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Abstract

Background: To avoid or mitigate potential project-related adverse health effects, the Trident copper project in
Kalumbila, northwestern Zambia, commissioned a health impact assessment. HIV was identified a priority health
issue based on the local vulnerability to HIV transmission and experience from other mining projects in Africa.
Hence, an HIV/AIDS management plan was developed, including community and workplace interventions, with HIV
testing and counselling (HTC) being one of the key components. We present trends in HTC data over a 4-year period.

Methods: In 13 communities affected by the Trident project, HTC was implemented from 2012 onwards, using rapid
diagnostic tests, accompanied by pre- and post-test counselling through trained personnel. In addition, HTC was
initiated in the project workforce in 2013, coinciding with the launch of the mine development. HTC uptake and HIV
positivity rates were assessed in the study population and linked to demographic factors using regression analysis.

Results: In total, 11,638 community members and 5564 workers have taken up HTC with an increase over time. The
HIV positivity rate in the community was 3.0% in 2012 and 3.4% in 2015, while positivity rate in the workforce was 5.2%
in 2013 and 4.3% in 2015. Females showed a significantly higher odds of having a positive test result than males (odds
ratio (OR) = 1.96, 95% confidence interval (CI): 1.55–2.50 among women in the community and OR = 2.90, 95% CI: 1.74–
4.84 among women in the workforce). HTC users in the 35–49 years age group were most affected by HIV, with an
average positivity rate of 6.6% in the community sample and 7.9% in the workforce sample. These study groups had 4.
50 and 4.95 higher odds of being positive, respectively, compared to their younger counterparts (15–24 years).

Conclusions: While HTC uptake increased five-fold in the community and almost three-fold in the workplace, the HIV
positivity rates were insignificantly higher in 2015 compared to 2012. Our data can be used alongside other surveillance
data to track HIV transmission in this specific context. Guided by the health impact assessment, the HIV prevention and
control programme was readily adapted to the current setting through the identification of socioeconomic and
environmental determinants of health.
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Multilingual abstracts
Please see Additional file 1 for translation of the abstract
into the six official working languages of the United
Nations.

Background
Extractive sector projects are central for development
and economic growth in many low- and middle-income
countries [1]. While these projects usually consider po-
tential environmental and social impacts as part of the
permitting process, a specific focus on health is often
lacking [2–5]. Yet, in tropical countries with high burden
of disease, potential health impacts of development pro-
jects are a concern [1, 6]. Indeed, there is growing evi-
dence that project developments often cause a broad
range of adverse health effects, such as high incidence
rates of sexually transmitted infections, pollution of
drinking water or elevated transmission of vector-borne
diseases [7–9]. In response to these concerns, the health
impact assessment (HIA) is the recommended decision-
support tool to anticipate and proactively manage
project-related health impacts [10–12]. However, there is
absence of policy or regulatory capacity in many low-
and middle-income countries that require HIA for pri-
vate sector projects [5].
This holds true for Zambia, which does not have a

legislative requirement to assess potential health impacts
of infrastructure projects, despite its longstanding his-
tory of small- and large-scale mining and associated ad-
verse effects on human wellbeing [5, 13]. For example,
the Copperbelt province – the centre of Zambia’s copper
mining industry – recorded the highest provincial HIV
prevalence in the 2014 Demographic and Health Survey
(DHS; 18.2%) compared to 13.3% nationally [14]. Social
and economic contexts associated with mining, such as
in-migration of mostly young adult males or transac-
tional sex, are believed to have contributed to the high
rates of HIV in mining areas, including adjacent villages
and along transport corridors [14–17]. To address HIV
in this context, the United Nations Development
Programme presented an approach of integrating HIV
and gender-related issues into the impact assessment
process [18].
The Trident greenfield copper project, located in the

Northwestern province of Zambia, operated by First
Quantum Minerals Limited (FQML), commissioned an
HIA as part of the feasibility studies (2008–2012) [19].
In the HIA scoping phase, secondary data (routine
health information system data), qualitative data (ob-
tained from community focus group discussions and key
informant interviews with health staff ) and quantitative
data from a cross-sectional baseline health survey were
employed [20–22]. Potential health impacts were pre-
dicted using a standardised, semi-quantitative risk

assessment tool [23]. The transmission of sexually trans-
mitted infections, including HIV/AIDS, was identified as a
priority, given the existing community health risks in
project-affected communities and precedence in other
mining areas [24]. Qualitative data obtained in the frame
of the HIA scoping study showed that the local communi-
ties are vulnerable to sexually transmitted infections for a
number of reasons. First, the low estimated baseline
prevalence rate of sexually transmitted infections might
rapidly change in face of in-migration from high-
prevalence areas. Second, the relatively high socioeco-
nomic vulnerability could encourage women to engage in
transactional sex. Third, at the onset of the project, there
was little exposure to preventive interventions. Fourth, the
available data suggested inequities in access to health care.
Fifth, the use of condoms was low, coupled with women’s
weak negotiating power. Finally, we noted high stigma as-
sociated with sexually transmitted diseases, particularly
HIV [21]. Hence, as a result of the HIA, the Trident pro-
ject, in partnership with the Solwezi district health man-
agement team, initiated an HIV intervention package.
Figure 1 outlines the interventions in both the community
and the workforce. Health promotion activities, such as
peer education, radio programmes, information, education
and communication (IEC) and empowerment campaigns
in communities and schools, were implemented. HIV test-
ing and counselling (HTC) was the key feature of the
programme, which was offered in communities through
specific outreach activities and in the workplace on a
continuous basis at various service points. Care and
treatment enrolment rounded up the intervention
package. The interventions were adapted to the local
context and were implemented right from the onset
of the mine development.
Here, we present the approaches and outcomes of the

community- and workforce-based HTC implemented in
this particular copper mining setting over a 4-year
period. The objectives of reporting these data are (i) to
present HTC uptake and HIV positivity rate over a 4-
year period in the workforce and communities affected
by a large mining project in sub-Saharan Africa; (ii) to
provide supplementary data for national HIV surveil-
lance; and (iii) to provide a publicly available good
practice example of HIA and associated health risk
mitigation and monitoring. Experience and lessons of
HIA in anticipating and managing risks associated
with HIV are discussed.

Methods
Study area
The Trident project is located in a rural area in Solwezi
district, approximately 150 km northwest of Solwezi, the
provincial capital (Fig. 2) [19]. The mine development
transformed the local environment (e.g. open pit mine,
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damming of rivers and construction of new roads), caused
population movements (e.g. resettlement and in-migration)
and a shift of local occupational activities [25–27].

Study design and study population
The HTC was offered in communities as mobile out-
reach activities. Hence, each community visit represents
a cross-sectional sample. For analysis, results were
pooled over 1-year periods and stratified by community.

In 2012, the HTC programme was launched in six com-
munities and gradually expanded to cover as many as 13
communities by 2015 (Fig. 2). For the workforce, HTC
was offered continuously at various service points that
were readily accessible by mine workers (e.g. work-based
health facility, bus stops and canteens). Both community
members and workers were offered HTC through a vol-
untary walk-in concept without any selection or ran-
domisation process being applied.

Fig. 2 Trident project location and perimeter of the HIV intervention package

Fig. 1 HIV/AIDS management intervention package of the Trident project
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HIV testing
HIV testing was performed following standardised pro-
cedures defined by the Zambian Ministry of Health,
using two types of approved HIV rapid diagnostic test
(RDT) kits: Alere Determine™ HIV-1/2 (Alere Medical
Co. Ltd.; Matsudo, Japan) and UniGold HIV (Trinity
Biotech Manufacturing Ltd.; Bray, Ireland), detecting
HIV 1/2 antibodies in capillary blood samples. A nega-
tive RDT test was considered HIV-negative, while a posi-
tive result required a second confirmatory test. A second
positive test was considered HIV-positive, with a negative
second test reported as an intermediate result, requiring
further testing. Results were promptly communicated to
the participants as part of post-test counselling [28].

Data recording and statistical analysis
A standardised form was completed for each participant,
including basic demographic information, residential
location, occupation, reason prompting the test, any pre-
vious tests and test result. The form contained no identi-
fying features other than a unique number linked to a
register that was stored securely. Data were entered into
EpiData version 1.4.4 (EpiData Association; Odense,
Denmark) and analysed in Stata version 13 (StataCorp
LP; College Station, USA). Descriptive analysis and
multivariate logistic regression were performed to obtain
HIV positivity rates and odds ratio (OR) statistics, in-
cluding 95% confidence intervals (CIs). Gender, age,
marital status, year and type of tester (first-time or re-
peat) were adjusted for in the regression model as they
are either known determinants of HIV infection or in-
cluded in order to identify higher risk groups [14].

Ethical considerations
Pre-test counselling and written informed consent were
obtained from all participants prior to the collection of a
capillary blood sample to test for HIV. Post-test counsel-
ling was performed for all positive and negative results,
with participants who tested HIV positive managed in
accordance with the Zambian National AIDS Strategic
Framework 2011–2015, including referral for registra-
tion, determination of CD4 count and enrolment in care
and treatment programmes [28]. Cases enrolled for care
and treatment in the workforce or their dependents were
followed up at the workplace health facility [28].

Results
HTC uptake
HTC uptake is derived from the study population size.
In the community, a total of 11,638 individuals, aged
15–49 years, have tested for HIV between 2012 and
2015. Invalid records (e.g. being out of the age range
analysed here) were excluded. Background characteristics
of the study population per year are shown in Table 1.

The majority of testers in the communities were female
(>58% in all four years), married or in a long-term rela-
tionship (>57% in all four years) and about half (range
48.7–56.5% over the four years) were from the youngest
age group (15–24 years).
For the workforce, data were available from 2013 to

2015 with an overall study population of 5564 workers
(aged 15–49 years). More than 90% of the participants
were males, reflecting the typical gender ratio in mining
sites (Table 1). The average age was around 31 years
with about half of the participants (range 48.2–53.7%) in
the 25–34 year-old age group.
The uptake of HTC in the general community and the

workforce, stratified per year, is illustrated in Fig. 3a and
3b, including a differentiation between first-time and re-
peat testers. The number of community participants in-
creased from 2012 to 2013, decreased in 2014 and was
highest, both in males and females, in 2015. Two-thirds
of HTC users were repeat testers in 2012 and 2013. This
proportion increased to 75% in 2014 and 2015 (Table 1).
In the workforce, uptake continuously increased in

males and females. The proportion of first-time testers
was comparable in 2013 and 2014 at around 40%. It de-
creased markedly to 11.8% in 2015.
In both the community and the workforce sample, the

main reasons to test were ‘just to know’ and ‘just to
make sure’, as stated by >90% of males and females
(Table 2). Few individuals stated other reasons, such as
‘feeling sick’ or ‘worried about partner behaviour.

HIV positivity rate
In the community sample, the overall HIV positivity rate
was slightly higher in 2014 and 2015 (3.4% in both years)
than the previous years (3.0% in 2012 and 3.3% in 2013;
Fig. 4). As shown by logistic regression in Table 3, there
was no significant change over time. It needs to be noted
that samples of individual years are not independent due
to potential repeat testers (although not all repeat testers
necessarily tested more than once in the HTC offered by
FQML), leading to too narrow CI estimates. The HIV
positivity rate in females was consistently higher than in
males. Overall, females had twice the odds of being
tested positive for HIV than males (OR = 1.96, 95% CI:
1.55–2.50). No significant difference was found in the
positivity rate between first-time (3.3%) and repeat tes-
ters (3.3%). The ORs of testing positive were significantly
higher in the older age groups (i.e. 25–34 and 35–
49 years), compared to the youngest age group (15–
24 years). Their ORs to test positive were 2.61 (95%
CI: 2.00–3.40) and 4.50 (95% CI: 3.43–5.90), respect-
ively (Table 3).
Trends in the HIV positivity rate, stratified by commu-

nities over the 4-year period, are shown in Table 4. In
2015, HIV positivity rates were highest in the
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communities of Northern Resettlement (5.1%), followed
by Chisasa (5.0%) and Kanzanji (4.8%).
In the workforce, the HIV positivity rate in males was

5.3% in 2013, 3.1% in 2014 and 4.2% in 2015 (Fig. 4c).
An upward trend was observed in the positivity rate in
females: one out of 31 (3.2%) women tested positive in
2013; 11 out of 99 (11.1%) in 2014 and 12 out of 146
(8.2%) in 2015. Similar to the community sample, fe-
males had almost three times higher odds of a positive
HIV test (OR = 2.90, 95% CI: 1.74–4.84; Table 3). Across
all years, first-time testers in the workforce sample had a
significantly higher HIV positivity rate than repeat tes-
ters (5.0% vs. 4.0%, OR = 1.48, 95% CI: 1.08–2.03). The
HIV positivity rate was strongly dependent on the age of
workers, as those aged 35–49 years had an almost 5
times higher odds of a positive test compared to the
youngest age group (OR = 4.95, 95% CI: 2.94–8.32).

Discussion
The findings from HTC from 2012 to 2015 offered in
the Trident project mining area suggest a growing trend
of HTC uptake, an insignificantly higher HIV positivity
rate in 2014/2015 compared to earlier years (2012 and

2013) in the general community and a insignificantly
lower rate in the workplace population in 2015 (4.4%)
compared to 2013 (5.2%).

HTC uptake
HTC is one of the key strategies for HIV control but to
date, most people in low- and middle-income countries
still do not know their HIV status [29, 30]. In Zambia,
HTC uptake is promoted at different venues, including
facility-, community- and workplace-based HTC [28, 31].
As was previously found in rural communities with weak
health infrastructure and HIV programming, the provision
of community-based HTC in the 13 communities sup-
ported the uptake of HIV testing [32–34]. Since the HTC
described here is provider-driven, this can be partly attrib-
uted to the extension of activities into newly visited com-
munities and the up-scaling of activities in previously
visited communities and partly to an increased demand.
In two repeated cross-sectional surveys in seven project-
impacted communities, it was found that the proportion
of females who have ever performed an HIV test increased
from 76.6% in 2011 to 86.1% in 2015 [20, 27]. At the
workplace, uptake augmented uniformly every year.

Table 1 Characteristics of community and workplace HTC users aged 15–49 years, Trident project area, 2012–2015

Year 2012 2013 2014 2015

Community (n) 1003 2818 1853 5964

Males (n; %) 365 (36.4) 1028 (36.5) 774 (41.8) 2261 (37.9)

Females (n; %) 638 (63.6) 1790 (63.5) 1079 (58.2) 3703 (62.1)

Average age in years ± SD 25.1 ± 7.9 26.3 ± 8.4 26.3 ± 7.8 26.2 ± 8.3

15–24 years old (n; %) 567 (56.5) 1457 (51.7) 902 (48.7) 3089 (51.8)

25–34 years old (n; %) 295 (29.4) 835 (29.6) 636 (34.3) 1775 (29.8)

35–49 years old (n; %) 141 (14.1) 526 (18.7) 315 (17.0) 1100 (18.4)

Married or in long-term relationship (%; 95% CI) 57.9 (54.8–61.0) 61.3 (59.4–63.1) 63.6 (61.3–65.8) 66.6 (65.4–67.8)

First-time tester (%; 95% CI) 33.5 (30.5–36.5) 32.7 (31.0–34.5) 24.8 (22.8–26.9) 25.5 (24.4–26.7)

Repeat tester (%; 95% CI) 66.5 (63.5–69.5) 67.3 (65.5–69.0) 75.2 (73.1–77.2) 74.5 (73.3–75.6)

Average overall HIV positivity rate (%; 95% CI)1 3.0 (2.0–4.2) 3.3 (2.6–3.9) 3.4 (2.5–4.2) 3.4 (2.9–3.9)

Workforce (n) - 1011 1852 2701

Males (n; %) - 980 (96.9) 1753 (94.7) 2555 (94.6)

Females (n; %) - 31 (3.1) 99 (5.4) 146 (5.4)

Average age in years ± SD - 30.9 ± 7.3 30.7 ± 6.7 31.7 ± 6.8

15–24 years old (n; %) - 213 (21.1) 352 (19.0) 396 (14.7)

25–34 years old (n; %) - 487 (48.2) 995 (53.7) 1413 (52.3)

35–49 years old (n; %) - 311 (30.8) 505 (27.3) 892 (33.0)

Married or in long-term relationship (%; 95% CI) - 77.9 (75.3–80.5) 77.4 (75.4–79.3) 89.0 (87.7–90.1)

First-time tester (%; 95% CI) - 39.2 (36.2–42.3) 41.4 (39.1–43.8) 11.8 (10.5–13.1)

Repeat tester (%; 95% CI) - 60.8 (57.7–63.8) 58.6 (56.2–60.9) 88.2 (86.9–89.5)

Average overall HIV positivity rate (%; 95% CI)1 - 5.2 (4.0–6.8) 3.5 (2.7–4.5) 4.4 (3.6–5.2)

CI, confidence interval; SD standard deviation; −, no data available
1Samples of individual years are non-independent due to repeat testers (although not all repeat testers necessarily tested more than once in the HTC offered by FQML)
leading to a too narrow CI estimate
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Fig. 3 Uptake of HTC by first-time and repeat testers aged 15–49 years, Trident project area, 2012-2015. a Community; b workforce

Table 2 Self-reported reasons for using HTC services in adults aged 15–49 years, Trident project area, 2012–2015

Reasons stated for HTC use (%) Community Workforce

Gender Male Female Male Female

n 4224 6867 5035 261

Feeling sick 0.4 0.4 0.1 0.0

Partner is HIV-positive 0.1 0.1 0.1 0.0

Expecting parent, potential prevention
of mother-to-child transmission

0.3 3.5 0.0 0.0

Just to make sure 22.0 22.4 31.6 31.0

Just to know 77.1 73.2 68.0 68.2

Worried about partner behaviour 0.1 0.2 0.1 0.4

Other 0.1 0.1 0.1 0.4
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Fig. 4 HIV positivity rate in HTC users aged 15–49 years, Trident project area, 2012–2015. a Community, stratified by sex; b community, stratified
by first-time and repeat testers; c workforce, stratified by sex; d workforce, stratified by first-time and repeat testers

Table 3 Multivariate logistic regression analysis for the HIV positivity rate in HTC users aged 15–49 years, Trident project area, 2012–2015

Community Workforce

n Positivity rate
2012–2015
(%, 95% CI)a

aORb (95% CI) n Positivity rate
2013–2015
(%, 95% CI)a

aORb (95% CI)

Gender Male 4428 2.3 (1.8–2.7) 1.00 5288 4.0 (3.4–4.5) 1.00

Female 7210 4.0 (3.5–4.5) 1.96 (1.55–2.50) 276 8.7 (5.6–12.7) 2.90 (1.74–4.84)

Year 2012 1003 3.0 (2.0–4.2) 1.00 n/a n/a n/a

2013 2818 3.3 (2.6–3.9) 1.03 (0.67–1.58) 1011 5.2 (3.9–6.8) 1.00

2014 1853 3.4 (2.5–4.2) 1.10 (0.69–1.73) 1852 3.5 (2.7–4.4) 0.61 (0.41–0.90)

2015 5964 3.4 (2.9–3.9) 1.11 (0.75–1.67) 2701 4.3 (3.6–5.2) 0.89 (0.62–1.27)

Type Repeat tester 8145 3.3 (2.9–3.7) 1.00 3785 4.0 (3.3–4.6) 1.00

First-time tester 3152 3.3 (2.7–3.9) 1.03 (0.82–1.31) 1390 5.0 (3.9–6.3) 1.48 (1.08–2.03)

Marital status Married or long-term
relationship

7457 3.4 (2.9–3.8) 1.00 4624 4.3 (3.7–4.9) 1.00

Other 4181 3.3 (2.7–3.8) 1.46 (1.17–1.84) 940 3.9 (2.7–5.3) 1.22 (0.80–1.84)

Age group 15–24 years 6015 1.8 (1.4–2.1) 1.00 961 2.0 (1.1–3.0) 1.00

25–34 years 3541 4.0 (3.4–4.7) 2.61 (2.00–3.40) 2895 2.8 (2.2–3.5) 1.63 (0.96–2.75)

35–49 years 2082 6.6 (5.5–7.7) 4.50 (3.43–5.90) 1708 7.9 (6.6–9.2) 4.95 (2.94–8.32)

aOR, adjusted odds ratio; CI, confidence interval; n/a, not applicable
aSamples of individual years are non-independent due to repeat testers (although not all repeat testers necessarily tested more than once in the HTC
offered by FQML) leading to a too narrow CI estimate
bOR are mutually adjusted for the variables listed in the table
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Convenient access to HTC at multiple workplace
locations was previously found to increase HIV test-
ing coverage, especially when linked to HIV care and
treatment programmes [35, 36]. In 2015, Solwezi dis-
trict had by far the highest uptake of HTC, accounting for
55% of the total of 56,902 HTC users in Northwestern
province [37]. In both the workplace and community
study populations, the proportion of repeat testers in-
creased over time, as in other HTC studies, suggesting an
effective programme [34, 38].

HIV positivity rate
The HIV positivity rate measured through community-
based HTC was slightly higher in 2015 (3.4%) than in
2012 (3.0%). This is lower than prevalences measured
during the 2013-2014 DHS in Northwestern province in
the same age group (6.4%), although comparability with
the non-random estimates presented here is limited
[14, 39, 40]. Hence, these observations must be inter-
preted against the following background. First, there
is a presumably lower HIV prevalence in the rural
study area pre-project, as compared to other areas in
the province (e.g. urban centres or mining towns)
[14]. Second, the highest HIV prevalence during the
DHS was observed in mining towns [17, 41]. Third,
we noted targeted HIV management in the study
area, in face of potential exclusion of high prevalence
groups. Importantly, HTC in our setting was pro-
vider- rather than demand-driven, which might ex-
plain some of the observed differences over time and
space. The highest HIV positivity rates in 2015 were

recorded in Northern Resettlement and Chisasa (5.1%
and 5.0%, respectively). These communities are dy-
namic, with extensive in- and out-migration. Northern
Resettlement has attracted job-seeking migrants with
a high proportion currently employed (in July 2015,
76.5% of households had at least one member
employed by the project). This has led to relative
wealth in the community compared to the surround-
ing rural areas. Chisasa is the main urban settlement
outside of the project area and has received the bulk
of migrants, with a cross-sectional health survey con-
ducted in mid-2015 reporting that 68% of respon-
dents were resident for less than 5 years [15].
Moreover, Chisasa reported the highest rates of multiple
sex partners and transactional sex in the 12 months before
the said survey [17]. Data from this study, together with
other social and health data, support the identification of
hotspot communities and the timely design of preventive
measures tailored in response to the needs of these
communities.
The overall HIV positivity rate in the workforce was

consistently 1–2% above the rate observed in the com-
munities. The effect of labour migration from areas of
high HIV prevalence on the observed HIV positivity
rates is difficult to assess as participants’ migration his-
tory was not inquired prior to 2016 [16, 40]. In 2015,
9.7% of people aged 15 years and above were tested posi-
tive for HIV during HTC in Solwezi district [37]. These
data mainly stem from mining towns, such as Solwezi.
Hence, the higher HIV positivity rate in the workforce
might be explained by the higher HIV prevalence

Table 4 HIV positivity rate in community members aged 15–49 years using HTC services per community, Trident project area, 2012–2015

Community 2012 2013 2014 2015

n % (95% CI)a n % (95% CI)a n % (95% CI)a n % (95% CI)a

Kankonzhi 117 4.3 (1.4–9.6) 390 1.8 (0.7–3.6) 281 2.1 (0.7–4.5) 600 3.0 (1.7–4.6)

Wanyinwa 240 4.6 (2.3–8.0) 455 4.0 (2.3–6.1) - - - -

Musele 270 1.9 (0.6–4.2) 753 3.9 (2.5–5.4) 347 1.7 (0.6–3.7) 1123 3.0 (1.7–4.6)

Chisasa 245 3.3 (1.4–6.3) 621 3.4 (2.1–5.1) 474 3.6 (2.1–5.6) 1193 5.0 (3.8–6.4)

Chovwe 74 1.4 (0.0–7.3) 311 2.3 (0.9–4.5) 156 4.5 (1.8–9.0) 563 4.3 (2.7–6.2)

Muzangezhi 57 0.0 (.-.) - - - - 226 1.7 (0.4–4.4)

Watambo - - 288 3.5 (1.6–6.2) - - 220 0.5 (0.0–2.5)

Northern Resettlement - - - - 255 3.5 (1.6–6.5) 415 5.1 (3.1–7.6)

Kalumbila Town - - - - 340 5.0 (2.9–7.8) 471 3.8 (2.2–5.9)

Shenengene - - - - - - 425 2.1 (0.9–3.9)

Kanzanji - - - - - - 230 4.8 (2.4–8.3)

Jiundu - - - - - - 336 0.6 (0.0–2.1)

Kambishi - - - - - - 162 1.2 (0.1–4.3)

Overall 1003 3.0 (2.0–4.2) 2818 3.3 (2.6–3.9) 1853 3.4 (2.5–4.2) 5964 3.4 (2.9–3.9)

CI, confidence interval; -, no data available
aSamples of individual years are non-independent due to repeat testers (although not all repeat testers necessarily tested more than once in the HTC offered by FQML)
leading to a too narrow CI estimate
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observed in these labour-sending areas [16, 37]. Whilst
the observed trends in HIV positivity rates have not
shown significant increases as seen in other mining areas
in Africa, rigorous surveillance is warranted to rapidly
pick up changing patterns and high-risk groups [42, 43].
Our reported HIV positivity rate data do not shed full

light on the true prevalence or incidence. Nevertheless,
our data may serve as a benchmark for surveillance in
this population affected by a large mining project com-
plementary to other data sources, such as the Zambia
national sentinel surveillance system and population-
based prevalence surveys [14, 44].

Experience from HIA
Ending the AIDS epidemic by 2030 is a declared goal in
the Sustainable Development Goals (SDGs) era [45].
According to the SDGs agenda, health-related targets
are to be considered in developments across all sectors
[46]. The HIA provides a means to monitor health and
determinants of health indicators and therefore account-
ability towards the general public, whilst at the same
time creating inter-sectoral collaboration and strength-
ening public-private partnerships. For the Trident
project, the HIA guided, through the identification of so-
cioeconomic and environmental determinants of health,
the HIV management plan, which was readily adapted to
the specific context and supported the Zambian HTC
implementation plan, while at the same time mitigating
project-related risks [31]. According to experience by
project decision-makers, the implementation of the HIV
management plan was further promoted through: (i) the
continuous support of the HIA by public health profes-
sionals; (ii) the close collaboration with the Ministry of
Health at national and local level; (iii) adequate and
skilled human resources to implement the interventions;
(iv) the resident model, i.e. national migrant and expatri-
ate workers reside with their families in the area, as op-
posed to the rotational model with frequent travel into
and out of the area; (v) the consistency of funding and
management support from FQML; and, importantly (vi)
the partnership and support from traditional authorities
and local communities.

Limitations
First, the data presented here stem from HTC offered on
a voluntary basis (i.e. walk-in mobile clinics). Hence, our
approach was provider- rather than demand-driven,
which might lead to under- or over-representation of
particular population groups. Second, community mem-
bers and workers may use alternative facilities for HTC
or test more than once, and hence, the reported HTC
uptake and HIV positivity rate might be slightly under-
or overestimated. Third, our data do not allow distin-
guishing between first-time or repeat testers offered by

FQML or elsewhere. Due to repeat testers within the
FQML HTC, the samples of individual years are non-
independent, leading to too narrow CI estimates. Of
note, in the Additional file 2, we show HIV positivity
rates and CI for first-time testers only. Finally, the
HIV positivity rate data in both study populations
presented are monitoring trends but caution is war-
ranted when relying on these for estimation of preva-
lence or detection of sudden changes in transmission,
due to the time lag between exposure and testing
date and the extent of non-testers.

Conclusions
Between 2012 and 2015, HTC uptake increased five-fold
in the community and almost three-fold in the work-
force study populations in the Trident project area in
Zambia, whilst the HIV positivity rates was insignifi-
cantly higher in 2015 compared to 2012. In the current
mining setting, the HIA triggered the continued collec-
tion of data which can be used along with other surveil-
lance data sources in tracking HIV trends. There are few
examples in the public domain on how HIV/AIDS and
other health issues are addressed within an evidence-
based impact assessment process for mining or other
large-scale projects in sub-Saharan Africa [22, 47, 48].
Good practice case studies on how HIA and associated
health monitoring can benefit communities, the host
government and projects are needed to increase its visi-
bility and underpin the importance of institutionalizing
HIA at the national level in low- and middle-income
countries [5, 18]. The current study has several
strengths. First, it allows to transparently communicate
trends in HTC uptake and HIV positivity rate in the
copper mine project area with the public. Second,
hotspot-communities that need to be intensively tar-
geted with preventive interventions could be identi-
fied. The research effort can serve as a good practice
example of HIA and inter-sector collaboration, as ad-
vocated by the 2030 SDGs agenda.

Additional files

Additional file 1: Multilingual abstracts in the six official working languages
of the United Nations. (PDF 639 kb)

Additional file 2: HIV positivity rate of first-time testers in community
members and workforce aged 15–49 years, Trident project area, 2012–2015.
(DOCX 44 kb)

Abbreviations
AIDS: Acquired Immune Deficiency Syndrome; CI: Confidence Interval;
DHS: Demographic and Health Survey; FQML: First Quantum Minerals Limited;
HIA: Health Impact Assessment; HIV: Human Immunodeficiency Virus; HTC : HIV
Testing and Counselling; OR: Odds Ratio; RDT: Rapid Diagnostic Test;
WHO: World Health Organization

Knoblauch et al. Infectious Diseases of Poverty  (2017) 6:114 Page 9 of 11

dx.doi.org/10.1186/s40249-017-0320-4
dx.doi.org/10.1186/s40249-017-0320-4


Acknowledgements
We thank the Solwezi district health management team for the constructive
collaboration in planning of health interventions and collection of field data.
Particular thanks go to Marcus Chisanga, Ian Silwimba, Marjorie Fwoloshi,
Nalakwadi Lungu, Charles Phiri and Ronnah Mambo from the Kalumbila
mine health promotion team for data collection. In addition, we
acknowledge the tribal authorities and communities in and around the
Trident project area for their support and engagement.

Funding
This work was supported from First Quantum Minerals Limited. The funder
had a supporting role in the study design, data collection, and analysis, and
preparation of the manuscript.

Availability of data and materials
Data pertaining to HIV/AIDS in the study area are attached with issues of
stigma and fear. Hence, supporting data are neither shared nor made
publicity available. Moreover, the current dataset contains information not
presented here, but might be used for additional analyses. Excerpts from the
dataset can be made available from the corresponding author upon
reasonable request.

Authors’ contributions
AP, GM, KN, MJD and HG designed the HIV management plan, including the
HTC in collaboration with the Solwezi district health management team. First
Quantum Minerals Limited is the principal investigator and coordinator of
the HTC and data collection activities. MO managed data entry, cleaning and
preparation of the database for statistical analysis, supported by the First
Quantum Minerals Limited health team. AMK, MJD, MO and MSW wrote the
first draft of the manuscript. AMK, MJD, MO, GM, AP, KN, HG, JU and MSW
contributed to the draft development. All authors read and approved the final
version of the manuscript for submission.

Competing interests
First Quantum Minerals Limited and the Trident project funded the health
impact assessment and health interventions, including HTC for HIV. MJD, MO,
MSW and AMK have all supported First Quantum Minerals Limited and the
Trident project as independent public and occupational health specialists.
The corresponding author had full access to all the data in the study and
had final responsibility for the decision to submit for publication. AP and GM
are contractual employees from First Quantum Minerals Limited.

Consent for publication
Not applicable.

Ethics approval and consent to participate
HIV testing and councelling (HTC) is provided by the private sector in
accordance with the Zambian National AIDS Strategic Framework 2011–
2015 and the Zambian HTC implementation plan 2014–2016). Pre-test
counselling and written informed consent were obtained from all partici-
pants prior to the collection of a capillary blood sample to test for HIV. Post-test
counselling was performed for all positive and negative results.

Author details
1Swiss Tropical and Public Health Institute, P.O. Box, CH-4002 Basel,
Switzerland. 2University of Basel, P.O. Box, CH-4003 Basel, Switzerland. 3SHAPE
Consulting Ltd., GY1 2 St Peter Port, Channel Islands, Guernsey, UK. 4Solwezi
District Health Management Team, 40100 Solwezi, Zambia. 5First Quantum
Minerals Limited, 10100 Lusaka, Zambia.

Received: 13 September 2016 Accepted: 31 May 2017

References
1. APP. Africa progress report 2013: equity in extractives: stewarding Africa's

natural resources for all. Geneva: Africa Progress Panel; 2013.
2. Erlanger TE, Krieger GR, Singer BH, Utzinger J. The 6/94 gap in health

impact assessment. Environ Impact Assess Rev. 2008;28:349–58.
3. Fehr R, Viliani F, Nowacki J, Martuzzi M. Health in impact assessments:

opportunities not to be missed. Copenhagen: WHO Regional Office for
Europe; 2014.

4. Harris P, Viliani F, Spickett J. Assessing health impacts within environmental
impact assessments: an opportunity for public health globally which must
not remain missed. Int J Environ Res Public Health. 2015;12(1):1044–9.

5. Winkler MS, Krieger GR, Divall MJ, Cissé G, Wielga M, Singer BH, et al.
Untapped potential of health impact assessment. Bull World Health Organ.
2013;91(4):298–305.

6. IFC. Performance standards on environmental and social sustainability.
Washington D.C.: International Finance Corporation; 2012.

7. Campbell C. Migrancy, masculine identities and AIDS: the psychosocial
context of HIV transmission on the South African gold mines. Soc Sci Med.
1997;45(2):273–81.

8. Cardiff S, Coumans C, Hart R, Sampat P, Walker B. Troubled waters: how
mine waste dumping is poisioning our oceans, rivers and lakes. Ottawa:
Earthworks and MiningWatch Canada; 2012.

9. Keiser J, De Castro MC, Maltese MF, Bos R, Tanner M, Singer BH, et al. Effect
of irrigation and large dams on the burden of malaria on a global and
regional scale. Am J Trop Med Hyg. 2005;72(4):392–406.

10. IFC. Introduction to health impact assessment. Washington D.C:
International Finance Corporation; 2009.

11. Kemm J. Health impact assessment: past achievement, current
understanding, and future progress. Oxford: Oxford University Press; 2013.

12. WHO/ECHP. Health impact assessment: main concepts and suggested
approach. Gothenburg consensus paper. Copenhagen: World Health
Organization Regional Office for Europe; 1999.

13. Government of Zambia, Zambia Environmental Management Agency.
Zambia environmental management act no. 12 of 2011, vol. 2011. Lusaka:
Government of Zambia, Zambia Environmental Management Agency.

14. CSO, MOH, ICF International. Zambia demographic and health survey 2013-
2014. Rockville: Central Statistics Office, Ministry of Health, ICF International;
2014.

15. Kamanga J, Simbaya J, Ndumbani P, Siziya S. Long distance truck drivers in
transpotation routes with trend analysis 2000-2009: behavioural surveillance
survey Zambia. Lusaka: Zambian Corridors of Hope II HIV/AIDS Prevention
Initiative; 2009.

16. WHO. Health of migrants. Geneva: World Health Organzation; 2007.
17. Zambia Daily Nation. Increase in Solwezi HIV prevalence worrying. In:

Zambia Daily Nation. Lusaka: Zambia Daily Nation; 2015.
18. UNDP, ILO, IOM, SAIEA. Guidelines for integrating HIV and gender-related

issues into environmental assessment in eastern and southern Africa.
Johannesburg: United Nations Development Programme; 2013.

19. Development projects: Trident http://www.first-quantum.com/Our-Business/
Development-Projects/Trident/default.aspx. Accessed 30 Jan 2016.

20. Divall MJ, Barnes D, Knoblauch AM. Trident project: health impact
assessment scoping study. Denver: NewFields LLC; 2010.

21. Knoblauch A, Divall M, Owuor M, Archer C, Nduna K, Ng'uni H, et al.
Monitoring of Selected Health Indicators in Children Living in a Copper
Mine Development Area in Northwestern Zambia. Int J Environ Res Public
Health. 2017;14(3):315.

22. Winkler MS, Nyaundi C, Monti C, Archer C, Divall MJ. Trident project: health
impact assessment baseline health survey. St Peters Port: SHAPE Consulting
Limited; 2011.

23. Divall MJ. Trident project: health impact assessment. St Peters Port: SHAPE
Consulting Limited; 2012.

24. CES. Trident project, Northwestern Province, Zambia: socio-economic
specialist report. Grahamstown: Coastal & Environmental Services; 2010.

25. Winkler MS, Divall MJ, Krieger GR, Balge MZ, Singer BH, Utzinger J. Assessing
health impacts in complex eco-epidemiological settings in the humid
tropics: advancing tools and methods. Environ Impact Assess Rev. 2010;30:
310–9.

26. MHI. A mining health initiative case study: First Quantum Mining Limited,
Zambia: lessons in government engagement. London & Lusaka: Mining
Health Initiative; 2013.

27. Owuor M, Knoblauch AM, Archer C, Divall MJ. Trident project: health impact
assessment follow-up health survey. St Peters Port: SHAPE Consulting
Limited; 2015.

28. MOH, USAID. National AIDS strategic framework 2011-2015. Lusaka: Ministry
of Health, Republic of Zambia, USAID; 2010.

29. UNAIDS. 90-90-90: an ambitious treatment target to help end the AIDS
epidemic. Geneva: Joint United Nations Programme on HIV/AIDS; 2014.

30. WHO. Global update on the health sector response to HIV, 2014. Geneva:
World Health Organisation; 2014.

Knoblauch et al. Infectious Diseases of Poverty  (2017) 6:114 Page 10 of 11

http://www.first-quantum.com/Our-Business/Development-Projects/Trident/default.aspx
http://www.first-quantum.com/Our-Business/Development-Projects/Trident/default.aspx


31. MOH. HIV testing and counselling (HTC) implementation plan 2014-2016.
Lusaka: Ministry of Health; 2014.

32. Fylkesnes K, Sandoy IF, Jurgensen M, Chipimo PJ, Mwangala S, Michelo C.
Strong effects of home-based voluntary HIV counselling and testing on
acceptance and equity: a cluster randomised trial in Zambia. Soc Sci Med.
2013;86:9–16.

33. Jurgensen M, Sandoy IF, Michelo C, Fylkesnes K, Mwangala S, Blystad A. The
seven Cs of the high acceptability of home-based VCT: results from a mixed
methods approach in Zambia. Soc Sci Med. 2013;97:210–9.

34. Sweat M, Morin S, Celentano D, Mulawa M, Singh B, Mbwambo J, et al.
Community-based intervention to increase HIV testing and case detection
in people aged 16-32 years in Tanzania, Zimbabwe, and Thailand (NIMH
project accept, HPTN 043): a randomised study. Lancet Infect Dis. 2011;11(7):
525–32.

35. Bhagwanjee A, Petersen I, Akintola O, George G. Bridging the gap between
VCT and HIV/AIDS treatment uptake: perspectives from a mining-sector
workplace in South Africa. Afr J AIDS Res. 2008;7(3):271–9.

36. Corbett EL, Dauya E, Matambo R, Cheung YB, Makamure B, Bassett MT, et al.
Uptake of workplace HIV counselling and testing: a cluster-randomised trial
in Zimbabwe. PLoS Med. 2006;3(7):e238.

37. Solwezi DHMT. Voluntary counselling and testing uptake in Northwestern
Province and positivity rate in Solwezi district 2015. Solwezi: Solwezi District
Health Management Team; 2016.

38. Helleringer S, Mkandawire J, Reniers G, Kalilani-Phiri L, Kohler HP. Should
home-based HIV testing and counseling services be offered periodically in
programs of ARV treatment as prevention? A case study in Likoma (Malawi).
AIDS Behav. 2012;17:2100–8.

39. Horyniak D, Guy R, Prybylski D, Hellard M, Kaldor J. The utility of voluntary
counselling and testing data as a source of information on HIV prevalence:
a systematic review. Int J STD AIDS. 2010;21(5):305–11.

40. Online national AIDS reporting system http://www.zambianacmisonline.
org/. Accessed 30 Jan 2016.

41. Zambia: mining growth brings increased HIV risk http://www.irinnews.org/
report/72714/zambia-mining-growth-brings-increased-hiv-risk. Accessed 30
Jan 2016.

42. Williams B, Campbell C, Ballard R. STDs on the mines: the nature of the
problem. In: HIV/AIDS management in South Africa: priorities for the
mining industry. Johannesburg: ERU; 1996.

43. Zhao RY, Gao HC, Shi XM, Tucker JD, Yang ZM, Min XD, et al. Sexually
transmitted disease/HIV and heterosexual risk among miners in townships
of Yunnan Province, China. AIDS Patient Care STDs. 2005;19(12):848–52.

44. MOH. Zambia country report 2014: monitoring the declaration of
commitment on HIV and AIDS and the universal access. Lusaka: Ministry of
Health; 2015.

45. UN: The 2030 agenda for sustainable development. Geneva: United Nations;
2015.

46. TST, UN. TST issues brief: health and sustainable development. Geneva:
Technical Support Team (TST), United Nationis Development Programme;
2015.

47. Knoblauch AM, Hodges MH, Bah MS, Kamara HI, Kargbo A, Paye J, et al.
Changing patterns of health in communities impacted by a bioenergy
project in northern Sierra Leone. Int J Environ Res Public Health. 2014;11(12):
12997–3016.

48. Winkler MS, Knoblauch AM, Righetti AA, Divall MJ, Koroma MM, Fofanah I,
et al. Baseline health conditions in selected communities of northern Sierra
Leone as revealed by the health impact assessment of a biofuel project. Int
Health. 2014;6(3):232–41.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Knoblauch et al. Infectious Diseases of Poverty  (2017) 6:114 Page 11 of 11

http://www.zambianacmisonline.org
http://www.zambianacmisonline.org
http://www.irinnews.org/report/72714/zambia-mining-growth-brings-increased-hiv-risk
http://www.irinnews.org/report/72714/zambia-mining-growth-brings-increased-hiv-risk

	Abstract
	Background
	Methods
	Results
	Conclusions

	Multilingual abstracts
	Background
	Methods
	Study area
	Study design and study population
	HIV testing
	Data recording and statistical analysis
	Ethical considerations

	Results
	HTC uptake
	HIV positivity rate

	Discussion
	HTC uptake
	HIV positivity rate
	Experience from HIA
	Limitations

	Conclusions
	Additional files
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

