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Abstract
Silicotuberculosis, the combination of silicosis and pulmonary tuberculosis (TB), remains a substantial
clinical and public health problem in high TB burden countries with silica-exposed workforces. The
objectives of this narrative review are to propose a definition of silicotuberculosis which includes post-
tuberculous lung disease, to emphasise the importance of understanding how the two diseases modify each
other, and to identify as yet unanswered questions relevant to clinical practice and disease control and
mitigation. The unique aetiological relationship between silica exposure and TB is now firmly established,
as is the accelerated impairment and mortality imposed by TB on individuals with silicosis. However, the
rich clinical, pathology and laboratory literature on combined disease from the pre-TB treatment era
appears to have been largely forgotten. The close clinical and pathological appearance of the two diseases
continues to pose a challenge to imaging, diagnosis and pathological description, while inconsistent
evidence regarding TB treatment and TB preventive treatment prevails. Many other topics raise questions
to be answered, inter alia: the range of phenotypes of combined disease; the rates and determinants of
disease progression; the role of computed tomography in identifying and characterising combined disease;
appropriate screening practice; acceptable policies of management of workers that combine risk reduction
with social security; and the workplace respirable silica concentration that protects against the excess TB
attributable to inhaled silica.

Introduction
The persistence in high tuberculosis (TB) burden countries of hazardous occupational exposure to silica
involving large numbers of workers and of silicosis as an occupational disease underlies the continuing
importance of combined disease in the modern world [1–7]. The strong epidemiological association
between silicosis and active TB has recently been quantified in a systematic review [8], although the
unique association between silica dust, silicosis and pulmonary TB was well established during the first
two-thirds of the 20th century [9–13].

The pathogenesis and radiological and pathological character of combined disease were the subject of
frequent publication and debate until the 1960s [12, 13–15]. So closely associated were the effects of silica
dust and tuberculous infection that the existence of silicosis as a fatal occupational disease in the absence of
TB was for a period the subject of contention [9, 16, 17]. Political as much as scientific consensus was
achieved only at the 1930 International Labour Office Conference in Johannesburg [14, 18]. Even as separate
diseases, difficulty in distinguishing them clinically has been a constant theme in the literature, including the
pathology and radiology of the nodular and massive fibrotic forms of the two diseases [10, 15, 19–28].

Interest in combined disease appears to have faded with the advent of effective TB treatment and the
decrease in high-exposure silica occupations in affluent countries [29]. Although case reports and series
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appear regularly from across the globe [5, 30–39], dedicated reviews are few [40–42] and many questions
persist [43–45].

In contrast to the literature of recent decades, this article is an attempt at a critical assessment. Its
objectives are threefold: 1) to propose a broad definition which takes into account the phenotype of
chronic silicotuberculosis in addition to that of silicosis with active TB; 2) to consider how the two
diseases may modify each other, posing diagnostic and treatment difficulty; and 3) to identify gaps in our
epidemiological and clinical knowledge of the combined disease in the current era.

Our overall aim is to encourage a more nuanced clinical view of the pulmonary effects of serial or
simultaneous exposures of workers to silica and to Mycobacterium tuberculosis.

Definitions, scope and methods
The terminology applied to combined disease has varied considerably over the past 130 years. Besides
silicotuberculosis, historical usage includes miners’ phthisis, infective silicosis, tuberculo-silicosis and
“tuberculosis with silicosis” [9, 11, 15, 19, 22, 25]. The variation in nomenclature reflects the attempt to
distinguish different pathogenetic pathways or clinical phenotypes in the pre-TB treatment era. These were
based, inter alia, on 1) whether silica exposure or silicosis occurred before or after tuberculous infection
[15]; 2) which disease predominated in determining prognosis and mortality [12, 15, 22, 25]; and 3) the
difference between a bacteriologically negative “indolent” form of TB accompanying silicosis and
associated with an excessive fibroid reaction and a clinically typical “frank open TB” [21, 22, 25, 46].

TB in this article means thoracic disease due to M. tuberculosis, and excludes latent TB infection (LTBI).
Silicotuberculosis is defined as the combination of silicosis and active TB and/or post-tuberculous lung
disease (PTLD) [47, 48], and covers all temporal sequences of occurrence. This extends our interest from a
focus on the diagnosis and management of active TB in individuals with silicosis to include the diagnosis,
prognosis and workers’ compensation of silicosis combined with PTLD. TB in silica-exposed individuals
without radiological silicosis is dealt with in later sections on screening and prevention because of its
relevance to TB control. The review does not cover coal workers’ pneumoconiosis (CWP), although the
occurrence of silicosis as a component of CWP [49] makes the review relevant to populations exposed to
coal dust [50].

This narrative review was based on the literature collections of the authors, including reviews and article
references, and augmented by a literature search limited to human subjects and articles in the English
language. A search of PubMed and Embase was undertaken using combinations of the terms “silica or
silicosis (or both) and tuberculosis”, for the period 1973–2020. This was supplemented for the period
2021–2023 inclusive using PubMed. Publications for potential citation were identified by one author and
agreed by consensus.

Epidemiology
Aetiology
The meta-analysis cited earlier concluded that silicosis increases the risk of TB fourfold, with a strong
disease severity-response gradient [8]. Silica exposure after controlling for radiological silicosis doubles the
risk of TB, an inference of less precision owing to the scarcity of reliable long-term measurements of
cumulative respirable silica exposure [51, 52]. Among established relative risks for TB, silicosis has been
placed second with malnutrition after HIV infection [53]. Little is known about interaction of the various
risk factors for TB, with the marked exception of HIV: the risk of TB in a gold miner with both silicosis
and HIV has been estimated at approximately 15 times that of a miner with neither condition,
demonstrating multiplicative interaction [54].

A close association between complicated silicosis in the form of progressive massive fibrosis (PMF) and
fibrosis due to TB has long been noted [12, 15, 24, 55, 56]. It may be difficult to distinguish them when
confronted with fibrotic masses on chest radiography [12, 19, 25, 28, 56]. To the extent that PMF is a
marker of the severity of silicosis, it would be expected to be a risk factor for subsequent TB,
demonstrated as such in one study [57]. Conversely, TB has been shown to be a risk factor for PMF as
identified on chest radiography and computed tomography (CT) [56, 58].

A role for TB in the aetiology or progression of nodular silicosis has also been proposed [11, 15, 59–61].
The overall implication is that silicotuberculosis should be considered a phenotype in which clear
distinction between the presentation and effects of the two diseases may not always be possible.
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While there are studies showing an elevated LTBI prevalence in silica-exposed workers or in individuals
with silicosis [62–64], there is a deficit of well-controlled longitudinal studies. There are a number of
confounding factors, notably age, country of birth, childhood/adolescent exposure to TB, socioeconomic
status, living environment and congregate work setting, which need to be controlled before it can be
inferred that silica or silicosis is the aetiological factor [65].

Prevalence
Reported prevalences of silicotuberculosis from affected settings, although not based on a standard
definition or comparable work status or period, illustrate the existence of a substantial burden. For
example, combined disease has been found in 11–25% of Basotho former workers from the South African
gold mines [4, 66] and in 42% among haematite miners in China [2]. Similar figures have been reported in
non-mining occupations, e.g. 24% among former stone grinders in India [67] and 35% in a
multi-occupational cohort of silicotic patients in Hong Kong [57]. A double burden of silicosis and TB is
emerging among the growing number of artisanal and small-scale miners [68, 69].

Silica-exposed individuals are at risk of silicotuberculosis irrespective of the setting. While
silicotuberculosis has declined in incidence in low TB burden countries [29], it continues to be diagnosed
in such settings [30, 32, 39], including in a number of trades in the UK [70] and accompanying accelerated
silicosis in stonemasons in Australia [71] and denim sandblasters in Turkey [72]. Non-occupational
silicotuberculosis has been identified in community members exposed to dust from agate and slate pencil
operations in India [73].

Impairment and mortality
Historically, clinical accounts of combined disease were shaped by the high exposures to silica and by the
absence of effective treatment for pulmonary TB. The poorer prognosis of combined disease compared
with silicosis alone was common cause [22, 74], a view which persisted into the pre-rifampicin TB
treatment era [12, 75]. However, even in the recent era of lower silica exposures in high- and
upper-middle-income countries and rifampicin-containing TB regimens, studies have confirmed the poorer
prognosis of silicosis when complicated by TB, whether active disease or as PTLD, in respect of lung
function impairment and mortality. More specifically, a history of TB has been shown to be associated
with elevated rates of radiological progression of silicosis [76, 77]. While silicosis can progress with
variable effects on lung function, superimposition of TB adds significant clinical impairment [78, 79],
accelerated by recurrent TB [80]. Effects on response to TB treatment are discussed in a later section.

Estimates of TB mortality ratios associated with silicosis, whether relative to individuals without silicosis
in silica-exposed populations or to the general population, are available from countries able to record cause
of death in identifiable cohorts [81–86]. Estimates of relative mortality risk vary with country, calendar
period and sex, but consistently exceed 2.5 with some reaching very high levels, e.g. 22 in Italy [83] and
39 in the USA [84]. A number of pathways may be involved. These include accelerated TB and increased
severity due to impairment of the normal lung defences by silica exposure (described in the next section
on co-pathogenesis), TB treatment delay [87], and lower effectiveness of current TB regimens in
silicotuberculosis (described in the later section on treatment). Comorbidity in the form of pulmonary
hypertension, a complication of TB [88] and silicosis [89], and of emphysema related to silicotic fibrosis
or directly to dust exposure [90], may contribute to the aggravated course of combined disease. End-stage
conditions include respiratory failure and cor pulmonale [31, 36, 91].

Co-pathogenesis
In contrast to laboratory research on silicosis and TB as individual diseases, that on co-pathogenesis
remains scarce. Almost all such investigations in recent decades have focused on the effect of silica
particles rather than silicosis in reducing host resistance and promoting M. tuberculosis disease.
Immunomodulatory pathways remain speculative and in some cases contradictory regarding the potential
effect on host resistance to M. tuberculosis [44, 92, 93]. However, the centrality of damage by silica
particles to the macrophage, in the frontline of innate defence against silica and M. tuberculosis, has been
established in vitro [92–94] and in vivo [95, 96]. Primary damage to the macrophage by silica particles
arises from the promotion of pro-inflammatory pathways disturbing the balance between apoptosis and
necrosis, promoting the release of viable M. tuberculosis from dying cells [97]. Even without rapid cell
death, intergenerational impairment of macrophage defences against M. tuberculosis has been demonstrated
in silica-exposed macrophages transferred from dusted to undusted mice [95]. Recent work has
demonstrated a role for the cGAS–STING (cyclic GMP-AMP synthase–stimulator of interferon genes)
nucleic acid sensing pathway [94]. In this system, silica pre-exposure and resultant release of host and
M. tuberculosis DNA stimulates the cGAS–STING pathway which promotes upregulation of type 1

https://doi.org/10.1183/16000617.0168-2024 3

EUROPEAN RESPIRATORY REVIEW SILICOTUBERCULOSIS | R. EHRLICH ET AL.

 on December 18, 2024 by guest. Please see licensing information on first page for reuse rights. https://publications.ersnet.orgDownloaded from 



interferon and type 2 immune responses to M. tuberculosis DNA. This environment impairs the host’s
innate and acquired immunity to M. tuberculosis, promoting its survival and proliferation. This mechanism
has been characterised as “the cross-roads of sterile inflammation and infection” [94]. Enhanced
fibrogenesis following exposure to silica and M. tuberculosis, relative to that arising from either disease on
its own, has also been demonstrated [98], but has otherwise received little mechanistic attention.

Diagnosis
Diagnosis of TB in the presence of silicosis
While there are comprehensive guides for TB diagnosis [99–101], none to our knowledge deal specifically
with TB diagnosis in the presence of silicosis.

Where they do occur, symptoms and radiological abnormalities typically associated with TB may be due to
silicosis and/or PTLD, consequently reducing the specificity of these clinical features for active TB. This is
the case particularly in high TB burden countries with large silica-exposed populations such as South
Africa, India and China.

The effect of these coexisting conditions on the accuracy of microbiological tests for TB needs to be
considered. In one study of gold miners, silicosis did not reduce the sensitivity of sputum microscopy and
culture for active TB, nor the specificity of smear [102]. However, as HIV infection has been shown to
lower the sensitivity of Xpert MTB/RIF [103], of relevance to Southern Africa where gold miners have a
high HIV prevalence [76], the performance of Xpert MTB/RIF in the presence of HIV and silicosis
combined requires investigation. The same applies to the sensitivity of Xpert MTB/RIF for the indolent
smear-negative form of TB accompanying silicosis described historically earlier [21, 22] and re-identified
in the 1980s [27, 61, 104].

The concurrence of silicosis and PTLD in a population at high risk of active TB and HIV and concern
about community transmission of TB are likely to result in high rates of empirical treatment of
silicotuberculosis [28]. This may follow either from lack of access to confirmatory tests or the clinical
presentation of symptoms and an abnormal chest radiograph with a negative sputum smear or Xpert MTB/
RIF test [105, 106]. Empirical treatment remains an important part of the management of TB [107], but is
not without adverse consequences [108]. Overtreatment has been shown to be common in some settings
[106, 108], of which silica-exposed populations are an important example [28]. Overtreatment entails an
unnecessary risk of side-effects, overuse of anti-tuberculous drugs, and concomitant failure to diagnose
other medical conditions, including silicosis, and those requiring other forms of treatment. The latter
includes non-tuberculous mycobacterial (NTM) pulmonary disease, for which silicosis is a risk factor
[109]. Diagnostic criteria for NTM disease have been published [110], but evidence-based guides for
initiating empirical TB treatment in individuals with silicosis are needed.

Imaging
Plain chest radiography
The range of plain chest radiography features of combined disease (with PTLD, active TB or both) is wide
and variable. Table 1 lists chest radiography features regarded as suggestive of lone occurrence or
co-occurrence of silicosis and TB [27, 28, 42, 61, 104, 111–114]. Figure 1 provides example chest
radiography.

Chest radiography features of chronic silicosis are readily recognisable as bilateral small, rounded opacities
uniformly distributed with predominance in the upper and mid-zones of the lungs [42]. When diffusely
filling the lungs, they may resemble the small opacities of miliary TB. Localised nodulation is more
suggestive of either active TB or PTLD [111]. However, it has been suggested that silica exposure may
result in a more profuse tuberculous nodulation than seen in non-occupational settings [27, 104]. In silica
exposure settings, the chest radiograph reader is faced with the task of distinguishing whether nodular
opacities, particularly when bilateral and in the upper to mid-zones, are due to silicosis, TB or to both.

In silica-exposed individuals, early nodular changes of TB may be difficult to identify, especially if
silicosis is evident [27, 61]. Conversely, silicosis may be missed in the presence of tuberculous
abnormalities, whether small nodular opacities or fibrotic masses, particularly with volume loss and
anatomical distortion. An occupational history is needed, and if there is a history of significant silica
exposure, the modification by TB of the typical “angel wing” symmetrical distribution of silicotic nodules
needs to be considered. In the case of presumptive active TB, the reading of the presence and/or extent of
silicosis in this setting should be delayed until a repeat chest radiograph is examined after treatment
completion, to determine whether tuberculous lesions mimicking or obscuring silicosis may have cleared.
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TABLE 1 Typical plain chest radiography features suggestive of chronic silicosis, tuberculosis (TB) (active or post-tuberculous lung disease (PTLD)) and combined disease

Silicosis [27, 42, 61, 104, 112] TB# [111, 113] Silicotuberculosis [28]

Small nodules/rounded opacities
Morphology Multiple, 1–10 mm diameter opacities

(typically 2–6 mm)
Localised: sparse to multiple, varying sizes, typically

>5–10 mm; miliary: uniform nodules 1–3 mm
Silicosis pattern may be evident in one or both
lungs, but may be difficult to distinguish where

post-TB distorts lung anatomyLocation, distribution Bilateral symmetrical, upper and mid-zones, sparing
apices and bases (“angel wing”) unless advanced

Localised: asymmetrical, upper and mid-zones
including apices, with regional aggregation around

other tuberculous changes; miliary: fills both
lung fields

Large opacities/fibrotic masses
Morphology PMF: range 10 mm to large masses; rounded, ovoid Linear strands, focal or massive irregular opacities;

may show cystic changes
Difficult to distinguish features of individual
diseases; nodulation of silicosis may be

asymmetricalLocation, distribution Unilateral or bilateral, upper zones and mid-zones,
sparing apices

Unilateral or bilateral, often upper zones involving
apices, and mid-zones, with frequent tracheal

deviation towards the more fibrotic lung
Other features
Active TB Localised consolidation or infiltrates, cavities,

adenopathy, pleural effusion; may be difficult to
distinguish from PTLD; rapid changes over serial
chest radiographs suggest activity; miliary TB as

described above

Active TB complicating pre-existing
silicotuberculosis may be particularly difficult to

distinguish; in silica exposed, TB may present along
broncho-vascular bundles (“hilar flare”) [61]

Adenopathy (mediastinal,
hilar or lung) [114]

Bilateral, may have rim calcification but if uncalcified
difficult to see on plain chest radiography

Unilateral, may also be calcified Variable combination of both diseases

Pleural abnormalities Uncommon on plain chest radiography Common; unilateral effusion if active; in PTLD,
unilateral or bilateral pleural fibrosis, as apical cap

or basal
Hyperinflation Associated with PMF, may reflect coexistent

dust-related COPD
Common with massive fibrosis or anatomical

distortion of lung

PMF: progressive massive fibrosis. #: features described are of post-primary TB.
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Large fibrotic lesions (>10 mm in longest dimension) may occur due to silicosis, TB or combined disease.
Previous chest radiographs may be helpful in identifying PMF by showing early coalescence of small
opacities, with sequential chest radiographs showing medial migration over time. However, chest
radiography differentiation between PMF and a large TB mass may be difficult, especially when there is a
unilateral mass with surrounding fibronodular opacities.

In summary, even experienced readers may find it difficult to distinguish confidently between silicosis,
PTLD, active TB and combined disease on plain chest radiography. Active TB can be confirmed
bacteriologically, but the presence of active TB or PTLD does not eliminate silicosis as a co-diagnosis.
Computer-aided detection tested against expert readers has shown promise in identifying silicotuberculosis
but needs further validation in populations with high prevalences of both diseases [115]. In practice, the
decision on whether silicotuberculosis is reported on the chest radiograph may depend on the level of
certainty demanded of the reader. For example, the evidence threshold or workers’ compensation eligibility
is generally a balance of probabilities, i.e. a >50% likelihood that combined disease is present. In high TB
settings, co-occurrence of silicosis with TB should always be considered in silica-exposed individuals
presenting with suggestive chest radiography abnormalities.

CT of the chest
We could find no studies on the value of CT relative to plain chest radiography in the evaluation of
individuals who may have both silicosis and TB (active or inactive). This may be due to the absence of a
gold standard against which to compare the two techniques other than the pathology of large lung sections
obtained near the time of imaging.

However, CT has been shown to be more sensitive than chest radiography in detecting silicosis [116, 117],
and accompanying features such as PMF, pleural thickening and adenopathy, with greater inter-observer
agreement on silicosis [118]. CT is also superior to chest radiography in distinguishing active and inactive
TB [113]. Since the CT features of both conditions are well established [42, 111, 113, 119, 120], it is
reasonable to assume that CT is valuable in distinguishing between individual and combined disease based

a) b)

FIGURE 1 Serial chest radiographs demonstrating co-occurring silicosis and tuberculosis (TB) in a
silica-exposed miner. History: former gold miner, diagnosed silicosis in 2000, culture-positive Mycobacterium
tuberculosis and M. kansasii in 2005. a) Chest radiograph dated 16 October 2012, on repeat TB treatment
(empirical). b) Chest radiograph dated 26 February 2013, post-TB treatment. The left upper zone opacification
seen in a) (red arrows) is attributed to active TB infection with adjacent left apical pleural reaction. Following
completion of treatment, this has resolved in b), leaving a residual thin-walled cavity (black arrows) as
evidenced by a lucent region which has replaced the region of opacification. The dense nodular infiltrate noted
in a) is unchanged in b) and mainly composed of small nodules (<10 mm; International Labour Organization
(ILO) classification: r/q 3/2). Some large opacities (>10 mm) are noted in the periphery of the right upper zone
(black circle) in b). These are consistent with silicosis (ILO classification: A) but post-TB fibrosis cannot be
excluded.
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on the differing appearance and distribution of nodules, massive fibrosis and ancillary features. However, it
is possible that the features of one or both diseases may be altered by the presence of the other.

Silicosis on CT is a predominantly posterior upper lobe disease with a perilymphatic distribution of
nodular opacities (figure 2) [119]. Typically the silicotic nodules are discrete, solid and well defined.
Active tuberculous nodules have a softer (lower attenuation/density) appearance, are irregular and
centrilobular in distribution, with associated tree-in-bud opacities as a manifestation of the small airway
spread of disease [119]. There may be coalescence, resulting in larger nodules or consolidation, and/or
cavitation. Against a background of silicosis, features suggestive of supervening active disease are
asymmetrical nodules or consolidation, cavitation or rapid progression [120]. Uncommonly, cavitation may
occur within PMF due to ischaemic necrosis [121].

The lymph nodes in active TB on CT show peripheral rim enhancement with intravenous contrast and
lower density centrally due to necrosis, with calcification being uncommon [114]. Nodes with inactive TB
show calcification more frequently, and may be indistinguishable from silicotic nodes with calcification,
either rim or of the central amorphous type [114]. While the presence of emphysema can complicate the
detection of silicotic nodules on chest radiography, nodules can be easily distinguished from emphysema
and related architectural changes on CT. Finally, although positron emission tomography/CT has been used
in this context [39], on current data this imaging modality does not appear to be of value in distinguishing
between PMF, TB and malignancy [122, 123]. Specifically, PMF has been shown to be hypermetabolic
even without associated malignancy or TB [122].

Research is needed on the ability of chest CT to distinguish active and PTLD from silicosis and to identify
concurrent disease. Such research may also help refine the reading of chest radiography images for
underappreciated features.

Pathology
Lung biopsy is not a routine investigation for suspected silicotuberculosis. However, where tissue is
available from biopsy, lung resection or autopsy, and particularly in settings with a high prevalence of
silicosis and TB, the pathologist is still faced with the task of distinguishing silicosis, active TB, PTLD and
silicotuberculosis, whether as discrete nodular disease or massive fibrosis or both. This task requires a
detailed understanding of their similarity and differences.

When lung tissue is examined histologically, the term granuloma is occasionally used to describe the
silicotic nodule [124]. This is not correct and careful attention to distinguishing features will prevent
misinterpretation. The silicotic nodule exhibits a unique appearance (figure 3a): a central acellular zone of
concentric whorled collagen fibres and a narrow peripheral margin of dust-laden macrophages [42, 125].

a) b)

FIGURE 2 Chest computed tomography post-tuberculosis treatment dated 15 October 2013 (same patient as in
figure 1). Selected axial images at the a) mid-thoracic tracheal level and b) tracheal carina show residual
thin-walled cavities bilaterally, the left larger and visible on the chest radiographs. The background numerous
small (<10 mm) nodular opacities are clustered and predominantly posterior (black ovals) and typical in
location for silicotic nodules. Additionally there are multiple nodules studded along the pleural surface, also a
typical location for silicotic nodules which are mainly perilymphatic in contrast to TB nodules which are
bronchocentric. The larger (>10 mm) opacities are indicated by red arrows, image b) showing the peripheral
para-cicatricial emphysema indicated by white arrows in image a) which is also a typical finding in patients
with progressive massive fibrosis. b) Reproduced from [33] with permission.
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Under polarised light, silica particles, which are weakly birefringent, may be seen but their absence does
not exclude silicosis. Strong birefringence is more accurately attributed to accompanying silicates such as
mica and talc [125]. There is wide agreement among pathologists that granulomatous inflammation is not a
feature of the silicotic nodule on its own, and when present another process (alone or concurrent with
silicosis), in particular TB, should be excluded [125–127].

In contrast to silicosis, active TB is a granulomatous disease in which the characteristic lesion displays
central necrosis surrounded by elongated epithelioid macrophages, some of which fuse to form
multinucleate Langhans giant cells, admixed with lymphocytes (figure 3b) [128]. On occasion granulomas
may be non-necrotising, or both lesions may be found. While mycobacterial infection is the commonest
cause of pulmonary necrotising granulomatous inflammation, the differential diagnosis is wide [129, 130].
It includes infections, typically fungi such as Histoplasma and Coccidioides, and less commonly
non-infectious disorders such as granulomatosis with polyangiitis. Sarcoid is the commonest
non-necrotising granulomatous disease [131].

Culture of M. tuberculosis within the lesion, where fresh tissue is available, remains the gold standard for
tissue diagnosis [132]. The Ziehl–Neelsen stain is still frequently used in formalin-fixed paraffinised tissue,

a) b)

c)

d)

FIGURE 3 Histology images of silicosis and/or tuberculosis (TB) in lung tissue from silica-exposed ex-miners.
Array of pulmonary lesions from two former gold miners who had autopsy examination of their lungs to
determine the presence of occupational disease for compensation purposes: a, d) 60 years of age, 15 years of
gold mining, with multiple nodules in both upper lobes; and b, c) 68 years of age, 17 years of gold mining,
with bilateral upper lobe lesions. a) Classical rounded, well-circumscribed silicotic nodule, 5 mm in diameter,
characterised by acellular collagen fibres. b) Active tuberculous granuloma with central necrosis and a marginal
zone of inflammatory cells including multinucleate Langhans giant cells; Ziehl–Neelsen stain positive for
numerous acid-fast bacteria (not shown). c) Inactive TB in which the necrotic zone is surrounded by an
acellular rim of collagen; Ziehl–Neelsen stain negative. d) Nodule randomly sampled from the upper lobe;
central necrosis with a margin of collagenous fibrosis; acid-fast bacilli absent; consistent with silicosis with
ischaemic necrosis or with inactive TB. Haematoxylin/eosin stain. Scale bars: 400 μm. Courtesy of the National
Institute for Occupational Health, National Health Laboratory Service, Johannesburg, South Africa.
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but it is only positive if there is a sufficient bacterial load [133]. More recently, molecular techniques
utilising nucleic acid amplification have been utilised for tissue diagnosis. However, their use in tissue is
typically restricted to pathology reference centres and they have not yet replaced culture in tissue analysis
in the TB laboratory [134, 135].

Regarding its natural evolution, the TB granuloma may resolve completely, leave a residual small irregular
scar or progress to frank cavitation. However, a frequent host response is for fibrous tissue to wall off the
active inflammatory focus (figure 3c). This ensuing inactive lesion comprises central necrosis, an absence
of inflammatory cells and a surrounding rim of fibrosis comprising concentric acellular collagen fibres
[128]. Silicotic nodules rarely show central ischaemic necrosis [125, 136] but should this occur, a silicotic
nodule would be indistinguishable from that of PTLD (figure 3d).

PMF is characterised by the conglomeration of silicotic nodules to form a mass ranging from 1 cm to
many centimetres within which ischaemic cavitation may occur [125, 126, 137]. TB on occasion
progresses to result in large masses comprising admixtures of active or inactive disease, with varying
proportions of necrosis and cavitation. Masses may also be the result of combined disease, whereby the
tuberculous inflammatory process, together with necrosis, cavitation and fibrosis, contributes to
conglomeration of discrete silicotic nodules [56, 126, 138].

In summary, while silicosis and TB may occur on their own, in settings where these conditions are common
it is not unusual to encounter combined disease. The histological appearance in such cases is variable.
Interspersed with silicotic nodules, there may be signs of active and/or inactive TB or an admixture of both.
Given the importance and difficulty of distinguishing between silicosis and TB, both active and inactive,
there is a need for research into practical nucleic acid amplification tests for the tissue diagnosis of TB in
both fresh and formalin-fixed tissue which can be reliably utilised in low-resource settings.

Other investigations
Other potentially useful investigative techniques for silicotuberculosis are endobronchial ultrasound-guided
transbronchial needle aspiration (EBUS-TBNA) and EBUS mediastinal cryobiopsy. These are minimally
invasive procedures used to sample tissue, especially mediastinal and hilar lymph nodes [139, 140].
However, research on their diagnostic utility for silicotuberculosis is scant [141].

Lung function testing provides assessment of impairment in silicotuberculosis but is not diagnostic. Any
combination of obstructive and restrictive dysfunction may be expected on spirometry, depending on the
degree of co-occurrence of nodular silicosis, PMF, active TB and/or PTLD [79], as well as of emphysema,
chronic bronchitis and/or small airways disease [142]. Diffusing capacity of the lung for carbon monoxide
(DLCO) is correlated with the extent of radiological disease in silicosis as determined on CT [143] and is a
common sequela of treated TB [144, 145]. DLCO testing therefore has a role in the assessment of
impairment in silicotuberculosis, particularly where spirometric findings are discordantly normal or mild in
relation to the extent of chest radiograph abnormality and/or symptoms.

Screening
Screening of silica-exposed populations for silicosis is well established in many jurisdictions [146].
Populations exposed to silica (currently or in the past) have been identified by the World Health
Organization (WHO) for priority TB screening [7]. The most recent guidance recommends rapid tools for
TB screening, namely symptom screening, chest radiography, computer-aided detection software and
molecular WHO-approved rapid diagnostic tests (predominantly Xpert MTB/RIF and Xpert MTB/RIF
Ultra) [7, 101]. The WHO guidelines, or any others to our knowledge, do not identify tools specifically for
TB screening in individuals with silicosis. This may change with the recent demonstration of the ability of
chest radiography computer-aided detection to identify silicosis and TB in a population with a high
prevalence of both diseases [115].

While the last decade has seen a renewed emphasis on chest radiography screening for TB [100], the
occupational context needs to be taken into account. For example, among gold miners subject to regular
screening in the pre-HIV treatment era in South Africa, sensitivity of chest radiography was very low
[102]. More recently, in former gold miners not subject to regular screening, chest radiography has been
shown to have high sensitivity but low specificity for Xpert MTB/RIF as the reference standard,
particularly in the presence of silicosis or PTLD [147]. However, in regions where migrant ex-miners live
or where there are large numbers of artisanal or small-scale miners or other silica-exposed workers far
from established services, mobile chest radiography with computer-aided detection followed by rapid
molecular testing in those with abnormal chest radiography are screening options [101].
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The evidence base for the frequency of screening for TB in silica-exposed individuals is scant. The WHO
guidelines on screening [7] recommend a screening interval of no longer than 12 months where possible.
However, this frequency is impractical for those currently unemployed or working in sectors not subject to
medical surveillance. Local jurisdictions may have guides or tools to inform screening silica-exposed
individuals for TB [148].

Treatment
Prior to the rifampicin era several studies documented poorer TB treatment outcomes in patients with
silicosis [112]. Subsequent trials and observational studies of short-course therapy have yielded conflicting
evidence. A South African clinical trial of 5 months of chemotherapy published in 1984 found no
difference in relapse between gold miners with silicotuberculosis and two groups with TB only [149]. A
similar finding was made in a related observational study with longer follow-up and a larger number of
controls (relapse proportions 8.5% versus 5.9% in silicotuberculosis and TB, respectively; p=0.35) [150].
More frequent relapse with a significant difference between groups was, however, recorded in a further
follow-up (silicotuberculosis 17% versus TB 11%; rate ratio 1.55 (95% CI 0.97–2.48)) [151]. Interpretation
of these studies is complicated by substantial loss to follow-up of miners who left service during TB
treatment or for other reasons before study completion, a feature of the migratory nature of mine labour,
and by statutory exclusion requirements for fitness for dusty work.

A second clinical trial involving only individuals with silicosis, published from Hong Kong in 1991, found
a higher TB relapse proportion among those treated for 6 months than those treated for 8 months (22%
versus 7%; p<0.025) [152]. In a recent TB patient follow-up in India, patients with silicosis (mostly drug
sensitive and treated for 6 months) suffered a much higher proportion of poor treatment outcomes (39%
versus 18%) and relapses (59% versus 20%) than controls with TB only [86]. The Hong Kong trial finding
was the basis of a subsequent recommendation for 8 months of TB treatment in 2012 [153]. Surprisingly,
no subsequent clinical trials have been published, and the recommendation for prolongation of treatment is
absent from recent expert consensus statements [154, 155].

Studies of treatment outcomes and recurrence rates following standard TB treatment regimens, and if
indicated longer regimens, in individuals with silicosis are needed. It has been speculated that a set of
mechanistic factors, notably oxidative and nitrosamine stress, similar to those found in TB co-occurring
with diabetes and HIV infection might contribute to treatment failure in silicosis [43]. Accordingly,
treatment of TB in silicosis may be a priority target for adjunct treatment with antioxidants or other
host-directed therapies.

While comprehensive frameworks for the management of PTLD have recently been published [48, 156],
co-occurrence of silicosis and TB is likely to complicate management options for PTLD. Silicosis may
exacerbate the degree and progression of lung fibrosis and of functional impairment associated with PTLD,
aggravating prognosis and mortality risk relative to TB on its own, as described in an earlier section. It is
important that clinicians take an occupational history in relevant settings and are aware of the implications
of both subradiological silicosis [157] and frank silicosis in managing these patients.

Prevention
Primary prevention of silicotuberculosis requires control or limitation of respirable silica exposure and
reduction of risks for TB transmission such as congregate living settings, untreated HIV infection and
delayed TB treatment initiation. Since there is no currently accepted means of clinically reversing fibrosis
in those with silicosis, secondary prevention involves mainly medically lowering the risk of TB through
TB preventive treatment (TPT) and limiting further silica exposure, both discussed in the following
sections. Smoking cessation may also contribute to reduction in TB infection and disease risk [158] and
TB mortality in individuals with silicosis [159].

TB preventive treatment
Starting with long-term isoniazid treatment in the late 1950s [160], TPT has been shown to reduce the risk
of active TB disease in silicosis [161,162], although not universally so [163]. In the case of silica exposure
without reference to silicosis, long-term effectiveness of short-course TPT in high TB burden occupational
settings is questionable. A mass trial of 9 months of isoniazid in silica-exposed gold miners without
reference to silicosis status found that the substantial reduction in mine TB incidence due to isoniazid was
not sustained during the 12-month post-treatment period [164, 165]. A subanalysis of miners with silicosis
found a similar effect of isoniazid on TB risk, but lacked the statistical power to draw robust conclusions
[166].
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Guides for TPT in silicosis have been published [40, 167–169]. The WHO consolidated guideline [170]
recommends that individuals with silicosis should be tested and treated for LTBI, and describes several
treatment options depending on the level of community TB transmission and HIV status. Testing for LTBI
with interferon-γ release assay or tuberculin skin test before starting TPT is generally recommended but
local guides should be consulted as recommendations vary, as do the regimens [40, 168–170]. Logistical
demands on patients and health services providing TPT, e.g. monthly clinic attendance, and
treatment-related adverse events [171] may be disincentives for such programmes, especially in
resource-poor settings and for workers not covered by occupational health services. Recently recommended
shorter rifampicin-based regimens could lower some of the implementation barriers [172] and reduce
adverse events.

Silica exposure limitation or cessation
Limitation of silica exposure can be achieved by reduction of airborne respirable concentrations [173],
work re-organisation to limit dusty tasks, use of effective respiratory protective equipment and deployment
of the individual to low-exposure jobs or removal from continued silica dust exposure. In formal
workplaces, these are employer responsibilities requiring the application of the hierarchy of occupational
hygiene controls [174]. These require enforcement through regulatory control and inspection. In
unregulated, small-scale settings, educational and resource support programmes involving state agencies,
worker organisations and workers are needed [175].

However, since the concentration of silica exposure below which there is no materially increased risk
of TB is unknown [8] and silicosis may not be visible on chest radiography in almost 60% of cases of
autopsy-positive silicosis [157], it cannot be assumed that preventing radiological silicosis will
eliminate the excess TB risk due to dust exposure. It is probable that lungs sufficiently silicised to
result in subradiological silicosis are at lifelong increased risk of TB irrespective of additional
exposure [176].

While total cessation of silica exposure in individuals diagnosed has been recommended [177–179], there
is limited evidence to support a blanket approach [180]. More considered, stepwise recommendations are
now available [180]. With regard to modification of TB risk following cessation of silica exposure, we
could find only one study: a retrospective analysis of claimants with silicosis in a legal action showed an
increased odds of TB (OR 4.61 (95% CI 1.14–18.71)) in those who had continued exposure relative those
who had stopped [181]. This question is relevant to management of affected employees, post-employment
surveillance and compensation. Long-term cohort studies able to control for selection factors such as
disease status at time of diagnosis, differential mortality and loss to observation are needed. With regard to
compensation, although the International Labour Organization recommended list of occupational diseases
has long included silicotuberculosis [182], the ability of affected workers to secure compensation for this
condition is unknown.

Discussion and conclusion
Despite advances in dust control in developed countries and worldwide programmes to provide effective
TB treatment, silicotuberculosis remains a global problem. We have proposed a broader definition of
silicotuberculosis than frequently used, to include PTLD and not only active TB. While there is a large
literature on silicosis from recent decades, clinical and epidemiological interest in silicotuberculosis has
failed to match the size of the problem, such that fundamental questions about the diagnosis, treatment and
prevention of combined disease persist. Understanding the interaction of the two disease processes is
central to answering these questions. In this regard, potentially important questions and insights can be
found in literature from the pre-TB treatment era. Increased funding and the building of research groups
able to sustain the long-term effort required for mechanistic and cohort studies and clinical trials
are needed.

Questions for future research

• Cohort studies to characterise the prevalence and severity of PTLD in individuals with silicosis, the rates
and determinants of progression of combined disease, and the effects of different temporal sequences of
TB infection, TB disease and silicosis.

• Cohort studies of LTBI able to control for confounding factors in the hypothesised causal association
between silicosis and LTBI.

• Validation of the use of nucleic acid amplification tests for the tissue diagnosis of TB in fresh and
formalin-fixed tissue.

• Characterisation of how features of combined disease on plain chest radiography and CT modify each other.
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• Trials of effectiveness of different treatment regimens for TB in silicosis.

• Trials of effectiveness of different TPT regimens in silicosis, and operational studies of feasibility and
uptake.

• Effect of cessation of silica exposure on silicosis progression, TB risk, employment and quality of life,
including adequacy of social security.

• The workplace respirable silica concentration that does not result in excess TB attributable to silica dust.
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