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Abstract: Large private sector investments in low- and middle-income countries are often 

critically evaluated with regards to their environmental, social, human rights, and health 

impacts. A health impact assessment, including a baseline health survey, was 

commissioned by the Addax Bioenergy Sierra Leone project in 2010. As part of the 

monitoring, a follow-up survey was conducted three years later. A set of health indicators 

was assessed at six impacted and two control sites. Most of these indices improved, 

particularly at the impacted sites. The prevalences of stunting, wasting, and  

Plasmodium falciparum in children under five years of age decreased significantly at 

impacted sites (all p < 0.05) and non-significantly at control sites. Anemia in children and in 
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women of reproductive age (15–49 years) decreased significantly at impacted and control 

sites (p < 0.05 and p < 0.001, respectively). Health facility-based deliveries increased 

significantly at the impacted sites (p < 0.05). The prevalences of helminth infections in 

children aged 10–15 years remained approximately at the same levels, although focal 

increases at the impacted sites were noted. Access to improved sanitation decreased 

significantly (p < 0.05) at control and non-significantly at impacted sites. Water quality 

remained poor without significant changes. The epidemiologic monitoring of a bioenergy 

project provides a useful contribution for evidence-based decision-making. 

Keywords: anemia; bioenergy; health impact assessment; helminth infection; malaria; 

nutritional status; Sierra Leone 

 

1. Introduction 

Large private sector investments in low- and middle-income countries, including agricultural, water 

resources development and management, and extractive industry projects, are increasingly being 

developed in remote areas, often associated with vulnerable communities and, thus, subject to 

international scrutiny [1,2]. The discussion revolves around potential project-related impacts on the 

environment, people’s health, social cohesion, and human rights [3–5]. Proponents and opponents have 

different views on the extent of positive and negative impacts [6,7]. Potential positive impacts include 

improved public infrastructure, capacity building, socioeconomic benefits, and better health [8,9]. 

Potential negative impacts may involve loss of land, environmental degradation, disruption of social 

cohesion, and widening of wealth disparities [2,10–12]. 

The development and operation of the Addax Bioenergy Sierra Leone (ABSL) ethanol and power 

project is an example that highlights these challenges and opportunities [13–15]. Located near Makeni 

in Northern Sierra Leone, the ABSL project holds a land lease of 14,300 ha, which is used as a 

sugarcane plantation to produce an estimated 85,000 m3 of ethanol annually, which is to be used for 

export and the local market [16]. By 2016, sugarcane residual processing will produce 32 MW of 

electricity per year, of which 15 MW are to be fed into the national grid, contributing 20% of the 

national requirements. 

As of May, 2014, 2750 people had signed either permanent (~40%) or temporary (~60%) work 

contracts with ABSL, of which 12% were female and 53% originated within a 20-km radius of the 

ABSL project [16,17]. Given the size of the ABSL project and the importance for the region, it 

sparked discussions on issues like large land leasing (also referred to as “land grabbing”) and 

associated negative consequences, such as reduction in food security and deterioration of local 

livelihoods [2,13–15]. Health issues are also relevant, as a project of this magnitude is likely to 

influence people’s health through a complex interaction of proximal (e.g., altered ecosystems), distal 

(e.g., transport routes), and cumulative factors (e.g., employment-seeking migration, the reduction of 

biodiversity due to altered ecosystems, road construction, and accidents) [3,18,19]. 

During the feasibility phase of the ABSL project between 2008 and 2010, the group of development 

finance institutions chosen to fund part of the ABSL project commissioned the company to conduct an 
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environmental, social, and health impact assessment (ESHIA) in compliance with the International 

Finance Corporation’s (IFC) performance standards [16,20,21]. Within the ESHIA, ABSL 

commissioned a cross-sectional baseline health survey (BHS) to determine health conditions in 

communities that could potentially be affected by the project. This BHS was conducted in December 

2010, prior to the commencement of the main construction activities [22]. Potential health impacts 

related to the ABSL project have been described elsewhere [20,22]. Since 2010, numerous public health 

interventions have been implemented by the Sierra Leonean health sector [23–26]. Additionally, 

community and infrastructural developments within the area have been launched by the ABSL project. 

The characteristics of these interventions and their potential impact on health are conceptualized in 

Figure 1. 

Figure 1. National interventions or programs and interventions initiated by the Addax 

Bioenergy Sierra Leone (ABSL) project between 2010 and 2013 and the associated  

health impacts. 

 

In order to monitor changing patterns of people’s health and to determine the potential health 

impacts of ABSL activities, the HIA recommended ABSL to conduct cross-sectional health surveys 

once every three years as part of the environmental and social monitoring. Here, we report findings from 

the first follow-up health survey, conducted three years after the initial BHS and implemented at the 
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same sentinel sites [22]. A range of health indicators serve for comparison of the baseline status with 

the three-year follow-up. Moreover, findings at sentinel sites impacted by the ABSL project are 

compared with findings at control sentinel sites. The methodology employed is discussed in the 

context of current practice in health impact assessment (HIA). 

2. Materials and Methods 

2.1. Ethical Considerations 

Approval for the study was provided by the Sierra Leone Ethics and Scientific Review Committee 

of the Ministry of Health and Sanitation (MoHS). Community sensitization was performed through 

meetings with leaders followed by informed consent (signed or fingerprinted) obtained from 

participating heads of households and mothers/caregivers. For the school survey, written informed 

consent was given by teachers, whilst children assented orally. Children found with mild or moderate 

anemia (hemoglobin (Hb) 7–11.0 g/dL) or severe anemia (Hb < 7 g/dL) were provided with iron 

supplements or referred to a regional hospital for further investigation, respectively. Artemisinin-based 

combination therapy (ACT), using artesunate-amodiaquine, was given to children who were found 

positive for Plasmodium falciparum. Children found with concurrent P. falciparum infection and 

anemia were treated with the required ACT dosage, followed by iron supplements. Moderately to 

severely anemic women were counseled and referred to a health facility if indicated based on their 

clinical condition. School-age children with confirmed Schistosoma infection received praziquantel  

(40 mg/kg). Treatment was administered by the community health officer in collaboration with the 

MoHS peripheral health unit (PHU) staff. In adherence to MoHS regulations, all treatments were given 

free of charge and provided by the PHU, which recorded the identity of recipients and outgoing stock. 

2.2. Study Area 

The ABSL project is located in the Northern region of Sierra Leone in Bombali and Tonkolili 

districts, west of Makeni town [16]. The project area uses about 10,000 ha for sugarcane plantation, and 

an additional 4300 ha has been designated for infrastructural build-up, farming fields, and ecological 

conservation areas. An estimated 30,000 people reside within the project area, which is limited by the 

Lunsar-Makeni highway to the north and by the Rokel River to the south and west (Figure 2) [27]. 

2.3. Study Design and Sampling Methodology 

The three-year follow-up survey used the same modular, cross-sectional study design and sentinel 

sites as the BHS [22,28]. The sentinel site selection procedure took into consideration: (i) the 

prevailing eco-epidemiologic characteristics in the study area; (ii) the exposure to ABSL project 

activities (e.g., infrastructural developments or community development initiatives); and (iii) the 

presence of health facilities. These criteria led to the selection of six sentinel sites within the ABSL 

project area (designated as impacted sites; Yainkassa, Maronko, Kolisoko, Masetheleh, Maroki, and 

Mara) and two sentinel sites outside the project area, serving as controls (Mankene and Rokonta; 

Figure 2). Four sites had a health facility. Of note, the two control sites are within 10 km of the ABSL 

project, but not directly impacted by its activities (e.g., road developments, employment). In order to 
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control for the effect of seasonal fluctuations on specific health conditions (e.g., malaria and wasting), 

the two surveys, spaced three years apart, were both carried out in mid-December. 

Within these sites, households served as the primary sampling units. Four study interviewers 

selected households using a random sampling procedure for the first household, followed by proximity 

sampling (i.e., next-door household) [28]. The inclusion criterion for a household was the presence of a 

mother with at least one child under five years of age. 

Figure 2. Sentinel sites of the follow-up health survey in the ABSL project study area in 

Northern Sierra Leone, 2013. 

 

Mothers/caregivers were invited to respond to a pre-tested questionnaire investigating 

sociodemographic and health issues. After completion of the questionnaire, all household members 

were invited to visit a clinical field unit located at a central place within the sites. Children under five 

years of age had their weight (digital scale, Seca 877; Hamburg, Germany) and their height measured 

(portable stadiometer, Seca 213; Hamburg, Germany) [29]. Following a capillary blood sample from a 

finger-prick, children aged 6–59 months were tested for P. falciparum infection using a rapid 

diagnostic test (RDT; First Response®, Premier Medical Corporation Ltd; Nani Daman, India) [30]. 

Additionally, Hb concentration was determined using a HemoCue® 201+ testing device (HemoCue Hb 

201 System; HemoCue AB, Ängelholm, Sweden) [31]. Females aged 15–49 years also provided a 

finger-prick sample to determine Hb concentration, and their pregnancy status was recorded by the 

clinical health officer based on verbal reporting. For quality control, clinical data were checked for 

completeness and entered into a database directly in the field. Inconsistencies or incomplete 

information were managed and corrected by returning to the respective households. 

School-going children aged 10–15 years were randomly selected from schools serving the selected 

sentinel sites to assess the prevalence and intensity of soil-transmitted helminths and Schistosoma 

infections. There is no school in Maronko, so children in Lungi school serving this site were sampled. 

At each school, fresh stool and mid-morning urine samples were collected from 30 children; 15 boys 

and 15 girls. One stool sample per child was examined by microscopy, using the standard Kato–Katz 

technique [32], to assess the prevalence of infection for Schistosoma mansoni, Ascaris lumbricoides, 
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hookworm, and Trichuris trichiura. Schistosoma haematobium was assessed in urine samples using 

the centrifugation method [33]. 

A water quality analysis was carried out to assess the presence/absence of coliform bacteria as an 

indicator organism for fecal contamination. By means of sterile 100-mL bottles, one drinking water 

sample was collected in 10 randomly selected participating households and all drinking water 

collection points in each sentinel site, in both the BHS and the follow-up survey. In the BHS, the 

presence/absence of coliform bacteria and Escherichia coli were determined, using a ColitagTM water 

test (CPI International; Santa Rosa, CA, USA) [34]. In the 2013 follow-up survey, the presence/absence 

and quantity of coliform bacteria were determined using the DelAgua® portable water quality testing kit 

(DelAgua Water Testing Limited; Marlborough, UK) [35]. 

2.4. Statistical Analysis 

Data were recorded directly in the field using EpiData version 3.1 (EpiData Association; Odense, 

Denmark) and Excel (Microsoft Office; Redmond, DC, USA). Statistical analysis of the biomedical 

and questionnaire survey data were carried out in STATA (Stata Corp LP; College Station, TX, USA). 

Data obtained from biomedical samples were adjusted for intra-cluster correlation at the household 

level, using a generalized estimating equation model, since multiple individuals from the same 

household participated. Anemia was defined as Hb <11 g/dL in children and pregnant women and as 

Hb <12 g/dL in non-pregnant women, according to WHO guidelines [36,37]. Two indicators from the 

questionnaire survey were evaluated: (i) “place of delivery of last born child”; and (ii) “household 

access to improved sanitation”. Standard categories were used in accordance with the Demographic 

and Health Survey (DHS) Sierra Leone [38]. 

Anthropometric data were analyzed using WHO Anthro version 3.2.2 (WHO; Geneva, 

Switzerland). Wasting (weight-for-height), stunting (height-for-age), and being underweight (weight-

for-age) were defined as <−2 standard deviation (SD) scores with reference to the WHO standard 

population [39]. Water quality was categorized into “absence of coliforms” (0 coliforms/100 mL) and 

“presence of coliforms” (>0 coliforms/100 mL). 

Comparisons between the BHS and the three-year follow-up survey, stratified by impacted and 

control sites, were made using the χ2 test of proportions, including a 95% confidence interval (CI). A 

p-value <0.05 was interpreted as a significant difference. 

3. Results 

3.1. Study Compliance 

Overall, 187 households participated in the follow-up health survey; 137 at the impacted and 50 at 

the control sites. A total of 1222 individuals (604 children under five years of age, 241 children aged 

10–15 years, and 377 women of reproductive age) provided biomedical samples. Drinking water 

samples were collected and analyzed for a total of 80 households and 25 sources. Figure 3 shows the 

study compliance during the follow-up survey. Table 1 summarizes sample demographics for the BHS 

and the three-year follow-up survey, stratified by impacted and control sites. 
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Figure 3. Participation and adherence in the different survey arms of the three-year  

follow-up health survey in the ABSL project study area, 2013. 

 

Table 1. Sample sizes at the impacted and the control sentinel sites, in the ABSL project 

study area, 2010 and 2013. 

Characteristics 
Impacted Sentinel Sites Control Sentinel Sites 

2010 2013 2010 2013 

Sentinel sites 6 6 2 2 
Households 143 137 51 50 
Children aged <59 months 421 390 164 214 
Children aged 6–59 months 409 350 161 199 
School-going children aged 10–15 years 180 181 60 60 
Women aged 15–49 years 284 255 113 122 
Non-pregnant 234 230 97 107 
Pregnant 50 25 16 15 

3.2. Anthropometric Indicators in Children Aged <59 Months 

As shown in Table 2 and Figure 4A–C, the prevalences of wasting, stunting, and being underweight 

have decreased over the three-year period at the sentinel sites. Wasting decreased significantly in the 

impacted sites from 5.7% to 2.8% (p = 0.044), while remaining stable at the control sites (4.2% in 

2010 and 4.3% in 2013; p = 0.976). Stunting decreased significantly at the impacted sites (41.8% in 

2010 and 32.1% in 2013; p = 0.004) and non-significantly at the control sites (42.1% in 2010 and 

40.7% in 2013; p = 0.781). Being underweight decreased significantly from 23.0% to 13.3% at the 

impacted and from 25.0% to 15.0% at the control sites (both p < 0.001). 
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Table 2. Key health indicators at the impacted and the control sentinel sites, in the ABSL 

project study area, 2010 and 2013. 

Impacted Sentinel Sites Control Sentinel Sites 

2010 2013 2010 2013 

Indicators in children aged <59 months 

Sample size (n) Individuals 421 390 164 214 

Households 149 131 52 50 

Sentinel sites 6 6 2 2 

Mean/sentinel site (range) 68 (24–99) 58 (21–91) 81 (75–86) 100 (83–116) 

Wasting Prevalence (95% CI) 5.7 (3.4–8.0) 2.8 (1.0–4.6) 4.3 (0.9–7.7) 4.2 (1.3–7.1) 

Range 0.0–9.2 0.0–6.8 3.4–5.3 3.3–5.5 

p-value 0.044 0.976 

Stunting Prevalence (95% CI) 41.8 (37.0–46.6) 32.1 (27.3–36.8) 42.1 (34.2–49.9) 40.7 (33.8–47.5) 

Range 35.3–48.5 18.2–39.6 37.5–47.4 37.4–45.1 

p-value 0.004 0.781 

Underweight Prevalence (95% CI) 23.0 (18.9–27.2) 13.3 (9.8–16.8) 25.0 (18.1–31.9) 15.0 (9.9–20.0) 

Range 13.6–27.7 8.5–19.3 22.4–27.3 14.3–15.4 

p-value <0.001 0.014 

Indicators in children aged 6–59 months 

Sample size (n) Individuals 409 350 161 199 

Households 149 131 52 50 

Sentinel sites 6 6 2 2 

Mean/sentinel site (range) 68 (24–99) 58 (21–91) 81 (75–86) 100 (83–116) 

P. falciparum Prevalence (95% CI) 73.8 (68.6–78.5) 62.5 (56.4–68.2) 76.0 (67.4–83.0) 72.8 (66.5–78.3) 

Range 37.3–96.2 55.5–79.7 59.3–94.7 70.3–75.8 

p-value 0.001 0.530 

Anemia Prevalence (95% CI) 85.8 (82.0–88.8) 80.0 (75.3–84.0) 87.5 (80.9–92.0) 75.9 (69.5–81.3) 

Range 67.9–92.6 67.3–89.0 82.4–93.5 68.9–85.6 

p-value 0.033 0.005 

Use of 

insecticide 

treated nets 

Prevalence (95% CI) 94.6 (90.9–96.8) 55.1 (47.0–63.0) 96.8 (88.0–99.2) 67.1 (53.9–78.1) 

Range 83.8–100.0 45.8–60.2 93.9–100.0 44.8–88.8 

p-value <0.001 <0.001 

Indicators in children aged 10–15 years 

Sample size (n) Individuals 180 181 60 60 

Sentinel sites 6 6 2 2 

Mean/sentinel site (range) 30 (30–30) 30 (30–30) 30 (30–30) 30 (30–30) 

S. mansoni Prevalence (95% CI) 1.7 (0.0–3.6) 3.9 (1.0–6.7) 5.0 (0.0–10.7) 8.3 (1.1–15.5) 

Range 0.0–3.3 0.0–13.3 3.3–6.7 6.7–10.0 

p-value 0.203 0.464 

A. lumbricoides Prevalence (95% CI) 1.1 (0.0–2.7) 11.1 (6.4–15.6) 1.7 (0.0–5.0) 1.7 (0.0–5.0) 

Range 0.0–3.3 3.3–40.0 0.0–3.3 0.0–3.3 

p-value <0.001 1.000 

Hookworm Prevalence (95% CI) 23.9 (17.6–30.2) 28.7 (22.1–35.4) 40.0 (27.2–52.8) 41.7 (28.8–54.5) 

Range 3.3–50.0 10.0–63.3 33.3–46.7 36.7–46.7 

p-value 0.296 0.853 
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Table 2. Cont. 

  Impacted Sentinel Sites Control Sentinel Sites 

  2010 2013 2010 2013 

Indicators in children aged 6–59 months 

T. trichiura Prevalence (95% CI) 2.2 (0.1–4.4) 1.1 (0.0–2.6) 1.7 (0.0–5.0) 0.0 (0.0–0.0) 

Range 0.0–3.3 0.0–6.7 0.0–3.3 0.0–0.0 

p-value 0.406 0.315 

Indicators in women aged 15–49 years 

Sample size (n) Individuals 284 255 113 122 

Sentinel sites 6 6 2 2 

Mean/sentinel site (range) 47 (20–76) 43 (21–58) 57 (52–61) 61 (58–64) 

Anemia Prevalence (95% CI) 72.8 (67.2–77.8) 40.5 (34.4–46.8) 75.9 (68.4–82.0) 33.4 (25.5–42.5) 

Range 53.8–84.0 30.4–48.0 70.2–80.3 22.3–43.6 

p-value <0.001 <0.001 

Figure 4. Indicators in children under five years of age in the ABSL study area, stratified 

by sentinel site, 2010 and 2013. (A) Prevalence of wasting (<−2 SD) in children aged  

<59 months; (B) prevalence of stunting (<−2 SD) in children aged <59 months; (C) 

prevalence of being underweight (<−2 SD) in children aged <59 months; (D) prevalence of 

anemia in children aged 6–59 months; (E) prevalence of Plasmodium falciparum in 

children aged 6–59 months; and (F) insecticide treated net use in the night preceding the 

survey in children aged 6–59 months. 
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3.3. Anemia and P. falciparum Prevalence in Children Aged 6–59 Months 

Summary statistics for anemia and P. falciparum prevalence in children aged 6–59 months at 

impacted and control sites are shown in Table 2. Variation among sites is illustrated in Figure 4D,E. 

Significant decreases in the prevalence of anemia were observed at both impacted and control sites 

(both p < 0.05; Table 2). The prevalence of P. falciparum infection had decreased significantly at the 

impacted sites (73.8% in 2010 and 62.5% in 2013; p = 0.001) and non-significantly at the control sites 

(76.0% in 2010 and 72.8% in 2013; p = 0.530). 

The use of insecticide-treated nets (ITNs) in six- to 59-month-old children decreased significantly at 

both impacted and control sites (p < 0.001; Table 2); specifically, from >80% in 2010 to <60%  

in 2013. 

3.4. Anemia and Place of Delivery of the Last Born Child in Women Aged 15–49 Years 

Anemia and place of delivery of the last born child in females of reproductive age were assessed as 

key indicators for maternal health. There was a significant reduction of anemia in women from both 

the impacted and the control sites (both p < 0.001; Table 2 and Figure 5A). 

Women were asked, in the accompanying questionnaire survey, about the place of delivery of the 

last born child (Table 3 and Figure 5B). Since 2010, there was a significant increase in the proportion 

of women who gave birth in a formal healthcare facility at the impacted sites (p < 0.001), compared to 

a non-significant increase at the control sites (p = 0.886). 

Table 3. Percentage of mothers giving birth at a health facility and the percentage of 

households having access to safe sanitation, in the ABSL study area, 2010 and 2013. 

Impacted Sentinel Sites Control Sentinel Sites 

2010 2013 2010 2013 

Indicators in mothers/households participating in the questionnaire survey 

Sample size (n) Individuals/households 144 137 51 50 

Sentinel sites 6 6 2 2 

Mean/sentinel site (range) 24 (15–26) 23 (17–27) 25 (25–26) 25 (25–25) 

% mothers giving birth  

at a health facility 

Prevalence (95% CI) 63.2 (54.8–71.1) 81.0 (73.4–87.2) 66.7 (52.1–79.2) 68.0 (53.3–80.5) 

Range 26.9–91.7 47.1–100.0 34.6–100.0 48.0–88.0 

p-value  <0.001  0.886 

% households  

having access to safe 

sanitation 

Prevalence (95% CI) 19.4 (13.3–26.9) 18.3 (12.2–25.7) 39.2 (25.8–53.9) 18.0 (8.6–31.4) 

Range 0.0–33.3 0.0–37.0 34.6–44.0 4.0–32.0 

p-value  0.798  0.019 

3.5. Helminth Infection among School-Age Children and Household’s Access to Improved Sanitation 

Figure 5D–F show trends in S. mansoni, A. lumbricoides, and hookworm infection rates in school-

going children. A localized significant increase was found in A. lumbricoides prevalence at one 

impacted site (Figure 5E), being responsible for an overall increase from 1.1% in 2010 to 11.1% in 

2013 (p < 0.001; Table 2). S. mansoni, A. lumbricoides, and T. trichiura infection prevalences were of 

low and hookworm of moderate endemicity at both baseline and the three-year follow-up. 
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The household questionnaire included questions regarding access to improved sanitation, which 

was low at both impacted and control sites (18.3% and 18.0%, respectively; Figure 5C and Table 3). 

There was a non-significant decrease in access to improved sanitation at the impacted sites (19.4% in 

2010 and 18.3% in 2013; p = 0.798) and a significant decrease at control sites (39.2% in 2010 and 

18.0% in 2013; p = 0.019). 

Figure 5. Indicators in women of reproductive age (15–49 years) and school-going children 

aged 10–15 years in the ABSL study area, stratified by sentinel site, 2010 and 2013.  

(A) Prevalence of anemia in women aged 15–49 years (Hb < 11 g/dL in pregnant women; 

Hb < 12 g/dL in non-pregnant women); (B) proportion of women aged 15–49 years who 

delivered the last child at a health facility; (C) proportion of women aged 15–49 years 

reporting that their household has an improved sanitation facility; (D) prevalence of  

S. mansoni in children aged 10–15 years; (E) prevalence of A. lumbricoides in children 

aged 10–15 years; and (F) prevalence of hookworm in children aged 10–15 years. 

 

3.6. Presence/Absence of Coliform Bacteria in Drinking Water Samples 

Overall, no significant changes in drinking water quality in the study area were observed (Table 4). 

There was a non-significant increase in the proportion of household water samples contaminated with 

coliform bacteria from 98.6% in 2010 to 100.0% in 2013 at impacted and from 95.8% to 100.0% at 

control sites (p = 0.359 and p = 0.356, respectively). There was a non-significant decrease in  

coliform-positive samples from sources at the impacted sites (from 94.4% in 2010 to 87.5% in 2013) 
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and a non-significant increase at the control sites (from 83.3% in 2010 to 88.9% in 2013; p = 0.476 and 

p = 0.756, respectively). 

Table 4. Percentage of drinking water samples at the household and source level positive 

for coliform, in the ABSL study area, 2010 and 2013. 

Impacted Sentinel Sites Control Sentinel Sites 

2010 2013 2010 2013 

Indicators for drinking water quality at household and source level 

Sample size (n) 

Households 72 60 24 20 

Sources 18 16 6 9 

Sentinel sites 6 6 2 2 

% of household 

samples positive  

for coliform 

Prevalence (95% CI) 98.6 (92.5–99.9) 100.0 (83.2–100.0) 95.8 (78.9–99.9) 100.0 (94.0–100.0) 

Range 91.7–100.0 100.0–100.0 91.7–100.0 100.0–100.0 

p-value  0.359  0.356 

% of source  

samples positive  

for coliform 

Prevalence (95% CI) 94.4 (72.7–99.9) 87.5 (61.7–98.4) 83.3 (35.9–99.6) 88.9 (51.8–99.7) 

Range 50.0–100.0 66.7–100.0 75.0–100.0 75.0–100.0 

p-value  0.476  0.756 

4. Discussion 

4.1. Changes in Health Patterns 

The results of the 2013 follow-up health survey revealed an improvement in most of the measured 

health indicators over the past three years at both impacted and control sites of the ABSL project. A 

multitude of contextual factors, such as deworming campaigns, distribution of ITNs by the national 

malaria control program, the Free Health Care Initiative, and employment seeking migration (see Figure 1), 

may have influenced these findings and must be taken into consideration for interpreting our data. For 

example, the Free Health Care Initiative launched in April, 2010, which provides pregnant women, 

lactating mothers and children under five years of age with free healthcare, may have contributed to 

positive health trends at both impacted and control sites [40]. In fact, the MoHS documented improved 

uptake of healthcare services in the target group in 2011, although infrastructural, drug supply, and 

human resource challenges continue [24,41]. The overall improvement was illustrated by health 

outcomes that have significantly improved at both the impacted and control sites: (i) being 

underweight in children under five years of age; (ii) the prevalence of anemia in children aged  

6–59 months; and (iii) the prevalence of anemia in women of reproductive age. 

In terms of potential project-related impacts, a set of statistically significant positive changes were 

observed at the impacted but not at the control sites: (i) the prevalence of stunting and wasting in 

children under the age of five years; (ii) P. falciparum prevalence in children aged 6–59 months; and 

(iii) the proportion of women having delivered their last born child at a healthcare facility. On the other 

hand, the prevalence of A. lumbricoides infection in school-age children showed a significant increase 

at impacted, but not control, sites. 

Wasting in children under five years of age was at 2.8% at the impacted and 4.2% at the control 

sites in December 2013, at the beginning of the dry season. Seasonal fluctuations are expected to 

influence acute malnutrition, which is noticeably worse during the rainy season [37,42,43]. Hence, 
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comparison to other surveys, such as the DHS, carried out during the rainy season, is difficult,  

due to the temporal heterogeneity of the surveys. Similarly, it is challenging to quantify the impact  

of the community-based management of acute malnutrition (implemented since 2007) or other  

programs [26]. 

Stunting, an indicator for chronic malnutrition (32.1% at the impacted and 40.7% at the control 

sites), is associated with a number of immediate factors (e.g., environmental, economic, and 

sociopolitical factors restricting access to safe and sufficient food and water) and underlying causes 

(e.g., inadequate care, limited access to health services, and household food security), with poverty 

being an overarching determinant for each of these [44]. 

The significant decrease in wasting and stunting at the impacted compared to the non-significant 

decrease at the control sites over the three-year period potentially reflects: (i) the ABSL farmer 

development programs initiated in the ABSL project area (see Figure 1); (ii) people’s increased ability 

to access food, healthcare, and other essential commodities in the ABSL project area; and (iii) the  

in-migration of children from areas with lower rates of stunting or wasting into the area since 2010. 

The prevalence of P. falciparum has declined in the study population between 2010 and 2013. 

Possible contributors include: (i) a decrease in disease transmission due to interventions, such as ITN 

distribution (in 2010) and focal indoor residual spraying campaigns [23,25,45,46]; (ii) the improved 

diagnostic capacity using RDTs; (iii) an increased availability (including accessibility and 

affordability) of ACTs in medicine outlets [24,40,47]; (iv) environmental changes (e.g., change of 

vegetation, urbanization, and alteration of breeding sites) [48–50]; and (v) an increased awareness of, 

and improved economic conditions to, utilize protective measures [51]. The national mass-distribution 

campaign of ITNs was ongoing at the time of the BHS, and a study six months after the distribution 

found 87.6% of households owned at least one ITN, with 76.5% of households regularly sleeping 

under an ITN [45]. As per our findings in December 2013, ITN possession decreased to 55.1% at the 

impacted and 67.1% at the control sites. Reduced ITN coverage is expected over time, as these nets get 

destroyed, and repeated mass-distributions are therefore needed to maintain and extend coverage [52]. 

In Sierra Leone, another nation-wide distribution took place in June 2014 [53]. In the study area, the 

lower rate at the impacted compared to the control sites might be due to the fact that people have 

migrated into the ABSL project area after the 2010 campaign [17]. Despite the overall lower ITN 

coverage, P. falciparum prevalence among children aged 6–59 months has decreased significantly at 

the impacted sites, suggesting that the previously-mentioned health system, environmental, and 

economic changes are at play. Still, two in three children were found to be infected with P. falciparum, 

calling for sustained efforts in vector control and malaria management in the study area. 

Despite focal increases in the prevalence rates of helminth infections, most changes were not 

significant and corresponded with spatial predictions [54]. The significant increase in A. lumbricoides 

can be attributed to a small cluster of children in Masetheleh, a village without a health facility, that 

had not been effectively reached by the national deworming program [55]. The changes in the 

prevalence of S. mansoni were attributed to children who had migrated from highly endemic areas into 

the study area, as confirmed by children and teacher interviews. As per Figure 1, national deworming 

campaigns by the MoHS and restoration of wells initiated by the ABSL project in the area since 2012 

should contribute to helminth control. However, the control of helminth infections and other soil- and 

water-related diseases is only possible if environmental sanitation conditions are extensively improved, 
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complemented with increased access to safe drinking water and behavior change [56,57]. Currently, 

less than 20% of the households at both impacted and control sites have access to improved sanitation, 

and over 80% drink fecally contaminated water. The data suggest that project developments have not 

translated into improved water and sanitation indicators, partly because communities’ demands and 

capacities to take action on their own (e.g., resources and technical expertise) are limited [58,59]. The 

IFC’s performance standards require ABSL to mitigate potential impacts related to its activities and 

encourage corporate social investment [21,60]. Project-related in-migration bears the risk of worsening 

the water and sanitation situation in the project area [61]. Thus, it is recommended that ABSL sets 

water and sanitation-oriented interventions, along with health system strengthening as priorities for 

corporate social investment, also because such efforts are urgently needed for combating diarrheal and 

other infectious diseases, including the current Ebola outbreak in West Africa [62]. 

Anemia serves as an indicator for the general wellbeing of a child, since it is a multi-factorial 

condition governed by malnutrition, malaria, hookworm, and Schistosoma infections, hereditary 

hemoglobinopathies, and poor socioeconomic status [63]. The significant reduction of anemia at both 

impacted and control sites might indicate a general improvement of child health in the study area. In 

2013, anemia prevalences in children at the impacted (80.0%) and control sites (75.9%) were slightly 

lower than the Northern region average found in the 2013 DHS (83.4%) [37]. A meaningful reduction 

of anemia in children requires the reduction of the overall disease burden, an increased individual 

awareness and capacity to tackle the underlying causes (e.g. investment in protection against 

parasites), and an understanding of the contribution of hemoglobinopathies. 

Maternal health indicators in the study population, anemia in women of reproductive age, and the 

proportion of deliveries in health facilities had improved since the BHS. Project-induced development of 

roads might have facilitated accessibility to healthcare structures, as there was a more pronounced increase 

of the proportion of deliveries at a health facility at impacted compared to control sites [8]. Nevertheless, 

the increase at the control sites might suggest a cumulative impact of improved road infrastructure, as well 

as increased levels of income in the study area. In Sierra Leonean healthcare facilities, an increase of 45% 

of facility-based deliveries was noted in the first 12 months of the Free Health Care Initiative compared to 

the preceding 12 months, indicating that it was an important factor [24]. 

4.2. Implications for the Health Impact Assessment (HIA) Process 

The three-year follow-up health survey was conducted as an integral part of the HIA, the overall 

environmental and social monitoring program, and the company’s community health and safety 

management plan. The described study methodology presents a feasible approach for health 

monitoring in settings where routine health information systems might not reliably pick up the subtle 

changes at the community level over time [64,65]. The present study is among a few rigorous 

monitoring approaches based on repeated cross-sectional surveys in sub-Saharan Africa that provide 

evidence on how a large infrastructure project impacts community health. The baseline data collected 

provided an indispensable benchmark for monitoring changes in health patterns over time [22]. By 

conducting repeated cross-sectional surveys, ABSL has created an evidence-base for decision-making 

and prioritization of its health mitigation measures. 
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Besides the evidenced-based decision-making and critical monitoring of changing health patterns at 

impacted sites, the measurement of health outcomes assists the evaluation of the HIA, in particular the 

prediction accuracy of health impacts made in the risk assessment phase. In fact, process evaluation 

(i.e., the process leading to a decision on health interventions) and the outcome evaluation (i.e., the 

outcome of a health intervention) are both important steps to improve the HIA as a decision-support tool, 

and epidemiological case studies represent an essential tool for the latter [66]. Moreover, the HIA and 

associated research gain transparency, value, and credibility by undergoing a peer-reviewed process [65]. 

4.3. Limitations of the Study 

The findings are specific for the selected sentinel sites and not representative for a wider area. The 

type and duration of ABSL impacts may vary among these, since the construction phase of the project 

was ongoing from 2010 to 2014, meaning that infrastructural and community developments, including 

road constructions, planting of sugarcane fields, and implementation of the farmer development 

program, were gradually introduced into the ABSL area [16,17]. To minimize seasonal effects, the 

BHS and the three-year follow-up study were conducted at the same time of year, but fluctuations due 

to annual climate variations might still influence health indicators. The study did not control for the  

in- or out-migration characteristics of the study participants. The diagnosis of helminth infections 

using the Kato–Katz method with only one specimen and one urine centrifugation has a lower 

sensitivity than multi-specimen Kato–Katz and concentration methods, and the reported values might be 

underestimated [67]. Although the DelAgua® testing kit used in 2013 allowed for a precise coliform 

count and, thus, categorization according to WHO standards (samples with 0–10 coliforms/100 mL are 

considered as tolerable to drink without prior treatment), only the absence/presence categories were 

applied here, in order to allow for direct comparison [68]. 

5. Conclusions 

The findings of two cross-sectional health surveys, conducted exactly three years apart, show a 

significant decrease in the prevalence of stunting, wasting, and P. falciparum in children under five 

years of age and a significant increase in the proportion of women having delivered their last child in a 

healthcare facility at impacted sites, which was not seen at the control sites. The prevalences of being 

underweight and anemia in children and anemia in women have significantly decreased at both 

impacted and control sites. Access to improved sanitation decreased significantly at control and  

non-significantly at impacted sites. Fecal contamination of drinking water at both the source and 

household level had not changed significantly and, indeed, remained unacceptably high. 

Overall, much remains to be done to further improve the overall health and wellbeing of the 

population in the study area. Periodic follow-up health surveys, as part of the HIA, deepen the 

understanding of changing health patterns in local communities and allow for adaptations in the 

community health and safety management plan of the ABSL, including specific health interventions. 

Since scientific evidence and its ethical use is one of the core values for good practice in HIA [69], the 

approach of using independent, evidence-based research that allows for an objective and transparent 

evaluation of changing health patterns could set an example for similar projects elsewhere in  

sub-Saharan Africa and other low- and middle-income countries in Asia and Latin America [16,22]. 



Int. J. Environ. Res. Public Health 2014, 11 13012 

 

 

Acknowledgments 

The authors would like to thank the Ministry of Health and Sanitation of Sierra Leone, in particular 

Ansunama Kallon, Alfred Kamara, Kaetu Karim, Sam Saffa, Alie Tia, and the peripheral health unit 

staff in Bombali and Tonkolili districts, for their outstanding support and collaboration during the field 

work. We are most grateful to the communities participating in the survey. Special thanks go to  

Jörgen Sandström, Clive English, Fatmata Fornah, Safea Mansa-Musa, Lily Kainwo, and Sahr Komba 

from Addax Bioenergy Sierra Leone (ABSL) project for their commitment and technical support. We 

thank Jan Hattendorf of the Swiss Tropical and Public Health Institute for statistical advice. This study 

received financial support from ABSL. The funder had no role in the study design, data collection and 

analysis, decision to publish, or preparation of the manuscript. 

Author Contributions 

Mirko S. Winkler and Mark J. Divall conceived the study design. Mary H. Hodges, Hamid Turay 

and Astrid M. Knoblauch coordinated the field work. Jusufu Paye and Mohamed S. Bah led the 

parasitological field and laboratory work. Astrid M. Knoblauch and Mary H. Hodges supervised the 

research team. Mary H. Hodges was the overall study coordinator. Astrid M. Knoblauch performed the 

statistical analysis, and Astrid M. Knoblauch and Mirko S. Winkler drafted the manuscript. Jürg 

Utzinger, Mary H. Hodges, Mark J. Divall, and Yaobi Zhang contributed to the interpretation of the 

data, manuscript writing, and revisions. All authors read and approved the final manuscript. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Rulli, M.C.; Saviori, A.; D’Odorico, P. Global land and water grabbing. Proc. Natl. Acad. Sci. 

USA 2013, 110, 892–897. 

2. Davis, K.F.; D’Odorico, P.; Rulli, M.C. Land grabbing: A preliminary quantification of economic 

impacts on rural livelyhoods. Popul. Environ. 2014, 36, 180–192. 

3. Listorti, J.A. Bridging Environmental Health Gaps: Lessons for Sub-Saharan Africa 

Infrastructure Projects; The World Bank, Environmentally Sustainable Development Division: 

New York, NY, USA, 1996. 

4. Salcito, K.; Utzinger, J.; Weiss, M.G.; Münch, A.K.; Singer, B.H.; Krieger, G.R.; Wielga, M. 

Assessing human rights impacts in corporate development projects. Environ. Impact Assess. Rev. 

2013, 42, 39–50. 

5. Winkler, M.S.; Krieger, G.R.; Divall, M.J.; Cissé, G.; Wielga, M.; Singer, B.H.; Tanner, M.; 

Utzinger, J. Untapped potential of health impact assessment. Bull. World Health Organ. 2013, 91, 

298–305. 

6. The Africa report. Sierra Leone: Green Pastures for Biofuels; The African Report: Paris,  

France, 2010. 



Int. J. Environ. Res. Public Health 2014, 11 13013 

 

 

7. Winkler, M.S.; Divall, M.J.; Krieger, G.R.; Balge, M.Z.; Singer, B.H.; Utzinger, J.  

Assessing health impacts in complex eco-epidemiological settings in the humid tropics:  

The centrality of scoping. Environ. Impact Assess. Rev. 2011, 31, 310–319. 

8. Dercon, S.; Gilligan, D.O.; Hoddinott, J.; Woldehanna, T. The impact of agricultural extension 

and roads on poverty and consumption growth in fifteen Ethiopian villages. Am. J. Agric. Econ. 

2009, 91, 1007–1021. 

9. Kleinschmidt, I.; Schwabe, C.; Benavente, L.; Torrez, M.; Ridl, F.C.; Segura, J.L.; Ehmer, P.; 

Nchama, G.N. Marked increase in child survival after four years of intensive malaria control.  

Am. J. Trop. Med. Hyg. 2009, 80, 882–888. 

10. Martinelli, L.A.; Filoso, S. Expansion of sugarcane ethanol production in Brazil:  

Environmental and social challenges. Ecol. Appl. 2008, 18, 885–898. 

11. Tirado, M.C.; Cohen, M.J.; Aberman, N.; Meerman, J.; Thompson, B. Addressing the challenges 

of climate change and biofuel production for food and nutrition security. Food Res. Int. 2010, 43, 

1729–1744. 

12. Mueller, S.A.; Anderson, J.E.; Wallington, T.J. Impact of biofuel production and other supply and 

demand factors on food price increases in 2008. Biomass Bioenergy 2011, 35, 1623–1632. 

13. Anane, M.; Abiwu, C.Y. Independent Study Report of the Addax Bioenergy Sugercane-to-Ethanol 

Project in the Makeni Region in Sierra Leone; Sierra Leone Network on the Right to Food 

(Silnorf), Bread for All Switzerland: Freetown, Sierra Leone, 2011. 

14. ActionAid UK. Broken Promises: The Impacts of Addax Bioenergy in Sierra Leone on Hunger 

and Livelihoods; ActionAid UK: London, UK, 2013. 

15. Action for Large-scale Land Acquisition Transparency (ALLAT). Who is Benefitting? The Social 

and Economic Impact of Three Large-Scale Land Investments in Sierra Leone: A Cost-Benefit 

Analysis; ALLAT: Freetown, Sierra Leone, 2013. 

16. Addax Bioenergy. The Makeni Ethanol and Power Project. Available online: 

http://www.addaxbioenergy.com (accessed on June 2014). 

17. Bisset, R.; Driver, P. 2013 Annual Independent Public Environmental & Social Monitoring 

Report; Nippon Koei UK: London, UK, 2014. 

18. International Finance Corporation (IFC). Introduction to Health Impact Assessment; International 

Finance Corporation: Washington, DC, USA, 2009. 

19. International Finance Corporation (IFC). Good Practice Handbook: Cumulative Impact Assessment 

and Management: Guidance for the Private Sector in Emerging Markets; International Finance 

Corporation: Washington, DC, USA, 2013. 

20. Manley, G.; Lonsway, K.; Aron, R. Executive Summary of the Environmental, Social and Health 

Impact Assessment: Addax Bioenergy Project Sierra Leone; African Development Bank Group: 

Tunis, Tunisia, 2011. 

21. International Finance Corporation (IFC). Performance Standards on Environmental and Social 

Sustainability; International Finance Corporation: Washington, DC, USA, 2012. 

22. Winkler, M.S.; Knoblauch, A.M.; Righetti, A.A.; Divall, M.J.; Koroma, M.M.; Fofanah, I.; Turay, H.; 

Hodges, M.H.; Utzinger, J. 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, 232–241. 



Int. J. Environ. Res. Public Health 2014, 11 13014 

 

 

23. Alliance for Malaria Prevention (AMP). Expanding the Ownership and Use of Mosquito Nets: 

Sierra Leone Country Profile; Alliance for Malaria Prevention: Geneva, Switzerland, 2011. 

24. Government of Sierra Leone; Ministry of Health and Sanitation. Scaling up Maternal and Child 

Health through Free Health Care Services, One Year on. Available online: 

https://blogs.worldbank.org/africacan/files/africacan/smaller-sierraleonehealthbulletin.pdf (accessed  

on 20 June 2014). 

25. HKI Sierra Leone. Control of Neglected Tropical Diseases: Sierra Leone: Annual Work Plan 

October 2012–September 2013; Helen Keller International: New York, NY, USA, 2012. 

26. Koroma, A.S.; Chiwile, F.; Bangura, M.; Yankson, H.; Njoro, J. Capacity Development of the 

National Health System for CAM Scale up in Sierra Leone; Emergency Nutrition Network: 

Oxford, UK, 2012. 

27. Taylor, A. Population Living in the Addax Bioenergy Sierra Leone Land Leasing Area as per 

December 2013; Addax Bioenergy: Mabilafu, Sierra Leone, 2014. 

28. Winkler, M.S.; Divall, M.J.; Krieger, G.R.; Schmidlin, S.; Magassouba, M.L.; Knoblauch, A.M.; 

Singer, B.H.; Utzinger, J. Assessing health impacts in complex eco-epidemiological settings in the 

humid tropics: Modular baseline health surveys. Environ. Impact Assess. Rev. 2012, 33, 15–22. 

29. Cogill, B. Anthropometric Indicators Measurement Guide; Academy for Educational 

Development: Washington, DC, USA, 2001. 

30. WHO. Malaria Rapid Diagnostic Test Performance: Results of WHO Product Testing of Malaria 

RDTs: Round 4 (2012); World Health Organization: Geneva, Switzerland, 2012. 

31. HemoCue. Operating Manual HemoCue Hb 201+. Available online: http://www.hemocue.com/ 

index.php?page=3052 (accessed on June 2014). 

32. Katz, N.; Chaves, A.; Pellegrino, J. A simple device for quantitative stool thick-smear technique 

in schistosomiasis mansoni. Rev. Inst. Med. Trop. São Paolo 1972, 14, 397–400. 

33. Hodges, M.H.; Koroma, M.; Baldé, M.S.; Turay, H.; Fofanah, I.; Bah, A.; Divall, M.J.;  

Winkler, M.S.; Zhang, Y.B. Current status of schistosomiasis and soil-transmitted helminthiasis in 

Beyla and Macenta prefecture, Forest Guinea. Trans. R. Soc. Trop. Med. Hyg. 2011, 105, 672–674. 

34. Colitag. Presence/Absence Test Kit For Coliform Bacteria. Available online: 

http://www.colitag.com/ (accessed on June 2014). 

35. Delagua. OXFAM-Delagua Portable Water Testing Kit; University of Surrey: Guildford, UK, 2009. 

36. WHO/UNICEF/UNU. Iron Deficiency Anemia: Assessment, Prevention and Control: A Guide for 

Programme Managers; World Health Organization: Geneva, Switzerland, 2001. 

37. Statistics Sierra Leone; Measure DHS. Sierra Leone Demographic and Health Survey 2013: 

Preliminary Report; ICF International: Rockville, MD, USA, 2014. 

38. Ministry of Health and Sanitation; ICF Macro. Sierra Leone Demographic and Health Survey 

2008; Ministry of Health and Sanitation (Statistics Sierra Leone) and ICF Macro: Freetown and 

Calverton, MD, USA, 2009. 

39. WHO. WHO Anthro: Software for Assessing Growth and Development of the World’s Children; 

World Health Organization: Geneva, Switzerland, 2006. 

40. Donnelly, J. How did Sierra Leone provide free health care? Lancet 2011, 377, 1393–1396. 

41. Maxmen, A. Sierra Leone’s free health-care initiative: Work in progress. Lancet 2013, 381, 191–192. 



Int. J. Environ. Res. Public Health 2014, 11 13015 

 

 

42. Hillbruner, C.; Egan, R. Seasonality, household food security, and nutritional status in Dinajpur, 

Bangladesh. Food Nutr. Bull. 2008, 29, 221–231. 

43. Martorell, R.; Young, M.F. Patterns of stunting and wasting: Potential explanatory factors.  

Adv. Nutr. 2012, 3, 227–233. 

44. Black, R.E.; Allen, L.H.; Bhutta, Z.A.; Caulfield, L.E.; de Onis, M.; Ezzati, M.; Mathers, C.; Rivera, J. 

Maternal and child undernutrition: Global and regional exposures and health consequences. 

Lancet 2008, 371, 243–260. 

45. Bennett, A.; Smith, S.J.; Yambasu, S.; Jambai, A.; Alemu, W.; Kabano, A.; Eisele, T.P.  

Household possession and use of insecticide-treated mosquito nets in Sierra Leone 6 months after a 

national mass-distribution campaign. PLoS One 2012, 7, doi:10.1186/1475-2875-11-273. 

46. Knoblauch, A.M.; Winkler, M.S.; Archer, C.; Divall, M.J.; Owuor, M.; Yapo, R.M.; Yao, P.A.; 

Utzinger, J. The epidemiology of malaria and anaemia in the Bonikro mining area, central Côte 

d’Ivoire. Malar. J. 2014, 13, doi:10.1186/1475-2875-13-194. 

47. Amuasi, J.H.; Diap, G.; Nguah, S.B.; Karikari, P.; Boakye, I.; Jambai, A.; Lahai, W.K.; Louie, 

K.S.; Kiechel, J.R. Access to artemisinin-combination therapy (ACT) and other anti-malarials: 

National policy and markets in Sierra Leone. PLoS One 2012, 7, doi:10.1371/ 

journal.pone.0047733. 

48. Keiser, J.; Castro, M.C.; Maltese, M.F.; Bos, R.; Tanner, M.; Singer, B.H.; Utzinger, J. Effect of 

irrigation and large dams on the burden of malaria on a global and regional scale. Am. J. Trop. 

Med. Hyg. 2005, 72, 392–406. 

49. Afrane, Y.A.; Zhou, G.; Lawson, B.W.; Githeko, A.K.; Yan, G. Effects of microclimatic changes 

caused by deforestation on the survivorship and reproductive fitness of Anopheles gambiae in 

western Kenya highlands. Am. J. Trop. Med. Hyg. 2006, 74, 772–778. 

50. Awolola, T.S.; Oduola, A.O.; Obansa, J.B.; Chukwurar, N.J.; Unyimadu, J.P. Anopheles gambiae s.s. 

breeding in polluted water bodies in urban Lagos, southwestern Nigeria. J. Vector Borne Dis. 

2007, 44, 241–244. 

51. Tusting, L.S.; Willey, B.; Lucas, H.; Thompson, J.; Kafy, H.T.; Smith, R.; Lindsay, S.W. 

Socioeconomic development as an intervention against malaria: A systematic review and  

meta-analysis. Lancet 2013, 382, 963–972. 

52. Sexton, A.R. Best practices for an insecticide-treated bed net distribution programme in  

sub-Saharan eastern Africa. Malar. J. 2011, 10, doi:10.1186/1475-2875-10-157. 

53. Government of Sierra Leone; Ministry of Health and Sanitation. Implementation of Mass LLINs 

Distribution and Integrated Maternal and Child Health Week; Ministry of Health and Sanitation 

Sierra Leone: Freetown, Sierra Leone, 2014. 

54. Hodges, M.H.; Soares Magalhães, R.J.; Paye, J.; Koroma, J.B.; Sonnie, M.; Clements, A.;  

Zhang, Y.B. Combined spatial prediction of schistosomiasis and soil-transmitted helminthiasis in 

Sierra Leone: A tool for integrated disease control. PLoS Negl. Trop. Dis. 2012, 6, 

doi:10.1371/journal.pntd.0001694. 

55. Hodges, M.H.; Koroma, J.B.; Sonnie, M.; Kennedy, N.; Cotter, E.; MacArthur, C. Neglected 

tropical disease control in post-war Sierra Leone using the Onchocerciasis Control Programme as a 

platform. Int. Health 2011, 3, 69–74. 



Int. J. Environ. Res. Public Health 2014, 11 13016 

 

 

56. Strunz, E.C.; Addiss, D.G.; Stocks, M.E.; Ogden, S.; Utzinger, J.; Freeman, M.C. Water, 

sanitation, hygiene, and soil-transmitted helminth infection: a systematic review and meta-

analysis. PLoS Med. 2014, 11, doi:10.1371/journal.pmed.1001620. 

57. Steinmann, P.; Yap, P.; Utzinger, J.; Du, Z.W.; Jiang, J.Y.; Chen, R.; Wu, F.W.; Chen, J.X.;  

Zhou, H.; Zhou, X.N. Control of soil-transmitted helminthiasis in Yunnan province, People’s 

Republic of China: Experiences and lessons from a 5-year multi-intervention trial. Acta Trop. 

2015, 141, 271–280. 

58. Waterkeyn, J.; Cairncross, S. Creating demand for sanitation and hygiene through community 

health clubs: a cost-effective intervention in two districts in Zimbabwe. Soc. Sci. Med. 2005, 61, 

1958–1970. 

59. Hubbard, B.; Sarisky, J.; Gelting, R.; Baffigo, V.; Seminario, R.; Centurion, C. A community 

demand-driven approach toward sustainable water and sanitation infrastructure development.  

Int. J. Hyg. Environ. Health 2011, 214, 326–334. 

60. Harrison, M. Beyond the fence line: corporate social responsibility. Clin. Occup. Environ. Med. 

2004, 4, 1–8. 

61. International Finance Corporation (IFC). Projects and People: A Handbook for Addressing Project-

Induced in-Migration; International Finance Corporation: Washington, DC, USA, 2009. 

62. WHO Ebola Response Team. Ebola virus disease in West Africa—The first 9 months of the 

epidemic and forward projections. N. Engl. J. Med. 2014, 371, 1481–1495. 

63. Crawley, J. Reducing the burden of anemia in infants and young children in malaria-endemic 

countries of Africa: From evidence to action. Am. J. Trop. Med. Hyg. 2004, 71, 25–34. 

64. Harris-Roxas, B.F.; Harris, P. Learning by doing: The value of case studies of health impact 

assessment. NSW Public Health Bull. 2007, 18, 161–163. 

65. Kemm, J. Health Impact Assessment: Past Achievement, Current Understanding, and Future 

Progress. Oxford University Press: Oxford, UK, 2013. 

66. Winkler, M.S.; Divall, M.J.; Krieger, G.R.; Balge, M.Z.; Singer, B.H.; Utzinger, J. Assessing 

health impacts in complex eco-epidemiological settings in the humid tropics: Advancing tools and 

methods. Environ. Impact Assess. Rev. 2010, 30, 52–61. 

67. Knopp, S.; Speich, B.; Hattendorf, J.; Rinaldi, L.; Mohammed, K.A.; Khamis, I.S.; Mohammed, A.S.; 

Albonico, M.; Rollinson, D.; Marti, H.; et al. Diagnostic accuracy of Kato-Katz and FLOTAC for 

assessing anthelmintic drug efficacy. PLoS Negl. Trop. Dis. 2011, 5, doi:10.1371/ 

journal.pntd.0001036. 

68. Fewtrell, L.; Bartram, J. Water Quality; Guidelines, Standards and Health. IWA Publishing: 

London, UK, 2001. 

69. WHO/ECHP. Health Impact Assessment: Main Concepts and Suggested Approach. Gothenburg 

Consensus Paper; World Health Organization Regional Office for Europe: Copenhagen,  

Danmark, 1999. 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/4.0/). 


