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Pulmonary mycobacterial disease is common in miners. Risk factors for nontuberculous pulmonary
mycobacterial (NTM) disease and tuberculosis (TB) in gold miners were identified in a retrospective
case-control study that included 206 NTM patients and 381 TB patients of known human immunode-
ficiency virus (HIV) status diagnosed between 1993 and 1996. A total of 180 HIV-tested trauma/surgi-
cal inpatients were selected as control patients. Both HIV infection (odds ratio [OR] 3.6 for NTM and
4.5 for TB patients) and higher grades of silicosis (OR 5.0 for NTM and 4.9 for TB patients) were sig-
nificantly more common in NTM and TB patients than in control patients. HIV prevalence rose in the
control and both case groups during the study period. The overall HIV prevalence was 13.1% in NTM
patients, 14.2% in TB patients, and 5.6% in control patients. Previous TB (OR 9.6), premorbid focal
radiological scarring (OR 7.4) and a dusty job at diagnosis (OR 2.4) were additional significant risk
factors for NTM disease. These findings suggest that the historically high incidence of NTM disease in
miners is largely attributable to chronic chest disease from silica dust inhalation and prior TB. HIV in-
fection has recently become an additional risk factor for mycobacterial disease in miners and is likely
to become increasingly important as the HIV epidemic progresses. 

 

Corbett EL, Churchyard GJ,
Clayton T, Herselman P, Williams B, Hayes R, Mulder D, De Cock KM. Risk factors for pulmo-
nary mycobacterial disease in South African gold miners: a case-control study.

 

AM J RESPIR CRIT CARE MED 1999;159:94–99.

 

The South African tuberculosis (TB) incidence rates are among
the highest reported worldwide (1). Gold mining is an impor-
tant industry in South Africa, with approximately 300,000 cur-
rently employed men, the majority of whom are underground
workers. Gold deposits are found in hard rock with a high sil-
ica content, and silicosis is a recognized occupational hazard
(2, 3). Silicosis is a strong risk factor for TB (4) and has been
associated with pulmonary disease caused by nontuberculous
mycobacteria (NTM) (5–8). Reported TB incidence rates in
currently employed miners are above the South African na-
tional rates (9) and are increasing. In South Africa, as in other
parts of the world, NTM disease also appears to be common in
miners (10, 11). In recent years human immunodeficiency vi-

rus (HIV) infection has become widely prevalent in South Af-
rica (12). HIV infection predisposes to both TB and NTM dis-
ease (13, 14) and the introduction of this additional strong risk
factor would be expected to result in an increase in the inci-
dence of both diseases.

This study is a retrospective case-control investigation of
the effects of HIV infection, dust exposure, silicosis, and prior
TB infection on NTM disease and TB in a South African min-
ing workforce. South African miners are mainly migrant
workers from rural South Africa and neighboring countries
who work and live for the majority of the year in complexes
based around mine shafts, returning to their home areas for 1
to 3 mo each year. Use of commercial sex workers is common
practice and the incidence of sexually transmitted diseases
(STDs) in these men is extremely high (15). HIV prevalence
in TB and STD patients has been increasing rapidly during the
last few years (Dr. G. Churchyard, unpublished observations).

 

METHODS

 

Study Location

 

The case and control patients were selected from patients attending
the Ernest Oppenheimer Hospital situated at Welkom in the Free
State Province of South Africa. The hospital is the sole source of ter-
tiary care for employees of Freegold, a gold mining company, and
provides a centralized TB treatment program. Detailed records of
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each case of TB and NTM disease treated since 1990 have been kept
on a computerized database, and separate records of all TB patients
are available from 1975. The company keeps computerized demo-
graphic and employment records on all employees. All miners are
screened annually with a 100-mm mini-chest radiograph. Serial radio-
graphs are available for review. During the study period, the size of
the entire workforce contracted from 82,000 to 63,000 employees, the
majority of whom are black underground workers.

 

Bacteriology

 

Miners presenting either with symptoms suggestive of mycobacterial
disease, or who were noted to have new radiological changes at their
annual medical examination were routinely screened for mycobacte-
rial disease with sputum microscopy and culture. Sputum samples
were taken on two subsequent days and were concentrated, stained
with auramine O, and examined for mycobacteria using fluorescent
microscopy. Positive slides were confirmed with Ziehl-Nielsen stain-
ing. Initial culture of all sputum samples was onto Lowenstein-Jensen
(LJ) slopes. The number of colonies on positive LJ slopes was re-
corded as: scanty (1 to 20); 1

 

1

 

 (20 to 99); 2

 

1

 

 (100 to 200); 3

 

1

 

 (more
than 200). Positive LJ slopes were sent to the South African Institute
of Medical Research (SAIMR), Johannesburg, for species identifica-
tion and drug sensitivity testing. The hospital policy was to send only a
single LJ slope for identification per disease episode, unless further
positive cultures were obtained from the patient more than 6 mo after
beginning treatment. The SAIMR laboratory used standard biochem-
ical tests to distinguish different nontuberculous mycobacterial species.

 

Case and Control Selection

 

NTM case patients

 

. Patients from whom NTM organisms had been
isolated between January 1993 and July 1996 were identified from the
TB database. A total of 206 men with their first infection with one of
the three most commonly identified pathogenic organisms at this loca-
tion, 

 

Mycobacterium kansasii

 

, 

 

M. scrofulaceum

 

, and 

 

M. avium

 

 com-
plex, who met the case definitions for NTM disease as outlined subse-
quently, and who had been HIV-tested for the first time as a result of
their diagnosis of NTM disease were included as cases.

The case definitions for NTM disease were: (

 

1

 

) isolation of a fully
speciated NTM organism from one or more sputum samples, plus (

 

2

 

)
new chest radiograph changes compatible with NTM disease, plus (

 

3

 

)
treatment with two or more antimycobacterial drugs. Past mycobacte-
rial disease episodes were identified from the TB database and TB
clinic records. HIV test dates, results, and dates of previous tests were
obtained from computerized hospital records.

 

Mycobacterium tuberculosis case patients

 

. Patients presenting with
a first episode of culture-positive 

 

M. tuberculosis

 

 disease between Jan-
uary 1993 and July 1996 were identified from the TB database. Those
who had an HIV test for the first time because of their TB were iden-
tified by comparing the diagnosis dates with the hospital HIV test
records. Three hundred eighty-one TB cases were selected by random
sampling of the 1,091 patients identified in this way. This number was
chosen to give an estimated 2:1 TB case to control ratio.

 

Control patients

 

. Patients who had been admitted to the hospital
and HIV-tested between January 1993 and July 1996 because of
trauma or for surgery for conditions unrelated to HIV infection were
identified using International Classification of Diseases–Ninth Revi-
sion (ICD9) codes and HIV test records. Certain subgroups of pa-
tients are routinely offered HIV testing in the absence of clinical signs
or symptoms suggestive of HIV disease, including patients considered
to be at high risk of bacterial sepsis (e.g., acute spinal injuries and
those admitted to the intensive care unit) and patients undergoing
certain orthopedic procedures where knowledge of the result will in-
fluence the surgical procedure used (e.g., fractured mandible). The
hospital policy is that all HIV testing is carried out with informed con-
sent and with pre- and post-test counseling. Patients tested because of
a clinical suspicion of HIV infection, and patients with a past history
of NTM disease were excluded. All 180 eligible control patients were
included in the study.

The incidence of sexually transmitted diseases is high and a high
proportion of the mining workforce have had an outpatient HIV test
(estimated at 20%). Because known HIV-positive patients would tend
not to be retested when admitted to the hospital, only patients being

HIV-tested for the first time were considered for inclusion as control
patients and the same restriction was then applied to the case patients.

 

Radiography

 

. For the NTM patients, new chest radiographic
changes were assumed to be present if the patient had been referred
from the occupational health service because of new radiological
changes detected on an annual screening radiograph. Otherwise the
presence of new radiographic changes was assessed by comparing the
presentation chest radiograph with previous standard or mini-chest
radiographs.

The presence of preexisting silicosis and/or apical focal scarring
suggestive of old TB or progressive massive fibrosis was assessed from
mini-radiographs taken at least 6 mo before the study entry date.
These films were read independently by two readers unaware of the
identity of the patient. If no suitable mini-radiograph was found then
standard size premorbid radiographs were used instead when avail-
able. In order to minimize the risk of reading films with slowly pro-
gressing mycobacterial disease, reference to previous films was made
in cases where scarring was detected. Scarring was only recorded as
present if the lesion had been static for at least 12 mo. Silicosis was
scored on a six-point scale modified from the International Labor Of-
fice (ILO) classification system designed for use with standard-size
chest radiographs (16). Standard-size ILO reference radiographs were
available for comparison. The final decisions were reached by consen-
sus in cases of initial disagreement.

 

Occupational data

 

. Employment records including the number of
years worked and job description at study entry were obtained for all
patients. The job descriptions were used to allocate men into two dust
categories as follows. High dust exposure: all underground manual jobs
that were predominantly concerned with the mining or initial transport
of rock from the face, or manual underground jobs involving later stages
of rock transport. Low dust exposure: all surface jobs, skilled jobs that
were mainly or partly underground, but were not based predominantly
at the rock face, and all underground jobs that were based away from
the rock face and not involved with transport of rock.

 

Data Analysis

 

Data were analyzed using STATA 4.0 software. Odds ratios (OR) and
95% confidence intervals (95% CI) (Cornfield) for different risk fac-
tors were calculated in the univariate analyses. Logistic regression was
used for multivariate analysis to identify independent risk factors for
NTM disease and TB, and to identify differences between the NTM
and TB cases. The variables included in all models were HIV status,
silicosis grade, premorbid radiological scarring, previous TB treat-
ment (NTM and control patients only), age group, employment dura-
tion group, dust level of the job at diagnosis, and a time scale repre-
senting the month of presentation. The latter was included to adjust
for the disproportionate number of TB patients who were recruited in
the later part of the study while HIV prevalence was increasing. p Val-
ues were derived using likelihood ratio tests.

 

RESULTS

 

In total 594 mineworkers from whom NTM organisms had
been isolated from one or more sputum samples were identi-
fied during the specified time period. Four hundred six had
a fully speciated NTM identified of which 273 (67.2%) were

 

M. kansasii

 

 isolates, 52 (12.8%) were 

 

M. scrofulaceum

 

 iso-
lates, and 24 (5.9%) were 

 

M. avium

 

 complex isolates. Two
hundred six (59.0%) NTM case patients were identified from
the 349 patients with suitable NTM organisms, including 161
(78%) with 

 

M. kansasii

 

, 30 (15%) with 

 

M. scrofulaceum

 

, and
15 (7%) with 

 

M. avium

 

 complex isolates. Each of the case pa-
tients had an HIV test for the first time at the time of diagno-
sis together with new chest radiograph changes and was
treated with antimycobacterial drugs but had no past treat-
ment for the same NTM organism. The HIV prevalence was
13.1% in the case patients compared with 33.3% in those who
otherwise fulfilled the entry criteria but had had an HIV test
before (p 

 

,

 

 0.001).
Of the 161 

 

M. kansasii

 

 case patients, 132 (82%) were
smear-positive; 41 (25%) had between 20 and 100 mycobacte-
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rial colonies; 34 (21%) had between 100 and 200 colonies; and
22 (14%) had more than 200 colonies present on the LJ slope
from which the organism was identified. Of the 30 

 

M. scrofula-
ceum

 

 case patients, 24 (80%) were smear-positive; 10 (33%)
had between 20 and 100 mycobacterial colonies; and 3 (10%)
had more than 100 colonies present on the LJ slope from
which the organism was identified. Of the 15 

 

M. avium

 

 com-
plex case patients, 6 (40%) were smear-positive; 3 (20%) had
between 20 and 100 mycobacterial colonies; and 2 (13%) had
more than 100 colonies present on the LJ slope from which
the organism was identified. As outlined in the M

 

ETHODS

 

 sec-
tion, men who made a satisfactory response to antimycobacte-
rial treatment did not have more than one mycobacterial iso-
late identified, regardless of the number of available cultures.
However, 138 (87%) of the 

 

M. kansasii

 

, 21 (70%) of the 

 

M. scrof-
ulaceum

 

, and 7 (47%) of the 

 

M. avium

 

 patients did have more
than one positive mycobacterial sputum culture at the time of
presentation. In addition, 19 (12%) of the 

 

M. kansasii

 

 and 5
(17%) of the 

 

M. scrofulaceum

 

 case patients had a further iso-
late of the same NTM species identified from follow-up spu-
tum samples taken during the course of their treatment or on/
after completion of treatment.

The HIV prevalence in the 381 TB case patients was 14.2%.
This was lower than the prevalence in those who were other-
wise eligible but had been excluded because of a previous
HIV test (37.6%, p 

 

,

 

 0.001). Three hundred thirty-three po-
tential control patients were identified using the ICD9 admis-
sion codes and HIV test dates. After review of the case notes,
180 control patients were selected from these on the basis of
the reason for HIV testing without reference to the HIV test re-
sult. The admission diagnoses in eligible control patients were
predominantly trauma-related for 152 patients and elective
surgery in 28. The overall HIV prevalence in patients selected
as control patients was 5.6%.

No suitable mini-radiograph could be found for 50 patients
(6.6% of total), of whom 32 had a standard radiograph avail-
able from which a silicosis score could be obtained, leaving 18
patients with no silicosis score (one control patient, four NTM
patients, and 13 TB patients). Seventeen TB patients had only
the presentation large chest radiograph available. These pa-
tients were not given any score for previous focal radiological
scarring.

The patient characteristics of the NTM and TB case pa-
tients and the control patients are shown in Table 1. The num-
bers of cases and controls recruited each year and their HIV
prevalence are shown in Table 2. The HIV prevalence in-
creased in each group from the earlier to the later period of
the study, with a more rapid rise in the case patients than the
control patients. The proportion of TB case patients recruited
in the later period of the study was higher than that of NTM or
control patients. The mean ages of the HIV-positive and HIV-
negative NTM cases were 42.5 and 44.1 yr, respectively (p 

 

5

 

0.240), 39.8 and 42.4 yr, respectively, for the TB cases (p 

 

5

 

0.031), and 34.7 and 39.2 yr, respectively, for the control pa-
tients (p 

 

5

 

 0.104). There was a higher proportion of NTM and
TB cases compared with control patients in the older age
groups and longer employment duration groups. There was a
higher prevalence of HIV infection, silicosis, and prior focal
radiological scarring in the NTM and TB case patients than in
the control patients. Silicosis increased in prevalence with in-
creasing age in each group. Univariate OR, CI, and p values
for risk factor prevalence in case patients compared with con-
trol patients are shown in Table 3.

Multivariate OR, 95% CI, and p values of risk factor preva-
lence for cases compared with control patients are shown in
Table 4. A time scale representing the month of diagnosis was

included in both models in addition to the variables shown in
Table 4. For the NTM cases, premorbid focal radiological
scarring, a past history of TB, HIV infection, silicosis, a dusty
job at diagnosis, and duration of service were significant risk
factors for disease when compared with control patients. For
the TB cases compared with controls, HIV infection, proba-
ble, early and high-grade silicosis and duration of employment
were significant risk factors.

Univariate and multivariate OR, 95% CI, and p values of
risk factor prevalence for NTM cases compared with TB cases
are shown in Table 5. Only NTM case patients with no known
history of past TB treatment were included in this comparison.
Focal radiological scarring and a dusty job at the time of diag-
nosis were significantly more prevalent in the NTM case pa-
tients in both the univariate and multivariate analyses.

 

TABLE 1

NTM AND TB CASE AND CONTROL PATIENT CHARACTERISTICS

 

Characteristic
NTM Cases
(

 

n

 

 

 

5

 

 

 

206

 

)
TB Cases
(

 

n

 

 

 

5

 

 

 

381

 

)
Controls

(

 

n 

 

5

 

 180

 

)

Age group

 

,

 

 35 yr 28 (13.6)* 73 (19.2)* 61 (33.9)*
35–44 yr 80 (38.8) 163 (42.8) 71 (39.4)

 

>

 

 45 yr 98 (47.6) 145 (38.1) 48 (26.7)
Employment duration

 

,

 

 10 yr 21 (10.2) 65 (17.1) 70 (38.9)
10–14 yr 35 (16.7) 64 (16.8) 42 (23.3)
15–19 yr 68 (33.0) 141 (37.0) 39 (21.7)

 

>

 

 20 yr 82 (39.8) 111 (29.1) 29 (16.1)
Occupation at diagnosis

Driller 31 (15.1) 56 (14.7) 33 (18.3)
Mining team 89 (43.2) 150 (39.4) 65 (36.1)
Scraper winch 31 (15.1) 43 (11.3) 19 (10.6)
Rock transport (underground) 22 (10.7) 41 (10.8) 11 (6.1)
Other underground 26 (12.6) 62 (16.3) 34 (18.9)
Surface 7 (3.4) 29 (7.6) 18 (10.0)

Dusty job at diagnosis 184 (89.3) 307 (80.6) 138 (76.7)
HIV-positive 27 (13.1) 54 (14.2) 10 (5.6)
Silicosis grade

 

†

 

None 96 (47.8) 198 (53.8) 142 (79.3)
Possible 20 (10.0) 50 (13.6) 19 (10.6)
Probable 15 (7.5) 40 (10.9) 8 (4.5)
Early 40 (19.9) 37 (10.1) 6 (3.4)
High-grade 30 (14.9) 43 (11.7) 4 (2.2)

Silicosis prevalence (probable/
early/high) by age group

 

†

 

,

 

 35 yr 5 (19.2) 7 (10.1) 1 (1.6)
35–44 yr 20 (25.3) 41 (25.3) 7 (10.0)

 

>

 

 45 yr 60 (62.5) 72 (52.6) 10 (20.8)
Prior focal radiological scarring

 

‡

 

107 (53.0) 46 (13.1) 10 (5.6)
Past history of TB treatment 97 (47.1) NA 10 (5.6)

* Number (%).

 

†

 

 From radiographs of 201 NTM patients, 368 TB patients, and 179 control patients.

 

‡

 

 From radiographs of 202 NTM patients, 351 TB patients, and 179 control patients.

 

TABLE 2

HIV PREVALENCE BY YEAR OF DIAGNOSIS IN NTM AND
TB CASES AND CONTROL PATIENTS

 

NTM Cases TB Cases Control Patients

Year of Presentation n HIV-positive n HIV-positive n HIV-positive

1993 63  3 (4.8)* 64  3 (4.7)* 47  2 (4.3)*
1994 62 12 (19.4) 117 11 (9.4) 45 2 (4.4)
1995 61 7 (11.5) 135 26 (19.3) 62 4 (6.5)
1996 (January–July only) 20 5 (25.0) 65 14 (21.5) 26 2 (7.7)

Total 206 27 (13.1) 381 54 (14.2) 180 10 (5.6)

* Number (%).
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DISCUSSION

 

This study was designed to investigate the predominant risk
factors for pulmonary NTM disease and TB in this population.
The study design may have influenced the results for two main
reasons. First, the control group includes trauma patients in-
jured at work, which may have resulted in a bias toward men
employed in heavy manual jobs, making the differences in oc-
cupational histories between the cases and control patients
difficult to interpret. Second, restricting entry into the study to
men who had not previously been HIV-tested will probably
have led to relatively low HIV prevalence in both cases and
control groups. This step was necessary because symptomatic

STDs are sufficiently common to mean that a substantial pro-
portion of the workforce has had an outpatient HIV test (esti-
mated at 20%). The control patients were selected from men
who had been HIV-tested in the hospital. Including men who
had previously been HIV-tested would have resulted in a se-
lection bias away from known HIV-positive men (who would
tend not to be retested on admission). However, only includ-
ing men with no previous HIV test will have selected mainly
men who have not had a symptomatic STD or any manifesta-
tion of HIV infection, and who are therefore from a relatively
low HIV risk group. In order to make the cases compatible
with the control patients, the same entry criteria were applied
to the cases, who were therefore restricted to men having a first
HIV test as a result of their TB or NTM disease. The effect of
this can be seen by comparing the HIV prevalence in the TB
and NTM patients who were excluded because of having had a
prior HIV test with those selected as cases (37.6% compared
with 14.2% for TB patients, and 33.3% compared with 12.0%
for NTM patients).

Despite these limitations, HIV infection is clearly a signifi-
cant risk factor for both TB and NTM disease in this working
population. It is likely that the relatively low OR for HIV
found in this study reflect both the early stage of the HIV epi-
demic and the unusually high incidence of mycobacterial dis-
ease in HIV-negative patients due to the high prevalence of
other strong risk factors that are rare in other populations.
The rising prevalence of HIV infection among the control pa-
tients between 1993 and 1996 suggests that HIV infection is
likely to make an increasingly important addition to the al-
ready high rates of occupational mycobacterial disease as the
South African HIV epidemic progresses.

Silicosis remains the other major risk factor for TB, with a
progressive rise in the OR for TB with increasing silicosis
grades. Increased susceptibility to TB from very early silicosis
has been noted before (17). Silicosis prevalence in South Afri-
can gold miners seems to have increased over the last two de-
cades, probably as a result of changes in work practices result-
ing in an increased duration of employment for the workforce

 

TABLE 3

UNIVARIATE OR, CI, AND SIGNIFICANCE OF RISK FACTOR
PREVALENCE IN THE CASE PATIENTS COMPARED

WITH CONTROL PATIENTS

 

NTM Cases TB Cases

Risk Factor OR 95% CI OR 95% CI

HIV-positive 2.6 1.22–5.38 2.8 1.33–6.1
Silicosis

None 1 p

 

T

 

 

 

,

 

 0.001* 1 p

 

T

 

 

 

,

 

 0.001
Possible 1.6 0.79–3.07 1.9 1.07–3.34
Probable 2.8 1.13–6.80 3.6 1.62–7.89
Early/high-grade 10.4 5.08–21.09 5.7 2.87–11.46

Focal radiological scarring 19.0 9.59–37.70 2.6 1.20–5.60
PMH of TB treatment 15.1 7.64–29.93 NA —
Dusty job at diagnosis 2.5 1.46–4.44 1.3 0.82–1.94
Employment group

 

,

 

 10 yr 1 p

 

T

 

 

 

,

 

 0.001 1 p

 

T

 

 

 

,

 

 0.001
10–14 yr 2.8 1.43–5.39 1.6 0.98–2.75
15–19 yr 5.8 3.11–10.88 3.9 2.39–6.35

 

>

 

 20 yr 9.4 4.94–17.98 4.1 2.43–7.00
Age group

 

,

 

 35 yr 1 p

 

T

 

 

 

,

 

 0.001 1 p

 

T

 

 

 

,

 

 0.001
35–44 yr 2.5 1.42–4.25 1.9 1.24–2.98

 

>

 

 45 yr 4.5 2.53–7.83 2.5 1.58–4.04

 

Definition of abbreviation

 

: PMH 

 

5

 

 past medical history.
* p Values for trend shown for variables with more than two categories.

 

TABLE 4

MULTIVARIATE-ADJUSTED OR, CI, AND SIGNIFICANCE OF
RISK FACTOR PREVALENCE IN THE CASE PATIENTS

COMPARED WITH CONTROL PATIENTS

 

NTM Cases TB Cases

Risk Factor OR 95% CI OR 95% CI

HIV-positive 3.6 1.35–9.82 4.5 2.12–9.57
Silicosis

None 1 p

 

T

 

 

 

,

 

 0.001* 1 p

 

T

 

 

 

,

 

 0.001
Possible 1.2 0.51–3.07 1.6 0.86–2.90
Probable 1.4 0.44–4.22 2.8 1.24–6.46
Early/high-grade 5.0 2.02–12.32 4.9 2.32–10.58

Focal radiological scarring 7.4 3.24–16.73 1.8 0.81–3.80
PMH of TB treatment 9.6 4.19–22.09 — —
Dusty job at diagnosis 2.4 1.06–5.45 1.0 0.62–1.62
Employment group

 

,

 

 10 yr 1 p

 

T

 

 

 

,

 

 0.001 1 p

 

T

 

 

 

,

 

 0.001
10–14 yr 2.6 1.09–6.24 1.9 1.07–3.36
15–19 yr 5.6 2.27–14.00 4.4 2.45–7.75

 

>

 

 20 yr 7.1 2.70–18.79 3.6 1.84–7.12
Age group

 

,

 

 35 yr 1 p

 

T

 

 

 

5

 

 0.39 1 p

 

T

 

 

 

5

 

 0.79
35–44 yr 0.7 0.30–1.55 1.1 0.65–1.98

 

>

 

 45 yr 0.6 0.26–1.60 0.9 0.48–1.73

 

Definition of abbreviation

 

: PMH 

 

5

 

 past medical history.
* p Values for trend shown for variables with more than two categories.

 

TABLE 5

COMPARISON OF RISK FACTOR PREVALENCE BETWEEN NTM
PATIENTS WITH NO PAST HISTORY OF TB TREATMENT

(n

 

5

 

109) AND TB PATIENTS—UNIVARIATE-
AND MULTIVARIATE-ADJUSTED OR, CI,

AND SIGNIFICANCE LEVELS

 

Univariate Multivariate

Risk Factor OR 95% CI OR 95% CI

HIV-positive 1.0 0.53–1.78 1.2 0.58–2.36
Silicosis

None 1 p

 

T

 

 

 

5

 

 0.02* 1 p

 

T

 

 

 

5

 

 0.91
Possible 0.6 0.28–1.42 0.5 0.21–1.16
Probable 0.8 0.35–1.70 0.6 0.26–1.52
Early/high-grade 1.9 1.18–3.16 1.1 0.60–2.02

Focal radiological scarring 4.2 2.58–6.99 4.0 2.33–6.86
Dusty job at diagnosis 2.1 1.11–4.16 2.3 1.10–4.82
Employment group

 

,

 

 10 yr 1 p

 

T

 

 

 

5

 

 0.03 1 p

 

T

 

 

 

5

 

 0.13
10–14 yr 1.0 0.46–2.24 1.1 0.46–2.68
15–19 yr 1.0 0.48–1.89 1.1 0.49–2.53

 

>

 

 20 yr 1.9 0.97–3.61 1.9 0.78–4.37
Age group

 

,

 

 35 yr 1 p

 

T

 

 

 

5

 

 0.23 1 p

 

T

 

 

 

5

 

 0.28
35–44 yr 0.9 0.46–1.56 0.7 0.31–1.37

 

>

 

 45 yr 1.3 0.71–2.31 0.6 0.27–1.37

* p Values for trend shown for variables with more than two categories.
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as a whole (18, 19). The prevalence of silicosis reported here is
high in both cases and control patients, and is considerably
higher than that reported from this same location in the 1980s
(2). However the two studies are not directly comparable as
there is considerable interobserver variation in silicosis re-
porting (3) and the control patients used here were not a ran-
dom cross-section. Another factor that will have increased the
apparent prevalence of silicosis from this site is an improve-
ment in the radiological quality of the miniature radiographs
from the introduction of better X-ray techniques. Increasing
the resolution of the radiographs is likely to have resulted in
an increased sensitivity, especially for early cases of silicosis.
The silicosis prevalence reported here in the control patients
are similar to those reported in an autopsy survey of miners
dying of trauma which covered the period of 1975–1991 and
noted a rise both in the median age at death and in silicosis
prevalence from the earlier to the later years of the study (19).

A past history of TB, premorbid focal radiographic scar-
ring, silicosis, HIV infection, and a dusty job at diagnosis are
the significant risk factors for NTM disease identified here.
After adjusting for silicosis a dusty job remained a significant
risk factor for NTM disease, but not TB. Miners working in
dusty environments have been shown to have symptoms of
chronic bronchitis, with lung function changes comparable to
those in smokers (20). Past TB, bronchiectasis from other
causes, chronic bronchitis, and other types of chronic lung dis-
ease have been reported with high frequency in both mining
and nonmining patients with pulmonary NTM disease (8). The
findings taken overall suggest that an intact bronchial tree and
sputum clearance mechanisms are important first-line de-
fenses against pulmonary NTM disease.

Past TB treatment and focal radiological scarring had the
highest OR in both the univariate and multivariate analyses,
and were each present in about half of the NTM case patients.
Prior focal radiological scarring was initially intended to iden-
tify patients with old TB scarring, but the radiological appear-
ances of progressive massive fibrosis can be indistinguishable
from TB scarring. Focal scarring was strongly correlated with
a past history of TB treatment (p 

 

,

 

 0.001), but was also corre-
lated with silicosis grading (p 

 

,

 

 0.001), with the prevalence of
focal scarring in patients with no known history of previous
TB treatment increasing from 8.6% in those with no silicosis
to 32.3% in those with high-grade silicosis. Thus prior focal ra-
diological scarring probably represents a composite score of
these two separate pathologies.

Although mining has long been associated with NTM dis-
ease, this is the first detailed investigation of NTM disease risk
factors, and goes some way to explaining the historically high
incidence rates on a combination of silicosis and high TB inci-
dence rates, with the additional possibility that chronic bron-
chitis from exposure to dust may be contributing to NTM
disease. It is also possible that miners may have a greater oc-
cupational exposure to potentially pathogenic environmental
mycobacteria than workers in less dusty occupations. HIV in-
fection has now been added to these long-standing risk fac-
tors. Using the multivariate OR, the population attributable
fractions for the significant NTM disease risk factors are re-
spectively: past history of TB treatment, 42%; focal radiologi-
cal scarring, 46%; early/high grade silicosis, 28%; dusty job,
52%; and HIV infection, 9%. The figure for HIV infection will
be an underestimate because of the case and control selection
bias discussed previously. Silicosis may predispose to NTM
disease both directly and indirectly, by predisposing to TB
which is itself a strong risk factor for NTM disease.

A high proportion of patients with a past history of TB is a
consistent feature of NTM disease case series from around the

world (8, 21). The data from this study illustrate the strength
of this association. The association is likely to be at least in
part a causal one, due to predisposition to NTM disease from
post-tuberculous bronchiectasis. However, the ability to re-
spond to mycobacterial antigens is in part genetically deter-
mined (22), and so it is also possible that previous TB disease
(as opposed to asymptomatic infection) is simply acting as a
marker for genetically poor mycobacterial responders. This
latter hypothesis is consistent with the observation that the in-
cidence of HIV-negative NTM disease does not seem to have
fallen in the United States following the reduction in TB inci-
dence rates, but the proportion of NTM patients with no
known risk factor for NTM disease has increased (23).

One notable negative finding is that age has not been iden-
tified here as an independent risk factor for TB. There were
small but significant age differences between the TB and NTM
cases and control patients, but duration of employment and
silicosis, which are both strongly age-associated, were suffi-
cient to account for the increased ages of the cases in the mul-
tivariate analyses for both TB and NTM. This may simply re-
flect the choice of control patients, and is in contrast to several
other studies of TB in miners from South Africa where in-
creasing age has been identified as an important independent
risk factor for TB (18, 24, 25). However, because of the associ-
ation between age, cumulative silica dust exposure, and silico-
sis, interpretation of age-related changes in TB susceptibility
in miners is difficult regardless of the study design.

The two main conclusions concerning the gold mining in-
dustry in South Africa are as follows. First, dust control regu-
lations need to be reassessed, taking into account the recent
changes in employment patterns, the mounting evidence that
silicosis prevalence is increasing, and the onset of the HIV ep-
idemic. Despite the numerous regulations addressing dust lev-
els, there is no systematic monitoring of silicosis prevalence
and morbidity in South Africa, although annual chest radio-
graph screening is compulsory for all mine workers. Directly
monitoring and reporting early silica-induced morbidity in ad-
dition to silica dust exposure would allow time trends to be
identified more confidently, at an earlier stage and, if linked to
employment data, could facilitate the introduction of more ef-
fective control measures by identifying high-risk occupations.

Second, the impact of HIV infection on the preexisting tu-
berculosis problems in mineworkers is likely to be severe.
Mineworkers live in close contact with one another both at
work and in the hostels in which most of them live for the ma-
jority of their working years. HIV-infected mineworkers will
not only be at high risk of reactivational TB but will also be at
high risk of exogenous reinfection because of their social con-
ditions. As HIV infection becomes more prevalent this may
result in a situation akin to that seen in HIV housing facilities
and inpatient wards, where the combination of high TB preva-
lence and high individual susceptibility to infection has re-
sulted in nosocomial epidemics (26). TB control, STD control,
and HIV and silicosis prevention must become high priorities
for all those concerned with the health of mineworkers. The
possibility that TB and other opportunistic infections may ac-
celerate the course of HIV infection (27) adds to the gravity of
the situation. Finally, the possibility of NTM disease must be
considered by physicians treating former mineworkers for TB,
especially those with a past history of TB treatment or evi-
dence of old TB scarring on their chest radiographs.
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