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Tuberculosis notification rates among South African miners range from
4,000 to 7,000 per 100,000 people. These rates far exceed national tuberculosis notification rates for the general population. Tuberculosis mortality also
surpasses deaths caused by mining accidents. These extraordinarily high
rates of disease are unambiguously linked to a series of contributing factors,
including exposure to silica dust, HIV infection, and poor working and living
conditions. We argue that the only way to stop the transmission of this
airborne disease is to treat the mine and its living quarters as one should any
other congregate setting with individuals who have high rates of infection
with drug-susceptible and drug-resistant strains of tuberculosis. This means
implementing interventions that have been demonstrated to stop the spread
of tuberculosis over the last 60 years: immediate treatment of active
tuberculosis, concurrent treatment of latent tuberculosis disease to reduce
the burden of active cases, and appropriate management of patients infected
with HIV. Because tuberculosis is also a social disease, biomedical interventions must be coupled with improved living and working conditions.
Achieving zero deaths from tuberculosis in the mines is possible if a clear
commitment is made to a strategy that recognizes and ameliorates the biological and social antecedents to this epidemic.

On February 25, 1914, William Crawford Gorgas—the 22nd U.S. Surgeon
General and a public health champion known for his efforts to eradicate yellow
fever and malaria—presented a report to the British colonial government on his
inspection of the gold and diamond mines of South Africa’s Transvaal region and
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Rhodesia. Gorgas and his team observed miners working long days, with little
nourishment; in the evenings, they returned to living quarters consisting of rooms
holding between 20 and 60 laborers in three-tiered bunk beds (1, 2). After
spending three months visiting the Rand mines, where more than 200,000 miners
worked, Gorgas reported that he “found the men were living in barracks closely
strung together with a death rate of 30 to 35 per 1,000 [miners]”—deaths due
to pneumonia, tuberculosis (TB), meningitis, and enteric fever. Gorgas’ report
exposed the simple truth about why mine workers faced a two- to 10-fold risk of
acquiring TB. He commented that such epidemics occur “in places where large
numbers of men are herded together without sufficient breathing space” (1, 3).
Autopsies of the “pneumonia” patients showed that they were actively infected
with TB. According to studies conducted by local scientists, two factors contributed to the high mortality: exposure to disease by new arrivals and crowded
living conditions (1). For Gorgas, the solution to the high mortality was simple:
improve workers’ living conditions, improve their diet, and expand medical
services so that those who are sick receive timely, appropriate care (2, 3).
Almost a century after the Gorgas report, TB remains a significant threat to
the more than 500,000 workers in southern Africa’s mines. TB notification
rates among South African miners range from 4,000 to 7,000 per 100,000 people
(4, 5). These rates are almost exclusively tied to gold miners, and they exceed
national TB notification rates for the general population more than 10-fold
(5, 6). TB mortality at the mines also surpasses deaths caused from accidents,
and miners have a 3.6 odds ratio of dying from TB compared with non-mine
workers in the same geographical region (7–9).
These extraordinarily high rates of disease are unambiguously linked to a series
of contributing factors working in concert with one another. Miners suffering
from silicosis, an occupational lung disease most commonly associated with
primary silica dust exposure in gold mines, face an almost three-fold risk of
developing active TB compared to miners without silicosis (10–18). Infection
with HIV, with prevalence among miners estimated at 25 percent to 30 percent,
increases the risk of TB as much as five-fold (4, 16). The combination of the
two—infection with HIV and exposure to silica—increases the TB incidence rate
15 times higher than in HIV-negative miners not suffering from silicosis (16).
As Gorgas’ report highlighted, poor living and working conditions further
exacerbate the risk for TB. A significant number of miners are migrants, traveling
between their rural home areas and densely populated mining communities.
More than 100,000 workers in the mining industry come from Lesotho, Swaziland, Mozambique, or Botswana, and approximately 80 percent are concentrated
in the gold mining industry (19). Between 50 percent and 60 percent of these
men live in multiple-occupancy, single-sex hostels, with an average of six men
per room (20, 21). Deep-level gold mine shafts are often only two to three meters
wide and can reach up to several kilometers underground (22). This makes
crucial TB preventative strategies, such as air circulation and ventilation aimed at
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reducing silica dust, extremely difficult to implement, particularly in the cramped
confines at the rock face. Personal protection equipment, required to enter the
mineshaft, is little used in practice because of poor enforcement and because
workers often remove the equipment as a result of the increased difficulty
breathing in a hot, sweaty environment (23).
In part because of these conditions, it is estimated that 89 percent of miners
are latently infected with TB (20). These individuals collectively represent a
large population of individuals who develop active TB. Not only are rates of
new TB infections high, but the rate of recurrent TB infection in the gold mining
industry, whether or not complicated by silicosis, is more than twice the rate in
the general population. Charalambous and colleagues showed that among 609
gold mine workers followed for a median of 1.02 years after a first cured
episode of TB, 57 developed recurrent disease. Re-infection was demonstrated
by genotyping in 69 percent of those with isolates recovered from both the first
and subsequent TB episodes (24–26).
The high TB rates seen in the mines exist within a peculiar paradox. By and
large, the industry is very aware of the problem and, compared to the surrounding
population, several mining facilities possess excellent tertiary care, including
more than 40 hospitals and clinics, 350 full-time doctors, and 3,500 other medical
personnel (22). Improved health and wellness programs are especially evident
in larger mining companies, such as AngloGold Ashanti (AGA) and Gold Fields,
who have taken innovative steps to combat TB and HIV. Companies like AGA
promote active case-finding of patients with TB through bi-annual chest X
rays—using both stationary and mobile clinics—that are performed on all miners
working underground or in otherwise “dust risk work” positions (27). The
company also promotes case-finding at each point of contact in its health care
system. In addition, AGA recently acquired a modern TB laboratory at its West
Vaal Hospital, capable of mycobacterial culture and drug susceptibility testing
(27, 28). In the larger mining companies, factors that increase miners’ susceptibility to TB, namely silica dust exposure and infection with HIV, are also
addressed. These mines use a series of engineering, administrative, and personal
controls to manage silica dust in the mineshaft, integrate TB and HIV diagnostic
and treatment services, as well as a shift toward family-style housing that is less
dense. Gold Fields, for instance, is aiming to build 890 two-bedroom homes
in an effort to reduce the social and contextual factors associated with HIV
vulnerability among migrants and to reduce the dense living conditions associated with TB transmission. This is part of the company’s “24 Hours in the Life
of a Gold Fields Employee” program, which includes various initiatives around
occupational health and safety, health care, living conditions, nutrition, education,
and sport and recreation (29).
Despite laudable efforts by some companies, TB rates in the industry continue
to remain at epidemic levels and are considered a human rights crisis (30). Many
of the positive measures remain localized within only a few mines and have yet
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to be disseminated industry-wide. Additionally, the sheer force of transmission
overwhelms measures that are effective in other populations. For instance, given
the occupational hazards and factors contributing to TB, even exceeding the
World Health Organization’s cure rate target of 85 percent seems insufficient for
interrupting transmission; similarly, because of the presence of drug-resistant
strains, achieving treatment adherence of up to 98 percent among miners treated
for drug-susceptible disease does not stop the transmission of drug resistance
(31, 32). On August 18, 2012, the heads of state from the 15 member countries
of the Southern Africa Development Community (SADC) met in Maputo,
Mozambique, and signed the Declaration on Tuberculosis in the Mining Industry,
calling for zero deaths from TB in the region’s mines (33, 34). The TB crisis in the
region is staggering, but given the experiences of companies like AGA and
Gold Fields, the resources of the industry, and recent diagnostic developments,
we believe significant movements toward achieving zero deaths can be realized.
In this article, we call for exploration of an approach to stopping the transmission of this airborne disease that treats mines and associated living quarters
as one would any other congregate setting with individuals who have high rates
of infection with drug-susceptible and drug-resistant strains of TB. This means
implementing critical biomedical interventions that have been demonstrated to
stop the spread of TB: rapid diagnosis using new diagnostic tests, linked to early
treatment of active TB with the appropriate medicines (including second-line
anti-TB drugs for multi-drug-resistant TB [MDR-TB]). Coupled with the treatment of latent TB disease and appropriate management of patients infected with
HIV, we are confident this strategy would enhance current approaches. Additionally, because TB is also a social disease, as Gorgas and his colleagues
suggested a century ago, biomedical interventions must be coupled with
improved living conditions, working conditions, and nutrition. In the following
sections, we argue that by adopting strategies that target the transmission of
TB—borrowed from the clinical environment, but extrapolated to other congregate settings—it will be possible to move toward the goal of achieving zero
deaths from TB in the mines.
EFFECTIVE DIAGNOSIS AND TREATMENT IS THE
FIRST STEP IN PREVENTING DEATHS
From a clinical perspective, the first step in combating TB and preventing deaths
is identifying TB patients early and initiating the correct treatment as close to
the time of diagnosis as possible. This strategy has dual benefits. First, it allows
patients with TB to get on treatment sooner and to experience lower risks of
progressive lung destruction, morbidity, and mortality. Lung function declines
more rapidly in miners presenting with advanced TB and more significantly
with each successive episode of TB (35, 36), making delayed diagnosis and its
impact on the miner’s endurance a mining workforce supply issue as well as a
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health issue. In addition, unsuspected TB patients (i.e., those who have active
disease but have not yet been identified as such) pose a high risk of transmission
to others (37). Second, timely diagnosis and treatment initiation convert patients
who are infectious or potentially infectious into non-infectious patients (38, 39).
Treatment must be effective, meaning that the M. tuberculosis bacilli isolated
from the patient’s sputum must be susceptible to the drug regimen administered.
Ineffective therapy is not only dangerous for the patient, but facilitates ongoing
transmission of resistant strains.
The clinical evidence for this approach to TB transmission control has been
very well-characterized, but largely forgotten in the present day. For example, in a
seminal study involving five years of follow-up of household contacts of index
patients with TB treated in Madras, India, in the 1960s, incidence rates among
household contacts of patients treated at home from the time of initiation of
therapy versus household contacts of those treated in sanatoria at the time of
treatment initiation were similar (40). This study provided some of the earliest
evidence that effectively treated patients with drug-susceptible TB are not sources
of ongoing transmission. The effect of chemotherapy initiation on preventing
further transmission to contacts was rapid, since the index cases in the home-based
treatment group returned home at the start of treatment. For the interested reader,
a review by Rouillon provides an excellent summary of this body of evidence
and emphasizes the key point that the elimination of infectiousness among
patients with TB occurs even before the conversion of sputum smears and cultures
to negative (41).
More recently, there is evidence to suggest the impact of treatment on stopping
transmission also occurs rapidly in MDR-TB patients (42). In the United
States, MDR-TB patients have been treated at home without evidence of further
transmission (43). The percentage of TB cases at the mines found to be MDR-TB
is almost twice that of the general population (3.6% vs. 1.9%), and exogenous
primary infection is the primary mode of transmission (5, 31). This highlights the
need for early diagnosis of MDR-TB patients and rapid initiation of treatment.
Although diagnosis of TB remains a challenge—especially early diagnosis of
drug-resistant disease—new developments show promise. The mining industry
has traditionally used mass miniature chest X ray (CXR) radiography to detect
TB cases, but has recently switched to use of fixed and mobile digital chest
radiography. Semi-annual radiographic screening for active TB among miners
using miniature chest X ray has been shown to reduce the extent of disease at
diagnosis and mortality during the first two months of treatment, compared to an
annual radiographic screening program (44). The sensitivity of this approach
is increased when combined with symptom-based screening, especially among
HIV-infected miners (45, 46). Yet, radiography, with or without symptom screening, does not identify drug-resistant strains of TB. In contrast, a new, rapid,
automated molecular diagnostic test for M. tuberculosis and rifampin resistance
(Xpert MTB/Rif) has been shown to have high sensitivity and specificity for TB
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(86% to 90% sensitivity; 97% specificity) and rifampin resistance (93% sensitivity; 100% specificity), even among smear-negative patients and HIV-infected
patients (47). Screening for TB among gold miners using Xpert MTB/Rif alone,
an approach that does not require much laboratory infrastructure and is easily
decentralized, has greater sensitivity than using sputum smear microscopy alone
or symptom screening and chest radiography combined (46, 48).
Delayed presentation of TB symptoms poses a particular risk given the high
density and close proximity of working and living conditions of the mine and
peri-mine areas. A rapid, effective diagnostic such as Gene Xpert MTB/Rif could
allow medical staff at the mines to more readily identify patients with TB and
initiate appropriate treatment. This would simultaneously identify TB and, when
present, drug resistance, reducing the high levels of exogenous infection or
re-infection thought to be driving the epidemic in mining communities (31).
In keeping with recent South African policy guidelines (49), we think it would
be more effective to expand the use of such decentralized, rapid diagnostic
approaches in the mining industry—at the places where miners work and live,
but also at the facilities where they receive medical care for the conditions
(such as HIV and silicosis) that put them at high risk of TB—than to continue
relying on current methods of screening and diagnosis, such as annual radiological
exams (45, 49).
The potential benefits for the mining industry of this type of approach to TB
and MDR-TB incidence in the mining industry—finding patients early and putting
them on the correct treatment—cannot be overstated: if successful, active casefinding and improved treatment would likely lead to a significant reduction in
the force of transmission in crowded settings when infectious individuals are
converted into non-infectious ones with early initiation of the correct treatment.
The mining industry needs to move quickly to test rapid approaches to effective
diagnosis and the initiation of appropriate treatment, with the aim of eliminating
one of the most significant risk factors for TB among miners.
ADDRESSING LATENT TUBERCULOSIS
AND HIV IN MINERS
The long-term efficacy of isoniazid preventive therapy (IPT) in preventing progression to TB among latently infected individuals in endemic settings is
dampened by the extent to which these individuals continue to be exposed to
active TB cases. Results from several large studies of IPT in HIV-infected
individuals show that although IPT provides short-term reduction in the incidence
of active TB, the benefit wanes significantly after IPT ends, including in the
mines (50–55). Thus, treatment of latent disease should be given continuously
and must be closely tied to the correct and rapid treatment of active TB (50, 51).
Miners exposed to isoniazid-resistant strains of TB, for whom IPT will presumably have no effect and for which there is currently no standard therapy, are at
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particular risk (56). Urgent research needs to be conducted into the appropriate post-exposure prophylaxis for this group. For migrants, coordination of
prophylaxis therapy will remain a challenge, but may be facilitated by rigorous
exit examinations (an existing requirement) as well as education and emphasis
on the importance of this intervention.
Similarly, the early treatment of HIV is a critical part of averting TB deaths
and continued transmission of TB. Substantial evidence has demonstrated that
treating HIV infection at higher CD4-count thresholds in individuals than was
previously believed to be appropriate, along with more aggressively extending
antiretroviral uptake and coverage within communities, helps reduce the incidence
of opportunistic infections (including TB), reduce morbidity and mortality associated with HIV, and prevent HIV transmission to uninfected individuals in
endemic settings such as South Africa (57, 58). Given how significantly HIV
infection increases the risk of progression from latent to active TB, and given
how prevalent both conditions are among South African mine workers, it is
imperative that HIV testing and early treatment initiation be included as an
essential component of the struggle against TB.
URGENT NEED FOR IMPROVED HOUSING
FOR MINERS
The efforts described above will fall short if not accompanied by improvements
in miners’ living conditions. Described by South Africa’s Department of Mineral
Resources as “appalling” in its 2009 assessment report, housing conditions in
the South African mining industry remain notoriously poor, with the majority of
men living in multiple-occupancy, single-sex hostels with crowded, unsanitary
conditions and poor nutritional standards—an enabling environment for the
spread of TB (20, 21, 59–61). Men not staying in the hostels typically elect to take
a housing or “living out” allowance, although no information exists on the
adequacy of these provisions. Anecdotal evidence suggests that the plurality of
miners retain these stipends and opt to live in informal settlements surrounding
the mine, creating conditions similarly conducive to the spread of communicable
diseases, including TB (60, 62, 63). Both living situations create physical and
social conditions that provide high-pressure environments for TB infection that
extend well beyond the working hours in the mineshaft (64, 65).
Aware of housing’s contribution to the spread of disease, South Africa’s
Mineral and Petroleum Resources Development Act of 2002 and Section 28 of
the South African Constitution states there must be adequate housing and conditions standards for the minerals industry (66, 67). In addition, other legal acts,
including the Mining Charter of 2004 and recommendations from the Department
of Housing, have provided the guidance and resources necessary to accelerate
the industry’s move toward appropriate housing (61, 68, 69). Some companies,
such as Gold Fields, have displayed reasonable progress in improving housing
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standards and have strived for family-style housing and accommodation (29).
However, a 2009 investigation by the Department of Mineral Resources into
the efficacy of the 2002 act demonstrated that for the industry as a whole, only
26 percent of companies provide adequate housing and only 29 percent have
improved standards of housing (61). The industry average for number of individuals per hostel was reduced from 16 to four per room; however, the probe
reiterated that this number remains unacceptably high and that the same
unhygienic living conditions that have characterized the industry for decades
remain present (61).
There is an abundance of literature describing the positive impact that improved
housing conditions have on HIV transmission and, subsequently, on TB infection
rates (59, 70–72). Notably, data indicate that non-migrating partners have a
substantially lower HIV prevalence compared to miners who return home two
to four times a month (17.8% vs. 27.7%, respectively) (70, 71), suggesting
the industry should not simply improve living conditions, but also facilitate
family-style housing to achieve optimal results. This increase in family relocation would reduce migrant labor, but may encounter resistance for cultural and
economic reasons, especially the risk of losing a family’s rural home.
ECONOMIC IMPACT
In light of the SADC declaration, the World Bank is investigating the cost
of potential interventions to address TB in the mining industry (60, 73). This
investigation was presented on March 7, 2012, at the Regional Stakeholder
Consultation Meeting on Tuberculosis in the Mining Sector in Johannesburg,
coordinated by SADC, the World Health Organization, and the International
Organization for Migration (60, 73). Preliminary estimates show current annual
costs to the South African government and the mining industry for treatment of
TB, including drug-resistant forms, to be $140.9 million (all dollar amounts
in U.S. dollars) and $253.1 million, respectively, for a combined total of
$361.7 million. These preliminary estimates are only for the marginal cost of
patient care such as treatment and hospitalization. Furthermore, the report estimates that the industry loses an additional $568.4 million in productivity
and training as a result of attrition of miners affected by TB (73). On top of
losses by the companies, the World Bank estimates miners lose an estimated
$320 million per year in lost wages because of TB morbidity, as miners are
too ill to fill their shifts. The loss of income often translates into families
having to choose economic survival over important priorities such as nutrition
and children’s education, contributing to the relentless cycle of poverty seen
throughout the region.
A large proportion of this economic burden can be eliminated if mines introduce efforts to intensify case-finding, improve treatment, and reduce factors
that exacerbate TB infection. Preliminary investigations by the World Bank on
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behalf of SADC estimate that implementing measures that address these factors
yields a total annual benefit of $783 million for mines and miners, including
gains as a result of fewer cases and increases in productivity and earned wages
(60, 73, 74).
SUMMARY AND POLICY RECOMMENDATIONS
Today, mining is responsible for an estimated 760,000 cases of TB in the
general population of sub-Saharan Africa each year; aside from HIV, mining is
the largest driver of the TB epidemic (75). The SADC aspiration for zero deaths
among miners provides an important opportunity to investigate different strategies
to stem the tide of TB among miners and, subsequently, TB in the context of the
region’s broader epidemic. It is now possible to screen patients for TB and
drug-resistant strains at most mining health facilities. It is possible to perform
regular screening of workers—through biannual symptom screening, X ray, and
DNA-based testing as needed—and it is possible to ensure patients receive
treatment appropriate to a specific strain of TB. By making the investment to
improve diagnostics and care at the mine, mining companies will ultimately see a
financial benefit in terms of productivity and retaining highly skilled workers,
along with the obvious social and moral benefit of reducing morbidity and
mortality among miners. Many facilities are capable of initiating treatment for
HIV immediately upon diagnosis, not just at the CD4 = 350 threshold; almost
all facilities are able to deliver preventive therapy to patients who are eligible.
If these biomedical interventions are coupled with realistic plans to phase
out high-density housing and replace it with single-occupancy or family-style
housing—a step that will ameliorate the social and environmental factors that
increase a miner’s risk for contracting both TB and HIV—we are almost certain
that a positive effect will be observed (27–29, 73, 76–78).
The financial incentive is present for the industry and for national health
services, and the moral imperative is clear. The previous century was characterized by an egregious lack of discipline in addressing TB in the mining industry,
which was rooted in apartheid-era social and economic policies that severely
oppressed black miners. Today, with improved diagnostics and the potential
for rapid initiation of appropriate treatment, coupled with enormous economic
and moral incentives, there remains little excuse for inaction. Achieving zero
TB deaths in the mining industry, however, will require governments, industry,
organized labor, and civil society to work together closely to implement a strategy
reflective of TB as a biosocial phenomenon, considering both the pathogen
that causes the disease and the social conditions that give rise to its transmission
and entrenchment in certain communities. A century after the Gorgas report, its
advice is still valid: improve workers’ living conditions, improve their diet, and
expand diagnostic and medical services so that those already sick receive timely
and appropriate care (2, 3).
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