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Abstract
Objectives—To investigate the following
questions. (1) Is silica dust on its own,
without the presence of silicosis, associated with an increased risk of pulmonary
tuberculosis (PTB) in workers exposed to
silica dust? (2) In the absence of silicosis is
the excess risk dose related? (3) What is
the predominant chronological sequence
between the development of PTB and the
development of silicosis after the end of
exposure to dust?
Methods—A cohort of 2255 white South
African gold miners has been followed up
from 1968 to 1971, when they were 45–55
years of age, to 31 December 1995 for the
incidence of PTB. During the follow up
1592 (71%) men died. Of these, 1296 (81%)
had a necropsy done at the National Centre for Occupational Health (NCOH) to
determine the presence of silicosis and
PTB. The incidence of PTB in the cohort
was studied relative to cumulative exposure to dust and the onset of silicosis. For
the miners with necropsy, the incidence
for PTB was studied relative to the severity of silicosis found at necropsy.
Results—There were 115 subjects who
developed PTB. The total person-years of
follow up was 39 319. For the whole cohort,
the factors associated with increased risk
of PTB were cumulative exposure to dust
(mg/m3.y) (the adjusted rate ratio
(RR)1.07; (95% confidence interval (95%
CI) 1.04 to 1.10)), silicosis diagnosed
radiologically (3.96 (2.59 to 6.06)), and
tobacco pack-years (1.02 (1.01 to 1.03)).
The RR (95% CI) for PTB increased with
increasing quartiles of cumulative exposure to dust 1.0, 1.51 (0.78 to 2.91), 2.35
(1.28 to 4.32), and 3.22 (1.75 to 5.90). In
miners who did not have radiologically
diagnosed silicosis (n=1934, PTB=74), the
adjusted RR (95% CI) for PTB and cumulative exposure to dust was 1.10 (1.06 to
1.13), and increased with quartiles of
cumulative exposure to dust as 1.00, 1.46
(0.70 to 3.03), 2.67 (1.37 to 5.23), and 4.01
(2.04 to 7.88). For the subjects who had a
necropsy (n=1296, PTB=70), the adjusted
RR (95% CI) for PTB increased with the
severity of silicosis found at necropsy; 1.0
for no silicosis, 1.88 (0.97 to 3.64) for negligible, 2.69 (1.35 to 5.37) for slight, and
2.30 (1.16 to 4.58) for moderate or marked
silicosis. For subjects who had a necropsy
and no silicosis (n=577, PTB=18), the

adjusted RR (95% CI) increased slightly
with quartiles of cumulative dust 1.0, 1.11
(0.31 to 4.00), 1.42 (0.43 to 4.72), and 1.38
(0.33 to 5.62).
Conclusion—Exposure to silica dust is a
risk factor for the development of PTB in
the absence of silicosis, even after exposure to silica dust ends. The risk of PTB
increases with the presence of silicosis,
and in miners without radiological silicosis, with quartiles of exposure to dust . The
severity of silicosis diagnosed at necropsy
was associated with increasing risk of PTB
and even <5 nodules—that is, undetectable
radiologically—was associated with an
increased risk of PTB. The diagnosis of
PTB was on average 7.6 years after the end
of exposure to dust, at around 60 years of
age. The onset of radiological silicosis
preceded the diagnosis of PTB in 90.2% of
the cases with PTB who had silicosis. The
results have implications for medical surveillance of workers exposed to silica dust
after the end of exposure.
(Occup Environ Med 1998;55:496–502)
Keywords: pulmonary tuberculosis; necropsy; silicosis;
surveillance

The association between silicosis and pulmonary tuberculosis (PTB) has been well
established.1 Epidemiological and case studies
have shown that workers exposed to silica dust
have increased morbidity and mortality from
PTB.2–13 Experimental studies have shown an
association between changes induced by silica
particles and increased susceptibility to mycobacterial infection.14–16
Although the association between silicosis
and PTB has been shown in many epidemiological studies, there are still gaps in the epidemiological evidence of the dose-response trend
between PTB and cumulative silica dust in the
absence of silicosis,1 17 and no published study
has examined the incidence of PTB relative to
the onset of silicosis or the end of exposure to
dust.
South African gold miners are exposed to
dust containing high concentrations of silica,
and PTB always had a great impact on the
health of gold miners.2 3 A mortality study of
3971 white miners found an increased standardised mortality ratio (SMR) (95% confidence interval (95% CI)) for PTB of 153.8
(41.9 to 394.1) after 9 years of follow up,4 and
SMR of 306.4 (192.0 to 463.9) after 20 years
of follow up.5 In black South African gold
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Material and methods
STUDY SUBJECTS

The study subjects comprised a cohort of 2260
white gold miners who were studied in
1968–71 for chronic obstructive lung disease.19
The study subjects were selected from all white
miners who attended the Medical Bureau for
Occupational Disease (MBOD) during the
four years 1968–71 for a medical examination,
and who fulfilled the following criteria: (1)
MBOD number within the range B9000C8999; (2) age 45–54; (3) >10 years of underground service; (4) >20 years residence in
South Africa; (5) <2 years service in mines
other than gold mines. An annual medical
examination is compulsory for all miners
working in dusty occupations in the gold
mines. Of the 2260 miners, 2018 were current
miners and 240 were inactive miners of whom
107 came to renew their fitness certificate to
work underground and 133 came for a benefit
examination (a specialised examination to
determine disability and eligibility for compensation; this does not mean that they had a disability). Up to 31 December 1995 mortality
has been followed up with the Department of
Interior records of vital status. Five miners
were excluded from the follow up study of PTB
as they were diagnosed with PTB before the

start of follow up in 1968–71. Of the remaining
2255 miners, 1592 (71%) have died and of
these, 1296 (81.4%) had a necropsy at the
National Centre for Occupational Health to
assess the presence of compensable lung
disease. There were 49 miners whose vital status was not established. These miners were
assumed to be alive.
INCIDENCE OF PULMONARY TUBERCULOSIS

Pulmonary tuberculosis is a compensable lung
disease in South African gold miners. The
miners in this cohort who developed PTB
while employed, or after retirement, would
have come to the MBOD for medical examination and to apply for compensation. Also by
law PTB is a notifiable disease and any doctor
treating a miner for PTB is obliged to notify the
MBOD. The records relating to the diagnosis
of PTB done at the MBOD or by non-MBOD
doctors (sputum examination, x ray films, etc)
are kept in the miners’ medical files at the
MBOD. These files were searched for the diagnosis of PTB. There were 180 subjects who
were diagnosed with PTB. The x ray films of
these miners were reread blindly for signs of
PTB by the same reader who previously read
the onset of silicosis in this cohort.20
Necropsy examinations of the cardiorespiratory organs were performed at the National
Centre for Occupational Health according to a
standard procedure. The presence of compensable disease was established by macroscopic
and microscopic examination of the lungs.
Histological examination was done on six
tissue blocks taken from the upper, middle, and
lower zones of each lung. At necropsy the presence of PTB was diagnosed in the presence of
epithelioid granulomas associated with caseous
necrosis, other causes having been excluded.
Of the 180 miners diagnosed with PTB, 39
had positive histological evidence at necropsy,
76 had a positive sputum finding in life, five
were diagnosed on radiological findings only,
and the remaining 60 miners had only a record
of being compensated and date of compensation.
For the purpose of this study we have used
only the cases where we could find either positive radiological signs, or a positive sputum
test, or a positive necropsy finding in the lung
parenchyma and who were diagnosed after
1968–71. There were 115 such cases.
ASSESSMENT OF SILICOSIS

Radiological silicosis
While employed, the miners had annual radiological examinations. After retirement most of
the miners came for radiological examinations,
but less often. In the year 1990, the onset of
silicosis was determined in the cohort by three
experienced readers of x ray films to establish
the dose-response trend between silicosis and
cumulative silica dust.20 They examined yearly
x ray films, starting from the most recent in the
medical file, and identified the year of onset of
silicosis. The onset of silicosis was diagnosed
when the International Labour Organisation
(ILO) category was at least 1/1. No detailed
ILO grading was performed. The readings of
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miners the risk of PTB is even higher than in
white miners, because the eVect of silica is
superimposed on a high rate of PTB within the
population,3 and in more recent years on the
high rate of HIV infection.11 18 The risk of PTB
in black miners was shown to be related to
severity of silicosis, and the relative risk (95%
CI) due to the eVect of silicosis was reported as
2.8 (1.9 to 4.1).3 During a 7 year follow up, the
incidence of PTB increased with age depending on the category of silicosis; from 1% a year
for miners with category 0 to 6.3% a year in
miners with category 3 silicosis.3 A more recent
study of South African gold miners reported
that the adjusted rate ratio for PTB increased
with age, with occupational categories known
to have higher exposure to dust (drillers, mining team workers, and stope team workers) the
incidence rate ratios (RRs) ranged from 2.25 to
2.56, and with the presence of silicosis the incidence RR was 1.54 (95% CI 1.00 to 2.37).11
In the present study, we followed up a cohort
of 2255 white South Afican gold miners from
1968–71, when they were 45–55 years of age,
to 31 December 1995 for the incidence of
PTB. The factors studied relative to the
incidence of PTB were cumulative exposure to
dust, the onset of radiological silicosis, and
necropsy findings for silicosis. HIV was not a
confounding factor in this cohort of miners.
Objectives of the study were to investigate the
following questions. (1) Is silica dust on its
own, without the presence of silicosis, associated with an increased risk of PTB in workers
exposed to silica dust? (2) In the absence of
silicosis is the excess risk dose related? (3)
What is the predominant chronological sequence between the development of PTB and
the development of silicosis after the end of
exposure to dust?
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Characteristics of the cases with pulmonary tuberculosis (PTB) and the rest of the

Characteristics
Year of birth (mean (SD))
Years gold mining (mean (SD))
Year last in dust (mean (SD))
Radiological silicosis (n (%))
Age at onset of radiological silicosis
(y, mean (SD))
Deaths by 1995 (n (%))
Age at death (y, mean (SD))
Necropsy done at death (n (%))
Age at necropsy (y, mean (SD))
Silicosis found at necropsy (n (%))
Cumulative dust, mg/m3.y (mean (SD))
Quartiles of total CDE, mg/m3.y (n (%)):
<9
10–13
14–17
>18
Cigarettes, pack-years

PTB
(n=115)

Rest of the cohort
(n=2140)

1918.8
27.6
1971.9
41

(2.4)
(6.0)
(4.1)
(35.6)

1919.1
26.5
1971.7
280

(2.5)
(6.4)
(5.3)
(13.1)***

53.5
98
65.2
70
65.0
52
17.5

(6.0)
(85.2)
(6.4)
(71.4)
(6.2)
(74.3)
(6.4)

56.2
1494
64.9
1226
64.5
667
14.3

(6.9)*
(69.8)***
(7.4)
(82.1)***
(7.3)
(54.4)***
(6.1)****

16
20
31
48

(13.9)
(17.4)
(27.0)
(41.7)

542
547
528
523

23.3 (16.0)

(25.3)
(25.6)
(24.7)
(24.4)
2
÷ (1)=20.3,p=0.001
20.3 (16.3)*

*p<0.05; ***p<0.001; ****p<0.0001.
CDE = cumulative dust exposure.
Percentage is out of those who died.

the reader with the highest correlation with
necropsy findings for silicosis21 were used in
this study.
Necropsy silicosis
At necropsy, the presence and degree of silicosis was determined from macroscopic and histological examination of the lung. At the macroscopic examination the degree of silicosis was
classified according to the number of palpable
silicotic nodules, as follows: no silicosis,
negligible (<5 nodules), slight (<14 nodules),
moderate (15–30 nodules), and marked (>30
nodules). The presence of silicosis was confirmed by histological examination.
ESTIMATION OF CUMULATIVE EXPOSURE TO DUST

The occupational histories were coded for each
miner from the Chamber of Mines personal
records, which show the number of shifts
worked in the particular mine and the occupation during a given period. With estimates of
average exposure to dust for occupational categories in the South African gold mines derived
by a study done by Beadle in 1970 (published
by Page-Shipp and Harris),22 occupations were
grouped into occupational categories and
assigned an average dust concentration and an
average time spent underground.22
Cumulative exposure to dust in terms of
mg/m3.y was calculated as cumulative exposure
to dust=Ó(number of dusty shifts × the mean
mass respirable dust concentration for an
occupational category × the average hours
spent underground for an occupational
category)/(270x8). The summation (Ó) was
over all jobs in which a miner worked, 270 is
the average number of shifts a year standardised to an 8 hour shift. Cumulative exposure
was calculated as a time dependent variable
(see statistical analysis).
SMOKING HABITS

Details of smoking habits were obtained by a
questionnaire during the 1968–71 examination
and answers were checked against smoking
histories recorded in the medical file. Tobacco

consumption was calculated in terms of
cigarettes pack-years up to 1968–71.19
STATISTICAL ANALYSIS

The proportional hazards model was used to
estimate the association between the risk of
PTB and the potential risk factors. The SAS
programme PROG PHREG was used.23 The
measure of association estimated was the incidence RR. The follow up time started from the
year a subject was enrolled into the cohort
study in 1968–71. At each time, t(I), when a
case of PTB was diagnosed, all subjects who
were still at risk of developing PTB and the
PTB case formed a risk set, R(I). For each risk
set R(I), the explanatory variables (cumulative
exposure to dust, the presence of radiologically
diagnosed silicosis, and age) were calculated up
to the time t(I).
Because the degree of silicosis was only
assessed at necropsy, and these findings are
more reliable than the radiological findings, we
analysed the subjects who had a necropsy in a
separate analysis. As the necropsy silicosis was
diagnosed at the end of a follow up (at death),
the inclusion of necropsy silicosis in the analysis as a time dependent explanatory variable
would have biased the estimated RR. Only
subjects with PTB would be found to have silicosis at necropsy, most of those without PTB
who were found to have silicosis at death (the
end of follow up) would be censored before
death and their silicosis would not contribute
to the calculation of the maximum likelihood
statistics. Therefore the necropsy silicosis was
treated as if it was present or absent during the
whole follow up and the estimated RRs were
adjusted for the years of follow up and for
cumulative exposure to dust. The use of this
model can be justified by the fact that silicosis
is a progressive disease and it is diYcult to
determine its onset radiologically.

Results
The miners were born on average in 1919 (SD
2.5; range 1913–24), started mining in the
1940s and retired from dusty occupations in
1971.7 (SD 5.3), at around 52.4 (SD 5.4)
years of age. During the follow up (1968–71 to
1995), 115 miners developed PTB according
to the criteria used for the study. Only the first
incidence in one person was considered. The
total person-years of follow up was 39 319.
Table 1 shows characteristics of the cases with
PTB and the rest of the cohort. The cases had
more silicosis diagnosed radiologically (41
(35.6 %) v 280 (13.1%)) and were on average
younger at the onset of silicosis (53.5 (SD 6.0)
v 56.2 (6.9)).
A higher percentage of the cases with PTB
than the rest of the cohort died by the year
1995 (85.2% v 69.8%) but a lower percentage
of PTB cases had a necropsy at death (71.4% v
82.1%). Silicosis diagnosed at necropsy was
found in 52 (74.3%) cases and in 667 (54.4%)
miners without PTB. The cases had significantly higher cumulative exposure to dust and
cigarette pack-years than the rest of the cohort.
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cohort
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Model

Silicosis

Cumulative exposure to
dust (continuous
variable)

All subjectes n=2255, cases with PTB=115:
1
6.01 (4.08 to 8.85)
2
1.103 (1.07 to 1.13)
3
3.96 (2.59 to 6.06) 1.071 (1.04 to 1.10)
4
4.18 (2.75 to 6.36)

Quartiles of cumulative dust exposure
1

2

3

4

1.0

1.51 (0.78 to 2.91)

2.35 (1.28 to 4.32)

3.22 (1.75 to 5.90)

All subjects without radiological silicosis, n=1934, cases with PTB=74:
5
1.10 (1.06 to 1.13)
6
1.0
1.46 (0.70 to 3.03)

2.67 (1.37 to 5.23)

4.01 (2.04 to 7.88)

Subjects without radiological or necropsy silicosis, n=1388, cases with PTB=40:
7
1.093 (1.04 to 1.15)
8
1.0
1.59 (0.62 to 4.08)

2.39 (0.97 to 5.89)

3.78 (1.57 to 9.42)

follows. Of the 70 cases of PTB who had a
necropsy, 18 (25.7%) did not have silicotic
nodules, 18 (25.7%) had negligible, 16
(22.9%) had slight, 14 (20.0%) had moderate,
and 4 (5.7%) had marked degree of silicosis
found at necropsy. Of the 1226 subjects who
did not have PTB, 559 (45.6%) did not have
silicotic nodules, 292 (23.8% ) had negligible,
180 (14.7%) had slight, 140 (11.4%) had
moderate, and 55 (4.5%) had marked degree
of silicosis at necropsy. This diVerence in the
distribution of necropsy silicosis in the cases
with PTB and in the rest of the subjects was
significant (Mantel-Haenszel ÷2=10.7, df=1,
p=0.001).

ASSOCIATION BETWEEN PTB, DUST, AND SILICOSIS

Radiologically diagnosed silicosis
Table 2 shows the smoking adjusted RR for
PTB estimated from the proportional hazards
model for the whole cohort and for those without silicosis. The presence of silicosis (diagnosed radiologically ) increased the risk of PTB
by about four times (RR 3.96) after adjustment
for cumulative dust (model 3). The RR for
PTB increased with increasing cumulative
exposures to dust in the whole cohort (models
3 and 4) and also in miners who did not have
silicosis (models 5–8). The eVect of cigarette
pack-years was significant, and for all models
the estimated RR was constant (RR 1.02 (95%
CI 1.01 to 1.03)). The RR for increasing age at
death categories (<60, 61–70, >70) did not
show a significant trend and age at death was
not included in the model.

Diagnosis of tuberculosis in relation to the end of
exposure to dust and onset of silicosis
In the cases with PTB, the average age at the
last exposure to dust was 52.7 (SD 5.2) and the
age at diagnosis of PTB was 60.3 (SD 5.7).
There were 15 subjects who were diagnosed
with PTB before the end of exposure to dust,
six subjects were diagnosed in the same year as
exposure to dust stopped, and 99 subjects were
diagnosed after the end of exposure to dust.
The figure shows the distribution of age at last
exposure to dust for the cohort, of age at the
onset of radiological silicosis for miners with
silicosis, and of age at the diagnosis of PTB.
Of the 115 cases with PTB, 41 (35.7%) had
radiologically diagnosed silicosis. In four cases,
the onset of radiological silicosis was during the
same year as the diagnosis of PTB, and in 37
cases the diagnosis of PTB was after the onset
of silicosis. On average the age at the onset of
silicosis in the cases with PTB was 53.5 (SD
6.0) years, and the average age at diagnosis of

Silicosis diagnosed at necropsy
Table 3 shows the results for miners who had a
necropsy. The RR for PTB increased with the
increasing severity of silicosis diagnosed at
necropsy (model 1). However, when cumulative dust was adjusted for, the RR in the highest exposure category decreased from 2.71 to
2.06 (model 2) and to 2.30 (model 3). The RR
for PTB was increased even for a negligible
degree of silicosis (RR 1.86, 95% CI 0.96 to
3.58). There were only 577 subjects who did
not have any nodules found at necropsy.
Although the RR showed some trend with
increasing dust (models 4 and 5), this was not
significant. However, the number of miners in
this group was small.
The distribution of necropsy findings for
silicosis according to the PTB diagnosis is as
Table 3

Adjusted relative risk (95% CIs) for pulmonary tuberculosis (PTB) and associated risk factors, for subjects who had a necropsy
Degree of silicosis

Model

None
n=577

Negligible n=310

Quartiles of cumulative exposure to dust
Slight n=196

Moderate or
marked n=213

Cumulative dust
mg/m3.y

1

2

3

4

1.0

1.24
(0.54 to 2.84)

1.96
(0.92 to 4.17)

2.54
(1.20 to 5.42)

All subjects who had a necropsy at NCOH and did not have silicosis diagnosed a necropsy, n=577, cases with PTB=18:
4
5
1.0
1.11
(0.31 to 4.00)

1.42
(0.43 to 4.72)

1.38
(0.33 to 5.62)

All subjects who had a necropsy at NCOH, n=1296, cases with PTB=70:
1
1.0
1.86
2.62
2.71
(0.97 to 3.58)
(1.36 to 5.03)
(1.41 to 5.20)
2
1.0
1.86
2.51
2.06
(0.96 to 3.58)
(1.25 to 5.01)
(1.04 to 4.11)
3
1.0
1.88
2.69
2.30
(0.97 to 3.64)
(1.35 to 5.37)
(1.16 to 4.58)

NCOH=National Centre for Occupational Health.

1.07
(1.03 to 1.11)
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Table 2 Adjusted relative risk (95% CIs) for pulmonary tuberculosis (PTB) and associated risk factors, for the whole
cohort and for those without silicosis
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Silicosis (n)

Age at last exposure to dust
90
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60
50
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20
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0
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65

Age at onset of silicosis
40

TB (n)

30
20
10
0

35

40

45

50

55

60

65

Age at diagnosis of TB

Age distribution for all the subjects at last exposure to dust,
at onset of silicosis, and at diagnosis of PTB.

PTB was 60.3 (SD 5.7) years. The 52 cases in
whom silicosis was first diagnosed at necropsy
only were excluded from this analysis as the
relation between the onset of silicosis and PTB
could not be determined.
Discussion
Epidemiological studies have shown that subjects with silicosis have a substantially increased risk of developing PTB,3 7 10–12 and that
the risk of PTB increases with increasing
severity of radiological category for silicosis.3
However, epidemiological evidence is still limited on whether subjects exposed to silica dust
who do not have silicosis also have an excess
risk of developing PTB, and whether the excess
is dependent on the amount of dust to which
they have been exposed.17
A study of foundry workers from Denmark
has shown that the morbidity from PTB
increased with the duration of exposure to
silica dust in workers without silicosis.7 The
shortcoming of this study is that the presence
of silicosis was established during the initial
examination whereas the incidence of PTB was
established during a follow up period of almost
10 years. Thus the silicotic status might have
changed during the follow up period. Our
study shows that silicosis is a progressive
disease and might become radiologically visible
years after exposure to dust ended and also that
a large percentage of silicosis found at necropsy
is not diagnosed radiologically.
A case-control study based on the United
States national mortality surveillance database
in which mortality data for PTB was related to
occupational exposure to silica dust also found

that exposure to silica dust is associated with
increased mortality from PTB after adjustment
for pneumoconiosis.12 The limitation of this
study is that silicosis was established from the
death certificates and that occupational exposure was obtained indirectly by interviewing
the next of kin. Thus misclassification of
disease and exposure was likely to have been
present in this study.
The first two objectives of our study were to
investigate with radiological and necropsy data
for the diagnosis of silicosis whether silica dust
on its own, without the presence of silicosis, is
associated with an increased risk of PTB and
whether the excess risk is dose related.
The results show that the risk of PTB
increases with the presence of radiologically
diagnosed silicosis, with increasing cumulative
exposure to silica dust, and with tobacco packyears. The presence of silicosis diagnosed
radiologically increased the risk of PTB by
about four times after adjustment for cumulative dust and smoking (table 2, models 3 and
4). The RR for PTB showed a significant trend
with quartiles of cumulative exposure to dust
(table 2, model 4). The results indicate that the
miners in the highest category of exposure to
dust who were diagnosed with radiological silicosis had a 13.4 times (3.22×4.18) increased
risk of developing PTB during the follow up
period than the miners who did not have
radiological silicosis and had the lowest exposure to dust.
Although the results in table 2 show that dust
remains a significant risk factor after silicosis is
considered in the model (model 4), it can,
however, be argued that in this model cumulative silica dust can be acting as a surrogate
variable for increasing severity of silicosis. In
the next step in the analysis we therefore
estimated the association between PTB and
cumulative dust in miners who did not have
radiological silicosis (models 5 and 6) and in
miners who had not had silicosis diagnosed
radiologically or at necropsy (models 7 and 8).
For both sets of models the association
between PTB and cumulative exposure to dust
was significant and close to that found for the
whole cohort. Of the 1388 subjects used in
models 7 and 8, 572 (41.2%) had a necropsy,
thus potentially there might have been some
subjects who developed silicosis after their
radiological follow up ended.
We therefore analysed separately only subjects who had had a necropsy, to investigate
whether silica dust remains a significant risk
factor after the degree of silicosis found at
necropsy was taken into account. The results
show that after the degree of silicosis found at
necropsy was taken into account, dust still
remained a significant risk factor and that the
trend in RR with increasing dust persisted
(table 3, models 2 and 3). A miner with moderate or marked silicosis found at necropsy who
had high exposure to dust has 2.30×2.54=5.8
times increased risk of developing PTB after
the end of exposure to dust. Although the miners without silicosis at necropsy do not show a
significant trend with increasing levels of dust
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Miners (n)
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exposure to silica dust. It needs to be pointed
out that this cohort of miners had been selected
for fitness at the initial medical examination
and for having had at least 10 years of mining,
thus miners who developed PTB before
completing 10 years of underground mining
would not be included in this study as
previously those miners were not allowed to
return to underground work. The average age
at the end of dusty occupation was 53.1 (SD
4.2) for the cases versus 52.6 (SD 5.2) for the
rest of the cohort. The age of onset of silicosis
(radiological silicosis only) was 53.5 versus
56.2, respectively. The average age at the diagnosis of PTB was 60.3 (SD 5.7). Thus PTB
was diagnosed on average 7.6 years after the
end of exposure to dust and 6.8 years after the
onset of silicosis. There were only four patients
who developed PTB at the same year when the
onset of silicosis was diagnosed on the x ray
films, the rest (37) developed PTB after the
onset of silicosis. The figure shows the
distribution of the ages at last exposure for the
whole cohort, the age at radiological onset of
silicosis in workers with silicosis, and of the age
at diagnosis of PTB.
Limitations of the study are that miners who
developed PTB before they worked 10 years
underground would not be included in this
study as at the time these workers were
employed underground, miners who developed
PTB were not allowed to continue underground service. Although most of the retired
miners came for radiological examination after
retirement from dusty occupations this would
not be on a regular basis, thus the onset of silicosis might be aVected by this, but most miners
came for medical examinations.21 Also, miners
who were awarded second degree compensation for pneumoconiosis would not benefit
from a visit to the MBOD. There is also the
possibility that not all the miners who developed PTB were notified to the MBOD,
although this number would be small as notification of PTB is compulsory by law.
Conclusion
The results indicate that the silica dust which
miners accumulate in their lungs during exposure is a lifelong risk for the development of
PTB, even if silicosis is not present in the lungs.
Furthermore, even after exposure to dust ends,
ex-miners continue to be at risk of developing
silicosis and the development of silicosis places
them at even greater risk of developing PTB.
Moreover, the data show that miners with very
few silicotic nodules (negligible and slight
degree of silicosis) have significantly increased
risk of getting PTB and that this degree of silicosis is seldom diagnosed radiologically.
The results of this study show that even after
exposure to silica dust has ended, lifelong surveillance for silicosis and especially for PTB is
important in workers exposed to silica dust. In
Southern Africa, where the population of
ex-miners is extensive, it is important that
healthcare providers are informed about the
increased risk of PTB in ex-miners, so that
patients with respiratory symptoms who have a
previous mining history are rigorously investi-
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(table 3, models 4 and 5), the number of these
miners in this group is small.
Thus the results obtained for the whole
cohort with radiologically diagnosed silicosis,
and for the necropsied subjects with silicosis
diagnosed at necropsy showed that silica dust
without the presence of silicosis was an important risk factor for the development of PTB
and that the eVect is dose dependent.
The above findings confirm, in humans, the
in vitro and animal experimental evidence that
silica dust may increase the risk of PTB
through its direct eVect on the pulmonary
macrophage. Current knowledge on the mechanism by which silica particles potentiate the
increased susceptibility to mycobacterial infection suggests that depending on the dose of
silica dust, silica particles can cause destruction
of the pulmonary macrophage, or in lower
doses alteration of its metabolism and function,
thereby reducing its capacity for an eVective
antibacterial defence.14 15 The presence of silica
particles in the lung has also been shown to
lead to an alteration of cell mediated
immunity.16
The part that silicosis, or the susceptibility to
develop silicosis, plays in PTB is uncertain. It
has been suggested that the bacilli may be
encapsulated in the silicotic nodules and cause
increased risk of future reactivation of the
disease,24 or that the altered immunological
profile in the lungs of the people with silicosis
might predispose a person to PTB infection.16
It is noteworthy that even a negligible degree of
silicosis (<5 nodules) is associated with an
increased risk when compared with those without silicosis. This result seems to suggest that
the eVect of silica dust, rather than that of those
few silicotic nodules, is causing the increased
risk. Because epidemiological studies cannot
estimate the eVect of silicosis in the absence of
silica dust, and the eVects of silicosis and dust
are correlated, it is not possible to determine by
epidemiological studies whether silicosis itself
is the causal factor or whether silicosis is acting
as a surrogate variable for the eVect of dust.
Our previous study of this cohort of miners
has shown that many subjects not diagnosed
radiologically had silicotic nodules found at
necropsy.21 With additional necropsy results
since that study, we have found now that only
34% of 719 subjects found to have silicosis at
necropsy had been diagnosed radiologically
(although this cohort had annual radiological
examinations while exposed to dust and most
miners had radiological follow up after the end
of exposure to dust, although less regularly21).
The percentages not diagnosed radiologically,
according to the severity of silicosis found at
necropsy, were 97.8% for negligible, 75.4% for
slight, 51.6% for moderate, and 30.0% for
marked silicosis (there were 61 miners with
marked silicosis). Thus, to show the relation
between silica dust in the absence of silicosis
and the risk of PTB, it is necessary to have data
from necropsy.
The third objective of the study was to investigate what is the predominant chronological
sequence between the development of PTB
and the development of silicosis after the end of
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gated for PTB. Furthermore, if resources are
available, miners and ex-miners should receive
prophylactic antituberculous treatment as suggested by the American Thoracic Society.25

