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INTRODUCTION
Silicosis increases the risk of tuberculosis (TB) and the 
disease is common in individuals with the pneumoconiosis, 
particularly in settings with high background rates and when 
the silicosis is advanced. Consequently, TB should be con-
sidered in all cases of silicosis both for individual treatment 
and to reduce transmission. But, the presence of silicosis 
complicates the radiological features of TB and they may 
not be typical. Additionally, HIV infection rates may be 
high in silica exposed populations and the prevalence of 
smear-negative pulmonary TB is higher in these groups. 
Consequently the chest radiograph – along with symptoms 
and other investigations – is important in identifying TB. 
This article briefl y summarises the epidemiology of silica 
and TB and highlights some of the radiological features in 
reading chest radiographs for TB in the presence of silicosis 
to promote the earlier investigation of suspect cases. 

BACKGROUND EPIDEMIOLOGY
Exposure to silica is very common around the world with 
millions of people over-exposed in a large range of indus-
tries.1 Silicosis burdens are high in some settings in southern 
Africa. For example, about 20% of long-service gold miners 
have the disease2; 22–36% of living ex-miners3,4,5 and 
cumulative prevalences can exceed 50% in miners followed 
to death.6 The proportion of miners with silicosis coming to 
autopsy at the National Institute for Occupational Health has 
increased markedly from 1975 to 2007: 3% to 32% in black 
miners and 18% to 22% in white miners.7

A major concern related to silicosis is the associated 
increased risk of TB, which approaches or equals that 
conferred by HIV infection.8 A seven-year follow-up of 
gold miners before the HIV epidemic found a relative risk 
of TB in men with silicosis compared to those without of 
2.8 (95% CI 1.9-4.1), and the incidence of TB rose with 
increasing severity of silicosis: 2.2% per annum in mild 
silicosis to 6.3% per annum in those with advanced dis-
ease.9 The HIV epidemic has worsened the situation both 
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because of the high HIV prevalences in southern African 
workforces and because there is a multiplicative interaction 
for TB between silicosis and HIV; the risk of TB is higher 
than the sum of each risk combined.10  Importantly, silica 
exposure is associated with TB even in the absence of 
silicosis11,12 and the increased risk of active TB is life-
long.11 Consequently, very high burdens of TB have been 
described in silica-exposed populations: for example 
incidences between 3000 to 7000/100 000/year in gold 
miners13; and a prevalence of radiological TB of 6.5% in 
children (less than 10 to 18 years) living – and  possibly 
working – in a community processing agate in India.14 In 
addition to miners, signifi cantly increased risks for TB have 
been reported in stone crushers, foundry workers, construc-
tion, and stone masons.15 

THE IMPORTANCE OF THE CHEST X-RAY
Sputum staining and culture remain the major modalities 
for the detection of active TB in workers exposed to silica, 
but the chest X-ray has an important place. Some of the 
reasons are:
1. an increased prevalence of smear-negative TB is found 

in HIV infected populations, but importantly patients 
with smear-negative disease can still transmit the 
infection16;

2. chest X-ray has been shown to greatly increase the 
sensitivity of screening for TB among HIV infected gold 
miners17;

3. active TB case detection, including regular chest X-rays, 
is recommended, resources permitting, for silica exposed 
workers partly because TB case-fatality rates have been 
found to be lower in workers detected by active radiologi-
cal screening compared to self-presentation18; and 

4. signifi cant prevalences of multidrug resistant TB have 
been found among silica exposed miners: in the most 
recent study 4.3%19; and in earlier studies 2.3%20 and 
5.8%.21 
Early diagnosis is important in reducing transmission. 

PEER REVIEWED BACK TO BASICS
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Florid examples of the nodular arrangement along the broncho-vascular bundles of silicosis 
and tuberculosis

The chest radiograph is thus valuable but only if radio-
logical features of TB are identifi ed, and these features 
may not be typical in patients with silicosis. Unfortunately, 
clinico-pathological studies show that high percentages 
of patients with active TB are not diagnosed in life. Data 
on 350 miners showed that clinicians failed to diagnose 
active TB in 65% of cases coming to autopsy.22 A study in 
four settings (two South African platinum mine hospitals, 
a South African teaching hospital and a London teaching 
hospital) found that PTB was missed in life in 51% of those 
patients who came to autopsy.23 Many omissions may 
explain the delayed, incorrect and missed diagnosis of TB 
but one contributing factor is probably failure to detect the 
radiologic features of TB on the chest radiograph, especially 
when atypical.

 
THE RADIOLOGICAL FEATURES OF SILICOSIS 
AND TUBERCULOSIS IN SILICOSIS
Typically silicosis manifests radiologically as bilateral, 
uniformly distributed and sized, small rounded nodules 
(opacities) between 1–3 mm in size in the upper halves of 
the lungs.1 In very early disease the opacities may appear 
fi rst in the right upper zone. As silicosis advances the 
opacities may extend to the lower zones of the lungs and 
increase in size. 

Radiographic TB might well be considered in three 
forms:
1. the typical and well-known active TB; 
2. recurrent TB in a scarred lung following cure of a previous 

episode of the disease; and
3. an indolent (smouldering) state, particularly found in the 

nodular presentation of TB and silicosis.  
Hence the radiologic features are numerous, but what 

follows highlights the features to look out for in silica-
exposed workers, particularly those with silicosis because 
especially in the indolent form sputum smear and even 

culture may remain persistently negative. The reason for 
this is that nodular TB and silicosis are sited in the inter-
stitial compartment of the lung, and they accordingly lack 
airway contact. The chest radiograph therefore becomes 
extremely important.  

 In assessing the chest radiograph of silica exposed 
workers it is essential to have chronological details of expo-
sure. The appearance of nodules unusually soon after fi rst 
exposure should alert the reader to the likely possibility of 
TB. “Unusually soon” is diffi cult to defi ne as very high levels 
of exposure produce silicosis in under 10 years, but this 
period would be the exception and should not be accepted 
as silicosis without further clinical investigation. 

Sudden changes in radiological features, for example 
from one year to the next, are unusual in silicosis and should 
alert the practitioner to possible TB. Aspects of the radio-
logic presentation of silicosis and TB have been described 
elsewhere24,25 so are summarised here. In TB concurrent 
with silicosis the bilateral uniform profusion of nodular sili-
cosis on the chest X-ray is likely to be disorganised giving 
way to a mixed pattern. A fl orid or subtle arrangement of 
nodules along a broncho-vascular bundle is a not uncommon 
feature.  Regional aggregation of irregular-sized nodules on 
a background of established silicosis is highly suspicious of 
associated TB. Nodules in unexpected sites, for example 
the supra-clavicular region, are questionable, as typically 
silicosis spares these areas, unless very profuse.  Variable 
profusions and opacities which are not evenly distributed 
in both lungs are suspect. Large opacities (i.e. radiologic 
opacities >1 cm) in silicosis require special attention as 
their appearance is often TB-associated. A miliary or peri-
bronchioloar nodular superimposition on the silicotic nodular 
changes is often subtle and missed by the unwary with the 
possible fatal outcome associated with untreated miliary 
TB or non-recognition of bronchogenic disseminated TB.  
Mediastinal lymphadenopathy is rarely found in silicosis26. 
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LESSONS LEARNED
• Silicosis complicates the radiological features of 

TB and they may not be typical.
• Although the TB may be active the likelihood of 

a negative smear is high.
• It is essential to have chronological details of 

exposure.
• The appearance of nodules unusually soon after 

fi rst exposure could indicate TB.
• The bilateral uniform profusion of nodular 

silicosis on the chest X-ray is likely to be dis-
organised giving way to a mixed pattern.

• Mediastinal lymphadenopathy is rarely found 
in silicosis.
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This fi nding on the X-ray in HIV positive patients is associ-
ated with smear-negative TB.16 

CONCLUSION
The subtle or fl orid changes of TB are regularly super-
imposed on the radiographic appearance of silicosis.  
Knowledge of the kaleidoscopic features of pulmonary TB 
is essential in evaluating the chest radiograph of workers 
exposed to silica dust. Casual readers are likely to be at 
a disadvantage. Reading skill depends on the quality of 
X-rays, reading conditions and reading experience of chest 
radiographs in silicosis associated TB possibly with HIV 
present. Preferably well trained, knowledgeable and expe-
rienced chest readers are required to protect the worker 
from the consequence of missed active TB. Although the 
TB may be active the likelihood of a negative smear is high.  
The abnormal radiographic features should encourage the 
clinician to take a more aggressive approach in attempts to 
prove the existence of an active treatable TB.

may remain persistently negative.”

“. . . in the indolent form sputum smear and even culture
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