
Monkeypox - History

• Poxviridae family, Chordopoxvirinae subfamily, and 

Orthopoxvirus genus

• Identified in Danish primate lab 1958

• First human case 1970 – DRC

• Increasing cases in endemic areas

https://doi.org/10.1371/journal.pntd.0010141.g007

https://doi.org/10.1371/journal.pntd.0010141.g007


Monkeypox - Epidemiology
• Uncommon outside of Africa

• Eight cases since 2016 until this year
• All linked to a person from Nigeria

• Reservoir animals are not well-defined

• Cases are increasing in Africa

• Had previously been cases from close animal-human contact
• Some from direct exposure to human pox secretions

• Clades
• West African (4% case fatality) – The current outbreak
• Central African (11% case fatality)

• Source
• 1980 study 72.5% primary animal exposure
• 2017-8 62.3% (76/122) unknown. Among others, 78.3% link to probable disease, 

8.2% contact with animal



Multistate Outbreak of Monkeypox --- Illinois, Indiana, 
Kansas, Missouri, Ohio, and Wisconsin, 2003

• 71 total patients

• 39 (55%) occurred among females

• Median age 28 years (range: 1--51 years). 

• 69 patients with data
• 18 (26%) were hospitalized; some isolation precautions only. 
• Two patients, both children, had serious clinical illness. Both recovered. 
• Most patients were exposed to prairie dogs

• 200 prairie dogs infected
• Prairie dogs at animal distributor - infected through contact with Gambian giant rats and dormice that 

originated in Ghana
• Distributed to six states
• Unknown number became pets or died
• Texas animal distributor

• 800 small mammals from Ghana on April 9 that contained 762 African rodents, including rope squirrels 
(Funiscuirus sp.), tree squirrels (Heliosciurus sp.), Gambian giant rats (Cricetomys sp.), brushtail porcupines 
(Atherurus sp.), dormice (Graphiurus sp.), and striped mice (Hybomys sp.).
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Rimon, AW, et al, PNAS, 2010

• 5.2 fold increase in those 
unvaccinated for smallpox in 
surveilled health care regions

• Incidence in same regions 
between 1980s and 206-2007 
increased 20 fold.

• Factors associated with 
increased risk of infection 
included: living in forested 
areas, male gender, age < 15, 
and no prior smallpox 
vaccination. 
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Monkeypox - Clinical

• Prodrome
• Fever, myalgia, fatigue and headache

• Fever before rash onset

• Approximately three days after onset centrifugal rash
• Macules -> papules-> blisters -> pustules -> scabs

• May involve oral or ocular mucosa

• All progress simultaneously

• Characteristically involves hands and feet 
• Limited ddx of lesions on hands

• Adenopathy may be present ( not present in chickenpox generally)



Monkeypox – Clinical

• Current outbreak is different
• Mild prodrome

• May start in genitals and progress from there

• Some present with proctitis

• Epidemiology is MSM for now



Monkeypox – Clinical 

• Reasons for changes
• Possible genetic changes

• More interface with persons in endemic trade

• World travel and more interface with non-Africans with endemic areas



Monkeypox - Clinical

Chickenpox  →



Disease Characteristics

• Incubation period 5-21 days

• Generally mild disease (depends on strain)

• Lasts 2-4 weeks

• Opportunistic in:
• Young children

• Pregnancy

• Immunosuppression



Complications
(Primarily data from Endemic Countries)

• Encephalitis

• Conjunctivitis

• Pneumonia

• Secondary bacterial infection – primarily of skin

• Mortality varies widely – primarily in children



Monkeypox Treatment
• Brincidofovir has been authorized by the FDA

• Nucleotide analog DNA polymerase inhibitor
• Converted intracellularly to cidofovir
• Not approved for other viruses, but active against Adeno, CMV, HSV, VZV, Ebola

• Tecovimat  oral and IV
• Inhibitor of the orthopoxvirus VP37 envelope wrapping protein
• Approved for treatment of smallpox and orthoviruses
• EUA for monkeypox

• Severe disease
• At risk for severe disease

• Immunocompromised
• Pregnant or breastfeeding
• Children, particularly < 8 years old
• Persons with skin disease

• No clinical trials (for obvious reasons)

• Cidofovir has activity
• Not FDA approved
• Significant toxicity



Use of Vaccines

• Two vaccines licensed by FDA can be considered for post-exposure 
prophylaxis in people who have had a high risk exposure to monkeypox: 
• JYNNEOS is a live, non-replicating vaccine

• Vaccine should be given within 4 days of exposure to prevent disease but might reduce 
severity of disease up to 14 days after exposure. 

• ACAM2000 – Vaccinia – Live virus (EUA only)
• 100,000,000 doses in National Strategic Stockpile
• Never had human trial like Dryvax
• Not preferred at this time

• Smallpox vaccines from another era are felt to have too high a risk benefit 
ratio and are not used.

• Prior vaccination with smallpox is not likely to be significantly protective at 
this point.



Transmission of Monkeypox

• Transmissible from onset of rash generally, but can be transmitted 
during prodrome

• Established means of transmission
• Skin lesions

• Airborne

• Fomites

• Likely mechanism
• Sexual transmission

• Confusing there is inherent close contact



Infection Prevention
• Treat as standard, contact and airborne

• HCP should remove and discard gloves, gown and eye protection, and 
perform hand hygiene prior to leaving the patient’s room;

• Risk for laboratory personnel – should be alerted for any viral cultures

• Isolation precautions should be continued until all lesions have resolved, 
the scabs have fallen off, and a fresh layer of intact skin has formed. (and 
for a minimum of 21 days) 

• There might be local issues with disposal of waste 

• Animals may be vulnerable to acquisition and contact should be avoided.

• If possible, isolate at home
• (https://www.cdc.gov/poxvirus/monkeypox/clinicians/infection-control-home.html)



Reporting Requirements
• Suspect Case

• New characteristic rash* OR

• Meets one of the epidemiologic criteria and has a high clinical suspicion† for monkeypox

• Probable Case
• No suspicion of other recent Orthopoxvirus exposure (e.g., Vaccinia virus in ACAM2000 

vaccination) AND demonstration of the presence of

• Orthopoxvirus DNA by polymerase chain reaction of a clinical specimen OR

• Orthopoxvirus using immunohistochemical or electron microscopy testing methods OR

• Demonstration of detectable levels of anti-orthopoxvirus IgM antibody during the period of 4 to 56 days after rash onset

• Confirmed Case
• Demonstration of the presence of Monkeypox virus DNA by polymerase chain reaction testing or Next-Generation 

sequencing of a clinical specimen OR isolation of Monkeypox virus in culture from a clinical specimen

• Epidemiologic Criteria – potential exposure within 21 days of onset
• Reports having contact with a person with a similar appearing rash or who received a diagnosis of monkeypox OR

• Had close or intimate in-person contact with individuals in a social network experiencing monkeypox activity OR

• Traveled outside the US to a country with confirmed cases of monkeypox or where Monkeypox virus is endemic OR

• Had contact with a dead or live wild animal or exotic pet that is an African endemic species or used a product 
derived from such animals (e.g., game meat, creams, lotions, powders, etc.)



California Approach to Suspect Case

• Suggestive history includes: 
• Recent travel to Central or West African countries or other areas reporting 

monkeypox cases; and/or 

• Contact with a person or people who have a similar appearing rash or who 
received a diagnosis of confirmed or probable monkeypox and/or 

• Is a person who regularly has intimate in-person contact with other men

• Workup
• Orthopoxvirus PCR. Confirmatory testing is done at CDC using a specific 

monkeypox virus test

• Contact local health department



California Approach to Suspect Case

• Workup – specimen collection
• Collect specimens from different locations on the body and/or from lesions 

with different appearances. 

• If f only 1 location is affected, collect specimens from more than 1 lesion.

• Vigorously swab or brush lesion (unroofing, if possible) with two separate 
sterile dry polyester or Dacron swabs;

• Break off end of applicator of each swab into a separate sterile 1.5- or 2-mL 
screw-capped tube with O-ring or place each entire swab in a separate sterile 
container. 

• Two specimens should be collected from each lesion sampled. 

• Keep swab dry and do not add or store in viral or universal transport media

https://www.cdc.gov/poxvirus/monkeypox/clinicians/prep-collection-specimens.html
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• Will Monkeypox fill the epidemiologic void of smallpox?

• “Critics might suggest that the article is out of date, but the stark 
reality is that procuring coherent epidemiological data in rural West 
and Central Africa is a challenge.”

• Both zoonotic and human-to-human transmission appear to be 
increasing





How Novel Viruses Become Human Pathogens

Ebola, 
Lassa, 
Marburg          
→

Diagram courtesy of 
Wolfe et al. 2007



How Novel Viruses Become Human Pathogens



I guess 
we know 
the 
answer





Future Pandemics – Characteristics of Viruses

• 219 virus species that are known to be able to infect humans 
• The first discovered was yellow fever virus in 1901, 

• 3-4 new species are found every year.

• 2/3 of human viruses can also infect non-human hosts, mainly 
mammals, and sometimes birds.

• A substantial proportion of mammalian viruses may be capable of 
crossing the species barrier into humans
• Most don’t have intrinsic capability for human to human transmission



Future Pandemics - Prediction

• Efforts are currently under way to develop a global virome to catalog 
as many viral species as possible

• Aggressive diagnostic efforts of syndromes in sentinel areas
• Pneumonia, CNS, septic shock

• Would make diagnostic testing the rule 
• Rare in developing world

• Often omitted in developed world

• Advocated as “illuminating biologic dark matter”

• “One Health”



Future Pandemics – Response

• Tools to recognize 
• Ready viral sequencing (next-gen sequencing)
• Global testing capability (metagenomic)

• Tools to respond
• Rapid diagnostic testing
• Rapid vaccine manufacture

• Political will – lacking
• COVID-19

• China hid outbreak
• Trump response 

• Yemen - cholera
• War and indifference



Future Pandemics

• Any microbe could be the cause

• The likelihood is viral

• The likelihood is RNA viruses
• Many of them

• Many zoonotic

• High tolerance of mutations

• Some concern re: orthopoxviruses
• Reductive evolution - gene loss plays an important role in the 

evolutionary adaptation

• Cowpox was probably predecessor of smallpox









Prevention Efforts

• USAID ANNOUNCES NEW $125 MILLION PROJECT TO DETECT 
UNKNOWN VIRUSES WITH PANDEMIC POTENTIAL
• Detect and understand the risks of viral spillover from wildlife to humans

• 70% of outbreaks are zoonotic

• Builds on 2009 USAID program
• Long history or virus surveys

• Have genetic banks of virtually all viruses
• Permits rapid ID

• Permits rapid vaccine development with mRNA technology

•



Year
Ebola Sub-

type
Country

Number of 
Cases

Percentage of 
deaths

Situation

1976 Ebola-Zaire Zaire  (DRC) 318 88%
Spread by close personal contact and by use of contaminated needles and syringes in hospitals/clinics. First 

recognition of the disease.

1976 Ebola-Sudan Sudan 284 53% Disease spread  through close personal contact within hospitals. Many medical care personnel were infected.

1976 Ebola-Sudan England 1 0% Laboratory infection by accidental stick of contaminated needle.

1977 Ebola-Zaire Zaire 1 100% Noted retrospectively in the village of Tandala.

1979 Ebola-Sudan Sudan 34 65% Occurred in Nzara. Recurrent outbreak at the same site as the 1976 Sudan epidemic.

1989 Ebola-Reston USA 0 0%
Ebola-Reston virus was introduced into quarantine facilities in Virginia, Texas, and Pennsylvania by monkeys imported 

from the Philippines. Four humans developed antibodies to Ebola-Reston virus but did not become ill.

1990 Ebola-Reston USA 0 0%
Ebola-Reston virus was introduced once again into quarantine facilities by monkeys from the Philippines. Four humans 

developed antibodies but did not get sick.

1992 Ebola-Reston Italy 0 0%
Ebola-Reston virus was introduced into quarantine facilities in Sienna by monkeys imported from the same export 

facility in the Philippines. No humans were infected.

1994 Ebola-Zaire Gabon 49 59% Occurred in Mékouka and other gold-mining camps deep in the rain forest.

1994 Ebola-Ivory Coast Ivory Coast 1 0% Contracted after conducting an autopsy on a wild chimpanzee in the Tai Forest. 

1995 Ebola-Zaire DRC 315 81% Index case worked in forest. Epidemic spread through families and hospitals. 

1996 Ebola-Zaire Gabon 31 68%
Chimpanzee found dead in the forest was eaten. Nineteen people who were involved in the butchery of the animal 

became ill; other cases occurred in family members.

1996 Ebola-Zaire Gabon 60 75%
Index case was a hunter who lived in a forest camp. Disease was spread by close contact with infected persons. A 

dead chimpanzee found in the forest at the time was infected.

1996 Ebola-Zaire South Africa 2 50%
HCW traveled from Gabon to  South Africa, after having treated Ebola virus-infected patients. Hospitalized, and a 

nurse who took care of him became infected and died.

1996 Ebola-Reston USA 0 0%
Ebola-Reston virus was introduced into a quarantine facility in Texas by monkeys imported from the Philippines. No 

human infections were identified.

1996 Ebola-Reston Philippines 0 0% Ebola-Reston virus was identified in a monkey export facility in the Philippines. No human infections were identified.

2000-2001 Ebola-Sudan Uganda 425 53%
Major risks associated with  infection were attending funerals of Ebola patients; contact with patients in  family, and

providing medical care to patients without adequate protection.

2001-2002 Ebola-Zaire Gabon and DRC 122 79% Outbreak occurred over the border of Gabon and DRC.

Prior Ebola Outbreaks



Differential Diagnosis

• Malaria (most likely)

• Dengue

• Leptospirosis

• Plague

• Rickettsiosis

• Relapsing fever

• Hepatitis

• Typhoid

• URI

• Other hemorrhagic fevers (Yellow, Marburg, Lassa)



Supplies for low-resource settings

Pictures courtesy of the CDC
















