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ARTICLE INFO ABSTRACT

Keywords: Silicosis continues to be a serious health issue in many countries and its elimination by 2030 (a target set by
S?lf‘:"'t.UberC‘llOSiS WHO and the International Labour Organization in 1995) is virtually impossible. The risk to develop pulmonary
Silicosis tuberculosis for silicosis patients is higher than for non-silicosis people, and there is also an increased risk of both
&:’:zulom pulmonary and extrapulmonary tuberculosis in individuals exposed to silica. HIV coinfection adds further to the
Mining risk, and in some countries, such as South Africa, miners living with HIV are a considerable number. The

diagnosis of active tuberculosis superimposed on silicosis is often problematic, especially in initial phases, and
chest X-ray and smear examination are particularly important for the diagnosis of pulmonary tuberculosis.
Treatment is difficult; directly observed therapy is recommended, a duration of at least eight months is probably
needed, drug reactions are frequent and the risk of relapse higher than in non-silicosis patients. TB prevention in
silicosis patients is essential and include active surveillance of the workers, periodic chest X-rays, tuberculin skin
test or interferon-gamma releasing assay testing, and, importantly, adoption of measures to reduce the exposure
to silica dust. Chemoprophylaxis is possible with different regimens and needs to be expanded around the world,
but efficacy is unfortunately limited. Silico-tuberculosis is still a challenging health problem in many countries

Low income countries

and deserves attention worldwide.

1. Introduction

Silicosis is a pneumoconiosis caused by inhalation and deposition in
the lungs of particles of free silica and characterized by granulomatous
inflammation and pulmonary fibrosis. It is almost exclusively a conse-
quence of occupational exposure and may occur in numerous industrial
settings: coal, gold and other minerals mining, quarrying, tunnel
building (rails and roads), foundries, cement or glass works, ceramics
and porcelain manufacture, marble stone industries, and sand extrac-
tion. The workers at highest risk of silicosis are estimated to be 227
million and are largely informal and frequently migrant [1,2]. Of these,
40.5 million artisanal small-scale miners work in over 80 countries
worldwide [1]. Non-occupational exposure to silica dust may also occur,
but cases are rare (reviewed in Ref. [3]).

In 1995, the WHO and the International Labour Organization started
a public campaign of awareness and prevention with the aim to elimi-
nate silicosis from the world by 2030. Even though several low- and
middle-income countries established national programmes for the
elimination of silicosis [4], the disease continues to constitute an
occupational health hazard and the elimination target of 2030 is

virtually impossible to be met.

Among the clinical disorders associated with silicosis, tuberculosis is
by far the most prominent, particularly in low and middle-income
countries [5], and silicosis is second only to HIV infection as a risk
factor for TB disease [6].

This review is based on studies published in English and included in
PubMed using the search terms “silico-tuberculosis” and “silicosis”.

2. Epidemiology

It is problematic to establish the prevalence of silico-tuberculosis
worldwide; the real burden of people exposed to silica dust or affected
by silicosis in resource-limited countries is unknown, due to lack of
surveillance and poor access to health services [7]. In any case, the rates
of silicosis and of silico-tuberculosis are higher in low-income countries
because of poor adherence to safety rules, limited preventive equipment
and lower education [5]. Few published studies have affected the silico-
tuberculosis prevalence, and the literature largely consists of case re-
ports. The relative risk to develop pulmonary tuberculosis for patients
with silicosis has been estimated to be 2.8, and extra-pulmonary

* Corresponding author at: Faculty of Medicine, University of Puthisastra, No. 55, Street 180&184, Beoung Raing, Daun Penh, Phnom Penh, Cambodia.

E-mail address: svento@puthisastra.edu.kh (S. Vento).

https://doi.org/10.1016/j.jctube.2021.100218

Available online 2 February 2021
2405-5794/© 2021 The Authors.

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Published by Elsevier Ltd.

This is an open access article under the CC BY-NC-ND license


mailto:svento@puthisastra.edu.kh
www.sciencedirect.com/science/journal/24055794
https://www.elsevier.com/locate/jctube
https://doi.org/10.1016/j.jctube.2021.100218
https://doi.org/10.1016/j.jctube.2021.100218
https://doi.org/10.1016/j.jctube.2021.100218
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jctube.2021.100218&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

M. Lanzafame and S. Vento

tuberculosis can be up to 3.7 times higher than in individuals without
silicosis [8]. The increased risk of both pulmonary and extrapulmonary
tuberculosis is linked also to exposition to silica [9], can continue for
years even if the exposure ends [10], increases with the severity of
silicosis, and is higher in patients with acute and accelerate forms of the
disease [11].

Importantly, tuberculosis is transmitted within mines; DNA finger-
printing showed that at least 50% of TB was attributable to ongoing
transmission within the mining community, and that in 85% of patients
in clusters, transmission was explained by current or past mine
employment [12].

Male gender (99% of cases), old age, and pulmonary/pleural TB were
significantly associated to cases of silico-tuberculosis in an analysis of all
patients notified with tuberculosis between 1999 and 2012 in Portugal
[13]. Smear-negative and positive culture sputum were more frequent in
silico-tuberculosis; interestingly, a higher risk for extra-pulmonary TB
was not confirmed in this study [13]. In a prospective study evaluating
1153 South African gold miners, the annual incidence of tuberculosis
was 2.7% in those with silicosis, compared with 0.98% in those without
[9], whereas in a study done in Hong Kong and assessing the efficacy of
chemoprophylaxis in patients with silicosis, the annual incidence of
tuberculosis was 7% in the group receiving placebo [14].

A study including 2255 South African gold miners followed for
24-27 years showed that the risk of developing pulmonary tuberculosis
is linked to the intensity of the exposure and the severity of silicosis
(where present), and found a mean interval of 7.6 years between the end
of exposure to silica dust and the diagnosis of pulmonary TB [10]. The
association between crystalline silica exposure and silicosis and pul-
monary tuberculosis was clearly confirmed in two other studies [9,15].
In particular, in a US study the cumulative degree of exposure to silica
increased the risk to develop silico-tuberculosis with a mean odds ratio
of 1.47, that increased to 2.48 in the group with more intense exposure
[15]. In another study on 381 gold miners with pulmonary tuberculosis,
the risk of TB increased for the miners who had worked for over 10
years, with an OR of 1.9; if exposure had been longer than 15 years, the
risk was four times higher than in controls [16].

Silicosis and HIV infection are powerful risk factors for TB and add to
each other [17]. HIV infection raises TB incidence by increasing the risk
of reactivation of latent Mycobacterium tuberculosis infection and
favouring more rapid progression from infection to disease. In a prev-
alence study involving 624 former gold miners from Lesotho, eighteen
months after their employment at a South African mine had been
terminated, almost 25% had silicosis; 26% of those for whom data was
available, had a past history of TB; 1.3% were already on anti-TB drugs;
2.9% had active, undiagnosed TB; and 2.1% were put on anti-TB treat-
ment on clinical grounds [18]. 22.3% of subjects had urine anti-HIV
antibodies [18].

3. Pathophysiology

Silica exposure diminishes dendritic cell activation and causes a non-
specific impairment in the inflammatory response. Antibacterial mech-
anisms are affected [19] and susceptibility to bacterial infections,
especially Mycobacterium tuberculosis and other mycobacteria, increases
[20]. Downregulation of Toll-like receptor 2 resulting from silica
exposure may increase susceptibility to tuberculosis [21]. Various
pathways may cause disease in the presence of silica and Mycobacterium
tuberculosis, and genetic polymorphism of tumor necrosis factor alpha,
natural resistance-associated macrophage protein 1 (NRAMP1), and
inducible nitric oxide synthase (iNOS) in macrophages can influence the
response to silica exposure and tuberculosis in both South African gold
miners [22] and Chinese iron miners [23]. Silica particles increase
intracellular replication of Mycobacterium tuberculosis and release from
macrophages [24]. In rat models, defence against Mycobacterium tuber-
culosis becomes poorer as silicosis progresses [25]. However, silica-
induced Thl responses, with TNF-alpha and IFN-gamma production,
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should contribute to resistance to, or elimination of, Mycobacterium
tuberculosis [26]. The pathophysiological mechanisms are still incom-
pletely identified.

4. Clinical features

Pleural tuberculosis is by far the most common form of extrap-
ulmonary TB [6,9,14,27], followed by pericardial and lymph nodal
forms [6,8,9,14]; intracranial, spinal, soft tissue, and disseminated TB
are rarer [8]. The presence of typical features of pulmonary TB such as
persistent cough, fever, weight loss or haemoptysis can allow to suspect
the diagnosis, but the diagnosis of active tuberculosis superimposed on
silicosis is often difficult, particularly in initial phases, when clinical
manifestations may not be indicative and radiological alterations can be
indistinguishable from those due to the pre-existing silicosis. Radiolog-
ically, rapid appearance of new opacities, and the finding of pleural
effusion or excavations should raise the suspicion. Overall, active dis-
ease is not easy to detect on clinical grounds in patients with silicosis.
The clinical spectrum of pleural tuberculosis is variable, as the patient
may sometimes be asymptomatic and the disease is accidentally
discovered through a chest radiography [28]. The symptoms of tuber-
culous pericarditis are generally nonspecific (fever, weight loss, and
night sweats) [29], but a few patients present in late stages with the
signs and symptoms of constrictive pericarditis [29,30].

5. Diagnosis

Chest X-ray and smear examination are the backbones of pulmonary
tuberculosis diagnosis also in patients with silicosis [31]. The chest X-
ray often indicates TB in silicosis patients earlier than the clinical
symptoms [4], and regular radiographic screening is perhaps more
effective than sputum examination for early TB detection [32]. Com-
parison of serial films with particular attention to asymmetric nodules or
consolidation, effusions, cavities and focal or rapid deterioration should
be done [33]. Although cavitation is the strongest indicator of probable
silico-tuberculosis, it may also be caused by ischemic changes in a sili-
cosis fibrotic mass [34]. When sputum smear microscopy and chest X-
ray leave doubts about the presence of active tuberculosis, chest CT scan
can be useful [31]. Nonetheless, cases of silico-tuberculosis in the
presence of progressive massive fibrosis remain, for instance, particu-
larly difficult to detect [35] and bronchoscopy with bronchoalveolar
lavage should be used, in conjunction with transbronchial biopsy where
possible. Silico-tuberculosis is associated with clinically significant lung
function impairment, particularly airways obstruction [36]. Spirometry,
performed at the time of the diagnosis and at follow-up for the evalua-
tion of possible functional deterioration, can assess the level of lung
function impairment after effective treatment of tuberculosis.

6. Treatment

Treatment of tuberculosis in patients with silicosis is difficult
[37,38], perhaps due to impairment of macrophage function by free
silica and/or poor drug penetration into fibrotic nodules [24,39-41].
Usual anti-tuberculosis drugs with directly observed therapy are rec-
ommended but an extended duration of at least eight months is probably
needed, to reduce the chances of relapse. In a well conducted, controlled
clinical trial in Hong Kong, patients with silico-tuberculosis were ran-
domized to receive 6 months or 8 months of three-times-weekly therapy
with isoniazid, rifampicin, pyrazinamide and streptomycin; patients
with a history of previous anti-TB therapy received also ethambutol for
the first three months [41]. 80% of patients converted to a negative
sputum culture in two months, 22% of patients who were treated for six
months relapsed during a three-year assessment versus 7% of those who
were treated for eight months, and 22% of patients had important
adverse drug reactions [41]. In a subsequent South African study, gold
miners with pulmonary tuberculosis received isoniazid, rifampicin,
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pyrazinamide and streptomycin on weekdays for five months; at the
time of diagnosis, chest X-rays were evaluated for the presence of sili-
cosis, and all participants were followed for at least five years after
completing treatment [42]. The risk of TB relapse in patients with sili-
cosis was 1.55 times higher than in patients without silicosis. Further
studies on the duration and tolerability of anti-TB treatment in patients
with silicosis are warranted.

7. Prevention

TB prevention in silicosis patients include active surveillance of the
workers, periodic chest X-rays, tuberculin skin test or, where possible,
interferon-gamma releasing assay (IGRA) testing [43], and adoption of
measures to reduce the exposure to silica dust. In this regard, engi-
neering and work practice control of silica dust exposure [44] are
particularly important in communities with high prevalence of tuber-
culosis. A few studies have evaluated the efficacy and safety of chemo-
prophylaxis in silica-exposed subjects, with or without silicosis. In a
randomized, double-blind, placebo-controlled trial evaluating three
chemoprophylaxis regimens (300 mg/day of isoniazid for 24 weeks;
300 mg/day of isoniazid and 600 mg/day of rifampicin for 12 weeks;
600 mg/day of rifampicin for 12 weeks; or placebo for 24 weeks) in 652
silicosis patients who did not have active tuberculosis and had never
been treated for TB, the use of any chemoprophylaxis regimen reduced
the risk of developing tuberculosis by approximately 50% [14]. How-
ever, the proportion of patients who developed tuberculosis was still
substantial [14]. In a South African trial where 382 gold miners with
silicosis were randomized to receive rifampicin 600 mg, isoniazid 400
mg and pyrazinamide 1.25 g daily as Rifater or placebo, TB was not
prevented [45], perhaps due to a high reinfection rate. In a massive,
cluster-randomized study conducted in South African gold mines and
where isoniazid was dispensed for six months or more, a reduced inci-
dence of tuberculosis during treatment was observed but there was a
subsequent rapid loss of protection [46], indicating that mass screening
and treatment for latent tuberculosis had no effect on TB control in the
mines.

In spite of the above quite discouraging results, in silicosis patients
with positive tuberculin skin test (induration >10 mm), after excluding
active TB, chemoprophylaxis should be started, using either isoniazid for
six-twelve months, rifampicin for four months, or isoniazid and rifam-
picin for three months [33].

Long-term adherence to chemoprophylactic regimens and side-
effects are major problems. To reduce long-term non-compliance, in a
recently published study 513 HIV-uninfected, silicosis adult Chinese
patients with or without latent TB infection were given a short-course of
three months, directly observed, once weekly rifapentine and isoniazid
[47]. The prophylactic regimen was effective in preventing active TB;
however, there was a high frequency of adverse events (70.4%), and in
particular, 10.8% of the participants experienced flu-like systemic drug
reactions, and 2.1% had hepatotoxicity [47].

8. Main research needs

Additional studies are clearly needed on the pathophysiology of
silico-tuberculosis. In particular, no research has been done on dendritic
cells, neutrophils, NK cells, B cells, and only scanted and contradictory
data are available on T cells [26].

Silicosis control programs should be integrated with TB control
programs at national level, and the effects of the integration studied. The
effects of awareness campaigns to sensitize mine workers about their
risk of silicosis and of the use of personal protective measures should
also be investigated.

Finally, more studies on both TB preventive therapy regimens and on
treatment of tuberculosis in patients with silicosis are required.
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9. Conclusions

Tuberculosis continues to constitute an important issue in patients
with silicosis. Surveillance and reporting of silicosis and TB among
former miners must be improved to monitor the effectiveness of control
measures. Dust control measures have to be strongly enforced [48] and
accompanied by comprehensive TB prevention activities among in-
service miners. Serious dust control measures not only may prove
impossible to apply in some workplaces, e.g. in low- and middle-income
countries gold mines, where deep-level mining happens in constantly
changing workplaces, but, somehow surprisingly, are not applied even
in high-income countries, such as Australia [48]. In some countries,
mining regulations do not have crystalline silica exposure limits, and
this problem needs to be corrected as well [49]. A solution to the issue of
TB is highly difficult: in many cases, if workers are prohibited from
staying in the mines because of their TB status, they will go back to their
generally poor communities where it will prove extremely difficult to
take a full course of treatment and where TB transmission is likely to
occur; if they are allowed to continue their work, spread of TB will in-
crease within the mines. In any case, chemoprophylaxis needs to be
expanded around the world to reduce the incidence of pulmonary and
extrapulmonary tuberculosis in miners.
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