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Purpose of review

Mineworkers in South Africa experience a triple burden of disease due to their distinct work experience.
Silicosis increases their risk of tuberculosis (TB), exacerbated by the HIV epidemic. Work-related factors are
likely to increase transmission, severity, and post infection sequelae of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection. Understanding these relationships is important to control the impact
of the epidemic.

Recent findings

SARS-CoV-2 infection rates among mineworkers exceed the population rates in the provinces in which
those mines are located. Migrant work, living in crowded hostels, working in narrow poorly ventilated
shafts mainly underground constitute important factors that increase transmission risk. Mineworkers continue
to experience high levels of silica exposure. The prevalences of silicosis, HIV and pulmonary TB, remain
high. Interstitial lung disease, pulmonary TB, and HIV have all been associated with poorer outcomes of
SARS-CoV-2 infections. Mineworkers with post infection respiratory sequelae are likely to lose their jobs or
lose income, due to the physically demanding nature of underground minework.

Summary

Further research into the unique work-related risk factors in mining that influence the COVID-19 epidemic is
crucial for optimizing current interventions. Reducing SARS-CoV-2 infection transmission, health monitoring
of infected and vulnerable workers, and following up of postinfection outcomes is essential to protect the
respiratory health of miners.
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Since the1860sSouthAfricanmineworkershaveexpe-
rienced a substantial burden of respiratory diseases
[1,2]. The high incidence of respiratory diseases in
miners in the late 19th century was noted and investi-
gated by South African researchers and led to the
publicationofseminalarticles inthefieldon‘phthisis’
– pulmonary tuberculosis (PTB) – and silicosis. That
work culminated in the landmark 1930 International
Silicosis Conference in Johannesburg [3].

In the 1980s, the HIV epidemic disproportion-
ately affected the South African miner population
[4]. The peculiarities of the South African mining
industry once again provided ideal conditions for
ensuring that this disease burden became endemic.
The crowded hostels that housed many migrants
and provided optimal social conditions for the
spread of PTB also provided an optimal social envi-
ronment for the spread of HIV [4].

It is within this context that the COVID-19
pandemic requires particular focus. This pandemic
adds new complexities to the disease burden among
t © 2021 Wolters Kluwe
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infection, increased vulnerability for more severe
complications of the disease, and the potential for
chronic postinfection sequelae that is likely to
impact on work ability of these miners.

The objective of this review was to explore the
known and likely impacts of this new epidemic on
mineworkers, and the inter-relatedness of the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) infection and existing chronic disease burden
encountered in South African mineworkers.
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KEY POINTS

� Work-related factors are associated with increased risk
for COVID-19 in South African mining.

� Potential risk factors for SARS-CoV-2 infection include
migrant labor, sociogeographic factors, and
mining exposure.

� Increased vulnerability for more severe complications of
COVID-19 include interstitial lung disease (including
silicosis), pulmonary TB, HIV infection, and chronic
obstructive pulmonary disease.

� Postinfection sequelae of COVID-19 include
progression to persistent/chronic lung disease, impact
on work ability, and a need for worker compensation.

� Factors that will help to protect respiratory health
include reducing SARS-CoV-2 infection transmission in
mines, health monitoring of infected workers, and close
follow-up of postinfection outcomes in affected miners.

Obstructive, occupational and environmental diseases
METHODS

Studies were identified from PubMed and MEDLINE
using the following search strategy: (COVID-19 OR
SARS-CoV-2) AND (TB or pulmonary tuberculosis)
OR (HIV) OR (silicosis) OR (COPD) OR (silica expo-
sure) OR (mining). Technical reports produced by
government, industry, and research agencies in
South Africa relevant to the review were sourced.
Additional references published but not identified
in the initial search were included.
THE COVID-19 EPIDEMIC IN SOUTH
AFRICAN MINES

South Africa has had the highest morbidity and
mortality due to COVID-19 on the African conti-
nent. In the mining industry, the first series of
COVID-19 cases was reported in March 2020
(Fig. 1) [5]. There was a slow increase in cases until
the end of April 2020, due to the national State of
Disaster (The South African government instituted
an Alert Level 5 ‘lockdown’ – the maximum ‘lock-
down’ level). During alert level 5, the government
did allow certain economic sectors deemed ‘essen-
tial’ to continue to function and included certain
mining activities (gold, coal, and ‘essential mining’
was permitted) in that list despite potential high-risk
exposures in underground mines due to narrow
shafts and inadequate ventilation. By early May
(alert level 4), the number of daily cases had
increased steadily, reaching its peak in mid-July
2020. By 5 October 2020, 17 155 workers out of a
workforce of 454 595 had tested positive and 184
deaths had been recorded. The proportion of
 Copyright © 2021 Wolters Kluwer H
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positive cases (3.8%) in the mining population
has been higher than the South African population
(mine testing rates 11.6% compared with 7.2% in
country), with a lower fatality rate (1.1%) than the
national average (2.5%) [5].

The data on predictors of infection and risk
factors for severe outcomes of COVID-19 among
South African miners are still emerging. For miners,
work-related exposures and chronic diseases cou-
pled with their sociogeographic contexts could lead
to increased risk for acquiring infection, greater
vulnerability for severe acute outcomes, and a
higher incidence of serious post infection sequelae
(Table 1).
Potential risk factors for SARS-COV-2
infection

At least 20% of SARS-CoV-2 infections in adults are
work-related [6], and 10% of the US workforce is
employed in occupations that involve potential
exposure at least once per week [7]. Canadian work-
ers in low-income occupations, particularly
women, immigrants, and members of visible
minority groups are at greater risk of exposure to
COVID-19 than other workers [8]. Miners fit cate-
gories of those at increased risk; their work is gener-
ally low paid, migrant in nature, and requires
frequent close contact with coworkers [9]. The plu-
rality of smoking males in this sector constitutes an
additional risk factor [10–12]. In the South African
mining context, certain work-related risk factors
appear more prominent.

Migrant labor

The risk for SARS-CoV-2 infection has been linked
to travel from ‘hotspots’ through international
routes and to migration within a country. Initially,
South Africa’s early shutdown of international bor-
ders successfully controlled the foreign transmis-
sion. With the closure of the economy, many
migrant workers returned to their homes, both
in rural South Africa and in neighboring countries.
During alert level 4 (Fig. 1), about 12 000 workers
returned from neighboring countries. While strat-
egies to screen for infection prior to leaving home,
on entry into hostels, and at workplaces were pur-
sued in hopes of limiting the spread of infection,
the extent to which this migration contributed to
infection transmission is unknown. However, the
changing patterns of mineworker recruitment in
the past decade, with increasing dependency on
internal migrant workers closer to the mining
regions (central and north-western South Africa)
rather than foreigners [13], may have influenced
transmission patterns.
ealth, Inc. All rights reserved.
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FIGURE 1. Daily and total COVID-19 cases diagnosed in (a) South African general population and (b) in the South African
mining industry for the period March–October 2020. Source: (a) https://www.nicd.ac.za/wp-content/uploads/2020/10/
NICD-Daily-Report-and-Commentary-08-10-2020-1.pptx, (b) https://www.mineralscouncil.org.za/minerals-council-position-on-
covid-19 – last accessed 25 October 2020. Key dates: First South African case: 5 March 2020; Alert Level 5: 27 March
2020; Return of mineworkers: 30 April 2020; Alert Level 4: 30 April 2020; Alert Level 3: 1 June 2020.
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Table 1. Work-related factors associated with SARS-COV-

2 infection and COVID-19 disease in South African mining

Potential risk factors for SARS-COV-2 infection

Migrant labor

Sociogeographic factors

Mining exposure-related factors

Vulnerability for more severe complications of COVID-19 disease

Silicosis and other interstitial lung diseases

Pulmonary TB

HIV infection

Chronic obstructive pulmonary disease

Other mining-related factors

Postinfection sequelae of COVID-19

Progression to persistent/chronic lung disease

Fitness to work and work ability

Workers compensation

TB, tuberculosis.

Obstructive, occupational and environmental diseases
Sociogeographic factors

The COVID-19 cases officially reported in South
Africa have been geographically disparate across
key mining provinces (North West, Mpumalanga,
Limpopo, and Gauteng). With the reopening of
mines, infection rates initially mirrored those of
the local communities within which operations
were located or the locations from which miners
had migrated. The cumulative incidence over time,
however, became higher in mines of all provinces
except for the Western Cape (absent underground
mining activity) (Fig. 2). Crowded hostels have his-
torically provided the social conditions for the rapid
 Copyright © 2021 Wolters Kluwer H
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spread of PTB and HIV [4], and approximately 30%
of miners currently live in hostels. It is likely that
these same housing factors have been a key factor
in the transmission of COVID-19 and in the
increased incidence of COVID-19 over time in
this population.

Mining exposure-related factors

Almost 80% of South African mineworkers are
employed in platinum, gold, and coal mines, which
are largely underground operations as opposed to
open cast mines at which social distancing adher-
ence may be easier. Platinum mining reported the
highest cumulative incidence at 44.2 COVID-19
cases per 1000 workers screened, followed by dia-
mond (38.9/1000), gold (32.8/1000), and coal min-
ing (29.8/1000) (Fig. 3) [14]. The high cumulative
incidence in the platinum industry, which employs
50% of all workers (and 73% of whom returned to
work), could be due to large number of workers
working in close contact. Gold and coal, employ
only half the size of the platinum workforce (having
similar testing rates) but are characterized by higher
dust exposures, inadequate ventilation, and miners
working in small groups in close proximity to each
other – factors known to increase the risk of SARS-
CoV-2 infection [15–17].

Emissions generated by mining activities
include particulates, such as PM10, PM2.5, and dust
fallout. Historically, levels of respirable dust concen-
trations on South African mines have ranged from
1.04 mg/m3 among highly exposed shaft sinkers
through to 0.2 mg/m3 among artisans [18]. Recent
epidemiological studies have reported mean
ealth, Inc. All rights reserved.
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FIGURE 3. COVID-19 cumulative incidence by commodity among South African miners for the period 1 March–31 July
2020. Source: Muchiri E., Charalambous S. Minerals Council COVID-19 response and surveillance progress report, 31 July
2020.

A new burden of respiratory disease among South African miners? Naidoo and Jeebhay
exposures of respirable silica of 0.05 mg/m3

(SD¼0.07 mg/m3), which is two-fold higher than
the US Threshold Limit Values for crystalline silica
[19

&

]. In gold mines, silica quartz concentrations in
dust ranged from 9 to 39%. Apart from the direct
fibrotic effect of silica on lung tissue, its chronic and
immunomodulatory character increases susceptibil-
ity to PTB, resulting in significantly higher TB inci-
dence in silica-exposed populations [20].
Furthermore, chronic exposure to high PM2.5 levels
results in overexpression of alveolar angiotensin-
converting enzyme 2 (ACE-2) receptor, which can
increase the viral load in individuals exposed to air
pollutants [21].
Vulnerability for more severe complications
of COVID-19 disease

As of October 2020, approximately 60% of South
African miners who had died from COVID-19 were
older than 50 years, and 86% had at least one
comorbidity (Balfour T, Minerals Council South
Africa, personal communication). This is similar
to patterns seen elsewhere. A study representing
40% of all patients in England demonstrated those
60 years and older had a two-fold greater risk of
 Copyright © 2021 Wolters Kluwe
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COVID-19 death [22
&

]. South African miners are
subject to unique risk factors inherent to their work
in addition to these factors known to be associated
with increased vulnerability for severe outcomes of
SARS-CoV-2 infection in the general population.

Silicosis and other interstitial lung diseases

Levels of radiological silicosis among South African
goldminers have ranged from 19.9% in current
miners [23] to 22.0–36.0% among exminers [24–
26]. A very recent study of current miners published
in 2020 reported a lower prevalence of silicosis
(3.8%) [27

&

].
Although evidence for pneumoconiosis as a

risk factor for more severe outcomes of COVID-
19 has yet to be presented, interstitial lung diseases
(ILDs), which present with similar lung abnormal-
ity, have been associated with increased risk. In a
case–controlled study, COVID-19-positive individ-
uals with ILD had an adjusted mortality odds ratio
(OR) of 4.3 [95% confidence interval (CI): 1.4–
14.0] when compared with negative controls, with
a mortality of 49% [28]. An international multicen-
ter study also showed that patients with ILD are at
increased risk of death from COVID-19, particu-
larly those with poor lung function and obesity
r Health, Inc. All rights reserved.
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[29
&&

]. The pathophysiological bases for this out-
come needs to be better understood given the
protective response conferred against certain types
of fibrosis by ACE-2 receptors, the entry point for
SARS-CoV-2 into cells [30].

Pulmonary tuberculosis

The prevalence of PTB among South African mine-
workers increased from 806 per 100 000 in 1991 to
3281 per 100 000 in 2004 [31], while in a recent TB
cohort, a prevalence of 21.4% was observed [27

&

].
This is also confirmed at autopsy (a legal require-
ment for South African miners); the prevalence
among black miners increased from 4.6% in 1975
to a peak of 43.2% in 2007 and a subsequent decline
to 27.3% in 2014 [32,33]. The decline has been
attributed to several factors, including large-scale
antiretroviral treatment campaigns, resulting in
improved CD4 counts among HIV positive miners,
in turn reducing their risk for acquiring TB. Major
mining retrenchments in recent years, resulting in a
‘healthy worker effect’ [34], is also likely to contrib-
ute to this decline. The latter hypothesis is sup-
ported by the high prevalence of TB seen among
exminers [35].

Based on available evidence, both current and
past TB are likely to be risk factors for severe out-
comes of SARS-CoV-2 infection. In a large study
from the Western Cape province (n¼3460 932),
current and previous PTB was associated with an
increased COVID-19 mortality risk [adjusted hazard
ratios of 2.70 (95% CI: 1.81; 4.04) and 1.51 (95% CI:
1.18; 1.93) respectively] [36

&

]. In a meta-analysis of
approximately 2765 cases of TB across six studies,
the prevalence of PTB was two-fold higher (OR: 2.1;
95% CI: 0.6; 7.2) among those with severe COVID-
19 [37]. In a longitudinal cohort analysis of 12 513
COVID-19 patients in the Philippines, current TB
was also associated with a 2.2-fold higher risk of
death (95% CI: 1.4–3.4), a 25% lower recovery rate
(95% CI: 0.6–0.9) and a 20% higher risk of admis-
sion [38].

HIV infection

The prevalence of HIV in miners on South African
mines was 1.3% in 1990, rising rapidly to 27% in
2000 [4], and currently reflects the rates seen in the
general population (Balfour T, personal communi-
cation). The risk of TB among those with HIV and
exposed to silica has been shown to be multiplica-
tive [39]. The risk for adverse COVID-19 outcomes in
the presence of positive HIV status is not consis-
tently increased in those on antiretroviral treatment
or with normal CD4 counts [40–42]. However, most
of these studies used small convenience samples. A
contrary finding was observed in the Western Cape
 Copyright © 2021 Wolters Kluwer H
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study, which looked at 536 574 HIV-positive
patients (16% of the total sample). An adjusted
hazard ratio for COVID-19 mortality of 2.14 (95%
CI: 1.7–2.7) was reported. This was independent of
viral load and of immunosuppression [36

&

].

Chronic obstructive pulmonary disease

Other chronic diseases such as chronic obstructive
pulmonary disease (COPD) are likely to be prevalent
due to high dust exposures in underground mining.
The prevalence of emphysema reported among
43 030 autopsies conducted among Black miners
between 1975 and 2014 was 12% [43]. A relative
risk (RR) of 1.9 (95% CI: 1.4–2.4) for severe COVID-
19 disease has been reported for those with COPD
[44], with a pooled RR of 1.33 (0.77–2.31) for
COVID-19-related mortality [45]. Tobacco smoking
has also been associated with severe COVID-19 and
adverse outcomes [46]. It is unclear, however, if
smoking is an additive risk factor in addition to
COPD [47].

Other mining-related factors

Other factors that may play a role include mining-
related exposures associated with commodity type.
Data reported from the Minerals Council in South
Africa for the different mining commodities dem-
onstrated that mortality rates varied from 2 to 0.9 to
0.7% across gold, platinum, and coal miners, respec-
tively [5]. This was true despite a higher incidence of
infection in platinum mine workers (44/1000) com-
pared with gold mine workers (38/1000) (Fig. 3).
Further analysis of these emerging trends is neces-
sary to understand whether this may be due to
exposures specific to the product being mined or
due to demographic and health profiles that are
unique to each type of mining.
Postinfectious sequelae of COVID-19

It is estimated that about 10% of individuals experi-
ence prolonged illness after COVID-19 and require
ongoing health monitoring and support [48].

Progression to persistent/chronic lung
disease

Due to the nascent nature of the disease, it is cur-
rently not possible to quantify the nature and degree
of chronic lung outcomes in COVID-19 patients in
general and mineworkers in particular. Emerging
data, however, suggest that many experience persis-
tent respiratory symptoms months after their initial
illness [49,50]. Among 103 Italian patients, up to
52% had objective evidence of compromised activi-
ties of daily living after a mean of 16.1 days of
hospitalization with COVID-19 [49]. Chronic
ealth, Inc. All rights reserved.
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respiratory outcomes included persistent cough,
fibrotic lung disease, bronchiectasis, and pulmonary
vascular disease [51,52]. This is supported by find-
ings from long-term studies of previous Middle East
Respiratory Syndrome and SARS coronavirus epi-
demics. In a study of 71 Middle East Respiratory
Syndrome patients followed up over 15 years, 35%
had reduced diffusion capacity and 38% had ground
glass changes on computed tomography scans [53],
whereas another study reported 52% with reduced
diffusion capacity and that 12.2% had not returned
to work 24 months after onset of illness [54]. Various
studies show that those with preexisting chronic
lung disorders are more likely to experience post-
infectious sequelae and progression to chronicity of
lung abnormality [29

&&

].

Fitness to work and work ability

These long-term effects of COVID-19 have a poten-
tial to adversely impact the return to work of
workers in the mining sector due to the high levels
of fitness required to work underground. The con-
sequences for mineworkers with chronic disease
and inability to work will be several-fold: an
extended period of absence from work with loss
of income, reassignment to alternate work appro-
priate to their level of fitness accompanied by loss
of income, or permanent incapacity for work
resulting in job loss. A successful recovery requires
gradual rehabilitation and an individualized
return to work plan [55], with comprehensive
follow-up monitoring for persistent health
impacts [56]. However, in a country with high
levels of unemployment, such patients are likely
to lose their jobs and the costs for such rehabilita-
tion would have to be borne by patients them-
selves and by the public health sector.

Workers compensation

With studies showing at least 20% of COVID-19
cases estimated to be work-related [6], the South
African government has accepted that, where evi-
dence can be provided, mineworkers are entitled
to compensation for a work-related infection to
mitigate the consequences of acquiring the disease
[57]. As of the beginning of November 2020, 3150
work-related COVID-19 claims had been submit-
ted to the Compensation Fund by the mining
sector [58]. This 6-month submission constitutes
already a sizeable proportion (33%) of the overall
total of 9670 claims for injuries and diseases sub-
mitted in 2018 [59]. Should a large proportion of
those progressing to chronic disease also have
substantial functional impairment, this will have
substantial financial implications.
 Copyright © 2021 Wolters Kluwe
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CONCLUSION AND AREAS FOR FUTURE
RESEARCH

South African goldminers are experiencing a
fourth major burden of respiratory disease as a
result of their current work-related exposures,
peculiar sociogeographic conditions, and health
risk profile, which are likely to render them vul-
nerable to severe COVID-19 outcomes. Reducing
SARS-CoV-2 infection transmission in the mines is
essential, as are health monitoring of infected
workers and close follow-up of postinfection out-
comes in affected miners.

As the epidemic unfolds and knowledge of SARS-
CoV-2 deepens, a better understanding of its impact
on the health of mineworkers will evolve. Beyond
individual factors that increase vulnerability for
severe outcomes, further investigation is needed
into workplace factors such as airborne transmission
associated with concomitant dust exposure in dif-
ferent commodity sectors, ventilation, and social
distancing work arrangements. The profile of the
asymptomatic transmitter and the workplace factors
that allow for such transmission also require further
research. A better understanding of the risk of severe
COVID-19 disease in miners with silicosis coexisting
with other diseases (PTB, HIV, COPD) as well as the
pathophysiological mechanisms involved is neces-
sary. This is particularly important given the large
examiner migrant population of those living in the
rural areas of southern South Africa who continue to
live with residual chronic occupational lung disease
acquired in the mines.
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