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What we don’t know about human monkeypox

• What is the current burden of monkeypox infection in enzootic areas?

• Has the risk of monkeypox changed since the 1980s?

• What are the risk factors associated with monkeypox infection?

• How transmissible is monkeypox?

• Is there evidence of long term protective immunity to monkeypox from previous smallpox 
vaccination?



Map of health zones with active surveillance for human monkeypox, designated by dominant 
ecological characteristics, Sankuru District, Democratic Republic of Congo: 2006–2007. 
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Active Surveillance Program in Sankuru 
Province, DRC: 2002-2011



Active
Surveillance

per capita incidence increased by factor of 20  (95% CI, 14-29)
between 1981-86 and 2005-07.
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Average annual cumulative incidence of human monkeypox, by health 
zone and dominant ecological characteristic, Sankuru, DRC



Average cumulative incidence of human MPX by age group in 
Kole Health Zone: 1981-6 vs. 2006-7.

*Proportion of the population vaccinated in 2006-7 and in 1981-6 based on vaccination scar surveys. ^ Vaccination rate steadily declined from 41.0% in 1981 to 4% in 1985. 

Population vaccinated* (%)
2006-7 0                         0                         0                         2                     24                        67                     96
1981-6 16^ 83                       94                       96                      97       97                      97
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Avg. Annual Incidence 
1981-6:  0.72/ 10,000
2006-7: 14.42/ 10,000

=IR: 20.17

Is declining vaccine coverage leading to 
emergence of monkeypox in the DRC?

Does herd immunity account for 
increase in incidence?

If not, what does?



The role of smallpox vaccination

Analysis of data from 2005-2007 shows that smallpox vaccine gives 
80.7% (70-89%) protection against clinical MPX infection. 

à no significant decline over time.

•1980s data suggested that smallpox vaccination was 
85% protective (95% CI: 74-92) against clinical monkeypox infection.

Age distribution of 
recent infections   

suggests that vaccination 
is still protective. 



Animal 
reservoir

Human 
population

Animal-to-human 
transmission

Human-to-human 
transmission

How much of the observed increase is due to Primary vs. Secondary Transmission?

Factor Leads to increases in…

Animal-human 
transmission?

Human-human 
transmission?

Declining herd immunity (due to lower 
vaccine  coverage or efficacy)

• •

Increased MPX prevalence in reservoir •

Increased hunting of reservoir animals •

Declining immune status due to malnutrition 
or co-infections

• •

Virus adaptation to humans •

Possibility of intergenerational transmission •

A

B

Key challenge: To disentangle contributions of zoonotic 
spillover versus human-to-human transmission.



Clinical Characterization of 
MPX (2007-2011)- Sankuru



Clinical characterization of human monkeypox 
infection:  2008 – 2011



Patients followed for 3 
weeks post enrollment:

• Daily evolution of Clinical signs, 

symptoms and skin lesions

• Daily evolution of lab parameters :

• Hematology

• Blood biochemistry

• Urine analysis

• Viral load (throat swab, lesion and 

blood)

• Cytokine profile

• Lymphocyte profile



Clinical symptoms

• Rash (96.8%)
• Malaise (85.2%)
• Sore throat (78.2%), 
• Lymphadenopathy (57.4%) 
• Anorexia (50.0%) 

Physical examination findings or signs

• Skin lesions (99.5%) 
• Lymphadenopathy (adenopathy) (98.6%). 
• MPXV mouth/throat lesions (28.7%) 
• Abnormal lung sounds (10.6%)  
• Hepatomegaly, splenomegaly or both (7.9%) 
• Bleeding (2.3%) 



The duration of clinical symptoms and signs : average 3 – 5 days



Change in total lesion count or lesion count by body location over time 



The pattern of distribution of Monkeypox associated lymph node



Comparison of Maximum lesion count by location among
illness severity categories



Clinical laboratory findings
survivors (levels 1-3) vs. level 4 (death) 

• Statistically significant differences in the alanine phosphatase (ALT) (90 vs 26 U/L; p = 0.0224, adjusted) and 

aspartate aminotransferase (AST) (415 vs 48 U/L; p = 0.0004, adjusted) 

• For CBC (complete blood count) variables, no difference between survivors and fatal cases for any CBC variable. 

Neutrophil count show difference among the non-fatal categories

• The platelet count was 130 x 10^3/μL in the fatal group vs 296 x 10^3/μL among survivors (p = 0.0102, unadjusted) 

• For urine, elevated protein among illness severity level 1, 59 mg/dL (SD 65.3), level 2 category 88 mg/dL (SD 87.3), 

vs level 3 category 114 mg/dL (SD 108.3); p = 0.0147, adjusted (data not shown) 



SUB 135 EVOLUTION
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Evolution of lesion for subject 135 who was enrolled 
as an asymptomatic subject and later developed 
disease.
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Complications observed in monkeypox patients 

Keratitis in the left eye Staphyloma at the left eye 24 
months after keratitis Caseification of eye lesions

Secondary Dermatitis Œdema



Fetal Demise Due to Maternal Monkeypox Infection

4 spontaneous abortion 
among the 5 pregnant

women enrolled in the study



DIAGNOSIS : Case definition

• ALERT CASE
Anyone with rashes with or without a history of fever

• SUSPECTED CASE
Any person, living or dead, presenting or having presented a high fever (≥ 38° C) with a sudden onset, and having been in 
contact : with:

• a suspected, probable or confirmed case of Monkeypox
• a dead or sick animal
• or living in the epidemic area

OR: anyone with sudden onset high fever and/or at least three of the following symptoms:
• headache
• Intense tiredness
• Muscle aches
• Back pain
• vesiculo-pustular rash,
• adenitis, pain in the throat, mouth ulcers, etc.



• PROBABLE CASE:

ANY case corresponding to the clinical case definition, who can no 

longer benefit from biological confirmation, with an epidemiological

link with a confirmed or probable case.

• CONFIRMED CASE:

Any suspected case with a positive lab result.



Laboratory analysis

• PCR : for confirmation of the disease

• Sequencing : genomic variation, mutations, etc.

• Biochemistry : for supportive care and follow-up

• Hematology : for supportive care and follow-up



Opportunities
• Clinical trials of vaccines and drugs

• Well characterized clinical cohorts for Long-term sequelae and immunogenicity studies

• Improved diagnostics

• Monkeypox infection in key populations

• Health Care workers

• Hunters, Sanctuaries

• Pregnant/breastfeeding women

• Co-infection (chickenpox, measles, HIV, rubella, etc.) 

• Re-infection/Re-activation

• Transmissibility

• Genomic epidemiology of monkeypox

• Ecologic studies to determine host reservoir species 

• Expanding active disease surveillance and serosurveys of humans and animals in geographically varied region
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