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Abstract: Artisanal and small-scale miners (ASMs) labour under archaic working conditions and are
exposed to high levels of silica dust. Exposure to silica dust has been associated with an increased
risk of tuberculosis and silicosis. ASMs are highly mobile and operate in remote areas with near
absent access to health services. The main purpose of this study was to evaluate the prevalence of
tuberculosis, silicosis and silico-tuberculosis among ASMs in Zimbabwe. A cross-sectional study
was conducted from 1 October to 31 January 2021 on a convenient sample of 514 self-selected ASMs.
We report the results from among those ASMs who attended an outreach medical facility and an
occupational health clinic. Data were collected from clinical records using a precoded data proforma.
Data variables included demographic (age, sex), clinical details (HIV status, GeneXpert results,
outcomes of chest radiographs, history of tuberculosis) and perceived exposure to mine dust. Of
the 464 miners screened for silicosis, 52 (11.2%) were diagnosed with silicosis, while 17 (4.0%) of
422 ASMs were diagnosed with tuberculosis (TB). Of the 373 ASMs tested for HIV, 90 (23.5%) were
sero-positive. An HIV infection was associated with a diagnosis of silicosis. There is need for a
comprehensive occupational health service package, including TB and silicosis surveillance, for
ASMs in Zimbabwe. These are preliminary and limited findings, needing confirmation by more
comprehensive studies.

Keywords: tuberculosis; silico-tuberculosis; silicosis; artisanal miners

1. Introduction

Artisanal and small-scale gold mining (ASGM) occurs in about 80 countries, and
there are more than 100 million artisanal and small-scale gold miners globally [1]. Within
sub-Saharan Africa, informal employment is the main source of employment in central
Africa (91.0%), eastern Africa (91.6%) and western Africa (92.4%) [2].

Worldwide, the incidence of silicosis is declining due to a combination of better
engineering controls and other interventions to reduce industrial dust levels [3]. On
the contrary, epidemiological studies show that 30-50% of workers may be suffering
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from silicosis and other pneumoconiosis in low- and middle-income countries [3]. The
Southern African Development Community (SADC) recognised the triple epidemic of
silicosis, tuberculosis (TB) and human immunodeficiency virus (HIV) infection in the large
population of miners and ex-miners in southern Africa as needing urgent control across all
member states [4]. Countries like Lesotho have extremely high prevalences of silicosis and
silico-tuberculosis, 42.5% and 25.7%, respectively, among ex-miners [5]. For many years,
Zimbabwe was among the top 30 high TB burdened countries [6].

Zimbabwe has an estimated population of more than 500,000 artisanal and small-
scale miners (ASMs), with over one and a half million people depending on artisanal and
small-scale mining [7]. In 2016, ASGM contributed 45% of the national gold production,
contributing substantially to Zimbabwe’s revenue generation [8]. Artisanal and small-scale
mining is characterised by excessive exposure to occupational hazards such as mercury-
and silica-containing dust [9-11]. It is also associated with multiple health conditions such
as respiratory, cardiovascular and musculoskeletal disorders, malaria, anaemia, diabetes
mellitus and physical injuries [12]. Exposure to silica-containing dust is associated with
an increased risk of developing silicosis and/or TB [13]. There is a well-documented
increased risk of TB and fungal lung infections in patients with silicosis [13-16] and the
risk of developing TB increases with an increasing severity of silicosis [17]. Silica dust has
been classified as a group I carcinogen by the International Agency for Research on Cancer
and is associated with lung cancer [18].

Silicosis is a permanent and irreversible parenchymal lung disease that results from
the inhalation of silicon dioxide or silica in crystalline form [13]. Crystalline silica is a major
component of rock and sand, and it is also found in soil, concrete, mortar, granite, other
minerals and artificial stone [13,19]. Silica dust is intensely fibrotic, producing a character-
istic lesion called the silicotic nodule in the lungs [20]. Inhaled silica dust is ingested by
alveolar macrophages, which produce cytokines which stimulate fibroblasts to proliferate
and produce increased amounts of collagen, resulting in lung fibrosis. However, the patho-
logical changes in silica-injured lungs are complex and not completely understood [21].
In the early stages of silicosis, a chest radiograph shows isolated opacities against a nor-
mal lung parenchyma that can progress over years to a reticulonodular infiltrate. Simple
silicosis can progress over several months or years to progressive massive fibrosis [20].

Artisanal miners labour under archaic and difficult working conditions and live
in extreme poverty [22]. They also have poor health-seeking behaviours and live in
overcrowded and poor shelters. Overcrowding and poorly ventilated shafts predispose
them to both silicosis and TB. The highly nomadic life of ASMs complicates the provision of
comprehensive health services. It may be difficult for this group to adhere to TB treatment
since they must attend scheduled clinic visits for at least six months. The providers are
not without challenges. One of the challenges is lack of occupational health expertise and
services in most primary health care facilities in Zimbabwe [23,24]. It is very possible
that many ASMs with silicosis and silica dust exposures, which are risk factors of TB,
are being missed. In 2018, TB yields in ASMs attending an occupational health clinic in
Zimbabwe were extremely high at 13% [25]. It is quite possible that the proportion of
ASMs with silicosis is high. This is plausible because ASMs work in dusty environments
with poor ventilation and without adequate personal protective equipment (PPE). There
is currently a knowledge gap regarding the proportion of ASMs with silicosis, TB and
silico-tuberculosis. The purpose of this study was to evaluate the burden of TB and silicosis
among ASMs in Zimbabwe. The specific objectives were to: (i) Determine the proportion
and characteristics of ASMs screened for and diagnosed with TB and silicosis; (ii) Assess the
relationship between respiratory symptoms, chest X-ray and diagnostic yields of TB and
silicosis; (iii) Evaluate the relationship between the duration of exposure to silica-containing
dust and the diagnosis of silicosis.
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2. Materials and Methods
2.1. The Study Design

This was a cross-sectional retrospective review of occupational health records of
ASMs who volunteered to be screened for TB and silicosis at the occupational health clinic
at Gweru Provincial Hospital and those consulted during a medical outreach facility at
artisanal and small-scale mining sites in the Midlands and Matabeleland South provinces.

2.2. General Setting

Zimbabwe is a landlocked country with 10 provinces and 64 administrative districts.
In 2019, 60% of the notified TB cases in Zimbabwe were coinfected with HIV [26]. The Mata-
beleland South and Midlands provinces have high artisanal mining activities. Screening for
silicosis and TB was conducted within the context of Zimbabwe’s Kunda-Nqob’ iTB project,
funded through the United States Agency for International Development (USAID)’s TB
Local Organization Network funding mechanism. The intervention targeted ASMs in
the selected project districts of Zvishavane, Insiza, Gwanda and Gweru. Both males and
females engage in the same gold mining activities. Therefore, a miner was defined as
any person who was involved in the extraction and/or processing of gold. The outreach
medical facility was provided at the ASGM mining sites, and all willing miners were free
to attend. There was no prescreening of ASMs at either medical facility.

2.3. Specific Setting and Screening Procedure

All ASMs were assessed for TB using a symptoms screen tool and chest radiographs.
The diagnosis of TB was based on a positive Cepheid GeneXpert test (Cepheid, SunnyVale,
CA, USA) and/ or clinical findings as per national TB Guidelines [26]. Screening for silicosis
was done using chest radiographs. Interpretations of the chest radiographs were performed
by medical officers trained in the diagnosis of occupational lung diseases (OLD) and TB, and
were further checked by a specialist occupational physician trained and experienced in the
International Labor Organisation (ILO) classification of chest radiographs. The diagnostic
criteria for silicosis were a bilateral multinodular pattern with or without progressive
massive fibrosis on a chest radiograph, a positive occupational history of exposure to silica-
containing dust and having or not having symptoms of a subtle and progressive shortness
of breath or a dry cough, in the absence of any other identifiable disease/s [13]. A diagnosis
of silicosis was based on a threshold profusion of >1/0 on the ILO classification of chest
radiographs [27]. The diagnosis of silico-TB was based on the presence of both silicosis and
TB. Since the study was conducted during the COVID-19 pandemic, spirometry testing
was not conducted as it is an aerosol-generating procedure. ASMs were captured in the
presumptive TB register and the occupational health record. For the mobile outreaches,
the presumptive TB registers used were from the nearest clinics within the catchment area
where the outreaches were conducted. ASMs diagnosed with TB and/or silicosis were
entered in the TB and TB-preventive therapy registers, respectively, and were linked to
care through the local health facility.

2.4. Study Population

The source population consisted of ASMs working in the Midlands and Matabeleland
South provinces in Zimbabwe. The study population consisted of ASMs working in the
Midlands and Matabeleland South provinces from selected sites in Zvishavane, Gweru,
Insiza and Gwanda who attended an outreach medical facility or the occupational health
clinic at Gweru Provincial Hospital between 1 October 2020 and 31 January 2021. The
ASMs included self-employed men and women working on an individual basis as well as
those working in family groups, in partnerships, or as members of cooperatives.

2.5. Inclusion Criteria

All complete occupational health records of ASMs who were attended to at the
occupational health clinic and medical outreach facility were included in the study. The
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records containing complete demographic details, routine observations and tests such as
chest X-ray, HIV and GeneXpert test results were included in the study.

2.6. Exclusion Criteria

Occupational health records with missing chest radiograph results and demographic
data were excluded from the study. The records of ASMs seen from outside the stipulated
project districts were excluded from the study.

2.7. Sampling Procedure

All 514 occupational health records of the ASMs that were available during the study
period were included in the study. This sample size was higher than the minimum sample
size of 385 that was calculated using the OpenEpi software v3.03 (Dean and Sullivan,
Atlanta, GA, USA) [28]. The calculation was based on the following assumptions: a
prevalence of 50%, 95% confidence interval and a precision of 0.05.

2.8. Data Variables, Sources of Data and Data Collection

Individual level data were extracted from occupational health records of ASMs
screened at the two medical facilities. The data variables included age, gender, HIV status,
history of TB, respiratory symptoms, comorbidities (any of the following self-reported con-
ditions: diabetes mellitus, chronic obstructive pulmonary disease, hypertension, asthma,
cancer and chronic cough), exposure to silica dust, duration of mining, substance and
alcohol use. The assessment of exposure to silica dust was subjective and based on whether
the ASMs perceived themselves as being exposed to dust or not during mining. The sources
of data were occupational health clinical records for ASMs. Data were collected using a
pre-coded data proforma.

2.9. Data Analysis

Data were single entered in MS Excel and were exported to Stata v 13.0 (Stata Corpo-
ration, College Station, TX, USA) for cleaning and analysis [29]. Categorical variables were
summarised using proportions, while continuous variables were summarised using means
and standard deviations. The key outcome variables, silicosis diagnosis, silico-TB diagnosis
and TB diagnosis, were dichotomous. The Chi-square test was used to test for associations
between each of the independent and outcome variables. The modified Poisson regression
model with robust variance estimators was used to assess the independent association
of each characteristic with key outcome variables after adjusting for the following con-
founders: age, sex, duration of exposure to silica, comorbidities, respiratory symptoms,
HIV status, previous history of TB, substance use and use of personal protective equipment.
The associations were expressed as prevalence ratios (PRs) and adjusted PRs. The level of
significance was set at 5% (p < 0.05).

3. Results

A total of 641 ASMs were reached during the study period. Of these, 127 records
were excluded from the study. The final sample size was 514. The demographic and
clinical characteristics of the 514 ASMs who were enrolled in the study are presented in
Table 1. There was a predominance of males (85%). Of the 373 ASMs who were tested
for HIV, 90 (23.5%) were HIV positive. The modal age category was 25-34 years, which
constituted a third of the study population. The mean age (SD) was 37 years (12.7). Almost
all ASMs were exposed to silica dust (95%), and just above a quarter (27%) had a duration of
employment in artisanal and small-scale mining of at least 10 years. Just under two-thirds
(61%) of ASMs did not report any respiratory symptoms.
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Table 1. Demographic and characteristics of participants who were enrolled in a large occupational health outreach
programme in Zimbabwe, 2020-2021.

Characteristic Number (%) £
Total 514 (100)

Sex Male 435 (85)

Female 71 (14)

Unknown 8 (1)

Age Category (Years) 15-19 17 3)
20-24 61 (12)

25-34 167 (32)

35-44 132 (26)

45+ 129 (25)

Unknown 8 2)

Mean (SD) 37.0 (12.7)

HIV Status Positive 90 (18)
Negative 283 (55)

Unknown 141 (27)

Previous TB Treatment Yes 62 (12)
No 442 (86)

Unknown 10 )

Comorbidities T Yes 163 (32)

No 342 (67)

Unknown 9 1)

Any Respiratory Symptoms Yes 75 (14)
No 312 (61)

Unknown 127 (25)

Marijuana and/or Dagga Use Yes 143 (28)
No 365 (71)

Unknown 6 (1)

Alcohol Use Yes 266 (52)

No 242 47)

Unknown 6 (1)

Exposure to Silica-Containing Dust No 17 3)
Yes 487 (95)

Unknown 10 )

Duration of Employment (Years) <10 352 (69)
>10 137 (27)

Unknown 25 4)

Median (IQR) 4 (0.02-33)

1 = Column percentages. T = Any of the following self-reported conditions: diabetes mellitus, hypertension, chronic obstructive pulmonary
disease, cancer, asthma and chronic chest pains. TB = tuberculosis.

The factors associated with silicosis diagnosis are presented in Table 2. There were
52 (11.2%) patients who were diagnosed with silicosis (95% CI: 8.6-14.4). ASMs who
tested positive for HIV were 2.8 times more likely to be diagnosed with silicosis compared
to those who tested negative for HIV, adjusted prevalence ratio—aPR = 2.79, 95% CI:
(1.01-7.66). Those who reported comorbidities were two times more likely to be diagnosed
with silicosis.

The factors associated with the development of silico-TB are presented in Table 3.
Ten patients from the 52 who were diagnosed with silicosis had developed silico-TB.
The prevalence of silico-TB was 2.2% (95% CI: 1.2-3.9). Having a positive HIV status, a
previous history of TB and presence of any respiratory symptoms was associated with a
silico-TB diagnosis. However, the associations were not significant after adjusting for the
other variables.



Int. J. Environ. Res. Public Health 2021, 18, 11031

60f 11

Table 2. Factors associated with silicosis diagnosis among ASMs who were enrolled in a large occupational health outreach

programme in Zimbabwe, 2020-2021.

Characteristic Total Dlagl.u?sed. with PR 95% CI aPR 95% CI
Silicosis
Number (%) £
464 * 52 (11.2)
Sex (n = 456) Male 395 48 (12.1) 3.71 (0.92-14.9) 2.02 (0.45-8.96)
Female 61 2 (3.3) Ref Ref
Age Category (n = 451) 15-19 17 0 (0.0) - -
20-24 54 6 (10.0) Ref Ref
25-34 157 17 (10.8) 1.08 (0.45-2.61) 1.06 (0.28-4.01)
35-44 113 17 (15.0) 1.50 (0.63-3.61) 1.35 (0.34-5.43)
45+ 110 12 (10.9) 1.09 (0.43-2.76) 0.58 (0.12-2.80)
HIV Status (n = 343) Positive 73 17 (23.3) 2.25(1.30-3.87) *  2.79 (1.01-7.66) **
Negative 270 28 (10.4) Ref Ref
History of TB Treatment (2 = 455) Yes 42 4 (9.5) 0.94 (0.35-2.48) 0.59 (0.13-2.62)
No 413 42 (10.1) Ref Ref
Comorbidities t (n = 456) Yes 139 21 (15.1) 1.92 (1.11-3.30) ** 0.97 (0.36-2.63)
No 317 25 (7.9) Ref Ref
Any Respiratory Symptom (1 = 367) Yes 66 9 (13.5) 1.37 (0.68-2.74) 1.14 (0.43-3.01)
No 301 30 (10.0) Ref Ref
Exposure to silica-containing dust No 17 5 (11.8) Ref Ref
(n = 455)
Yes 438 46 (10.5) 0.89 (0.24-3.38) -
Duration of (Iff_lpizz;n ent (Years) <10 324 29 (9.0) Ref Ref
>10 120 18 (15.1) 1.69 (0.97-2.90) 1.40 (0.62-3.17)

PR = Prevalence ratio; aPR = Adjusted prevalence ratio; CI = Confidence interval; = Row percentages. * Records with missing data either
in the outcome variable or in the predictor variable were not included in the analysis. ** = statistically significant; + = Any of the following
self-reported conditions: diabetes mellitus, hypertension, chronic obstructive pulmonary disease, cancer, asthma and chronic chest pains.

Table 3. Factors associated with silico-TB diagnosis among ASMs who were enrolled in a large occupational health outreach

programme in Zimbabwe, 2020-2021.

Characteristic Total D1ag}1 .osed with PR 95% CI aPR 95% CI
Silico-TB
Number (%)
464 * 10 (2.2)
Sex (n = 456) Male 395 10 (2.5) - -
Female 61 0 0.0 Ref Ref
Age (Years) (n = 451) 15-19 17 0 0.0 - -
20-24 60 0 (0.0) - -
25-34 157 3 (1.9 Ref Ref
35-44 113 7 (6.2) 3.24 (0.86-12.2)
45+ 110 0 (0.0) - -
HIV Status (n = 343) Positive 73 7 9.5) 8.63 (2.29-32.6) ** 3.90 (0.46-32.9)
Negative 270 3 (1.1) Ref Ref
History of TB Treatment (1 = 455) Yes 42 3 (7.1) 4.21 (1.13-15.7) ** 1.68 (0.14-19.4)
No 413 7 (1.7) Ref Ref
Comorbidities t (1 = 456) Yes 139 6 4.3) 3. 42 (0.98-11.93) 0.87 (0.05-16.2)
No 317 4 (1.3) Ref Ref
Any Respiratory Symptoms (1 = 464) Yes 163 8 4.9 7.38 (1.59-34.4) ** 3.00 (0.40-22.2)
No 301 2 0.7) Ref Ref
Marijuana 81“11 Zg;)Dagga Use Yes 130 4 (3.1) 1.69 (0.48-5.88) 441 (0.43-45.2)
No 329 6 (1.8) Ref Ref
Alcohol Use (n = 459) Yes 243 8 (3.3) 3.56 (0.76-16.56) 0.44 (0.02-10.1)
No 216 2 0.9) Ref Ref
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Table 3. Cont.
Characteristic Total Dlag}1 f)sed with PR 95% CI aPR 95% CI
Silico-TB
Exposed to Silica-Containing Dust

(n = 455) No 17 0 (0.0 Ref Ref

Yes 438 10 (2.3) - -
Duration of Employment (Years)

(n = 442) <10 324 6 (1.9) Ref Ref

>10 120 4 (3.3) 1.8 (0.52-6.27) 0.74 (0.10-5.52)

PR = Prevalence ratio; aPR = Adjusted prevalence ratio; CI = Confidence interval; § = Row percentages. * Records with missing data either
in the outcome variable or in the predictor variable were not included in the analysis. ** = statistically significant + = Any of the following
self-reported conditions: diabetes mellitus, hypertension, chronic obstructive pulmonary disease, cancer, asthma and chronic chest pains.

The factors associated with the development of TB in ASMs are presented in Table 4.
The prevalence of TB among ASMs was 4% (95% CI: 2.5-6.4). Of the 17 ASMs diagnosed
with TB, nine were bacteriologically confirmed, two had pleural effusions and six were
diagnosed on clinical grounds. The median [interquartile range (IQR)] duration of em-
ployment in ASMs who had abnormal chest radiographs was 8 years (IQR: 3.5-15.0). This
was significantly higher than the median duration of 5 years (IQR: 1.0-8.0) of employment
among ASMs who had normal chest radiographs, p < 0.001.

Table 4. Factors associated with TB diagnosis among ASMs who were enrolled in a large occupational health outreach

programme in Zimbabwe, 2020.

Characteristic Total Diagnosed with TB PR 95% CI aPR 95% CI
N (%) 1
422 % 17 (4.0)
Sex (n = 416) Male 357 17 4.8) - -
Female 59 0 (0.0) Ref Ref
Age Group (Years) (n = 415) 15-19 17 0 (0.0) - -
20-24 54 0 (0.0) - -
25-34 143 6 4.2) Ref Ref
35-44 103 8 (7.8) 1.35 (0.30-6.01) 1.09 (0.20-6.01)
45+ 98 2 (2.0) 0.48 (0.10-2.36) 1.10 (0.89-14.0)
HIV Status (n = 308) Positive 63 9 (14.3) 4.40 (1.76-10.8) ** 3.90 (0.35-43.0)
Negative 245 8 (3.3) Ref Ref
History of TB Treatment (n = 419) Yes 41 5 (12.2) 3.84 (1.42-10.4) ** 1.12 (0.10-13.1)
No 378 12 (3.2) Ref Ref
Comorbidities t (1 = 420) Yes 124 8 (6.5) 2.12 (0.84-5.37) 0.64 (0.02-9.60)
No 296 9 (3.0) Ref Ref
Any Respiratory Symptoms (1 = 332) Yes 59 3 (5.1) 6.94 (1.19-40.6) ** 4.07 (0.44-37.9)
No 273 2 0.1) Ref Ref
Marijuana and/or Dagga Use (n = 421) Yes 118 6 (5.1) 1.40 (0.53-3.70) 15.3 (0.37-44.30)
No 303 11 (3.6) Ref Ref
Alcohol Use (n = 421) Yes 221 13 (5.9) 2.94 (0.97-8.87) 0.38 (0.01-14.7)
No 200 4 (2.0) Ref Ref
Puration Of(]inlp ;gg)me“t (Years) <10 301 10 (3.3) Ref Ref
>10 105 7 6.7) 1.63 (0.90-2.96) 2.69 (0.44-16.4)

* Records with missing data either in the outcome variable or in the predictor variable were not included in the analysis. ** = statistically
significant; PR = Prevalence ratio; aPR = Adjusted prevalence ratio; CI = Confidence interval; $ = Row percentages. T = Any of the following
self-reported conditions: diabetes mellitus, hypertension, chronic obstructive pulmonary disease, cancer, asthma and chronic chest pains.

4. Discussion

We have studied a group of 514 ASMs in Zimbabwe during the period from 1 October
2020 to 31 January 2021. We report the results from those attending an outreach medical
facility and an occupational health clinic which searched for TB and silicosis, and measured
patients” HIV status. We found a high prevalence of silicosis and TB, despite short periods
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of exposure to silica-containing dust. An HIV infection increased the risk of silicosis
by three-fold.

The burden of silicosis and TB is well documented in formally employed miners
and ex-miners, but there is a dearth of research and published data on the burden of TB,
silicosis, or silico-TB in ASMs [30]. This is the first study to be conducted in Zimbabwe and
in Africa among ASMs describing the burden of silicosis, silico-TB and TB. Apart from a
study conducted in southern Brazil describing the prevalence of silicosis, we did not find
comparable studies focusing on ASMs [31].

The prevalence of TB in ASMs in our study was almost 15 times higher than the
national TB point prevalence of 275 per 100,000 in Zimbabwe [32]. Studies in Ghana and
Malawi reported TB prevalences of 0.9% and 12% [33,34], respectively. However, both
studies were not comparable to our study since they focused on formally employed miners
and used random sampling techniques.

The prevalence of silicosis observed in our study was higher than the prevalence
ratio of 3.08 reported in ASMs in southern Brazil [31]. However, our study employed
convenience sampling, whereas the Brazil study employed random sampling. This poses a
challenge in making valid comparisons between the two studies. Most studies reporting
the prevalence of silicosis and TB in Africa were on formally employed miners and/or
ex-miners utilising random sampling methods. These studies, though not comparable to
our study, show prevalences of silicosis ranging from 3.8% in South Africa [35] to 42.5%
and 24.6% reported in former gold miners from Lesotho, 26.6-31% in Botswana and 22-36%
in former miners in South Africa [5,36-38]. The quoted prevalences for miners in formal
employment serve to highlight the differences between the unique and disadvantaged
ASMs and miners in formal employment with better occupational health and safety services
and working conditions. Our study differs from other studies conducted on formally
employed miners and ex-miners reporting silicosis and TB prevalence in many aspects.
Firstly, our study population was relatively young. Median ages reported by other studies
ranged from 42 to 62 years. Secondly, the median duration of 4 years exposure to silica
dust in our study was shorter than durations ranging from 19 to 42 years reported in
previous studies [5,36-38]. Furthermore, unlike other studies which focused on miners and
ex-miners who were mainly underground miners, our study focused on informal ASMs
who were actively involved in predominantly surface mining activities.

The association between HIV infection and silicosis has not been described previously.
This is one of the first studies that focuses on the burden of HIV in ASMs with silicosis.
Here we found that just under a quarter of ASMs with silicosis were HIV positive. This is
an important finding, especially in the context of high HIV prevalence in Zimbabwe and
much higher sero-prevalence amongst ASMs in this study. HIV burden among ASMs is
compounded by the fact that ASMs are hypermobile and operate in hard-to-reach areas
where access to healthcare services is poor. However, the causal pathway between HIV
and silicosis is not fully understood, and this finding needs further exploration.

The lack of association between respiratory symptoms and silicosis has been previ-
ously described [5]. This study confirms that silicosis can be diagnosed even in asymp-
tomatic individuals who do not present with any respiratory symptoms.

Our study was not without limitations. Firstly, some variables had missing data and
this could have reduced the power of the study to reach statistical significance in some
variables. Secondly, our study focused on active ASMs and this might have inadvertently
introduced survival bias since ASMs who died of silicosis were excluded from the study.
Thirdly, we employed convenience sampling unlike most studies reporting the prevalence
of silicosis, which use mostly random sampling for selecting study participants. Moreover,
the study may have suffered from “healthy worker effect” as ASMs who were either sick
during study periods or exited the ASMs pool due to ill health were excluded from the
study. Sicker ASMs are more likely to have a higher burden of OLD than those who
were finally enrolled in the study. Thus, the prevalence of TB and silicosis reported here
is likely to be an underestimate. It would have been important to assess how use of



Int. J. Environ. Res. Public Health 2021, 18, 11031 9of 11

respiratory PPE differs among previously treated TB patients and those who were never
treated for TB, however, correct and consistent use of respiratory PPE was not captured as
a variable in this study. Moreover, it would have been important to assess the pack-years
of cigarette smoking in patients, however tobacco smoking was also not captured as a
variable in the study. Furthermore, the ASMs selected in this study only underwent a
symptom and temperature screen for COVID-19. This could have affected the number of
TB cases diagnosed on clinical grounds as COVID-19 can present with similar clinical and
pulmonary manifestations. We did not analyse the prevalence of TB by the different grades
of silicosis (acute, accelerated, chronic simple silicosis or complicated silicosis).

Despite these limitations, our study serves as the first baseline study focusing on
the burden of silicosis and TB in ASMs in Zimbabwe, and paves the way for future re-
search in the artisanal and small-scale mining population. Our study has important policy
considerations. Since silicosis can be diagnosed among asymptomatic and symptomatic
ASMs, enhanced access to radiology services as a basic screening tool for ASMs is crucial.
Given that ASMs visit public health institutions when they feel unwell, there is need to
integrate occupational health into primary health care. This can be achieved through: (i) De-
veloping guidelines for OLD (or through integrating OLD into TB and HIV guidelines);
(i) Capacitating health care workers to provide health education and screening services to
this group.

This study has shown that silicosis and TB in ASMs are a huge problem in Zimbabwe
and are affecting young people. People aged 25-34 years have a high prevalence of TB
in Zimbabwe [6]. The synergistic relationship between HIV and silicosis may fuel the TB
epidemic in Zimbabwe since both increase the risk of TB. ASMs who get sick usually travel
to their hometowns where they may act as foci for community transmission of TB.

5. Conclusions

Although our cross-sectional findings must be considered preliminary, the preva-
lence of TB, silicosis and silico-TB among ASMs in Zimbabwe is very high. There is
need to provide a comprehensive occupational health service package, including TB and
silicosis surveillance, to ASMs in Zimbabwe. Interventions to reduce exposure to silica-
containing dust through raising awareness on safer mining methods are needed. This calls
for enhanced collaboration between the Zimbabwe Miners Federation, Ministry of Mines,
Ministry of Labour and Social Services and the Ministry of Health and Child Care.

Author Contributions: D.M. and C.T. designed the study. All authors read and approved the
protocol. B.C., O.M., EM.,, PN. and A.N. collected the data. C.T. analysed the data. D.M., C.T.,, C.S,,
R.M., GM. and N.S. discussed the results. D.M., RN. and C.T. wrote the manuscript with input from
GM., EM, OM,, PN, AN, CS, NS, RM,, C.Z. and FEK. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by the United States Agency for International Development
(USAID), Cooperative Agreement number 72061319CA00003—Kunda-Nqob’iTB Project.

Institutional Review Board Statement: Ethical clearance for the study was obtained from the Medi-
cal Research Council of Zimbabwe (MRCZ/E/283).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to authorisations that may be required
by the Ministry of Health and Child Care in Zimbabwe.

Acknowledgments: This work was done in collaboration with several individuals and institutions.
We are grateful to the nurses working in the Gwanda, Insiza and Zvishavane districts and the staff at
the occupational health clinic at Gweru Provincial Hospital. The staff from the Union Zimbabwe
Trust, and Baines Occupational Health Services are also acknowledged for their cooperation and
participation in data collection/provision which made it possible to write up this project. We are



Int. J. Environ. Res. Public Health 2021, 18, 11031 10 of 11

saddened to announce the passing on of Christopher Zishiri on the 14th of August 2021 prior to the
publication of our manuscript. We value his immense contribution as one of the co-authors.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. World Bank. Artisanal and Small-Scale Mining. Available online: https:/ /www.worldbank.org/en/topic/extractiveindustries/
brief/artisanal-and-small-scale-mining (accessed on 1 July 2021).

2. International Labour Organisation. Women and Men in the Informal Economy: A Statistical Picture. Third Edition. Available
online: https://www.ilo.org/global /publications /books/WCMS_626831/lang--en/index.htm (accessed on 3 July 2021).

3. Fedotov, I; Eijkeman, G. The ILO/WHO Global Programme for the Elimination of Silicosis. GOHNET Newsl. 2007, 12,
1-3. Available online: https://www.who.int/occupational_health/publications/newsletter /gohnet]2e.pdf?ua=1 (accessed on
3 July 2021).

4. South African Development Community (SADC). Declaration on Tuberculosis in the Mining Industry. 2012. Available on-
line: http:/ /www.stoptb.org/assets/documents/news/Declaration%200n%20Tuberculosis%20in%20the%20Mining %20Sector2
012English.pdf (accessed on 5 July 2021).

5. Maboso, B.M.; Moyo, D.; Muteba, K.M.; Govender, V.G.; Barnes, D.F.; Maama-Maime, L.B.M.; Makiti, S.J.; Lerotholi, M.; Ehrlich, R.
Occupational Lung Disease among Basotho ex-miners in a large Medical Outreach. Occup. Health S. Afr. 2020, 26, 145-152.

6.  World Health Organization. Global TB Report 2020. Available online: https://www.who.int/teams/global-tuberculosis-
programme/tb-reports/global-tuberculosis-report-2020 (accessed on 3 July 2021).

7. PACT. A Golden Opportunity: A Scoping Study of ASGM in Zimbabwe; PACT: Washington, DC, USA, 2015.

8. Gutu, A. Artisanal and Small-Scale Mining in Zimbabwe—Curse or Blessing?; Parliament of Zimbabwe: Harare, Zimbabwe, 2017.

9.  Gottesfeld, P; Tirima, S.; Anka, S.M.; Fotso, A.; Nota, M.M. Reducing lead and silica dust exposures in small scale mining in
northen Nigeria. Ann. Work Expo. Health 2019, 63, 1-8. [CrossRef]

10. Becker, J.; Furu, P; Singo, J.; Shoko, D.; Elbel, ].; Bose-O'Reilly, S.; Steckling-Muschark, N. Determinants of health and health
needs assessments of artisanal and small-scale gold miners in Kadoma, Zimbabwe: A mixed method approach. Environ. Res.
2021, 197, 111081. [CrossRef] [PubMed]

11. Mambrey, V.; Rakete, S.; Tobollik, M.; Shoko, D.; Moyo, D.; Schutzmeier, P.; Sterking-Muschak, N.; Muteti-Fana, S.; Bose-O’Reilly, S.
Artisanal and small-scale gold mining: A cross-sectional assessment of occupational mercury exposure and exposure risk factors
in Kadoma and Shurugwi, Zimbabwe. Int. ]. Environ. Res. Public Health 2020, 184, 109379. [CrossRef] [PubMed]

12.  Cossa, H; Scheidegger, R.; Leuenberger, A.; Ammann, P.; Munguambe, K.; Utzinger, J.; Macete, E.; Winkler, M.S. Health studies
in the context of artisanal and small-scale mining: A scoping review. Int. ]. Environ. Res. Public Health 2021, 18, 1555. [CrossRef]
[PubMed]

13. Balmes, J.R. Occupational Lung Diseases. In Current Diagnosis and Treatment Occupational and Environmental Medicine, 5th ed.;
Ladou, J., Harrison, R., Eds.; McGraw Hill Education: New York, NY, USA, 2014; pp. 362-385.

14. Hnizdo, E.; Murray, J. Risk of Pulmonary Tuberculosis Relative to Silicosis and Exposure to Silica Dust in South African Gold
Miners. Occup. Environ. Med. 1998, 55, 496-502. Available online: https://oem.bmj.com/content/55/7/496.short (accessed on
3 July 2021). [CrossRef] [PubMed]

15. teWaterNaude, |.; Ehrlich, R.I.; Churchyard, G.J.; Pemba, L.; Dekker, K.; Vermeis, M.; White, N.W.; Thompson, M.L.; Myers, ].E.
Tuberculosis and silica exposure in South African gold Mines. Occup. Environ. Med. 2006, 63, 187-192. [CrossRef]

16. Oni, T.; Ehrlich, R. Complicated silico-tuberculosis in a South African gold miner: A case report. Am. J. Ind. Med. 2015, 58,
697-701. [CrossRef] [PubMed]

17.  Cowie, R. The Epidemiology of tuberculosis in gold miners with silicosis. Am. J. Respir. Crit. Care Med. 1994, 150, 1460-1462.
[CrossRef]

18. International Agency for Research on Cancer Publications. Silica, Some Silicates, Coal Dust and Para-Aramid Fibrils. Avail-
able online: https:/ /publications.iarc.fr/Book- And-Report-Series /larc-Monographs-On-The-Identification-Of-Carcinogenic-
Hazards-To-Humans/Silica-Some-Silicates-Coal-Dust- And-Em-Para-Em-- Aramid-Fibrils-1997 (accessed on 30 June 2021).

19. Guidott, T.L. The Praeger Hand Book of Occupational and Environmental Medicine. Practice Insights; An Imprint of ABC-CLIO, LLC:
Oxford, UK, 2010; pp. 1036-1050.

20. Centers for Disease Control and Prevention. National Institute for Occupational Safety and Health. Available online: https:
/ /www.cde.gov/niosh/topics/silica/jobs.html (accessed on 3 July 2021).

21. Adamcakova, J.; Mokra, D. New Insights into Pathomechanisms and Treatment Possibilities for Lung Silicosis. Int. J. Mol. Sci.
2021, 22, 4162. [CrossRef] [PubMed]

22.  USAID Land Links. Artisanal and Small-Scale Mining. Available online: https:/ /www.land-links.org/issue/artisanal-and-small-
scale-mining/ (accessed on 6 May 2021).

23.  Moyo, D.; Zungu, M.; Kgalamono, S.; Mwila, C.D. Review of occupational health and safety organization in expanding economies:
The case of Southern Africa. Ann. Glob. Health 2015, 81, 495-502. [CrossRef]

24. Moyo, D. An overview of occupational medicine and health services and associated challenges in southern Africa.
Occup. Health S. Afr. 2021, 27, 51-54.

25.  Wits Health Consortium. TIMS Quarterly Report. Available online: https:/ /www.timssa.co.za/ (accessed on 3 July 2021).


https://www.worldbank.org/en/topic/extractiveindustries/brief/artisanal-and-small-scale-mining
https://www.worldbank.org/en/topic/extractiveindustries/brief/artisanal-and-small-scale-mining
https://www.ilo.org/global/publications/books/WCMS_626831/lang--en/index.htm
https://www.who.int/occupational_health/publications/newsletter/gohnet12e.pdf?ua=1
http://www.stoptb.org/assets/documents/news/Declaration%20on%20Tuberculosis%20in%20the%20Mining%20Sector2012English.pdf
http://www.stoptb.org/assets/documents/news/Declaration%20on%20Tuberculosis%20in%20the%20Mining%20Sector2012English.pdf
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2020
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2020
http://doi.org/10.1093/annweh/wxy095
http://doi.org/10.1016/j.envres.2021.111081
http://www.ncbi.nlm.nih.gov/pubmed/33775681
http://doi.org/10.1016/j.envres.2020.109379
http://www.ncbi.nlm.nih.gov/pubmed/32197122
http://doi.org/10.3390/ijerph18041555
http://www.ncbi.nlm.nih.gov/pubmed/33562086
https://oem.bmj.com/content/55/7/496.short
http://doi.org/10.1136/oem.55.7.496
http://www.ncbi.nlm.nih.gov/pubmed/9816385
http://doi.org/10.1136/oem.2004.018614
http://doi.org/10.1002/ajim.22454
http://www.ncbi.nlm.nih.gov/pubmed/25914322
http://doi.org/10.1164/ajrccm.150.5.7952577
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Carcinogenic-Hazards-To-Humans/Silica-Some-Silicates-Coal-Dust-And-Em-Para-Em--Aramid-Fibrils-1997
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Carcinogenic-Hazards-To-Humans/Silica-Some-Silicates-Coal-Dust-And-Em-Para-Em--Aramid-Fibrils-1997
https://www.cdc.gov/niosh/topics/silica/jobs.html
https://www.cdc.gov/niosh/topics/silica/jobs.html
http://doi.org/10.3390/ijms22084162
http://www.ncbi.nlm.nih.gov/pubmed/33920534
https://www.land-links.org/issue/artisanal-and-small-scale-mining/
https://www.land-links.org/issue/artisanal-and-small-scale-mining/
http://doi.org/10.1016/j.aogh.2015.07.002
https://www.timssa.co.za/

Int. J. Environ. Res. Public Health 2021, 18, 11031 11 of 11

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Ministry of Health and Childcare of Zimbabwe. Tuberculosis and Leprosy Management Guidelines. Zimbabwe National TB
Control Programme, Harare. 2016. Available online: https://www.scribd.com/document/355736735/Zimbabwe-National-
Tuberculosis-and-Leprosy-Management-Guidelines-final (accessed on 2 July 2021).

International Labour Organization. Guidelines for the Use of the ILO International Classification of Radiographs of Pneumo-
conioses Revised Edition 2011. Available online: https://www.ilo.org/global/topics/safety-and-health-at-work /resources-
library/publications/WCMS_168260/lang--en/index.htm (accessed on 3 July 2021).

Open-Source Epidemiologic Statistics for Public Health 2013. Available online: http://www.openepi.com/Menu/OE_Menu.htm
(accessed on 27 April 2021).

Statacorp, L.P. “STATACORP LP”. 2021. Available online: https://www.usaopps.com/government_contractors/contractor-5858
956-STATACORP-LP.htm (accessed on 1 June 2021).

Gottesfeld, P.; Andrew, D.; Dalhoff, J. Silica exposures in artisanal small-scale gold mining in Tanzania and implications for
tuberculosis prevention. J. Occup. Environ. Hyg. 2015, 12, 647-653. [CrossRef]

Souza, T.P.; van Tongeren, M.; Monteiro, I. Respiratory health and silicosis in artisanal mine workers in southern Brazil.
Am. . Ind. Med. 2021, 64, 511-518. [CrossRef]

World Health Organization. National Tuberculosis Prevalence Surveys 2007-2016. Available online: https://apps.who.int/iris/
bitstream /handle /10665 /341072 /9789240022430-eng.pdf?sequence=1&isAllowed=y (accessed on 3 July 2021).

Ohene, S.A.; Bonsu, F; Adusi-Poku, Y.; Dzata, F; Bakker, M. Case finding of tuberculosis among mining communities in Ghana.
PLoS ONE 2021, 16, €0248718. [CrossRef] [PubMed]

Rambiki, E.; Dimba, A.; Ngambi, W.; Banda, K.; Girma, B.; Shight, B.; Lwanda, L.; Dambe, I. The prevalence of pulmonary
tuberculosis among miners from Karonga, Rumphi, Kasungu and Lilongwe Districts of Malawi. Malawi Med. ]. 2020, 32, 184-191.
[CrossRef]

Knight, D.; Ehrlich, R.; Cois, A.; Fielding, K.; Grant, A.D.; Churchyard, G. Predictors of silicosis and variation in prevalence across
mines among employed gold miners in South Africa. BMC Public Health 2020, 20, 829. [CrossRef] [PubMed]

Steen, TW.; Gyi, K.M.; White, N.W.; Gabosianelwe, T.; Ludick, S.; Mazonde, G.N.; Mabongo, N.; Ncube, M.; Monare, N.;
Ehrlich, R.; et al. Prevalence of occupational lung disease among Botswana men formerly employed in the South African mining
industry. Occup. Environ. Med. 1997, 54, 19-26. [CrossRef] [PubMed]

Girdler-Brown, B.V.; White, N.W.; Ehrlich, R.I.; Churchyard, G.J. The burden of silicosis, pulmonary tuberculosis and COPD
among former Basotho goldminers. Am. |. Ind. Med. 2008, 51, 640—647. [CrossRef]

Trapido, A.S.; Mqoqi, N.P,; Williams, B.G.; White, N.W.; Solomon, A.; Goode, R.H.; Macheke, C.M.; Davies, A.].; Panter, C.
Prevalence of occupational lung disease in a random sample of former mineworkers, Libode District, Eastern Cape Province,
South Africa. Am. J. Ind. Med. 1998, 34, 305-313. [CrossRef]


https://www.scribd.com/document/355736735/Zimbabwe-National-Tuberculosis-and-Leprosy-Management-Guidelines-final
https://www.scribd.com/document/355736735/Zimbabwe-National-Tuberculosis-and-Leprosy-Management-Guidelines-final
https://www.ilo.org/global/topics/safety-and-health-at-work/resources-library/publications/WCMS_168260/lang--en/index.htm
https://www.ilo.org/global/topics/safety-and-health-at-work/resources-library/publications/WCMS_168260/lang--en/index.htm
http://www.openepi.com/Menu/OE_Menu.htm
https://www.usaopps.com/government_contractors/contractor-5858956-STATACORP-LP.htm
https://www.usaopps.com/government_contractors/contractor-5858956-STATACORP-LP.htm
http://doi.org/10.1080/15459624.2015.1029617
http://doi.org/10.1002/ajim.23242
https://apps.who.int/iris/bitstream/handle/10665/341072/9789240022430-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/341072/9789240022430-eng.pdf?sequence=1&isAllowed=y
http://doi.org/10.1371/journal.pone.0248718
http://www.ncbi.nlm.nih.gov/pubmed/33735298
http://doi.org/10.4314/mmj.v32i4.2
http://doi.org/10.1186/s12889-020-08876-2
http://www.ncbi.nlm.nih.gov/pubmed/32487111
http://doi.org/10.1136/oem.54.1.19
http://www.ncbi.nlm.nih.gov/pubmed/9072029
http://doi.org/10.1002/ajim.20602
http://doi.org/10.1002/(SICI)1097-0274(199810)34:4&lt;305::AID-AJIM2&gt;3.0.CO;2-R

	Introduction 
	Materials and Methods 
	The Study Design 
	General Setting 
	Specific Setting and Screening Procedure 
	Study Population 
	Inclusion Criteria 
	Exclusion Criteria 
	Sampling Procedure 
	Data Variables, Sources of Data and Data Collection 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

