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Highly 
prevalent 
in the 
artisanal 
mining 
sector
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DRC: >95% of households rely
on biomass for domestic
energy (cooking, …)
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Mycobacterium tuberculosis: 
causative agent of tuberculosis (TB), 
is the number 1 infectious killer 
worldwide after COVID-19 infection. 

In 2022:
10 million new cases
1.6 million people killed





Mining Air Pollution

Household Air Pollution
12Biomass fuel smoke?



• Dyspnea
• Spirometry

EERRIK

COST Study
(HIV, TB, HAP)

GECAMINE 
Study (Coltan)

Case-control

• Clinical data
• Pollutants: CO,

VOCs, 1-HP

Systematic Review: 
AAP in SSA

TUMIKA Study
(Gold Mining, TB)

BATUPE Study
(Post-TB life, HAP)

Cohort

• Questionnaire
• Telomere Length 
• mtDNA

Cross-sectional

• IMPALA 
Questionnaire

• Respiratory
symptoms

• Clinical 
outcomes 

• Metals+ 8OHdG

Experimental

Coltan
(Nb+Ta)
• PO 

exposure
• IT exposure
• Wild rodents

Epidemiologic

• Questionnaire
• Biomonitoring

:Urine-Blood, 
Nails-Sputum

• Food, dust, 
water
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Project



A 44-y old mineworker « without left lung »
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Multidrug Resistant
Tuberculosis (MDR-TB)



Incidence of Tuberculosis in 13 Health Zones in South Kivu, DR Congo (2016)
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DATA ARE CALCULATED FROM THE SOUTH KIVU NATIONAL TUBERCULOSIS PROGRAM DATABASE.

artisanal 
gold mining
communities
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« bacimba »
« creuseurs »
(= diggers)
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« twangueurs »
(=  crushers)
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TB CLINIC
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TB clinic



HYPOTHESES
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H1: PTB PATIENTS WITH A HISTORY OF MINING ARE MORE LIKELY TO FAIL

THEIR TB TREATMENT

H2: MINING IS ASSOCIATED WITH EARLIER CELLULAR SENESCENCE, WHICH

MIGHT ALSO INDEPENDENTLY PREDICT TB TREATMENT OUTCOME.



TELOMERE LENGTH (TL)?

21Slide: courtesy of  Prof. Tim Nawrot

In somatic cells, successive divisions 
lead to shortening of telomeres (i.e. 
short telomeres reflect ageing)

TL in blood leukocytes is 
representative of 
ageing/senescence



METHODS: COHORT STUDY
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• COHORT OF 129 NEWLY DIAGNOSED PTB PATIENTS RECRUITED FROM 3 HEALTH CENTRES IN A RURAL AREA

WITH ARTISANAL GOLD MINES

• 85 MINERS

• 44 NON-MINERS

• CLINICAL DATA (REGISTER + QUESTIONNAIRE)

• BLOOD (+URINE)

• RELATIVE TL AND MTDNA IN PERIPHERAL BLOOD LEUKOCYTES VIA QPCR (HASSELT)

 ENDPOINT: TREATMENT SUCCESS/FAILURE AT THE COMPLETION OF TB TREATMENT (6 OR 9 MONTHS LATER)

• MULTIVARIABLE LINEAR AND COX REGRESSIONS
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Results

R2=0.21

ₒ non-miners

• miners
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Results

Confirmed by 
multivariable Cox 

regression



SUMMARY
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TELOMERE LENGTH, A BIOMARKER OF AGEING, WAS ASSOCIATED WITH THE

OUTCOME OF TREATMENT, ESPECIALLY AMONG MINERS.

INTERPRETATION? FOR A GIVEN CHRONOLOGICAL AGE, PERSONS THAT ARE

BIOLOGICAL OLDER HAVE A HIGHER RISK FOR TREATMENT
FAILURE. 

TO BE CONFIRMED BY OTHER STUDIES





POST-TB SEQUELAE
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• 54 million survived TB between 2000 
and 2017

• PIAT (Pulmonary impairment after 
TB): airflow obstruction, restrictive 
and fibrotic defects, bronchiectasis, 
aspergilloma, cancer …

• No normal life after a long 
treatment 

• Not addressed in National TB 
Guidelines

• Effect of chronic exposure to HAP 
unknown



HYPOTHESIS
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ARE RESPIRATORY SYMPTOMS AMONG PTB SURVIVORS IN RURAL SOUTH
KIVU ASSOCIATED WITH EXPOSURE TO HAP ?
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Cross-sectional study, 

441 randomly selected PTB 
survivors living in 13 rural Health 
Zones with high TB burden in 
South Kivu

Trained community and health-
care workers administered 
questionnaire.

Prevalence and predictors of 
chronic cough and hemoptysis

Setting and Design



RESULTS
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1) Chronic Cough: aOR [95% CI]

• HAP : 2.10 [1.10-4.00] vs no HAP 
• daily time spent in the kitchen 3hr: 2.74 [1.25-6.07] in women
• TB regimen > 6 months:  3.80 [1.62-8.96]

2) Hemoptysis:
• TB re-treatment: 3.04 [1.04-5.09]



SUMMARY
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• Exposure to HAP proved a risk factor for chronic cough in PTB 
survivors, especially in women. 

• This factor is amenable to intervention.

• Dyspnea and spirometry: to strengthen our findings



THE GLOBAL TB REPORT 2022 HIGHLIGHTS OTHER MAJOR RISK FACTORS: IN THE MINING SECTORS?
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FIRST PROBLEM



SECOND PROBLEM



THIRD PROBLEM



Pandemics are in the air?

Addressing the Colliding Epidemic of TB-(HIV)-(H-O-
M)AP-COVID-19: a Model Towards Global Health 
Respiratory  in Sub-Saharan Africa?
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LET’S GO BACK HOME TO DIE



Mining and 
Air Pollution

HIV-infection

Tuberculosis

COVID-19 Host

Risk of latent infection

Progression to active disease

Mortality from TB

Risk of Post-TB 
complications

Earlier ageing

Bacterial pneumonia

Risk emphysema

Risk TB
Admission for PCJ

Pneumococcal carriage

ART non-adherence

Rate of lung cancer

Increase Susceptibility

Mortality

Complicated diagnosis

Drug-Drugs interactions

Risk of MDR-TB

Accelerates diseases progression

Increase admission

Pulmonary Hypertension

Risk of IRIS

Drug-drug interaction

Mortality

National, 
Continental 
and Global 

Efforts 39



Optimising TB Prevention 

Optimising TB Diagnosis and Treatment

Improving Health System for TB

Tackling Determinants
• Poverty
• Undernutrition
• Alcohol-Tobacco
• Household air pollution
• Etc. 

Reaching Specific Population
• HIV(+) and Diabetes (+)
• Prisoners
• Miners
• Aged below 15 years
• Etc.

Prioritising Active Case Finding
• Community leaders
• Community organiation
• Former TB patients
• Mobile clinics
• Etc

Re-thinking DOT
• Empowering patient and family
• Telemedicine/mHealth
• Community
• Mobile clinics
• Etc

Latent TB and Chemoprophylaxis
• Diagnose and treat in at high risk
• Short-term IPT in children and HIV 

in contact with TB patients
• Enhance research for latent TB 

Active TB
• Increase testing for RR/MDR-TB
• Prefer short/ oral regimen
• Control for adverse drugs reaction
• Avoid unnecessary visit

Post-TB
• Assess quality of life
• Alert for TB  relapse
• Screen NCDs such as COPD
• Etc

• Ensure continuity of care
• Double Xpert testing capacity 
• Implement twin testing: TB-COVID-19
• Rolling in rapid testing for COVID-19 when available
• Address stigma, discrimination and other mental health's issues related to communicable diseases: TB-COVID-19
• Improving health system surveillance, data sharing and elaborate consistent national policy
• Pro-active planning, procurement, chain supply, risk management to overcome logistic issues
• Capacity building and rigorous infection, prevention and control for both TB-COVID-19 to protect health workers

Sustainability of TB Service During COVID-19 Pandemic



DRC, VERY BEHIND IN ADDRESSING TB IN THE 
MINING?



Is a DRC TB IN MINING 
KNOWLEDGE Receipt required?

• BUILDING HEALTH LITTERACY

• RESILIENT HEALTH SYSTEM 

• EXPENDING UHC

• OTHER NON-PHARMACEUTICAL INTERVENTIONS

• PHARMACEUTICAL INTERVENTION



IT IS POSSIBLE TO END TB



FOR THEIR FUTURE…
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ASANTI SANA
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