editorial: Evolution, pathogenesis, host interactions and therapeutic strategies 
against monkeypox virus. Front Cell Infect Microbiol 2023, 13, 1303598. 
https://www.ncbi.nlm.nih.gov/pubmed/37900315 

81. Centers for Disease Control and Prevention (CDC), Update: Multistate Outbreak of Monkeypox: 
Illinois, Indiana, Kansas, Missouri, Ohio, and Wisconsin, 2003. MMWR Morb Mortal Wkly 2003, 52 (27), 
642-646.  

82. Nalca, A., et al., Reemergence of monkeypox: prevalence, diagnostics, and countermeasures. Clin 
Infect Dis 2005, 41 (12), 1765-71. https://www.ncbi.nlm.nih.gov/pubmed/16288402 

83. Centers for Disease Control and Prevention (CDC), Mpox: Clinical Recognition. 
https://www.cdc.gov/poxvirus/monkeypox/clinicians/clinical-recognition.html (accessed 01/25/2023). 

84. Huhn, G. D., et al., Clinical characteristics of human monkeypox, and risk factors for severe disease. 
Clin Infect Dis 2005, 41 (12), 1742-51. https://www.ncbi.nlm.nih.gov/pubmed/16288398 

85. Yinka-Ogunleye, A., et al., Outbreak of human monkeypox in Nigeria in 2017-18: a clinical and 
epidemiological report. Lancet Infect Dis 2019, 19 (8), 872-879. 
https://www.ncbi.nlm.nih.gov/pubmed/31285143 

86. Sukhdeo, S., et al., Human monkeypox: a comparison of the characteristics of the new epidemic to 
the endemic disease. BMC Infect Dis 2022, 22 (1), 928. https://www.ncbi.nlm.nih.gov/pubmed/36503476 

87. Charniga, K., et al., Estimating the incubation period of monkeypox virus during the 2022 multi-
national outbreak. MedRxiv 2022, 2022.06. 22.22276713.  

88. Miura, F., et al., Estimated incubation period for monkeypox cases confirmed in the Netherlands, May 
2022. Euro Surveill 2022, 27 (24), 2200448. https://www.ncbi.nlm.nih.gov/pubmed/35713026 

89. Siegel, J. D., et al., 2007 Guideline for Isolation Precautions: Preventing Transmission of Infectious 
Agents in Health Care Settings. Am J Infect Control 2007, 35 (10 Suppl 2), S65-164. 
https://www.ncbi.nlm.nih.gov/pubmed/18068815 

90. Martin-Delgado, M. C., et al., Monkeypox in humans: a new outbreak. Rev Esp Quimioter 2022, 35 
(6), 509-518. https://www.ncbi.nlm.nih.gov/pubmed/35785957 

91. Centers for Disease Control and Prevention (CDC), Isolation and Prevention Practices for People with 
Mpox. https://www.cdc.gov/poxvirus/monkeypox/clinicians/isolation-procedures.html (accessed 
01/30/2023). 

92. Tan, D. H., et al., In Atypical clinical presentation of monkeypox complicated by myopericarditis, Open 
Forum Infectious Diseases, Oxford University Press: 2022; p ofac394.  

https://www.ncbi.nlm.nih.gov/pubmed/2853010
https://www.ncbi.nlm.nih.gov/pubmed/7559950
https://www.ncbi.nlm.nih.gov/pubmed/33396609
https://www.ncbi.nlm.nih.gov/pubmed/37900315
https://www.ncbi.nlm.nih.gov/pubmed/16288402
https://www.cdc.gov/poxvirus/monkeypox/clinicians/clinical-recognition.html
https://www.ncbi.nlm.nih.gov/pubmed/16288398
https://www.ncbi.nlm.nih.gov/pubmed/31285143
https://www.ncbi.nlm.nih.gov/pubmed/36503476
https://www.ncbi.nlm.nih.gov/pubmed/35713026
https://www.ncbi.nlm.nih.gov/pubmed/18068815
https://www.ncbi.nlm.nih.gov/pubmed/35785957
https://www.cdc.gov/poxvirus/monkeypox/clinicians/isolation-procedures.html


CLEARED FOR PUBLIC RELEASE 
TECHNICAL INFORMATION REGARDING MONKEYPOX VIRUS (MPXV) 

10/10/2024 
 CLEARED FOR PUBLIC RELEASE  30 

93. De Baetselier, I., et al., Retrospective detection of asymptomatic monkeypox virus infections among 
male sexual health clinic attendees in Belgium. Nat Med 2022, 28 (11), 2288-2292. 
https://www.ncbi.nlm.nih.gov/pubmed/35961373 

94. Centers for Disease Control and Prevention (CDC), Signs and Symptoms. 
https://www.cdc.gov/poxvirus/mpox/symptoms/index.html (accessed 09 September 2024). 

95. World Health Organization (WHO), Mpox. https://www.who.int/news-room/fact-sheets/detail/mpox 
(accessed 09 September 2024). 

96. Fields, B., et al., Fields virology 6th ed. JIC [et al] David M Knipe, Peter M Howley 2013.  

97. Stittelaar, K. J., et al., Modified vaccinia virus Ankara protects macaques against respiratory challenge 
with monkeypox virus. J Virol 2005, 79 (12), 7845-51. https://www.ncbi.nlm.nih.gov/pubmed/15919938 

98. Croft, D. R., et al., Occupational risks during a monkeypox outbreak, Wisconsin, 2003. Emerg Infect 
Dis 2007, 13 (8), 1150-7. https://www.ncbi.nlm.nih.gov/pubmed/17953084 

99. Tarin-Vicente, E. J., et al., Clinical presentation and virological assessment of confirmed human 
monkeypox virus cases in Spain: a prospective observational cohort study. Lancet 2022, 400 (10353), 
661-669. https://www.ncbi.nlm.nih.gov/pubmed/35952705 

100. Girometti, N., et al., Demographic and clinical characteristics of confirmed human monkeypox virus 
cases in individuals attending a sexual health centre in London, UK: an observational analysis. Lancet 
Infect Dis 2022, 22 (9), 1321-1328. https://www.ncbi.nlm.nih.gov/pubmed/35785793 

101. Africa Centers for Disease Control and Prevention (CDC), Africa CDC Declares Mpox A Public 
Health Emergency of Continental Security, Mobilizing Resources Across the Continent. 
https://africacdc.org/news-item/africa-cdc-declares-mpox-a-public-health-emergency-of-continental-
security-mobilizing-resources-across-the-continent/ (accessed 20 August 2024). 

102. Adnan, N., et al., Human monkeypox virus: An updated review. Medicine (Baltimore) 2022, 101 (35), 
e30406. https://www.ncbi.nlm.nih.gov/pubmed/36107544 

103. Centers for Disease Control and Prevention (CDC), Monkeypox Considerations for Sexual Health 
Services. https://www.cdc.gov/nchhstp/director-letters/monkeypox-considerations-sexual-health-
services.html (accessed 09 September 2024). 

104. Curran, K. G., et al., HIV and Sexually Transmitted Infections Among Persons with Monkeypox - 
Eight U.S. Jurisdictions, May 17-July 22, 2022. MMWR Morb Mortal Wkly Rep 2022, 71 (36), 1141-1147. 
https://www.ncbi.nlm.nih.gov/pubmed/36074735 

105. Menezes, Y. R.; Miranda, A. B., Severe disseminated clinical presentation of monkeypox virus 
infection in an immunosuppressed patient: first death report in Brazil. Rev Soc Bras Med Trop 2022, 55, 
e0392. https://www.ncbi.nlm.nih.gov/pubmed/36037315 

106. Dashraath, P., et al., Monkeypox in pregnancy: virology, clinical presentation, and obstetric 
management. Am J Obstet Gynecol 2022, 227 (6), 849-861 e7. 
https://www.ncbi.nlm.nih.gov/pubmed/35985514 

107. Colson, P., et al., Sequencing of monkeypox virus from infected patients reveals viral genomes with 
APOBEC3-like editing, gene inactivation, and bacterial agents of skin superinfection. J Med Virol 2023, 
95 (6), e28799. https://www.ncbi.nlm.nih.gov/pubmed/37342884 

https://www.ncbi.nlm.nih.gov/pubmed/35961373
https://www.cdc.gov/poxvirus/mpox/symptoms/index.html
https://www.who.int/news-room/fact-sheets/detail/mpox
https://www.ncbi.nlm.nih.gov/pubmed/15919938
https://www.ncbi.nlm.nih.gov/pubmed/17953084
https://www.ncbi.nlm.nih.gov/pubmed/35952705
https://www.ncbi.nlm.nih.gov/pubmed/35785793
https://africacdc.org/news-item/africa-cdc-declares-mpox-a-public-health-emergency-of-continental-security-mobilizing-resources-across-the-continent/
https://africacdc.org/news-item/africa-cdc-declares-mpox-a-public-health-emergency-of-continental-security-mobilizing-resources-across-the-continent/
https://www.ncbi.nlm.nih.gov/pubmed/36107544
https://www.cdc.gov/nchhstp/director-letters/monkeypox-considerations-sexual-health-services.html
https://www.cdc.gov/nchhstp/director-letters/monkeypox-considerations-sexual-health-services.html
https://www.ncbi.nlm.nih.gov/pubmed/36074735
https://www.ncbi.nlm.nih.gov/pubmed/36037315
https://www.ncbi.nlm.nih.gov/pubmed/35985514
https://www.ncbi.nlm.nih.gov/pubmed/37342884


CLEARED FOR PUBLIC RELEASE 
TECHNICAL INFORMATION REGARDING MONKEYPOX VIRUS (MPXV) 

10/10/2024 
 CLEARED FOR PUBLIC RELEASE  31 

108. U.S. Food & Drug Administration (FDA), FDA Mpox Response: FDA's role in mpox preparedness 
and response, and information about mpox (formerly referred to as monkeypox). 
https://www.fda.gov/emergency-preparedness-and-response/mcm-issues/fda-mpox-
response#:~:text=Q%3A%20Is%20there%20a%20saliva,lesion%20(rash%20or%20growth) (accessed 
02/16/2023). 

109. U.S. Food & Drug Administration (FDA), Monkeypox (mpox) Emergency Use Authorizations for 
Medical Devices. https://www.fda.gov/medical-devices/emergency-use-authorizations-medical-
devices/monkeypox-mpox-emergency-use-authorizations-medical-devices (accessed 09 September 
2024). 

110. Centers for Disease Control and Prevention (CDC), Mpox Case Definitions. 
https://www.cdc.gov/poxvirus/mpox/clinicians/case-definition.html (accessed 09 September 2024). 

111. World Health Organization (WHO), Laboratory testing for the monkeypox virus: Interim guidance. 
https://apps.who.int/iris/bitstream/handle/10665/354488/WHO-MPX-Laboratory-2022.1-eng.pdf (accessed 
06/09/2022). 

112. Kugelman, J. R., et al., Genomic variability of monkeypox virus among humans, Democratic 
Republic of the Congo. Emerg Infect Dis 2014, 20 (2), 232-9. 
https://www.ncbi.nlm.nih.gov/pubmed/24457084 

113. Li, Y., et al., Detection of monkeypox virus with real-time PCR assays. J Clin Virol 2006, 36 (3), 194-
203. https://www.ncbi.nlm.nih.gov/pubmed/16731033 

114. Likos, A. M., et al., A tale of two clades: monkeypox viruses. J Gen Virol 2005, 86 (Pt 10), 2661-
2672. https://www.ncbi.nlm.nih.gov/pubmed/16186219 

115. Chen, N., et al., Virulence differences between monkeypox virus isolates from West Africa and the 
Congo basin. Virology 2005, 340 (1), 46-63. https://www.ncbi.nlm.nih.gov/pubmed/16023693 

116. Li, Y., et al., Real-time PCR assays for the specific detection of monkeypox virus West African and 
Congo Basin strain DNA. J Virol Methods 2010, 169 (1), 223-7. 
https://www.ncbi.nlm.nih.gov/pubmed/20643162 

117. Centers for Disease Control and Prevention (CDC), Diagnostic Testing for Mpox. 
https://www.cdc.gov/mpox/hcp/diagnosis-testing/index.html (accessed October 8, 2024). 

118. World Health Organization (WHO), WHO approves first mpox diagnostic test for emergency use, 
boosting global access. https://www.who.int/news/item/03-10-2024-who-approves-first-mpox-diagnostic-
test-for-emergency-use--boosting-global-access (accessed October 8, 2024). 

119. Karem, K. L., et al., characterization of acute-phase humoral immunity to monkeypox: use of 
immunoglobulin M enzyme-linked immunosorbent assay for detection of monkeypox infection during the 
2003 North American outbreak. Clin Diagn Lab Immunol 2005, 12 (7), 867-72. 
https://www.ncbi.nlm.nih.gov/pubmed/16002637 

120. Schuele, L., et al., Real-time PCR assay to detect the novel Clade Ib monkeypox virus, September 
2023 to May 2024. Euro Surveill 2024, 29 (32). https://www.ncbi.nlm.nih.gov/pubmed/39119722 

121. Centers for Disease Control and Prevention (CDC), Clinical Testing. 
https://www.cdc.gov/poxvirus/mpox/clinicians/clinical-testing.html (accessed 20 August 2024). 

https://www.fda.gov/emergency-preparedness-and-response/mcm-issues/fda-mpox-response#:%7E:text=Q%3A%20Is%20there%20a%20saliva,lesion%20(rash%20or%20growth
https://www.fda.gov/emergency-preparedness-and-response/mcm-issues/fda-mpox-response#:%7E:text=Q%3A%20Is%20there%20a%20saliva,lesion%20(rash%20or%20growth
https://www.fda.gov/medical-devices/emergency-use-authorizations-medical-devices/monkeypox-mpox-emergency-use-authorizations-medical-devices
https://www.fda.gov/medical-devices/emergency-use-authorizations-medical-devices/monkeypox-mpox-emergency-use-authorizations-medical-devices
https://www.cdc.gov/poxvirus/mpox/clinicians/case-definition.html
https://apps.who.int/iris/bitstream/handle/10665/354488/WHO-MPX-Laboratory-2022.1-eng.pdf
https://www.ncbi.nlm.nih.gov/pubmed/24457084
https://www.ncbi.nlm.nih.gov/pubmed/16731033
https://www.ncbi.nlm.nih.gov/pubmed/16186219
https://www.ncbi.nlm.nih.gov/pubmed/16023693
https://www.ncbi.nlm.nih.gov/pubmed/20643162
https://www.cdc.gov/mpox/hcp/diagnosis-testing/index.html
https://www.who.int/news/item/03-10-2024-who-approves-first-mpox-diagnostic-test-for-emergency-use--boosting-global-access
https://www.who.int/news/item/03-10-2024-who-approves-first-mpox-diagnostic-test-for-emergency-use--boosting-global-access
https://www.ncbi.nlm.nih.gov/pubmed/16002637
https://www.ncbi.nlm.nih.gov/pubmed/39119722
https://www.cdc.gov/poxvirus/mpox/clinicians/clinical-testing.html


CLEARED FOR PUBLIC RELEASE 
TECHNICAL INFORMATION REGARDING MONKEYPOX VIRUS (MPXV) 

10/10/2024 
 CLEARED FOR PUBLIC RELEASE  32 

122. Centers for Disease Control and Prevention (CDC), Mpox Caused by Human-to-Human 
Transmission of Monkeypox Virus in the Democratic Republic of the Congo with Spread to Neighboring 
Countries. https://emergency.cdc.gov/han/2024/han00513.asp (accessed 20 August 2024). 

123. Centers for Disease Control and Prevention (CDC), Mpox in the United States and Around the 
World: Current Situation Summary. https://www.cdc.gov/poxvirus/mpox/outbreak/ (accessed 09 
September 2024). 

124. Centers for Disease Control and Prevention (CDC), 2022-2023 U.S. Map & Case Count. 
https://www.cdc.gov/poxvirus/mpox/response/2022/us-map.html (accessed 23 August 2024). 

125. Schwartz, D. A., High Rates of Miscarriage and Stillbirth among Pregnant Women with Clade I Mpox 
(Monkeypox) Are Confirmed during 2023-2024 DR Congo Outbreak in South Kivu Province. Viruses 
2024, 16 (7). https://www.ncbi.nlm.nih.gov/pubmed/39066285 

126. Schwartz, D. A.; Pittman, P. R., Mpox (Monkeypox) in Pregnancy: Viral Clade Differences and Their 
Associations with Varying Obstetrical and Fetal Outcomes. Viruses 2023, 15 (8). 
https://www.ncbi.nlm.nih.gov/pubmed/37631992 

127. Yinka-Ogunleye, A., et al., Mpox (monkeypox) risk and mortality associated with HIV infection: a 
national case-control study in Nigeria. BMJ Glob Health 2023, 8 (11). 
https://www.ncbi.nlm.nih.gov/pubmed/38035733 

128. WHO, Mpox - Democratic Republic of the Congo. https://www.who.int/emergencies/disease-
outbreak-news/item/2024-DON522 (accessed 23 August 2024). 

129. Centers for Disease Control and Prevention (CDC), Mpox Treatment Information for Healthcare 
Professionals. https://www.cdc.gov/poxvirus/mpox/clinicians/treatment.html (accessed 09 September 
2024). 

130. National Institute of Allergy and Infectious Diseases (NIAID), Mpox Treatment. 
https://www.niaid.nih.gov/diseases-conditions/mpox-treatment (accessed 09 September 2024). 

131. Zovi, A., et al., Pharmacological Agents with Antiviral Activity against Monkeypox Infection. Int J Mol 
Sci 2022, 23 (24), 15941. https://www.ncbi.nlm.nih.gov/pubmed/36555584 

132. National Institutes of Health (NIH), The antiviral tecovirimat is safe but did not improve clade I mpox 
resolution in Democratic Republic of the Congo. https://www.nih.gov/news-events/news-releases/antiviral-
tecovirimat-safe-did-not-improve-clade-i-mpox-resolution-democratic-republic-congo (accessed 10 
October 2024). 

133. U.S. Food & Drug Administration (FDA), TPOXX (tecovirimat). 
https://www.fda.gov/media/160480/download (accessed 09 September 2024). 

134. Mbrenga, F., et al., Tecovirimat for Monkeypox in Central African Republic under Expanded Access. 
N Engl J Med 2022, 387 (24), 2294-2295. https://www.ncbi.nlm.nih.gov/pubmed/36449745 

135. Centers for Disease Control and Prevention (CDC), Patient’s Guide to Mpox Treatment with TPOXX 
(tecovirimat). https://www.cdc.gov/poxvirus/mpox/if-sick/treatment.html (accessed 09 September 2024). 

136. U.S. Department of Health and Human Services (HHS), et al., STOMP Study of Tecovirimat for 
Mpox. https://www.stomptpoxx.org/main (accessed 09 September 2024). 

137. Andrei, G.; Snoeck, R., Cidofovir Activity against Poxvirus Infections. Viruses 2010, 2 (12), 2803-30. 
https://www.ncbi.nlm.nih.gov/pubmed/21994641 

https://emergency.cdc.gov/han/2024/han00513.asp
https://www.cdc.gov/poxvirus/mpox/outbreak/
https://www.cdc.gov/poxvirus/mpox/response/2022/us-map.html
https://www.ncbi.nlm.nih.gov/pubmed/39066285
https://www.ncbi.nlm.nih.gov/pubmed/37631992
https://www.ncbi.nlm.nih.gov/pubmed/38035733
https://www.who.int/emergencies/disease-outbreak-news/item/2024-DON522
https://www.who.int/emergencies/disease-outbreak-news/item/2024-DON522
https://www.cdc.gov/poxvirus/mpox/clinicians/treatment.html
https://www.niaid.nih.gov/diseases-conditions/mpox-treatment
https://www.ncbi.nlm.nih.gov/pubmed/36555584
https://www.nih.gov/news-events/news-releases/antiviral-tecovirimat-safe-did-not-improve-clade-i-mpox-resolution-democratic-republic-congo
https://www.nih.gov/news-events/news-releases/antiviral-tecovirimat-safe-did-not-improve-clade-i-mpox-resolution-democratic-republic-congo
https://www.fda.gov/media/160480/download
https://www.ncbi.nlm.nih.gov/pubmed/36449745
https://www.cdc.gov/poxvirus/mpox/if-sick/treatment.html
https://www.stomptpoxx.org/main
https://www.ncbi.nlm.nih.gov/pubmed/21994641


CLEARED FOR PUBLIC RELEASE 
TECHNICAL INFORMATION REGARDING MONKEYPOX VIRUS (MPXV) 

10/10/2024 
 CLEARED FOR PUBLIC RELEASE  33 

138. Centers for Disease Control and Prevention (CDC), Expanded Access IND Protocol: Use of Vaccinia 
Immune Globulin Intravenous (VIGIV, CNJ-016) for Treatment of Human Orthopoxvirus Infection in Adults 
and Children https://www.cdc.gov/poxvirus/mpox/data/vigiv-protocol.pdf (accessed 09 September 2024). 

139. Rao, A. K., et al., Interim Clinical Treatment Considerations for Severe Manifestations of Mpox - 
United States, February 2023. MMWR Morb Mortal Wkly Rep 2023, 72 (9), 232-243. 
https://www.ncbi.nlm.nih.gov/pubmed/36862595 

140. Centers for Disease Control and Prevention (CDC), Expanded Access IND Protocol: Use of Vaccinia 
Immune Globulin Intravenous (VIGIV, CNJ-016) for Treatment of Human Orthopoxvirus Infection in Adults 
and Children https://www.cdc.gov/poxvirus/monkeypox/pdf/vigiv-ind-protocol_irb-
3744_v8_10.13.2022.pdf. 

141. Centers for Disease Control and Prevention (CDC), Monkeypox Treatment. 
https://www.cdc.gov/poxvirus/monkeypox/treatment.html (accessed 5/31/2022). 

142. U.S. Department of Health and Human Services (HHS), SNS Products: Vaccines and Treatment 
Available for Use in the Mpox Response. https://aspr.hhs.gov/SNS/Pages/Mpox.aspx (accessed 09 
September 2024). 

143. Centers for Disease Control and Prevention (CDC), Vaccination. 
https://www.cdc.gov/poxvirus/mpox/interim-considerations/overview.html (accessed 09 September 2024). 

144. Deputy, N. P., et al., Vaccine Effectiveness of JYNNEOS against Mpox Disease in the United States. 
N Engl J Med 2023, 388 (26), 2434-2443. https://www.ncbi.nlm.nih.gov/pubmed/37199451 

145. Hazra, A., et al., Human Monkeypox Virus Infection in the Immediate Period After Receiving 
Modified Vaccinia Ankara Vaccine. JAMA 2022, 328 (20), 2064-2067. 
https://www.ncbi.nlm.nih.gov/pubmed/36178700 

146. Thy, M., et al., Breakthrough Infections after Postexposure Vaccination against Mpox. N Engl J Med 
2022, 387 (26), 2477-2479. https://www.ncbi.nlm.nih.gov/pubmed/36477495 

147. Centers for Disease Control and Prevention (CDC), Mpox Vaccination Basics. 
https://www.cdc.gov/poxvirus/mpox/vaccines/index.html (accessed 09 September 2024). 

148. Centers for Disease Control and Prevention (CDC), Mpox Vaccination Basics. 
https://www.cdc.gov/poxvirus/monkeypox/vaccines/index.html. 

149. Centers for Disease Control and Prevention (CDC), Smallpox/Monkeypox Vaccine (JYNNEOS™): 
What You Need to Know. https://www.cdc.gov/vaccines/hcp/vis/vis-statements/smallpox-monkeypox.pdf. 

150. Centers for Disease Control and Prevention (CDC), Vaccination. 
https://www.cdc.gov/poxvirus/monkeypox/interim-considerations/overview.html (accessed 10 October 
2024). 

151. Centers for Disease Control and Prevention (CDC), Clinical Considerations for Mpox in People Who 
are Pregnant or Breastfeeding. https://www.cdc.gov/poxvirus/mpox/clinicians/pregnancy.html (accessed 
09 September 2024). 

152. Food and Drug Administration (FDA), ACAM2000 [Smallpox and Mpox (Vaccinia) Vaccine, Live] 
https://www.fda.gov/media/75792/download (accessed 10 October 2024). 

https://www.cdc.gov/poxvirus/mpox/data/vigiv-protocol.pdf
https://www.ncbi.nlm.nih.gov/pubmed/36862595
https://www.cdc.gov/poxvirus/monkeypox/pdf/vigiv-ind-protocol_irb-3744_v8_10.13.2022.pdf
https://www.cdc.gov/poxvirus/monkeypox/pdf/vigiv-ind-protocol_irb-3744_v8_10.13.2022.pdf
https://www.cdc.gov/poxvirus/monkeypox/treatment.html
https://aspr.hhs.gov/SNS/Pages/Mpox.aspx
https://www.cdc.gov/poxvirus/mpox/interim-considerations/overview.html
https://www.ncbi.nlm.nih.gov/pubmed/37199451
https://www.ncbi.nlm.nih.gov/pubmed/36178700
https://www.ncbi.nlm.nih.gov/pubmed/36477495
https://www.cdc.gov/poxvirus/mpox/vaccines/index.html
https://www.cdc.gov/poxvirus/monkeypox/vaccines/index.html
https://www.cdc.gov/vaccines/hcp/vis/vis-statements/smallpox-monkeypox.pdf
https://www.cdc.gov/poxvirus/monkeypox/interim-considerations/overview.html
https://www.cdc.gov/poxvirus/mpox/clinicians/pregnancy.html
https://www.fda.gov/media/75792/download


CLEARED FOR PUBLIC RELEASE 
TECHNICAL INFORMATION REGARDING MONKEYPOX VIRUS (MPXV) 

10/10/2024 
 CLEARED FOR PUBLIC RELEASE  34 

153. Centers for Disease Control and Prevention (CDC), Vaccines. 
https://www.cdc.gov/smallpox/clinicians/vaccines.html#:~:text=Aventis%20Pasteur%20Smallpox%20Vacc
ine%20(APSV,Emergency%20Use%20Authorization%20%5BEUA%5D). 

154. House, T. W., FACT SHEET: Biden- ⁠Harris Administration’s Monkeypox Outbreak Response. 2022. 
https://www.whitehouse.gov/briefing-room/statements-releases/2022/06/28/fact-sheet-biden-harris-
administrations-monkeypox-outbreak-response/ 

155. World Health Organization (WHO), Vaccines and immunization for monkeypox: Interim guidance. 
https://apps.who.int/iris/bitstream/handle/10665/356120/WHO-MPX-Immunization-2022.1-eng.pdf. 

156. Malik, S., et al., Recent Developments in Mpox Prevention and Treatment Options. Vaccines (Basel) 
2023, 11 (3). https://www.ncbi.nlm.nih.gov/pubmed/36992085 

157. Centers for Disease Control and Prevention (CDC), Interim Clinical Considerations for Use of 
JYNNEOS Vaccine for Mpox Prevention in the United States. 
https://www.cdc.gov/poxvirus/mpox/clinicians/vaccines/vaccine-considerations.html (accessed 09 
September 2024). 

158. Rheinbaben, F. v., et al., Environmental resistance, disinfection, and sterilization of poxviruses. In 
Poxviruses, Mercer, A. A.; Schmidt, A.; Weber, O., Eds. Birkhäuser Basel: Basel, 2007; pp 397-405.  

159. Essbauer, S., et al., Long-lasting stability of vaccinia virus (orthopoxvirus) in food and environmental 
samples. Zoonoses Public Health 2007, 54 (3-4), 118-24. 
https://www.ncbi.nlm.nih.gov/pubmed/17456141 

160. Li, Z., et al., Persistence of monkeypox virus DNA in clinical specimens. J Infect 2022, 85 (6), 702-
769. https://www.ncbi.nlm.nih.gov/pubmed/36265827 

161. Maccallum, F. O.; McDonald, J. R., Survival of variola virus in raw cotton. Bull World Health Organ 
1957, 16 (2), 247-54. https://www.ncbi.nlm.nih.gov/pubmed/13426756 

162. Huq, F., Effect of temperature and relative humidity on variola virus in crusts. Bull World Health 
Organ 1976, 54 (6), 710-2. https://www.ncbi.nlm.nih.gov/pubmed/196779 

163. Gould, S., et al., Air and surface sampling for monkeypox virus in a UK hospital: an observational 
study. Lancet Microbe 2022, 3 (12), e904-e911. https://www.ncbi.nlm.nih.gov/pubmed/36215984 

164. Morgan, C. N., et al., Environmental Persistence of Monkeypox Virus on Surfaces in Household of 
Person with Travel-Associated Infection, Dallas, Texas, USA, 2021. Emerg Infect Dis 2022, 28 (10), 
1982-1989. https://www.ncbi.nlm.nih.gov/pubmed/35951009 

165. Rouhandeh, H., et al., Properties of monkey pox virus. Arch Gesamte Virusforsch 1967, 20 (3), 363-
73. https://www.ncbi.nlm.nih.gov/pubmed/5628254 

166. Environmental Protection Agency (EPA), Disinfectants for Emerging Viral Pathogens (EVPs): List Q. 
https://www.epa.gov/pesticide-registration/disinfectants-emerging-viral-pathogens-evps-list-q#evps 
(accessed 06/08/2022). 

167. Centers for Disease Control and Prevention (CDC), Infection Prevention and Control of Monkeypox 
in Healthcare Settings. https://www.cdc.gov/poxvirus/monkeypox/clinicians/infection-control-
healthcare.html (accessed 06/08/2022). 

https://www.cdc.gov/smallpox/clinicians/vaccines.html#:%7E:text=Aventis%20Pasteur%20Smallpox%20Vaccine%20(APSV,Emergency%20Use%20Authorization%20%5BEUA%5D
https://www.cdc.gov/smallpox/clinicians/vaccines.html#:%7E:text=Aventis%20Pasteur%20Smallpox%20Vaccine%20(APSV,Emergency%20Use%20Authorization%20%5BEUA%5D
https://www.whitehouse.gov/briefing-room/statements-releases/2022/06/28/fact-sheet-biden-harris-administrations-monkeypox-outbreak-response/
https://www.whitehouse.gov/briefing-room/statements-releases/2022/06/28/fact-sheet-biden-harris-administrations-monkeypox-outbreak-response/
https://apps.who.int/iris/bitstream/handle/10665/356120/WHO-MPX-Immunization-2022.1-eng.pdf
https://www.ncbi.nlm.nih.gov/pubmed/36992085
https://www.cdc.gov/poxvirus/mpox/clinicians/vaccines/vaccine-considerations.html
https://www.ncbi.nlm.nih.gov/pubmed/17456141
https://www.ncbi.nlm.nih.gov/pubmed/36265827
https://www.ncbi.nlm.nih.gov/pubmed/13426756
https://www.ncbi.nlm.nih.gov/pubmed/196779
https://www.ncbi.nlm.nih.gov/pubmed/36215984
https://www.ncbi.nlm.nih.gov/pubmed/35951009
https://www.ncbi.nlm.nih.gov/pubmed/5628254
https://www.epa.gov/pesticide-registration/disinfectants-emerging-viral-pathogens-evps-list-q#evps
https://www.cdc.gov/poxvirus/monkeypox/clinicians/infection-control-healthcare.html
https://www.cdc.gov/poxvirus/monkeypox/clinicians/infection-control-healthcare.html


CLEARED FOR PUBLIC RELEASE 
TECHNICAL INFORMATION REGARDING MONKEYPOX VIRUS (MPXV) 

10/10/2024 
 CLEARED FOR PUBLIC RELEASE  35 

168. European Centre for Disease Prevention and Control (ECDC), Monkeypox multi-country outbreak. 
https://www.ecdc.europa.eu/sites/default/files/documents/Monkeypox-multi-country-outbreak.pdf 
(accessed 06/07/2022). 

169. Centers for Disease Control and Prevention (CDC), Cleaning and Disinfecting. 
https://www.cdc.gov/poxvirus/mpox/if-sick/cleaning-disinfecting.html (accessed 09 September 2024). 

170. Butcher, W.; Ulaeto, D., Contact inactivation of orthopoxviruses by household disinfectants. J Appl 
Microbiol 2005, 99 (2), 279-84. https://www.ncbi.nlm.nih.gov/pubmed/16033458 

171. Meister, T. L., et al., Efficient Inactivation of Monkeypox Virus by World Health Organization‒
Recommended Hand Rub Formulations and Alcohols. Emerg Infect Dis 2023, 29 (1), 189-192. 
https://www.ncbi.nlm.nih.gov/pubmed/36394568 

172. Ferrier, A., et al., Rapid inactivation of vaccinia virus in suspension and dried on surfaces. J Hosp 
Infect 2004, 57 (1), 73-9. https://www.ncbi.nlm.nih.gov/pubmed/15142719 

173. Koutras, C.; Wade, R. L., Rapid inactivation of vaccinia, a surrogate virus for monkeypox and 
smallpox, using ultraviolet-C disinfection. bioRxiv 2022, 2022.10. 04.510918.  

174. Kannan, S., et al., Monkeypox: epidemiology, mode of transmission, clinical features, genetic clades 
and molecular properties. Eur Rev Med Pharmacol Sci 2022, 26 (16), 5983-5990. 
https://www.ncbi.nlm.nih.gov/pubmed/36066176 

175. Centers for Disease Control and Prevention (CDC), Mpox: How to Protect Yourself. 
https://www.cdc.gov/poxvirus/mpox/prevention/protect-yourself.html (accessed 06/06/2023). 

176. Centers for Disease Control and Prevention (CDC), Infection Control: Hospital. 
https://www.cdc.gov/poxvirus/monkeypox/clinicians/infection-control-hospital.html (accessed 06/16/2017). 

177. Szkiela, M., et al., Monkeypox (Mpox) and Occupational Exposure. Int J Environ Res Public Health 
2023, 20 (6). https://www.ncbi.nlm.nih.gov/pubmed/36981996 

178. U.S. Department of Health and Human Services (HHS), Biosafety in Microbiological and Biomedical 
Laboratories. http://www.cdc.gov/biosafety/publications/bmbl5/bmbl.pdf (accessed August 2022). 

179. Centers for Disease Control and Prevention (CDC), Infection Prevention and Control of Mpox in 
Healthcare Settings. https://www.cdc.gov/poxvirus/monkeypox/clinicians/infection-control-healthcare.html. 

180. Roshdy, W. H., et al., Whole-Genome Sequence of a Human Monkeypox Virus Strain Detected in 
Egypt. Microbiol Resour Announc 2023, 12 (6), e0000623. 
https://www.ncbi.nlm.nih.gov/pubmed/37154755 

181. World Health Organization (WHO), Monkeypox: experts give virus variants new names. Geneva, 
2022. https://www.who.int/news/item/12-08-2022-monkeypox--experts-give-virus-variants-new-names 

182. Zehender, G., et al., Bayesian reconstruction of the evolutionary history and cross-species transition 
of variola virus and orthopoxviruses. J Med Virol 2018, 90 (6), 1134-1141. 
https://www.ncbi.nlm.nih.gov/pubmed/29446492 

183. Yadav, P., et al., Phylogenomic and Structural Analysis of the Monkeypox Virus Shows Evolution 
towards Increased Stability. Viruses 2022, 15 (1), 127.  

184. Hendrickson, R. C., et al., Orthopoxvirus genome evolution: the role of gene loss. Viruses 2010, 2 
(9), 1933-1967. https://www.ncbi.nlm.nih.gov/pubmed/21994715 

https://www.ecdc.europa.eu/sites/default/files/documents/Monkeypox-multi-country-outbreak.pdf
https://www.cdc.gov/poxvirus/mpox/if-sick/cleaning-disinfecting.html
https://www.ncbi.nlm.nih.gov/pubmed/16033458
https://www.ncbi.nlm.nih.gov/pubmed/36394568
https://www.ncbi.nlm.nih.gov/pubmed/15142719
https://www.ncbi.nlm.nih.gov/pubmed/36066176
https://www.cdc.gov/poxvirus/mpox/prevention/protect-yourself.html
https://www.cdc.gov/poxvirus/monkeypox/clinicians/infection-control-hospital.html
https://www.ncbi.nlm.nih.gov/pubmed/36981996
http://www.cdc.gov/biosafety/publications/bmbl5/bmbl.pdf
https://www.cdc.gov/poxvirus/monkeypox/clinicians/infection-control-healthcare.html
https://www.ncbi.nlm.nih.gov/pubmed/37154755
https://www.who.int/news/item/12-08-2022-monkeypox--experts-give-virus-variants-new-names
https://www.ncbi.nlm.nih.gov/pubmed/29446492
https://www.ncbi.nlm.nih.gov/pubmed/21994715


CLEARED FOR PUBLIC RELEASE 
TECHNICAL INFORMATION REGARDING MONKEYPOX VIRUS (MPXV) 

10/10/2024 
 CLEARED FOR PUBLIC RELEASE  36 

185. Reynolds, M. G.; Damon, I. K., Outbreaks of human monkeypox after cessation of smallpox 
vaccination. Trends Microbiol 2012, 20 (2), 80-7. https://www.ncbi.nlm.nih.gov/pubmed/22239910 

186. Federal Select Agents Program, Select Agents and Toxins. In 42 CFR Part 73, United States 
Department of Health and Human Services, Ed. 2017.  

187. Estep, R. D., et al., Deletion of the monkeypox virus inhibitor of complement enzymes locus impacts 
the adaptive immune response to monkeypox virus in a nonhuman primate model of infection. J Virol 
2011, 85 (18), 9527-42. https://www.ncbi.nlm.nih.gov/pubmed/21752919 

188. Hudson, P. N., et al., Elucidating the role of the complement control protein in monkeypox 
pathogenicity. PLoS One 2012, 7 (4), e35086. https://www.ncbi.nlm.nih.gov/pubmed/22496894 

189. Kindrachuk, J., et al., Systems kinomics demonstrates Congo Basin monkeypox virus infection 
selectively modulates host cell signaling responses as compared to West African monkeypox virus. Mol 
Cell Proteomics 2012, 11 (6), M111 015701. https://www.ncbi.nlm.nih.gov/pubmed/22205724 

190. Benkő, M., et al., Phylogenetic analysis of all available monkeypox virus strains shows the close 
relatedness of contemporary ones. Heliyon 2023, e12895.  

191. Isidro, J., et al., Phylogenomic characterization and signs of microevolution in the 2022 multi-country 
outbreak of monkeypox virus. Nat Med 2022, 28 (8), 1569-1572. 
https://www.ncbi.nlm.nih.gov/pubmed/35750157 

192. Masirika, L. M., et al., Complete Genome Sequencing, Annotation, and Mutational Profiling of the 
Novel Clade I Human Mpox Virus, Kamituga Strain. J Infect Dev Ctries 2024, 18 (4), 600-608. 
https://www.ncbi.nlm.nih.gov/pubmed/38728644 

193. Gao, L., et al., Mpox, Caused by the MPXV of the Clade IIb Lineage, Goes Global. Trop Med Infect 
Dis 2023, 8 (2). https://www.ncbi.nlm.nih.gov/pubmed/36828492 

194. Andrei, G.; Snoeck, R., Differences in pathogenicity among the mpox virus clades: impact on drug 
discovery and vaccine development. Trends Pharmacol Sci 2023, 44 (10), 719-739. 
https://www.ncbi.nlm.nih.gov/pubmed/37673695 

195. O'Toole, A., et al., APOBEC3 deaminase editing in mpox virus as evidence for sustained human 
transmission since at least 2016. Science 2023, 382 (6670), 595-600. 
https://www.ncbi.nlm.nih.gov/pubmed/37917680 

196. Dobrovolna, M., et al., Inverted repeats in the monkeypox virus genome are hot spots for mutation. J 
Med Virol 2023, 95 (1), e28322. https://www.ncbi.nlm.nih.gov/pubmed/36400742 

197. Elde, N. C., et al., Poxviruses deploy genomic accordions to adapt rapidly against host antiviral 
defenses. Cell 2012, 150 (4), 831-41. https://www.ncbi.nlm.nih.gov/pubmed/22901812 

 

https://www.ncbi.nlm.nih.gov/pubmed/22239910
https://www.ncbi.nlm.nih.gov/pubmed/21752919
https://www.ncbi.nlm.nih.gov/pubmed/22496894
https://www.ncbi.nlm.nih.gov/pubmed/22205724
https://www.ncbi.nlm.nih.gov/pubmed/35750157
https://www.ncbi.nlm.nih.gov/pubmed/38728644
https://www.ncbi.nlm.nih.gov/pubmed/36828492
https://www.ncbi.nlm.nih.gov/pubmed/37673695
https://www.ncbi.nlm.nih.gov/pubmed/37917680
https://www.ncbi.nlm.nih.gov/pubmed/36400742
https://www.ncbi.nlm.nih.gov/pubmed/22901812

	Foreword
	Introduction
	Key Updates
	Major Findings by Topic Area
	Infectious Dose
	The infectious dose of MPXV in humans by any route is unknown.10
	The estimated median dose required to cause a lethal infection (median lethal dose or LD50) is variable and has been estimated to be 105-107 PFU in NHPs, depending on route of exposure.12-15
	Transmissibility
	Four clades of MPXV are recognized, and modes of transmission vary between clades. Clade Ia and IIa viruses are associated with zoonotic transmission, with only Clade Ia viruses exhibiting limited human-to-human transmission. Clade Ib and IIb viruses ...
	Since April 2022, Clade IIb MPXV has spread among humans who have not travelled to endemic areas and is credited to close, direct physical contact, which includes sexual transmission .26, 32, 43-45 Human-to-human transmission has become the primary mo...
	The R0 of the Clade IIb outbreak is conservatively calculated to be 1.10-2.40 in countries like the U.S. with declining OPV immunity.27, 56;23
	A record 14,626 cases of MPXV were recorded in the DRC for 2023.58-60 A new subclade, Clade Ib, emerged in DRC in late 2023 and is associated with more sustained human-to-human transmission.3
	For the Clade I outbreak in the DRC between August 2023 and March 2024, the R0 estimated for the total outbreak (predominately Clade Ia) is 1.2-1.3 and the estimated R0 for the South Kivu region (predominately Clade Ib) is 1.4-1.665
	Host Range
	Mpox is a zoonotic disease with transmission from animals (e.g., NHPs and rodents) to humans.19, 66
	Incubation Period
	Typical incubation period in humans is 3-17 days, but can range from 1-31 days.22, 46, 72, 82-83
	Patients are contagious during the first week of the rash,72, 82 and direct contact should be prevented until lesions have completely healed.89
	Clinical Presentation
	Human disease associated with Clade II MPXV infection is generally less severe than Clade I MPXV infection.9, 48
	The major clinical features of human mpox are similar to those of smallpox;94-95 however, lymphadenopathy (lymph nodes with abnormal size, number, or consistency) is a key distinguishing feature of mpox.82, 96
	Atypical Presentation, Common Misdiagnoses, and Complications are associated with MPXV infection.
	Clinical Diagnosis
	As of September 09, 2024, one FDA-cleared test and eight EUA tests have been approved for diagnosis of mpox in the U.S. All tests utilize swabs from lesions.108
	The current CDC case definition requires positive PCR, sequencing, or culture to be considered a confirmed case.110
	Antibody-based tests and electron microscopy are only sufficient for “probable” case status under the current case definition.110
	Fatality Rate
	Case fatality rate can range from 0-17%, depending on subclade, vaccination status, and age.47, 51, 72-73, 112
	Data indicate that subpopulations, such as individuals with HIV and children, have increased likelihood for fatal outcomes.
	Medical Treatment
	Tecovirimat (also known as TPOXX or ST-246), cidofovir (Vistide), and brincidofovir (Tembexa) are antiviral medicines approved for the treatment of smallpox or other therapeutic indications.129-130 These antivirals have been shown to be effective agai...
	Vaccines
	Two vaccines that were originally developed for smallpox have been licensed by the FDA for use against mpox and are maintained in the SNS (JYNNEOS and ACAM2000). Additional vaccines are available under an IND or internationally.
	The CDC does not recommend booster vaccinations (more than 2 doses) except for specific groups:157
	Environmental Stability
	The median time of MPXV DNA persistence in various patient samples, like blood, urine, and skin lesions, was shown to be 5.7 days to 13.5 days.160
	As an OPV, MPXV is expected to be quite stable in the environment:165
	Decontamination
	EPA lists emerging viral pathogens into Tiers (1-3), denoting increasing difficulty of inactivation. MPXV is Tier 1, meaning that it is among the easiest to destroy (chemically), with inactivation of virus upon destruction of its envelope.166
	Effective means of home disinfection include standard laundry and dish washing methods, while using PPE and observing proper hand hygiene.168
	Vaccinia virus is commonly used as a surrogate for OPV inactivation.
	Personal Protective Equipment (PPE)
	Genomics
	MPXV is a member of the Orthopoxvirus genus of the Poxviridae family of enveloped viruses, with a linear double-stranded DNA genome of around 200 kbp.96, 180
	Historically, the strains belonging to Clade II tend to be less pathogenic and human-transmissible than Clade I strains.112, 116, 184-185
	The 2022 global outbreak strain is a MPXV Clade IIb virus.37, 190
	The 2024 outbreak strain is a MPXV Clade Ib virus.9
	Various genomic changes have been observed in both the 2022 Clade IIb and current (Clade Ib) outbreaks that are associated with human-to-human transmission.3, 193-194
	Commonly Used Acronyms and Abbreviations
	References

