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Summary 

Objective. Silicosis, a lung disease caused by the inhalation 
of crystalline silica dust, is one of the most prevalent 
occupational diseases and represents a public health issue in 
the world.This paper is a review of the literature on the 
association between silica dust-exposure and TB. 
Methods. A review of literature was conducted which 
included articles related to silica dust-exposure and 
TB,peculiar in minors in Africa.A total of 873 articles was 
extacted from 3 search engines : Pubmed, Embase and 
CINHAL. Among them, 44 corresponded to the review topic. 
In addition, a case report is described. Results. Of the 44 
articles that matched the keywords, 11 were related to 
African miners: 6 articles were related to the association 
between silica dust-exposure and TB, 5 consisted of reports 
on silicotuberculosis in South African gold miners, including 
2 case reports, 1 controlled clinical trial and 2 cohort studies. 
The latest studies showed a prevalence rate of 2.7% and 
6.8%, respectively.The casereport is about a Congolese 
copper and cobalt miner, with a history of chronic dust-
exposure (more than 20 years) in Katanga province.Clinical 
and paraclinical features are presented in the following text. 
Conclusion. Silicotuberculosis represents a real threat in the 
mines of Katanga province.Health preventive measures need 
to be encouraged and implemented in this sector.  
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Silicotuberculosis, Minors, Africa.  
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Introduction 

Definitions and epidemiology 
Silicosis is a parenchymal lung disease caused by the 
inhalation of crystalline silica dust (1, 2). It is a 
preventable occupational lung condition without any 
effective treatment. Silicosis is one of the most 
prevalent occupational diseases and represents a public 
health issue in the world (3, 4). Occupational exposure 
to air-borne crystalline silica is considered a major 
health hazard that is encountered in occupational 
settings such as mining, pottery, foundry, glass, cement 
and concrete production; however, the mining sector is 
thought to account for the majority of individuals who 
suffer from silicosis in some countries (2, 4-6).   
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Several million workers are believed to be exposed to 
crystalline silica worldwide, including around two mil- 
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lion in the US. Inhalation of crystalline silica 
leads to the infiltration of inflammatory cells 
such as neutrophils, macro-phages and 
lymphocytes into the lung, causing an 
inflammation and the development of lung 
fibrosis afterwards, an irreversible and incurable 
condition known as silicosis. Tuberculosis (TB), 
a bacterial infection caused by Mycobacterium 
tuberculosis, remains one of major public health 
issues worldwide, infecting several millions and 
killing about 2 million people annually; and the 
TB burden is greater in developing countries (7). 
Exposure to silica dust may increase the risk of 
tuberculosis (8); and the term silicotuberculosis 
refers to the association of silicosis and TB.  

Importance of the mining sector in Africa 
The economics of many sub-saharan african 
countries rely on the export of underground 
resources. For example, South African Republic, 
a country located in the southern African region, 
is a world leader in mining with abundant 
mineral resources and reserves, for gold in 
particular. The country hasthe world fifth largest 
mining sector in terms of GDP value (9). In the 
central region, the Democratic Republic of 
Congo (DRC) is considered to have a vast 
mineral resource, too. Mining industry currently 
represents an estimated 60-
foreign direct investment (FDI) stock (10). 
However, in most countries of the Sub-Saharan 
Africa, precautionary measures in dusty mining 
sites are generally poor due to theabsence or 
insufficient implementation of occupational 
safety measures. In such working conditions, 
miners are at risk of developing silicosis and 
lung cancer. 
This paper provides a review of the existing 
scientific literature on the association between 
silicosis and TB in African underground miners 
and, additionally, a clinical case is reported on a 
Congolese copper and cobalt miner with a 
history of chronic dust-exposure who developed 
Silicosisin Lubu-mbashi, Katanga province, 
Democratic Republic of Congo (DRC). 

Review of the literature 

A literature and database search was conducted 
for data on the association silicosis and TB in 
African underground miners. The following 
scientific databases were used for the review: 
Medline (Pubmed), CINHAL and EMBASE. 

were used. To enter the keywords in the database 
search engines, a combination of two to three of 
them was used to retrieve related articles and 
abstracts.  

Relationship between silica dust-exposure and 
tuberculosis, and silico-tuberculosis in African 
underground miners  
In total, 873 articles and abstracts were obtained 
after checking reports that included twice in the 
list. Of the remaining articles, only 44 
corresponded to the association silica exposure 
and tuberculosis, and also silicotuberculosis in 
miners; of them, 11 articles were related to 
African miners (5 for silicotuberculosis, 6 for 
silica exposure and TB development). Of the 5 
articles related to silicotuberculosis in African 
mining workers, there were 1 controlled clinical 
trial, 2 cohort studies and 2 case reports. All 
patients consisted of South African gold miners.  
The first scientific report on silicotuberculosis in 
Africans was published in 1984 by the South 
African Medical Journal (11); it was about a 
clinical trial in which 94 South African gold 
miners who were diagnosed with silico-
tuberculosis underwent anti-TB medication. A 
corresponding number of pulmonary TB patients 
was used as controls. In cohort studies, silica 
dust-exposed gold miners were followed up for 7 
years or more, and they underwent periodic 
radiological examination to determine the rates 
of workers who developed silicosis and TB. 
Reports published in 1994 and 1996 showed a 
silicotuberculosis prevalence rate of 2.7% and 
6.8%, respectively. The remaining two other 
reports consisted of one case each (12-15) (Table 
1). 
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Table 1: Review matrixtable of silicotuberculosis reports in African miners 
 
Reference / category of worker Country Type of study or report Sample size Prevalence-rate 
Cowie RL, 1994 (gold miners) South Africa Cohort 818 2.7 
Cowie RL, 1996 (gold miners) South Africa Cohort 382 6.8 
Martins et al., 2010 (gold miner)  South Africa Case report 1 - 
Oni et al., 2015 (gold miner)  South Africa Case report 1 - 
Our paper, 2016  
(copper & cobalt miner) 

Congo DR  Case report  1 - 

 
Silicosis continues to be a major health issue 
worldwide, both in rich and developing countries 
ad it affects workers from different occupational 
settings, including miners, constructions 
workers, foundry workers etc. High silicosis 
morbidity has been reported and, given the 
absence effective treatment, the mortality of this 
condition is extremely high (16-17). The 
relationship between dust-exposure in mining 
settings and occupational lung diseases has been 
document since the 1500s. Recently, a number 
of scientific reports have supported the 
association between silicosis and lung cancer, 
and the International Agency for Research on 
Cancer (IARC) has classified crystalline silica as 
carcinogenic to humans (18-20). It was only in 
the twenty-first century that the relationship 
between silicosis and TB took another 
dimension due to the growing HIV epidemic in 
developing countries (21). Cowie has reported 
high rates of active TB in silicotic patients than 
in those without silicosis; he suggested that the 

severity of silicosis, the prevalence of silicosis in 
the general population from which the workforce 
is drawn, age, the general health status and HIV 
status are factors influencing the development of 
TB in patients with silicosis (12). 
Though TB is a prevalent disease in miners, 
there are few scientific reports regarding studies 
on the association silicosis and TB in African 
miners. Table 1 shows that two cohort studies 
conducted in South African goldminers have 
been published in 1994 and 1996, with a 
silicotubercosis prevalence rate of 2.7% and 
6.8% (12-13), respectively. Two other reports 
consisted of case reports on silicotuberculosis 
also in South African goldminers. This 
suggested that despite the fact that TB, which is 
an endemic infectious disease in most Sub-
Saharan African countries, is associated to both 
silica dust-exposure and silicotuberculosis, this 
health issue has not yet been a focus by 
researchers in the field of occupational safety 
and health. 

 

Case report 
 

Table 2: Clinical, lung function parameters and radiologic features of the patient 
 

History, physical examination& 
medication 

Lung function (Spirometry) Radiologic features (CXR and CT) 

Chronic dust exposure  FEV1 : 51% predicted Calcified small rounded opacities: 
Pulmonary TB FVC : 63% predicted  q/q 1/1 type, according to ILO 

classification of chest radiographs of 
pneumoconiosis) 

Dyspnea, cough, chest and back pain, 
wheeze sometimes 

FEV1/FVC : 80%  localized on upper and middle lung 
zones 

Bronchial rales bilaterally  Enlarged, calcified lymph nodes 
Spinal cord deformation  Destruction of T7, T8 on the spinal cord 
Hypoesthesia of the chest  Mastoiditis, sinusitis, cerebral atrophy 
Positive Mingazzini and Barré signs   
Anti-TB medication (positive tuberculin 
skin test) 

  

* Footnotes: TB, tuberculosis; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; CXR, ches t X-ray; CT, computerized 
tomography; T7, 7th thoracic vertebra; T8, 8th thoracic vertebra 
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Description and discussion 

Authors report on a male miner, aged 59 years, 
whohas been smoking for 30 years; he quit 
smoking three years prior to his admissionto the 
hospital in 2014. The patient has worked in 
underground copper and cobalt mines for more 
than 20 years (1975-1996) and as an elevator 
maintenance technicien in a building for 10 
years for the same company. He hada history of 
pulmonary tuberculosis (with positive sputum 
test) for which he underwent anti-TB medication 
without improvement of his health status.  

Physical examination 

breathlessness, cough, chest and back pain, 
fatigue and sometimes wheeze. In addition, he 
had difficulty walking. The palpation and 
auscultation of the chest revealed chest pain and 
bronchial rales, respectively, in both lung fields. 
In addition, the patient had a deformation of 
spinal cord. The neurological examination 
revealed hypotonic lower limbs with positive 
Mingazzini and Barré signs, as well as 
hypoesthesia on the chest, suggesting the 
presence of neurological damage.  

Pulmonary function test (spirometry) 
Spirometry was performed at a regional referral 
hospital belonging to a mining company in 
Lubumbashi; forced expiratory volume in one 
second (FEV1) was 51% (1.55 L) of predicted 
value, forced vital capacity (FVC) was 63% 
(2.51 L) of predicted value and the ratio 
FEV1/FVC was 80%, indicating a mixed 
ventilatory defect. The patient died due to 
respiratory failure. 

Chest radiography and CT images 
Chest x-ray (CXR) revealed the presence of 
calcified small rounded opacities of low 
profusion (nearly similar to those on ILO 
standard film q/q, 1/1) on upper and middle lung 
zones, calcified lymph nodes in both lung zones 
(Fig. 1A,B). Most of those lung features were 
also visualized on the chest computed 

tomography (CT) film (Fig.2A). On the other 
hand, cerebral atrophy (Fig.2B), a mastoiditis 
and sinusitis were also noted by the radiologist. 
In addition, the destruction of T7 and T8 on the 
spinal cord was observed on the dorsal area, 
suggestive of a fracture (Fig.1B). 

 
Figure 1A, B. Chest X-ray (A) and CT-SCAN (B) 
images of the patient 
Figure1A shows a poorly processed chest radiograph 
(quality 3 film due to overexposure) with overlapping 
scapula bilaterally, with low profusion calcified small 
rounded opacities (q/q 1/1 type) in upper and middle 
zones of both lungs, and enlarged and calcified right 
hilar lymph nodes. On the other hand, figure 1B shows 
the dorsal and lumbar regions with osteolytic-blasting 
destructions involving spinous process and lamina with 
skip lesion (red arrow) 
 

 
 
Figure 2 A, B. Thorax and headCT-SCAN images of 
the patient 

The figure 2 Ashows multiple calcified nodules 
in both lungs and calcified right lobar lymph 
nodes. On the other hand, figure 2B shows the 

cerebral atrophy.  
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Discussion  

This case report consists of a silicotic patient 
who have been treated for TB. He was a 
Congolese miner with a more than 20-year 
history of exposure to dust in underground 
cobalt and copper mines. He presented with lung 
parenchymal abnormalities suggestive of work-
related silicosis, bone (spinal cord) abnormalities 
and cerebral atrophy probably caused by 
Mycobacterium tuberculosis infection. He was 
admitted in October 2014 and died of respiratory 
failure some weeks later. Both TB and silicosis 
can cause most of lung features described in this 
report, and smoking might have played an 
important role in precipitating the development 
of either TB, silicosis or both. 
In fact, TB is reported to be a complication 
associated with silicosis and their association has 
been studied since the beginning of the twentieth 
century; and the risk for a patient with silicosis 
to develop TB has beenreported to be 2.8 to 39 
fold higher than in healthy patients (22-23). In 
addition, it is estimated that pulmonary TB 
occurs in 25% of patients with acute or classic 
silicosis. Both lung diseases share similar 
radiologic features, including small opacities 
(pulmonary nodules which may appear 
calcified), enlarged lymph nodes and 
calcifications. The presence ofa rapid disease 
progression and cavitation in silica dust-exposed 
individuals are considered indicators of 
silicotuberculosis (24-27). In silicosis, not in 
pulmonary TB, calcified pulmonary nodules as 
well perihilar conglomerate masses are bilateral 
and symmetric. Thus, lung abnormalities found 
in these patients could probably be attributable 
to silicosis. 
The radiological features of the spinal cord 
reported in this paper are subject to discussion, 
as both silicosis and TB can induce such 
abnormalities. Firstly, Mycobacterium tuber-
culosis is also known to cause extra-pulmonary 
abnormalities, and the spinal cord is one of its 
targets, leading to fracture. Secondly, crystalline 
silica is a recognized carcinogen, and lung 

cancer has been one of the complications of 
silicosis (28), and the spinal cord can be one of 
the locations of metastatic tumor from a primary 
cancer of the lung. However, in this patient, it is 
difficult to confirm a metastatic bone cancer 
from the lung, given there was no visible 
radiological findingin CXR and CT film that 
could suggest the presence of pulmonary 
malignancy. Thus, a bone disease resulting from 
Mycobacterium tuberculosis might be a 
plausible hypothesis that can justify spinal cord 
fracture. Moreover, the CT scan image of the 
head showed an atrophic brain but could not 
present a tumor-like image, suggesting that 
abnormality of the brain might be caused by a 
disease other than a tumor.  
Ithas been reported that Mycobacterium 
tuberculosis can affect the central nervous 
system (CNS) and cause tuberculous 
encephalitis, which is also known as one of the 
causes of cerebral atrophy (29). This 
complication is reported to accounts for 
approximately 5 to 10% of all TB cases in the 
US (30-31), whereas a Canadian cohort study 
showed that the risk of developing CNS-TB was 
1%, and it increased in immigrant and aborigine 
populations (32). In the Congolese case 
presented in this report, the history of dust 
exposure in mines, the bilateral distribution of 
lung parenchymal abnormalities in both right 
and left lung fields, the rapid progression of the 
disease, the history of active TBand the spinal 
cord fracture, cerebral atrophy and the absence 
of plausible evidence of a primary lung 
parenchymal tumor or a metastatic bone or brain 
mass make silicotuberculosis the more likely 
diagnosis of this case.  
Nonetheless, this case report has limitations; the 
issues related to the difficulty of the diagnosis 
and the management of the case. In the absence 
of periodic radiological evaluation of the 

abnormalities and the disease progression could 
not be comprehended. In addition, the 
histopathological examination of the lung and 
spinal fluid, which could provide more 
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information on the nature of the disease, were 
not performed inhealth settings were the patient 
was taken care. Knowledge on the pathology of 
silicosis and silicotuberculosis is important as it 
facilitates the differential diagnosis. In a classic 
silicosis, nodules are composed of mature 
collagen in the central portion with peripheral 
macrohages that appear different from the 
surrounding lung parenchyma. The collagen 

varying amounts of dust are embedded. In 
particular, with the use of polarized light 
microscopy, the presence of birefringent silicate 
crystals can be identified at the cellular level. In 
addition, in the case of association between 
silicosis andTB, other TB specific histological 
features such as giant cells andgranuloma can be 
found in lung specimens,as well as caseation 
andepithelioid cells in enlarged lymph nodes 
(33-35). However, the poor quality of available 

features. 
In the literature, some previous works have 
provided knowledge on the mechanisms that 
explain the reason why the risk of developing 
pulmonary and extra pulmonary TB is increased 
in patients with silicosis (36). A number of 
experimental studies suggested that silica 
modifies the immune response of the lungs, 
impairs the function of pulmonary macrophages, 
and, with frequent exposure, causes macrophage 
apoptosis (37-38). An additional element 
involved is surfactant protein A (SP-A), which 
appears at high levels in the bronchoalveolar 
lavage fluid (BALF) of patients with silicosis. 
An excess of this protein seems to be associated 
with higher susceptibility to tuberculosis, 
possibly because it allows Mycobacterium to 
enter the alveolar macrophages without 
triggering cytotoxicity and inhibits the formation 
of reactive nitrogen species by the activated 
microphages (39-40). Unfortunately, our medical 
setting did not have necessary equipment to 
quantify these specific markers. It is also thought 
that the bacilli can remain encapsulated within 
the silicotic nodules, which would be responsible 

for the reactivation of tuberculosis in such 
patients and the extension of the infection to 
other organs (36). 
Our patient presented also with a diffuse cerebral 
atrophy, which possibly suggests an infectious 
origin given the absence of a mass. This might 
be another complication of TB or other 
infectious disease. Normally, cerebrospinal fluid 
(CSF) should have been collected and analyzed 
to identify the cause. This is another limitation 
of this case report as laboratory investigation of 
CSF was not performed. 

Conclusion and recommendation 

Working conditions inside underground mines 
create a high-risk environment for the 
development of silicosis and TB transmission as 
well (41-42) particularly in the Sub-Saharan 
African countries where mining industry is the 
main economic resource and occupational safety 
neglected. Hence, there is a crucial needto 
organize and implement occupational safety 
measures in mining settings. Given that TB is 
endemic in the area, there is a possibility that 
some silicosis cases are treated as TB, and 
silicotuberculosis misdiagnosed, leading to 
unsuccessful treatment. As a conclusion, the 
present report highlights the importance of 
training health care providers in the diagnosis 
and management of occupational lung diseases, 
and promoting occupational safety for workers 
exposed to dust, as well as the sensitization of 
local population in mining areas with risk of 
environmental exposure to such hazards. 
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