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Case Report
Indoor air pollution as a risk factor for fatal anthracosis and COPD in
sub-Saharan Africa – The case of an unidentified
Rwandan male of about 50 years
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ABSTRACT
Background: The deposition of particles of coal dust into the lung tissue, particularly due to high exhaust pollution levels in large cities, smoking,
or in the coal mining sector, is generally considered as less harmful than the deposition of other kinds of dust that lead to unspecific clinical pictures
of the lung tissue (e.g. asbestosis, silicosis, silicatosis). However, anthracosis, a more or less intensive deposition of coal dust into the pulmonary
interstitium and lymphatic system connected with a blackish pigmentation is a common macroscopic and microscopic finding especially in cities and
greatly contributes to the development of chronic obstructive lung disease (COPD). The present case report aims at highlighting the high relevance
of indoor pollution to the development of COPD and other lung diseases.
Methods: We review a case of a 50-year-old Rwandan male autopsied at the Kacyiru Police Hospital as part of an inter-disciplinary Forensic Summer
School with the theme” A holistic approach towards a safer society” in the Conference held in Kigali-Rwanda from 24th -27th August 2015.
Results: The autopsy revealed severe chronic anthracosis, COPD, pulmonary fibrosis, emphysema; and a diagnosis of pulmonary insufficiency was
made as the cause of death.
Conclusion: Indoor air pollution, particularly through the burning of biomass and coal in closed rooms, is a relevant risk factor for the development
of pulmonary diseases such as anthracosis and COPD. Mainly affected are regions in developing and emerging countries, especially in the countryside.
Therefore, the reduction of the concentration of pollutants inside closed rooms is the most important aim, either by using more effective technical
devices or by improving ventilation in these rooms. These objectives should be pursued by educational and policy measures.
Keywords : Indoor pollution – Anthracosis - COPD

INTRODUCTION
The deposition of particles of coal dust into the lung
tissue, particularly due to high exhaust pollution levels
in large cities, smoking, or in the coal mining sector, is
generally considered as less harmful than the deposition
of other kinds of dust that lead to unspecific clinical
pictures of the lung tissue (e.g. asbestosis, silicosis,
silicatosis). Especially the so-called anthracosis, a
more or less intensive deposition of coal dust into the
pulmonary interstitium and lymphatic system that is
connected with a blackish pigmentation (1), is a common
macroscopic and microscopic finding, especially in cities
(2,3). Furthermore, the deposition of dust particles and
other inhaled combustion products can contribute to
the development of the chronic obstructive pulmonary
disease (4). A special form of pollution is found in poorly
ventilated and narrow rooms (5). Our own experience
is based on autopsies performed in the context of a
medico-legal project in Kigali, Rwanda. For many years
now, the department of Legal Medicine of the University
Medical Center Hamburg-Eppendorf in Germany has run
with Rwanda, a cooperation supported by the German
Academic Exchange Service (DAAD) program “PAGEL”
(“Partnerships for the Health Sector in Developing
Countries”). Its key element is the yearly “Interdisciplinary

Forensic Summer School” in Kigali, which consists of a
four-day academic conference and performing several
autopsies. This paper focuses on indoor air pollution as a
risk factor for anthracosis and COPD.
Case presentation
Scene and external investigation: The unknown deceased,
an unidentified man aged between 50 and 60 years with a
length of 170 cm and a weight of 45 kg (body mass index
[BMI] 15,6 kg/m2, cachexia), was found dead in Kigali by
the roadside. He was fully clothed. Neither injection marks
nor signs of relevant trauma (e.g. bone lesions or organ
injuries) were found. The pupils were of middle size, no
petechiae were present. The deceased had short grey hair
and a scar on the left forehead. His mandibular teeth were
partly missing.
Autopsy findings: Generalized moderate arteriosclerosis.
Severe anthracosis in both lungs and hili, as well as in
the paratracheal and peribronchial lymph nodes. Signs
of a progressive COPD; chronic adhesive pleuritis with

*Correspondence to: Constantin Blanke-Roeser, MD

*Correspondence to:

Institute for Legal Medicine
University Hospital Hamburg-Eppendorf
Hamburg-Germany
Email: constantin.blanke-roeser@law-school.de

Rwanda Medical Journal / Revue Médicale Rwandaise

27

Herbert Mushumba, MD
Institute for Legal Medicine
University Hospital Hamburg-Eppendorf
Hamburg-Germany
Email:hmushumba@gmail.com

RMJ Vol.73 (1); March 2016

Indoor air pollution as a risk factor for fatal anthracosis

C. Blanke-Roeser et al.

extended scarification of the pleural cavity, chronic
bronchitis, pulmonary emphysema, and pulmonary
fibrosis were detected as well as purulent bronchitis and
consecutive bronchopneumonia. In addition, consecutive
right ventricular insufficiency with chronic and acute blood
stasis in the liver and spleen were observed. No further
macroscopic internal disease or cerebral alteration was
noted.

can accumulate in closed rooms (11).
COPD was originally considered as a typical disease in
industrial nations, as cigarette smoke is an important risk
factor (4,14,18). However, it is recognized that COPD is
also common in less developed countries (11). Worldwide,
it is the fourth major cause of death (4). The relevance of
air pollution for the development of COPD has already been
known since the beginning of the 20th century (14). Next
to cigarette smoke and indoor air pollution with exhaust
gases from combustion, genetic factors are regarded as
risk factors (14). Furthermore, low standards in income
and education as well as malnutrition are discussed as
promoting factors (4,7). Women (14) and young children
(7,16) are particularly at risk (17). This is presumably
attributable to the fact that it is common that women
run the household in many of the affected regions, with
small children or babies in their immediate environment,
for instance carried on the mother’s back (15,16). Next to
the concentration of the pollutants in the air, the exposure
period is a critical factor. It is estimated that the affected
populations are exposed to the pollutants over a period of
three to seven hours, depending on the duration of the
stay inside the closed rooms (15,16). Also in industrial
nations, many households exceed the critical limits for
pollutants, due to the use of fuels, particularly in ovens
(7). However, the concentrations are comparatively low,
as higher technical standards (e. g. effective ventilation
systems in ovens) are widely distributed (7).

Cause of death: Pulmonary insufficiency caused by severe
chronic anthracosis and pulmonary fibrosis, complicated
by purulent bronchitis and confluent bronchopneumonia,
COPD and emphysema was suggested. The manner of
death was attributed as natural.
Complementary investigations
Histology: in lungs, the histology showed very extensive
anthracosis and fibrosis of the interstitial tissue. It also
revealed acute purulent bronchitis and peribronchial
pneumonia with confluent intra-alveolar granulocytic
infiltration, thus forming micro-abscesses (Figures 1, 2,
3, 4, 5).
Toxicological investigations were not performed.
Diagnosis: Pulmonary fibrosis, severe chronic anthracosis,
COPD
Discussion
Under special living conditions, intensive burdens through
the inhalation of dust and other pollutants can occur.
Such conditions can be found especially in economically
weaker regions in many countries worldwide – particularly
in the countryside (6,7,8). For example, in many regions
in Africa, Latin America and Asia, large sections of the
population use solid fuel for the daily cooking and heating
(9,10), which regularly leads to a production of dust over
several hours per day (4).
The pollution resulting from flue gases is particularly high
in poorly ventilated narrow rooms with lack of extractors,
dusting systems, or even windows, in which open fire is
used for heating or cooking purposes (5,11,12).

Many studies have examined the relevance of indoor
air pollution as a risk factor (4). However, they mainly
concentrate on Latin America and Asia (4). So far, there is
little data available for Africa. A possible reason for this is
the relatively small number of autopsies in African countries
and the comparatively little practical patho-morphological
experience of many pathologists and forensic pathologists.
In addition, it is conceivable that cases of anthracosis and
COPD often remain hidden behind the relatively low life
expectancy especially in sub-Saharan Africa. Therefore,
systematic autopsies (especially of elderly people) are
suggested, as well as clinical and environmental health
studies, with a special focus on pulmonological aspects.

The morphological picture of the anthracotic lung is
usually dominated by extensive depositions of materials
including coal dust in the pulmonary interstitium –
located near the fibrous septa – with consecutive fibrosis,
pulmonary arteriosclerosis, emphysema and subsequent
infections – with a bronchopneumonia at the end (2,3).
COPD is a generic term for several diseases that have
in common, the symptoms such as cough (often with
sputum) and exertional dyspnea – particularly concerning
the exhalation (13).

From this knowledge, direct conclusions for prevention
measures can be drawn. The causal therapy is the
termination of the exposition by the pollutants (5).
Therefore, government measures that aim to reduce
the concentration of pollutants in closed rooms are
recommended (14). One approach are government
subsidies for housing construction and renovation,
connected with the implementation of mandatory provisions
into the building laws of the affected countries, in order to
raise the distribution of windows and ventilation systems
in private homes even in the countryside (14). Another
approach is the education about the dangers connected
with the use of open fire in closed rooms. By that, many
people could be encouraged to only cook in front of the
house or at least to ventilate the rooms by opening the
door on a regular basis (11). Especially education is a costeffective measure to bring about changes (19). However,
it can be expected that indoor air pollution will remain a
widespread health problem in Africa and worldwide (7).

The presented case demonstrates the high relevance of
indoor air pollution for the development of respiratory
diseases such as COPD, in comparison to other external
environmental factors. This pollution can be the result of
the production of pollutants through open fire, especially
when different fuels (e. g. wood or charcoal) are used.
By the burning, numerous different gaseous substances
are released into the air, for instance carbon monoxide
(CO), nitrogen dioxide (NO2) and sulphur dioxide (SO2)
(9,14,15,16). Along with a reduced removal of the
substances due to insufficient ventilation, the pollutants
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Conclusion
Indoor air pollution, particularly through the burning
of biomass and coal in closed rooms, is a relevant risk
factor for the development of pulmonary diseases such
as anthracosis and COPD. Mainly affected are regions
in developing and emerging countries, especially in
the countryside. The presented case highlights the
morphological consequences of long exposures to the
pollutants in question. The only causal therapy is a
preventive approach. Therefore, the reduction of the
concentration of pollutants inside closed rooms is the most
important aim, either by using more effective technical
devices or by improving ventilation in these rooms. These
objectives should be pursued by educational and policy
measures.
Figure 1

Figure 3: Emphysema (HE, x100)

Figure 1: Anthracosis (Hematoxilin and Eosin [HE], x50)

Figure 4: Pleura fibrosis (HE, x100)

Figure 2: Purulent bronchitis (HE, x 150)

Figure 5: Pulmonary arteriosclerosis
(Elastica-van-Gieson, x50)

Rwanda Medical Journal / Revue Médicale Rwandaise

29

RMJ Vol.73 (1); March 2016

Indoor air pollution as a risk factor for fatal anthracosis

C. Blanke-Roeser et al.

REFERENCES
1. Chung MP, Lee KS, Han J, Kim H, Rhee CH, Han YC, et al. (1998) 		
Bronchial Stenosis Due to Anthracofibrosis. Chest 113:344–350.

11. Ko FWS, Hui DSC (2012) Air pollution and chronic obstructive pulmonary
disease. Respirology 17:395-401.

2. Thomas C (2006) Histopathologie: Lehrbuch und Atlas zur 		
Befunderhebung und Differenzialdiagnostik, 14. Ed. Stuttgart.

12. Röllin HB, Mathee A, Bruce N, Levin J, Von Schirnding YER (2004)
Comparison of indoor air quality in electrified and un-electrified dwellings
in rural South African villages. Int J Indoor Environ Health 14(3):
208-216.

3. Hamperl H, Ribbert H (1957) Lehrbuch der allgemeinen Pathologie
under pathologischen Anatomie, 23. Ed. Berlin/Heidelberg.

13. Köhler D, Schönhofer B, Voshaar T (2014) Pneumologie. Ein Leitfaden für
rationales Handeln in Klinik und Praxis, 2. Ed. Stuttgart.

4. Kurmi OP, Semple S, Simkhada P, et al. (2010) COPD and chronic 		
bronchitis risk of indoor air pollution from solid fuel: a systematic 		
review and meta-analysis. Thorax 65:221-228.

14. Liu Y, Lee K, Perez-Padilla R, Hudson NL, Mannino DM (2008) Outdoor
and indoor air pollution and COPD-related diseases in high- and
low-income countries. Int J Tuberc Lung Dis 12(2): 115-127.

5. Huttner H, Beyer M, Bargon J (2007) Holzkohlefeuer als Ursache von
bronchialer Anthrakose und COPD, Medizinische Klinik 2007(102):1,
59-63.

15.

6. Qorbani M, Yusenian M, Baradaran HR (1998) Indoor Smoke Exposure
and Risk of Anthracosis. Iran J Med Sci 39(6): 571-576.

Ezzati M, Kammen DM (2002) The health impacts of exposure to indoor
air pollution from solid fuels in developing countries: knowledge, gaps,
and data needs. Environ Health Perspect 110(11): 1057-1068.

7. Perez-Padilla R, Schilmann A, Riojas-Rodriguez H (2010) Respiratory
health effects of indoor air pollution. Int J Tuberc Lung Dis 14(9):
1079-1086.

16. Bruce N, Perez-Padilla R, Albalak R (2000) Indoor air pollution in
developing countries: a major environmental and public health challenge.
Bull World Health Organ 78(9): 1078-1092.

8. Dherani M, Pope D, Mascarenhas M, Smith KR, Weber M, Bruce N (2008)
Indoor air pollution from unprocessed solid fuel use and pneumonia risk
in children aged under five years: a systematic review and meta-analysis.
Bull World Health Organ 86(5): 390-398C.

17. Wichmann J, Voyi KVV (2006) Impact of cooking and heating fuel use
on acute respiratory health of preschool children in South Africa. South
Afr. J Epidemiol Infect 21(2): 48-54.
18. Halbert RJ, Natoli JL, Gano A, Badamgarav E, Buist AS, Mannino DM
(2006) Global burden of COPD: systematic review and meta-analysis.
Eur Respir J 28:523-532.

9. Balmes JR, Eisner MD (2016) Indoor and Outdoor Air Pollution. In:
Broaddus VC et al. (eds.), Murray and Nadel’s textbook of Respiratory
Medicine, 6. Ed., Philadelphia, PA (USA), 1331-1342.

19. Leader D (2014) 11 Steps to a Better Indoor Air Quality, accessible at:
copd.about.com/od/livingwithcopd/a/indoorairpoll.htm.

10. Viegi G, Simoni M, Scognamiglio A, Baldacci S, Pistelli F, Carrozzi L,
Annesi-Maesano I (2004) Indoor air pollution and airway disease. Int J
Tuberc Lung Dis 8(12): 1401-1415.

Rwanda Medical Journal / Revue Médicale Rwandaise

30

RMJ Vol.73 (1); March 2016

