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Dissertation Abstract 

In South Africa, childhood lung diseases continue to be a serious public health issue. Lower respiratory 

tract infections (LRTI) and tuberculosis (TB) are among the childhood lung disorders that have a diverse 

geographic distribution. However, information on the condition of children's lungs and related risk 

factors is typically only provided at the province, district, or subdistrict levels and is lacking at a local 

level in South Africa. Child lung health is associated with a complex combination of social and 

environmental risk factors. The built environment impacts public health by influencing human 

exposure to airborne pollutants. Overcrowding, which is often a result of poor infrastructure, is 

directly linked to the built environment and contributes to the spread of childhood lung diseases. The 

geographical analysis of the epidemiology and risk factors for child lung diseases can guide the 

targeting of health programs that work to address this issue. This study aims to assess if there is any 

relationship between the social and environmental risk factors (built environment) and spatial 

distribution of child lung health outcomes in Drakenstein. 

 

To achieve this aim, this study employs a secondary analysis of data from the Drakenstein Child Health 

Study (DCHS). The parent study is an ongoing birth cohort of approximately 1000 mother and child 

pairs however, only 844 mother and child pairs consented to have their household addresses collected 

and geocoded. Data regarding demographics, household and environmental exposures as well as 

information on child lung health is periodically collected. The longitudinal nature of this data offers a 

unique opportunity to define children's lung health through in space, allowing for insightful inferences 

about the factors influencing children's health in South Africa. 

 The 844 consented cohort analysed in this study was further spatially subsampled into distance 

matched case control groups. We examined the relationships between individual-, household-, and 

community-level risk factors and child lung diseases (namely LRTIs and TB).  To do this, we created 

and mapped the spatial data using the geo-location of study participants’ households, known 

community-level risk factors, and key built environments. The built environment was categorized into 

distance between cases and controls and built environment in kilometres and number of built 

environment types within a 500-meter radius. We then used multivariable logistic regression to 

determine the association between lung health (namely LRTI and LTBI) cases and controls and the 

built environment.  



vii 
 

The cohort included 408 LRTI cases (237 male children: 58%) and 408 LRTI controls (185 male children: 

44%) (1:1 ratio) and 75 LTBI cases (49 male children: 65%) and 375 LTBI controls (185 male children: 

49%) (1:5 ratio), subsampled and matched by distance. The LRTI population was equally spread 

between Mbekweni (50%) and TC Newman (50%) neighbourhoods whereas the LTBI population was 

higher in the TC Newman neighbourhoods at 65% compared to 35% in Mbekweni neighbourhoods. In 

the LRTI and LTBI models, the number of significant differences between cases and controls vary. The 

main built environment types that were associated with LRTI were spaza shops [OR = 1.05, 95%CI 

(1.02; 1.08), p = 0.01], formal liquor stores [OR = 2. 63, 95%CI (1.20; 5.90); p = 0.02] and agriculture 

(farming places) [aOR = 0.34, 95%CI, 0.11; 0.82 p = 0.03]. The main built environment types that were 

associated with LTBI were formal [OR = 0.26, 95%CI (0.09; 0.68), p = 0.01] and informal liquor stores 

[OR = 0.27, 95%CI (0.08; 0.85), p = 0.01] and religious (places of worship) [OR = 11.81, 95%CI (1.51; 

101.88), p = 0.02]. Thus, creation of more green spaces or designing of buildings with better air flow 

would be useful and actionable by the government local authorities as potential strategies to reduce 

the burden of childhood LRTI and LTBI in LMICs. 

To conclude, in Drakenstein, the associations between the built environment and the spatial 

distribution of child lung health outcomes are present after distance-matching cases and controls and 

adjusting for covariates. The observed associations are indicative of the SES and community 

circumstances. However, the relationship warrants further investigation in similar settings where LTBI 

and LRTI in children remains highly prevalent. Thus, creation of more green spaces or designing of 

buildings with better air flow would be useful and actionable by the government local authorities as 

potential strategies to reduce the burden of childhood LRTI and LTBI in LMICs. 
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Thesis Organization  

This thesis is divided into three sections: Part A to Part C.  

Part A details the research protocol which includes a background to the study, the study rationale, aim 

and objectives, methods, and ethical considerations.  

The findings of the study are presented in a journal-ready manuscript format in Part B. This manuscript 

has been formatted according to the author submission guidelines of the targeted journal, 

International Journal of Environmental Research and Public Health journal (IJERPH) (see Appendix D). 

In Part B, the findings, strengths, and limitations of the study are discussed in detail in the context of 

relevant published literature. In addition, conclusions and recommendations are presented here.  

Lastly, all supplementary materials relevant to the study are provided as an appendix section in Part 

C. These supplementary materials include supporting data and analyses, the ethics clearance 

certificates to conduct this study and IJERPH submission guidelines. The Vancouver referencing style 

has been used throughout this thesis in accordance with the instructions for authors submission 

guidelines. 
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1. Introduction 

1.1 Rationale 

The amount of data on spatial clustering of lung diseases at a sub-district level is scarce in South Africa 

as this data is collected at provincial level and district level. Routine data collected annually in the 

Western Cape since 2011 has shown a decrease in pneumonia fatalities however, the rate of hospital 

admittance is still increasing (1). Even though there is a readily accessible pneumonia conjugate 

vaccine against Streptococcus pneumoniae and Haemophilus influenzae type b (Hib), this has not 

reduced the mortality rate since 18% of child mortality worldwide is caused by pneumonia, among 

those, 42% of deaths are located within the African continent (2). Due to the geospatial data collected 

in this study, lung disease hotspots in children around Drakenstein area was identified. Furthermore, 

the availability of spatiotemporal clusters in Drakenstein could assist in determining if the built 

environment and other risk factors play a significant role in childhood lung health(1). Analysis of 

geospatial data at local level is useful in informing policy makers where to target health interventions 

and resource allocation. There is an existing birth cohort study being conducted within the community 

of Drakenstein, Western Cape province, South Africa in which demographics, household, 

environmental exposures, child lung health outcomes are being collected from approximately 1000 

mother-child pairs living in the Drakenstein region.  Nesting this study within the birth cohort study 

named the Drakenstein Child Health Study (DCHS) offers a unique opportunity to characterise child 

lung health in both space and time, and thus novel inferences can be made about the determinants 

of child health in South Africa.  

 

1.2 Background 

The leading causes of child mortality both in South Africa and globally are childhood respiratory 

conditions, such as lower respiratory tract infections (LRTIs) including pneumonia and tuberculosis 

(TB)(3). In addition, a primary reason for visits to hospital emergency room, hospitalizations, and death 

in children are due to acute LRTIs(4). Africa bears a disproportionate portion of the burden, with 131 

million cases of lower respiratory infections occurring each year (5). Furthermore, South Africa has the 

largest burden of TB globally and data suggests that children contract TB from older persons as child-

to-child transmission is rare(6). Chronic Obstructive Pulmonary Diseases (COPD) which is characterized 

by coughing, among other diseases are usually caused by inflammation due to smoking, exposure to 

fumes and burning(7). LRTIs which are also influenced by several aspects such as climatic conditions 

and environmental exposures in addition to living in crowded areas contribute largely to the 
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respiratory diseases in South Africa (6). However, it is evident in the DCHS, just like in Low and Middle 

Income Country (LMIC) settings they battle with the burden of the effects of childhood pneumonia, 

despite having strong health programmes (9).  

 

Over the last ten years, the built environment has gained interest due to its impact on health (10). The 

region's characteristics may impact how infectious diseases are related to the built environment. 

Characteristics such as insufficient healthcare resources, crowded housing, and poor sanitation may 

affect how the built environment and infectious respiratory diseases interact (11). In previous studies, 

associations were observed between LRTI clusters and environmental risk factors such as socio-

economic status, housing environment and air pollution(12). The built environment consists of 

healthcare facilities, educational facilities, bus and taxi ranks, food outlets and taverns or shebeens 

(informal establishments for alcohol consumption). There is research that suggests that households 

that are in close proximity to busy traffic have an increased risk of contracting respiratory diseases 

such as wheezing, dry cough and asthma(13). Gases such as nitrous dioxide (NO2) which pose 

hazardous health risks are released from motor vehicles (13)(14). However, the evidence gathered is 

insufficient to determine a connection between transportation related pollution and asthma. Further 

studies suggest that an increase in traffic pollution density is linked to reduced lung function, but 

Gehring et al., only discovered a link among high levels of traffic density and dry cough in children 

under the age of one(13). 

 

Geographic Information Systems (GIS) is an emerging powerful tool utilised to estimate spatial 

patterns of diseases. Spatial analysis aids in the detection of geographic regions increased disease 

burden or a cluster of diseased persons in close proximity with a low likelihood that it is due to 

chance(15). The earliest used of GIS was in 1854 by John Snow, who mapped cholera cases in Soho, 

London, and subsequently linked the outbreak to a contaminated water pump (16). GIS has come to 

be the essential resource for surveillance for the planning and implementation of public health 

interventions(15,17). Thus, the spatial epidemiology of child lung health outcomes is increasing in 

popularity due to its efficiency in identifying areas which can be targeted for interventions.  

 

The Western Cape province has lower levels of child mortality compared to other provinces. However, 

there are highly concentrated areas within the Western Cape province, including the Drakenstein 

region, that have the highest levels of child mortality in South Africa(1). The reasons for these 
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inequalities are inadequately understood mainly due to lack of data. In South Africa, several studies 

have shown spatial clustering of child mortality (18). However, these studies were limited to child 

mortality in provinces, sub-districts or rural communities with high Human Immunodeficiency Virus 

(HIV) prevalence. Of these studies, only one study accounted for spatial dependence of the risk factors 

in the analysis(19). There are no studies on spatiotemporal epidemiology of child lung health in a South 

African peri-urban area.  

 

Evidence has shown that there are associations between spatial and temporal variations of childhood 

lung health outcomes and complex relationships among demographic, environmental, behavioural, 

socio-economic, genetic, and infectious risk factors(20). Furthermore, these risk factors have also 

been shown to be spatially dependent (21). For examples air pollution, and poor housing conditions 

were found to associated with spatial clusters of LRTIs in the United States of America (USA)(12). 

Another study from north-western Ethiopia found significant spatial clustering of childhood TB within 

communities. There was also an association found between spatio-temporal transmission of 

childhood TB and district level socio-climatic factors such as urbanisation(22). Another Ethiopian study 

making use of the Ethiopian Demographic and Health Survey (EDHS) data stated that acute respiratory 

infection in children under the age of five varied across the country and found significant spatial 

clustering of childhood acute respiratory infection (23). A study in the US by Beck et.al. showed spatial 

clustering of bronchiolitis and pneumonia in children and an association between LRTI hospitalization 

and SES, as hotspots were in the central town and coldspots were in remote suburbs (24). Similarly, in 

Vietnam, spatial clustering of childhood acute LRTIs was observed. This clustering was influenced by 

climatic factors such as temperature and rainfall patterns(25). It is clear that despite being a more 

thorough method, spatiotemporal analysis of child lung health outcomes is gaining popularity due to 

its capacity to pinpoint specific locations that can benefit from interventions. 

 

In South Africa, a study used a descriptive spatial analysis to show an association between latent 

tuberculosis infection (LTBI) in children and exposure to adult TB cases in a residential plot. According 

to the study, a residential plot is a geographical space that contains multiple households 

where communal water and sanitation services are shared(6). However, a limitation of this study is 

that it did not account for spatial dependency. Accounting for spatial dependence is becoming 

important when analysing risk factors that influence health outcomes since these factors often vary 

in space and time(25).  
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Geospatial analysis of child lung health outcomes will help identify areas with unusually high 

(hotspots) or low (coldspots) childhood lung diseases in the Drakenstein area. The presence of 

spatiotemporal clusters of childhood lung diseases in Drakenstein could provide evidence about local 

demographic, environmental, behavioural, socio-economic, genetic, and infectious risk factors. 

Moreover, understanding the geospatial patterns of child lung diseases and the impacts of the built 

environment in the Drakenstein community can help to target interventions and resources allocation.   

 

2. Purpose of the study 

2.1  Aim 

To assess if there is any relationship between the social and environmental risk factors (built 

environment) and spatial distribution of child lung health outcomes in Drakenstein. 

2.2  Research question 

In children residing in Drakenstein, what are the risk factors associated with spatial distribution of 

respiratory disease outcomes? 

2.3  Hypothesis 

We hypothesize that the observed spatial distribution of child lung health outcomes is not associated 

with the social and environmental risk factors (built environment). 

2.4  Objectives 

1. To describe spatial patterns of childhood lung health outcomes in terms of geographical areas 

in Drakenstein. 

2. To describe built environment in terms of geographical areas in Drakenstein. 

3. To determine the relationship between spatial distribution of childhood lung health outcomes 

and social and environmental risk factors (built environment) using spatial analysis. 
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3. Methodology 

3.1 Study design  

This is a nested case-control study of children included in the Drakenstein Child Health Study. This 

study is a secondary geospatial data analysis of the health outcomes from the Drakenstein Child Health 

Study (DCHS) cohort. The details of DCHS cohort and study procedures have been published(26). 

Comprehensive clinical, socio-economic, behavioural, demographic and geospatial data have already 

been collected in this cohort of approximately 1000 mother-child pairs, with measures of child lung 

health (including the outcomes to be examined here). This study seeks to add geospatial data to the 

parent study and to conduct a comprehensive analysis of the geospatial and temporal determinants 

of child lung health outcomes. 

 

3.2 Study Setting 

Drakenstein is one of the five local municipalities located within the Cape Winelands District of 

Western Cape Province, South Africa. The study area is 1 538 sq.km. with an estimated population of 

200 000 people. Unemployment in the area is high, with many people of low socio-economic status. 

The DCHS cohort was recruited from two primary healthcare facilities (sites): Mbekweni Clinic, which 

mainly provides services to the Black community, and TC Newman Clinic, which mainly provides 

services to those of coloured (a South African race classification) community. Levels of unemployment 

and poverty are high in these settings and most people in the area live in informal or crowded housing 

conditions. The burden of infectious diseases such as TB and HIV is high(27). This setting is ideal for 

the proposed study because it is typical of many peri-urban disadvantaged communities in South 

Africa and has a stable population with low immigration and emigration. 

 

3.3 Characteristics of study population 

The participants for this study will be approximately 1000 mother-child pairs in DCHS study who will 

consent to have their household addresses collected and geocoded. Additional data will be collected 

on mothers, families and other caregivers of these children. The parent study's initial inclusion criteria 

were women aged 18 or older, at 20-28 gestational weeks, having attended the clinic, and staying in 

the area. However, only those who agreed to have their household addresses collected and geocoded 
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are included in this analysis. Participant enrolment in the cohort was entirely voluntary. All of the 

births took place at Paarl Hospital. The inclusion of participants in the Geospatial study were 

conducted by a qualified research team. The participant (the child) was included if they resided in the 

Drakenstein community and were excluded if the child lived outside of the Drakenstein community or 

if the trained study staff could not locate them or contact their parents.  

 

3.4 Recruitment and enrolment 

Trained study staff located the study participants (approximately 1000 mother-child pairs) enrolled in 

the Drakenstein Child Health Study (DCHS). The participants contact details are stored in the REDCap 

(Research Electronic Data Capture) database of the study and they were contacted to arrange the visit 

time and verify the correct location. Participants were visited according to their next birthday at the 

year 6 timepoint, therefore the participants geolocation had to be collected by their 7th birthday.  

 

3.5 Data collection and confidentiality  

Two trained study staff visited all the households of the DCHS participants and using a hand-held 

geographic positioning system (GPS) device (Garmin 010-00970-00 eTrex 10 Worldwide Handheld GPS 

Navigator), recorded latitude and longitude coordinates of each household. The documentation and 

download of data were conducted on REDCap in the appropriate case report form (CRF). Data was 

also stored on Google MyMaps and on the DCHS Google Drive. The GPS device eTrex 10, Garmin is 

calibrated at the first recording of the day. Each household visit’s duration was roughly 5 minutes long 

and was conducted twice a week. Participants information was stored in unique patient identifier (PID) 

to maintain patient confidentiality. Furthermore, the geospatial data collected from each household 

was anonymised to ensure the addresses are confidential. Research assistants and trained study staff 

also collected latitude and longitude coordinates of built environment such as health facilities, schools, 

creches or day care centres, bus and taxi ranks, food outlets, taverns or shebeens. The built 

environment data was collected on REDCap in the appropriate CRF. All other geodatabases including 

shapefiles and maps of Drakenstein study areas were obtained from Drakenstein Municipality 

Geographic Information Systems (GIS) Unit in Paarl. 
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3.6 Quality control 

Once geocodes were downloaded and documented on the CRFs, Google MyMaps and on the DCHS 

Google Drive, the addresses are verified by a 3rd trained study staff. Geocoordinates were recollected 

if there were any discrepancies. This quality control was conducted monthly. Access to the study data 

on REDCap, MyMaps and the Google drive is only granted to study researchers and trained study staff 

working on specific CRF’s. Every night, a thorough REDCap database export was performed; and is 

encrypted and kept in accordance with the database retention schedule(28).  

 

3.7 Data on Childhood Lung health 

Data on childhood LTBI in DCHS database Tuberculin skin tests (TST) are collected at study visits, 

annually, and at the time of a LRTI episode. LTBI is defined as an induration reaction greater than or 

equal to 10 mm. Data on childhood TB is in the DCHS database. Childhood TB is diagnosed by 

experienced physicians and nurses’ chest radiographs, TB microbiological culture and Xpert 

MTB/RIF(29). Data on LRTIs will be obtained from active surveillance system for LRTIs in the DCHS. 

LRTIs are measured using World Health Organization (WHO) case definition criteria. LRTIs are 

categorised into LRTIs and severe LRTIs, with additional descriptors based on hospitalization 

requirements(30). 

 

3.8 Data Analysis 

The geocoordinates will be imported into QGIS software after they are converted into shapefiles. The 

shapefiles will be projected into the WGS84 (EPSG:4326) using QGIS. These coordinates will be layered 

in the Drakenstein basemap and colour coded according to the different childhood lung diseases. 

Based on the geospatial coordinates on the map, the clusters of the lung diseases will be visually 

interpreted to describe spatial patterns of childhood lung health outcomes in terms of geographical 

areas in Drakenstein.   

 

The coordinates of the built environment will also be imported into QGIS after they will be converted 

into shapefiles. These coordinates will be layered in the Drakenstein basemap and colour coded 

according to the built environment classification; agriculture (farming place), commercial or business 

site, educational facility, healthcare facility or provider, religious (places of worship) and safety and 

security. Furthermore, the built environment will be tabulated by their classification.  
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To visualize the spatial distribution of LTBI and LRTIs relative to the built environment, maps of 

hotspots and coldspots will be generated using QGIS. Furthermore, the association between childhood 

lung health outcomes and the built environment, along with other social risk factors, will be estimated 

in R using multivariable logistic regression. For each independent variable, we present univariable 

models and multivariable models (direct effects, after adjustment for the effects of potential 

confounding variables). 

 

3.9 Ethical clearance 

Ethical clearance was given by faculty of health science University of Cape Town and Stellenbosch 

university ethics committee and written informed consent was obtained from parents and care givers 

in the primary DCHS study.  Informed consent was obtained after recruitment when mothers were 

still pregnant, and compensation for time is offered after home visits. The informed consent is 

renewed annually, and participants are free to discontinue from the study any time.  

 

3.10 Risks and Benefits  

In the DCHS the parent received compensation for their time and the children received health benefits, 

free healthcare and regular check-ups. The communities were under an ongoing surveillance for 

emerging diseases in children and prevention interventions are implemented. Parents receive 

education on risk factors for lung diseases and ways to prevent them. With regards to the protection 

of the study participants, there are no direct risks or benefits with the data collection however, there 

are indirect risks. These risks are the potential loss of confidentiality of their private data including 

home addresses. The data used in this analysis does not contain any personal identifiers such as name, 

surname or identity numbers.  In addition, the potential loss of confidentiality of home addresses will 

be minimised using donuts geomasking.  

 

Donut geomasking involves moving a given address randomly from its original location. There is a 

minimum and maximum distance the location of these address can be randomly moved by so that 

patient confidentiality is maintained while minimizing the loss of spatial information(31). The distance 

a location is moved from its origin is inversely proportional to the underlying population density 
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(32,33). The minimum and maximum distances used in this study were 5 and 20 meters respectively. 

To ensure security of geospatial data, all the data was stored in a password protected computer.  

 

3.11 Study timeline 

Study Timeline Table  1: The anticipated timeline for the study 

 2021 2022 2023 

Activities Mar - Jun July - Dec Jan -Apr Jun - Sep Oct - Dec Jan - Mar 

Protocol Development X X     

Ethics Approval  X X    

Data Cleaning and Exploration   X X   

Data Analysis   X X X  

Manuscript Write-Up    X X X 

Mini-Dissertation Submission      X 
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ABSTRACT  

Despite the wide geographic distribution of childhood lung disease, data on geospatial risk factors at 

the local level in South Africa is scarce. This study aims to assess if there is any relationship between 

the social and environmental risk factors (built environment) and spatial distribution of child lung 

health outcomes in Drakenstein. An informed consent to collect household addresses was obtained 

from 884 mother-child pairs. The average distance in kilometres between participant's address and 

the built environment categories, as well as the average number of each built environment category 

within a 500-metre radius of the participant's address, were calculated. To evaluate the relationship 

between lung health and the built environment, multivariable logistic regression was used. Using this 

logistic regression outputs, density hotspots and coldspots were mapped. The subsampled distance 

matched cohort included 408 LRTI cases and controls respectively (1:1 ratio) and 75 LTBI cases and 

375 LTBI controls (1:5 ratio). In the LRTI and LTBI models, the number of significant differences 

between cases and controls vary. The main built environment types that were associated with LRTI 

were spaza shops [OR = 1.05, 95%CI (1.02; 1.08), p = 0.01], formal liquor stores [OR = 2. 63, 95%CI 

(1.20; 5.90); p = 0.02] and agriculture (farming places) [aOR = 0.34, 95%CI, 0.11; 0.82 p = 0.03]. The 

main built environment types that were associated with LTBI were formal [OR = 0.26, 95%CI (0.09; 

0.68), p = 0.01] and informal liquor stores [OR = 0.27, 95%CI (0.08; 0.85), p = 0.01] and religious (places 

of worship) [OR = 11.81, 95%CI (1.51; 101.88), p = 0.02]. In Drakenstein, the associations between the 

built environment and the spatial distribution of child lung health outcomes are present after distance-

matching cases and controls and adjusting for covariates. Thus, creation of more green spaces or 

designing of buildings with better air flow would be useful and actionable by the government local 

authorities as potential strategies to reduce the burden of childhood LRTI and LTBI in LMICs. 
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Introduction 

Common childhood lung conditions, such as lower respiratory tract infections (LRTIs) including 

pneumonia and tuberculosis (TB), are some of the major sources of child mortality in South Africa and 

globally (1). According to recent data, overall child mortality has been gradually decreasing at an 

annual rate of 1.1%, and as a result, South Africa may fail to meet the post-2015 Sustainable 

Development Goals (SDGs) child health target of 25 deaths per 1000 livebirths by 2030 (2). The data 

also show that there are significant geographic disparities in child mortality. The Western Cape 

province, for example, has lower levels of child mortality than other provinces, but this masks 

significant heterogeneity within the province, with specific regions of the Western Cape, including the 

Drakenstein region, having some of the highest levels of child morality in South Africa (3). Although 

the risk factors associated with child mortality are well studied, the drivers of these geographical 

disparities are poorly understood. Understanding the drivers of these disparities can inform the 

development of targeted public health interventions.  

 

A substantial proportion of child deaths can be attributed to lung conditions. About 60 000 in-hospital 

deaths are caused by LRTI’s in children under the age of five with just under half in infants under the 

age of six months (4). Evidence has demonstrated that complex interactions of demographic, 

environmental, behavioral, socio-economic, genetic, and viral factors have a substantial effect on the 

spatial variation of children respiratory health outcomes [4, 5]. Furthermore, it has been 

demonstrated that some of these risk factors may be spatially dependent (7). For example, it was 

discovered that geographical clusters of LRTIs in the United States of America (USA) were associated 

with air pollution and substandard living conditions (5). In addition, the type of housing materials had 

a significant impact on acute respiratory infections symptoms in a study conducted in Pakistan(8).  

 

There are studies in South Africa have revealed spatial clustering of child mortality. A South African 

study employed a descriptive geographical analysis to demonstrate a link between adult TB cases 

exposure in a suburban setting and latent tuberculosis infection (LTBI) in children (6). A study by 

Middlekoop et al. indicates that in an immediate social network, the frequency of infectious adult TB 

was statistically correlated with childhood illness and infection (6). In Cape Town, a study by Wood et 

al. has reported that Human Immunodeficiency Virus (HIV) infection is affecting the increasing LTBI 

epidemic in an urban–rural community (9). There are additional risk factors to consider for childhood 

respiratory diseases. According to Aftab et al., children of mothers with primary or middle education 

have significantly higher odds of developing acute respiratory infections than children of mothers with 
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no education (8). The findings are similar to earlier studies carried out in Bangladesh (10) and Nigeria 

(11). Smoking is a known risk factor of childhood respiratory infections and studies have proven that 

it may cause or be worsened by household passive smoking (12). Because these risk factors are 

spatially and temporally varied, it is increasingly important to consider spatial dependence impacting 

spatial patterns of health outcomes (13).  

 

Identifying exposures of public health significance can be done by mapping the regional distributions 

of illness incidence (14). Exploratory spatial analysis combines a number of statistical methods with 

the goal of defining and visualizing spatial distributions, locating spatial outliers, finding clusters or 

hotspots. Cases of disease have been shown to cluster at specific sites by modelling the spatial aspect 

of epidemiological data (15). Drakenstein's spatial clusters of childhood lung diseases may hold 

information about the region's socio-economic, behavioral, environmental, genetic, and viral risk 

factors. Furthermore, identifying areas that are more affected by LRTI and LTBI would lead to more 

efficient allocation of resources in the Drakenstein neighbourhood.  

 

There have been few studies exploring the geospatial patterns of childhood lung diseases outside of 

South Africa. For example, one study from north-western Ethiopia found significant spatial clustering 

of childhood TB within local communities (16). According to an American study, children's bronchiolitis 

and LRTI cases were also spatially clustered (17). A study in Vietnam found spatio-temporal clustering 

of paediatric acute LRTIs (13). The ability to identify specific regions for interventions makes spatio-

temporal analysis of child lung health outcomes popular. Thomas et al. found that although children 

from urban areas made up the majority of those with pneumonia, rural areas had an excessively higher 

prevalence of severe and very severe pneumonia (18). Pneumonia patients present with a cough or 

difficulty breathing and either have severe pneumonia (lower chest wall indrawing) or very severe 

pneumonia (central cyanosis, difficulties breastfeeding/drinking, vomiting everything, convulsions, 

lethargy, coma, or head nodding) (19). In an effort to reduce the burden of disease and child mortality 

caused by pneumonia, the pneumococcus vaccine has been rolled out globally. A study in the 

Philippines examined how the spatiotemporal clustering of pediatric LRTI affects the local level of 

pneumococcal vaccination effectiveness. Compared to vaccination with the placebo, pneumococcal 

vaccination was linked with a lower hazard ratio for pneumonia in children who lived further from the 

hospital. However, there was no significant difference in the likelihood of pneumonia diagnosis 

between children who lived closer to the hospital and those who received the placebo vaccine (20). 
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This demonstrated the effectiveness of the vaccination. Although vaccination is of vital importance, 

there is a link between where you stay and respiratory disease. 

 

It is widely recognized that the built environment influences public health (21). The term "built 

environment", as it is referred to in urban planning, includes elements of municipal layout, the use of 

land, the transport network, and what the human movement patterns are in the physical environment 

(22). The study by Xu et al. shows a clear association between respiratory disease and the environment 

in which individuals reside, supporting the premise that urban redevelopment could perform a vital 

role in lowering respiratory disease risk (23). The effect of built environments on childhood lung health 

was also demonstrated in a study conducted in the Philippines which highlighted how proximity to 

hospitals affected the prognosis of children diagnosed with pneumonia (20). In addition, the built 

environment impacts public health by influencing human exposure to airborne pollutants. When 

airborne particles from a symptomatic person leave their body (via coughing, speaking, or singing) and 

come into contact with a person who does not have the disease, TB is transmitted (24). The spread of 

TB is facilitated by overcrowding and poor ventilation in households, hospitals, and public transit. This 

is often a result of poor infrastructure and is directly linked to built environments (25). Research 

studies have investigated the link between air pollution and the lung health disease incidence and 

prevalence. Field studies have demonstrated that the development of urban land environments, 

transport networks, green space, and many other built environmental factors impacts the 

dissemination and distribution of air contaminants (26). According to a study conducted in rural South 

Africa, opening windows and doors to allow more air to circulate reduced the probability of TB 

transmission from 55.4% to 9.6% (21). Improving the built environment provides advantages beyond 

those that directly help health. Better roads, for instance, enhance accessibility to educational 

institutions, healthcare facilities, and food outlets, all of which can significantly lower the burden of 

LRTI (25). The burden of childhood lower respiratory tract infections such as pneumonia varies greatly 

within and between provinces, districts, and sub-districts (27). However, the data is usually presented 

only at provincial, district, or subdistrict levels. To date, there has been no research on the spatial 

epidemiology of child lung health outcomes and determinants at local level in South Africa.   

 

This study aims to assess if there is any relationship between the social and environmental risk factors 

(built environment) and spatial distribution of child lung health outcomes in Drakenstein. This setting 

is ideal for the proposed study because it is typical of many peri-urban disadvantaged communities in 

South Africa and has a stable population with minimum immigration and emigration. 
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Methods 

Study design  

This is a nested case-control study of children included in the Drakenstein Child Health Study. The 

current study is a secondary analysis of data collected from a birth cohort, the Drakenstein Child 

Health Study (DCHS). The characteristics of the birth cohort and study procedures have been detailed 

elsewhere (28). Briefly, comprehensive clinical, socio-economic, behavioural, and demographic data 

was collected annually by trained personnel on roughly 1000 mother-child pairs. Clinical data included 

measures of child lung health such as the presence or absence of LRTI and LTBI. The study design was 

a case-control where cases were children with LRTI and LTBI.  

 

Study Setting 

The study is set in Drakenstein which is a peri-urban area within the Cape Winelands District 

Municipality, South Africa (figure 1). Drakenstein is one of the five local municipalities located within 

the Cape Winelands District of Western Cape Province, South Africa. The study area covers 1538 km², 

with a population of approximately 200 000 people. Unemployment in the area is high, with many 

people of low socio-economic status. The DCHS cohort was recruited from two primary healthcare 

facilities (sites): Mbekweni Clinic, which mainly provides services to the Black community, and TC 

Newman Clinic, which mainly provides services to those of coloured (a South African race 

classification) community. This setting is ideal for the proposed study because it is typical of many 

peri-urban disadvantaged communities in South Africa and has a stable population with low 

immigration and emigration. 
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Figure 1: The map of the study areas within the Drakenstein region, in the Western Cape, South Africa.  

 

Study participants  

The parent study recruited women who were 20-28 weeks pregnant, 18 years or older, attending 

antenatal care at either Mbekweni or TC Newman Clinic. The women were then followed through 

pregnancy to childbirth, where their infants joined the study. Of the approximately 1000 mother-

infant pairs in the parent study, only 844 were included in this analysis as they agreed to have the of 

their household addresses collected and geocoded.  

 

Data on Childhood Lung health 

Childhood lung health was determined using the Tuberculin skin tests (TST) chest radiographs, TB 

microbiological culture, and Xpert MTB/RIF(29). These tests were conducted annually and whenever 

the child presented with a LRTI episode. A child was considered to be a LTBI case if the TST test that 

resulted in an induration reaction with a diameter of 10mm or more or was on TB treatment. Data on 

LRTIs which include ambulatory and hospitalized LRTI cases was obtained from active surveillance 
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system for LRTIs in the DCHS. LRTIs are characterised using World Health Organization (WHO) case 

definition criteria [28, 29]. The sociodemographic covariates included in the analysis were known and 

include maternal HIV exposure, maternal smoking, house type, number of people in the household, 

household income, site (Mbekweni and TC Newman) and day care attendance (31).  

 

Matched case-control sampling 

To account for possible spatial dependence, cases were matched to controls that were within a 1-

kilometre radius of each other. The rationale for using a 1-kilometre radius was because TC Newman 

and TC Mbekweni are relatively small regions within Drakenstein. This was done using an iterative 

algorithm that randomly sampled controls that fell within the 1-kilometre radius for each case. The 

distance matched subsampled populations included 408 LRTI cases and controls (1:1 ratio) and 75 LTBI 

cases and 375 LTBI controls (1:5 ratio). The matched case control ratio was chosen based on the overall 

case control ratio of the total population. 

 

Data Analysis 

Statistical methods 
 

Multivariable logistic regression was used to estimate the association between the built environment 

and the presence of LTBI and LRTI. For each independent variable, we present univariable models and 

multivariable models (direct effects, after adjustment for the effects of potential confounding 

variables). Two methods were used for this analysis. The first method used logistic regression on the 

whole sample, without any prior matching of cases to control. The second method used the same 

logistic regression models on distance matched cases and controls. Both models were included in this 

analysis for comparison. The matched case-control sampling was explained above under the same 

heading. The significance level was set to < 0.05. 

 

Socio-demographic covariates considered for the analyses included: HIV exposure; type of housing; 

number of people in the household; household income; maternal smoking; day-care attendance; Site 

of visit (Mbekweni or TC Newman) and socio-economic status (SES). This was determined by a total 

score of four socio-economic variables: level of education, employment status, household income, 
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and number of assets (32). Standardised scores were divided into quartiles: 'low,' 'low-moderate,' 

'high-moderate,' and 'high'. 

Data Visualisation 

Several maps were used to illustrate the relationship between the built environment and lung health 

outcomes. These include hotspot maps that show the spatial distribution of LTBI and LRTI cases 

relative to their distance from certain built environments. These hotspots were defined as areas (500 

metre2 grids) where cases were found to be within a certain distance of built environment types that 

included healthcare facilities or providers, educational facilities, formal liquor stores, informal liquor 

stores (bar, tavern, shebeen - an unlicensed establishment selling alcohol), spaza shops (informal 

convenient stores) and street vendors, malls or supermarkets, agriculture (farming places), safety and 

security (police stations), and places of worship. Similar maps were used to show the relationship 

between lung health outcomes and the frequency of the abovementioned built environment types. 

All maps were created using QGIS (33). 

 

Hotspot Analysis  
 
Hotspot analysis was done to visualize the proximity of various built environment types to LRTI and 

LTBI cases, as well as to visualize the average number of built environments within a 500-metre radius 

to the cases using QGIS. A hotspot was when a built environment type was within a 500-metre radius 

of a case. A hotspot was when the average number of built environment types (agricultural or farming 

places and formal liquor stores) within a 500-metre radius was higher than 1. A hotspot was when the 

average number of built environment (spaza shop or street vendor) within a 500-metre radius was 

higher than 25.  

 

 

Ethical clearance 

Ethical clearance was given by University of Cape Town Faculty of Health Sciences Research Ethics 

Committee for the parent study (HREC Ref number: 401/2009) (Appendix C1) and the current study 

(HREC Ref number: 758/2021) (Appendix C2) 
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Results 

Descriptive statistics and exploratory analysis 

The method of distance matching LRTI cases to controls resulted in a subsample of 816 mother-child 

pairs, 408 cases and 408 controls (1:1 ratio). Whereas distance matching of LTBI cases to controls 

resulted in a subsample of 450 mother-child pairs, 75 cases and 375 controls (1:5 ratio). The LRTI and 

LTBI cases were mostly male children, with 58% and 65% respectively (Table 1).  

 

Socio-demographics and clinical factors by case control sampling 

The socio-demographic and clinical factors described are based on the distance matched sub-sample. 

Of those participants who are LRTI cases, 25% are exposed to HIV-positive mothers, compared to 17% 

LRTI controls are exposed to HIV-positive mothers. Additionally, 20% of LTBI cases compared to 14% 

LTBI controls are exposed to HIV-positive mothers. The LRTI cases and controls are closer to the total 

number of participants in the study. The average number of people in a household was 3 among cases 

and controls in both LRTI and LTBI populations. In LRTI and LTBI populations, the participants are of all 

socio-economic status backgrounds however, most of the participants have an average household 

income of 1000-5000 ZAR per month at 50% and 53%, respectively. Of those participants who are LRTI 

cases, 39% are exposed to mothers who are active smokers, compared to 30% from the participants 

who are LRTI controls. Additionally, 48% of LTBI cases compared to 39% LTBI controls are exposed to 

mothers who are active smokers. The LRTI population is equally spread between the two sites of 

Mbekweni (50%) and TC Newman (50%) whereas the LTBI population is higher in the TC Newman 

neighbourhoods at 65% compared to 35% in Mbekweni neighbourhoods (Table 1).  
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Table 1: Descriptive table of sociodemographic characteristics of child- mother pairs matched by distance to nearest neighbour within a 1-kilometre radius 
and total population child- mother pairs included in this study by case control groups within disease status. 

 Matched case controls sample Total study sample 
Variable: n(%) LRTI LTBI LRTI LTBI 

CASES  CONTROLS TOTAL CASES CONTROLS TOTAL CASES CONTROLS TOTAL CASES CONTROLS TOTAL 
Number of Participants (%) 
HIV Status (Positive Mothers) 
Sex of child (% male) 
Currently employed mothers 

408 (50) 
100 (25) 
237 (58) 
101 (25) 

408 (50) 
68 (17) 

185 (45) 
110 (27) 

816 
168 (21) 
422 (52) 
211 (26) 

75 (16.7) 
15 (20) 
49 (65) 
15 (20) 

375 (83.3) 
54 (14) 

185 (49) 
94 (25) 

450 
69 (15) 

234 (52) 
109 (24) 

409 (48.5) 
100 (24) 
238 (58) 
101 (25) 

435 (51.5) 
73 (17) 

194 (45) 
118 (27) 

844 (100) 
173 (20) 
432 (51) 
219 (26) 

75 (8.9) 
15 (20) 
49 (65) 
15 (20) 

769 (91.1) 
158 (21) 
383 (50) 
204 (27) 

844 (100) 
173 (20) 
432 (51) 
219 (26) 

Highest Education Level attained       
   Primary 

Some secondary 
Completed secondary 
Any tertiary 

34 (8) 
226 (56) 
127 (31) 

19 (5) 

27 (7) 
229 (56) 
125 (31) 

26 (6) 

61 (7) 
455 (56) 
252 (31) 

45 (6) 

8 (11) 
45 (60) 
20 (27) 

1 (1) 

28 (7) 
206 (55) 
117 (31) 

23 (6) 

36 (8) 
251 (56) 
137 (30) 

24 (5) 

34 (8) 
226 (55) 
128 (31) 

19 (5) 

30 (7) 
237 (54) 
139 (32) 

28 (6) 

64 (8) 
463 (55) 
267 (32) 

47 (6) 

8 (11) 
45 (60) 
20 (27) 

1 (1) 

56 (7) 
418 (54) 
247 (32) 

46 (6) 

64 (8) 
463 (55) 
267 (32) 

47 (6) 
Average household income per month       
 <1000ZAR  

1000-5000ZAR 
>5000ZAR  

146 (36) 
205 (50) 
55 (13) 

160 (39) 
204 (50) 
43 (11) 

306 (38) 
409 (50) 
98 (12) 

34 (45) 
35 (47) 

1 (1) 

131 (35) 
202 (54) 
41 (11) 

165 (37) 
237 (53) 
46 (10) 

147 (36) 
205 (50) 
55 (13) 

170 (39) 
215 (49) 
49 (11) 

317 (38) 
420 (50) 
104 (12) 

34 (45) 
35 (47) 

1 (1) 

283 (37) 
385 (50) 
99 (13) 

317 (38) 
420 (50) 
104 (12) 

SES Quartiles       
 Lowest SES 

Low-moderate SES 
Moderate-high SES 
High SES 

93 (23) 
118 (29) 
105 (26) 
92 (22)  

96 (24) 
105 (26) 
109 (27) 
98 (26)  

189 (23) 
223 (27) 
214 (26) 
190 (23)  

20 (27) 
24 (32) 
18 (24) 
13 (17) 

84 (22) 
101 (27) 
106 (28) 
84 (22)  

104 (23) 
  125 (28) 
124 (28) 
97 (22)  

93 (23) 
119 (29) 
105 (26) 
92 (22)  

102 (23) 
109 (25) 
115 (26) 
109 (25) 

195 (23) 
228 (27) 
220 (26) 
201 (24) 

20 (27) 
24 (32) 
18 (24) 
13 (17)  

175 (23) 
204 (27) 
202 (26) 
188 (24)  

195 (23) 
228 (27) 
220 (26) 
201 (24) 

Creche / day-care at birth 102 (25) 89 (22) 191 (23) 17 (23) 85 (23) 102 (23) 102 (25) 92 (21) 194 (23) 17 (23) 177 (23) 194 (23) 
Antenatal smoking       

Nonsmoker 
Passive smoker 
Active smoker 

80 (20) 
155 (38) 
160 (39) 
3 (1.75) 

90 (22) 
182 (45) 
123 (30) 
3 (1.67) 

170 (21) 
337 (41) 
283 (35) 
3 (1.71) 

15 (20) 
23 (31) 
36 (48) 
3 (2.38) 

67 (18) 
152 (41) 
145 (39) 
3 (1.69) 

82 (18) 
175 (39) 
181 (40) 
3 (1.82) 

80 (20) 
155 (38) 
161 (39) 
3 (1.75) 

99 (23) 
191 (44) 
131 (30) 
3 (1.64) 

179 (21) 
346 (41) 
292 (35) 

15 (20) 
23 (31) 
36 (48) 
3 (2.38) 

164 (21) 
323 (42) 
256 (33) 
3 (1.61) 

179 (21) 
346 (41) 
292 (35) 
3 (1.7) Average nr of people in household. Mean (SD) 3 (1.7) 

Housing type       
 House 

Flat 
Shack 
Wendy house/ backyard dwelling 

190 (47) 
78 (19) 
85 (21) 
52 (13) 

202 (50) 
72 (18) 
72 (18) 
59 (14) 

392 (48) 
150 (18) 
157 (19) 
111 (14) 

31 (41) 
20 (27) 
9 (12) 

14 (19) 

155 (41) 
95 (25) 
62 (17) 
61 (16) 

186 (41) 
115 (26) 
71 (16) 
75 (17) 

190 (46) 
79 (19) 
85 (21) 
52 (13) 

212 (49) 
75 (17) 
81 (19) 
64 (15) 

402 (48) 
154 (18) 
166 (20) 
116 (14) 

31 (41) 
20 (27) 
9 (12) 

14 (19) 

371 (48) 
134 (17) 
157 (20) 
102 (13) 

402 (48) 
154 (18) 
166 (20) 
116 (14) 

SITE       
 Mbekweni 

TC Newman 
208 (51) 
200 (49) 

204 (50) 
204 (50) 

412 (50) 
404 (50) 

24(32) 
51 (68) 

132 (35) 
243 (65) 

156 (35) 
294 (65) 

208 (51) 
201 (49) 

213 (49) 
222 (51) 

421 (50) 
423 (50) 

24(32) 
51 (68) 

397 (52) 
372 (48) 

421 (50) 
423 (50) 

Notes: All results show frequencies (percentages) or mean (Standard deviation). Self-reported smoking status at the baseline study visit. LRTI = lower respiratory tract 
infection; LTBI = latent tuberculosis infection; SES = socioeconomic status; ZAR= South African Rand.
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Socio-demographics and clinical factors by site 

In the overall cohort of 844 mother- child pairs between the TC Newman and Mbekweni 

neighbourhoods (Table S1) is the proportion of mothers living with HIV: it is 3% and 28% respectively. 

Furthermore, the percentage of children exposed to mothers who are active smokers in the TC 

Newman and Mbekweni neighbourhoods are 54% and 15% respectively. The type of housing is also 

different between the two neighbourhoods. The percentage of people living in shacks in the TC 

Newman and Mbekweni neighbourhoods are 5% and 34% respectively. In addition, percentage of 

people living in Wendy houses or backyard dwellings in the TC Newman and Mbekweni 

neighbourhoods are 25% and 2% respectively. 

 

Type of Built environment  

The frequency of the type of built environment was recorded and split by site (Figure S2). Spaza shops 

and Street vendors make up more than half the built environments at 160 and 152 for Mbekweni and 

TC Newman respectively. They are followed by educational facilities: 34 and 53 for Mbekweni and TC 

Newman respectively. Furthermore, there were 32 and 46 religious (places of worship) captured for 

Mbekweni and TC Newman respectively. Lastly, there were 19 and 18 shopping centre or mall or 

supermarkets that have been recorded for Mbekweni and TC Newman, respectively. The rest of the 

built environment types made up 12 % of the total recorded frequency namely: agriculture (farming 

site), informal and formal alcohol sale point, healthcare provider or facility, place of safety and 

security.  

 

Logistic Regression Results 

Firstly, the distance in kilometres between built environment and participants’ addresses 

(independent variable) was used to quantify the spatial differences between LRTI and LTBI cases and 

controls (dependent variable). Similarly, the number of built environment facilities within a 500-metre 

radius of participants’ addresses (independent variable) was used to quantify the spatial differences 

between LRTI and LTBI cases and controls (dependent variable).   

 

Table 2: Multivariable logistic regression models of LTBI within Drakenstein using the distance to the 
nearest built environment structure in kilometres.  
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 TOTAL UNMATCHED MODELS  DISTANCE MATCHED MODELS 
 BE 

AIC (509.68) 
BES  

AIC (493.84) 
BE 

AIC (418.63) 
BES  

AIC (412.78) 
Covariates OR (95% CI) P-value aOR (95% CI) P-value OR (95% CI) P-value aOR (95% CI) P-value 

Built Environment 

Distance to nearest 
agriculture/ farming area 
(km) 

1.12   
(0.34; 3.55) 

0.85 0.56   
(0.14; 2.11) 

0.40 0.43   
(0.12; 1.56) 

0.20 0.24   
(0.05; 1.04) 

0.06 

Distance to nearest 
educational facility (km) 

0.09   
(0.01; 1.02) 

0.05 0.08   
(0.01; 1.02) 

0.05 0.24   
(0.02; 2.96) 

0.27 0.21   
(0.01; 3.33) 

0.27 

Distance to nearest 
formal liquor store (km) 

0.36   
(0.13; 0.91) 

0.04* 0.26   
(0.09; 0.68) 

0.01* 0.38   
(0.12; 1.13) 

0.09 0.27   
(0.08; 0.85) 

0.03* 

Distance to nearest 
informal liquor store (e.g., 
shebeen) (km) 

1.40   
(0.63; 3.01) 

0.40 0.46  
(0.14; 1.48) 

0.20 0.67   
(0.28; 1.58) 

0.36 0.23   
(0.06; 0.90) 

0.04* 

Distance to nearest 
healthcare 
facility/provider (km) 

2.45   
(1.04; 5.81) 

0.04* 0.56   
(0.15; 2.16) 

0.40 0.89   
(0.35; 2.30) 

0.81 0.25   
(0.05; 1.06) 

0.06 

Distance to nearest 
religious / places of 
worship (km) 

3.05 
(0.68;14.22) 

0.15 8.76   
(1.45; 57.01) 

0.02* 3.99   
(0.72; 22.78) 

0.12 11.81   
(1.51; 101.88) 

0.02* 

Distance to nearest safety 
& security (km) 

0.82   
(0.40; 1.70) 

0.59 1.80   
(0.73; 4.38) 

0.20 1.59   
(0.74; 3.48) 

0.24 3.03   
(1.12; 8.44) 

0.03* 

Distance to nearest spaza 
shop (km) 

0.14  
(0.00; 1.74) 

0.34 0.56   
(0.01; 18.57) 

0.80 0.48  
 (0.00; 41.19) 

0.75 1.20   
(0.01; 137.25) 

0.94 

Distance to nearest mall/ 
supermarket (km) 

2.12   
(0.65; 6.96) 

0.21 1.65   
(0.47; 5.78) 

0.43 1.46   
(0.38; 5.62) 

0.58 1.19   
(0.28; 4.94) 

0.80 

HIV exposed (YES)   1.75 
 (0.80; 3.76) 

0.15   1.69 
(0.73; 3.82) 

0.21 

Type of house 

Flat   reference category   reference category 

House   0.81  
(0.38; 1.69) 

0.57   0.92 
(0.43; 1.96) 

0.83 

Shack   0.72  
(0.25; 1.98) 

0.53   0.84  
(0.27; 2.43) 

0.75 

Wendy house/ 
backyard 
dwelling 

  
1.12  

(0.50; 2.48) 

0.78   1.30 
(0.56; 2.99) 

0.53 

Number of people in 
household 

  1.06  
(0.96; 1.16) 

0.23   1.07 
(0.96; 1.18) 

0.18 

SES quartile 

Moderately-
high 

  
reference category 

  reference category 

Lowest   1.44 
(0.50; 4.26) 

0.50   1.22 
(0.39; 3.87) 

0.74 

Moderately-low   1.30 
(0.53; 3.34) 

0.58   1.13 
(0.43; 3;12) 

0.80 

Highest   1.09  
(0.46; 2.71) 

0.84   1.01  
(0.41; 2.61) 

0.99 

Household income 

<1000ZAR    reference category   reference category 

1000-5000ZAR    0.65 
 (0.38; 1.09) 

0.10   0.58 
(0.33; 1.00) 

0.05 

>5000ZAR    0.34  
(0.11; 0.87) 

0.04*   0.45 
(0.14; 1.19) 

0.13 

Smoking 

Active smoker   reference category   reference category 

Non-smoker   1.32  
(0.61; 2.78) 

0.46   1.24 
(0.53; 2.28) 

0.62 

Passive smoker   0.81  
(0.44; 1.46) 

0.48   0.83 
(0.44; 1.56) 

0.57 

Day care (YES)   1.09  
(0.58; 1.94) 

0.78   1.09 
(0.57; 2.03) 

0.79 

Site (TC Newman)   5.55  
(1.56; 20.37) 

0.01*   4.67 
(1.19; 19.75) 

0.03* 
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Notes: LTBI = Latent Tuberculosis Infection; BE = Built Environment; BES = Built Environment and Socio-
demographic risk factors; AIC = Akaike Information Criteria; OR = Odds Ratio; aOR = adjusted Odds Ratio; CI = 
confidence interval; * = Statistically Significant 

 

In the total unmatched BE and BES model, an increased distance from the nearest formal liquor stores 

is associated with a 64% and 74% reduction in the odds of being an LTBI case [OR = 0.36, 95%CI (0.13; 

0.91), p = 0.04]; [OR = 0.26, 95%CI (0.09; 0.68), p = 0.01]. This association persisted in the distance 

matched BE [OR = 0.38, 95%CI (0.12; 1.13), p = 0.09] and BES [OR = 0.27, 95%CI (0.08; 0.85), p = 0.01] 

models, however this association in the BE model was not statistically significant. In the distance 

matched BES model, an increased distance from the nearest informal liquor store is associated with 

0.23 times the odds (a reduction of 77%) of being a LTBI case [OR = 0.23, 95%CI (0.06; 0.90), p = 0.04]. 

However, this association in the total unmatched BES model was not statistically significant.  

In the distance matched BES model, an increased distance from the nearest healthcare facility is 

associated with 0.25 times the odds of being a LTBI case [OR = 0.25, 95%CI (0.05; 1.06), p = 0.06]. In 

the total unmatched BES model, an increased distance from the nearest healthcare facility is 

associated with 0.56 times the odds of being a LTBI case [OR = 0.56, 95%CI (0.15; 2.16), p = 0.40]. These 

association were not significant. Interestingly, the only time this association was significant was in the 

unmatched BE model with an odds ratio of 2.45 [OR = 2.45, 95%CI (1.04; 5.81), p = 0.04].  

In the total unmatched BES and distance matched BES models, an increased distance from the nearest 

religious (places of worship is associated with 8.76 and 11.81 times the odds of being a LTBI case 

respectively [OR = 8.76, 95%CI (1.45; 57.01), p = 0.02]; [OR = 11.81, 95%CI (1.51; 101.88), p = 0.02].  

In the distance matched BES model, an increased distance from the nearest place of safety and 

security and the address location is associated with 3.03 times the odds of being a LTBI case [OR = 3.03, 

95%CI (1.12; 8.44), p = 0.03]. However, this association in the total unmatched BES model was not 

statistically significant [OR = 1.80, 95%CI (0.73; 4.38), p = 0.20].   

Of the sociodemographic risk factors included in the models, only household income and site were 

statistically significant. In the total unmatched BES model, the odds of LTBI are 66% lower if the 

participant lives in a household where the income is >5000ZAR compared with households with an 

income of <1000ZAR [OR = 0.34, 95%CI (0.11; 0.87), p = 0.04]. However, this is no longer statistically 

significant when matching cases and controls by distance. In the total unmatched BES model, the odds 

of LTBI are 5.55 times higher in TC Newman compared to Mbekweni [OR = 5.55, 95%CI (1.56; 20.37) p 

= 0.01]. In the distance matched BES model, the odds of LTBI are 4.67 times higher in TC Newman 

compared to Mbekweni [OR = 4.67, 95%CI (1.19; 19.75) p = 0.03] (Table 2).  
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The map in figure 2A reveals that, on average, there is a density hotspot of LTBI cases in the Mbekweni 

region that have a distance of between 1 - 200 metres to the nearest formal liquor store. The highest 

density of LTBI cases in the TC Newman region have a distance of between 200 - 500 metres to the 

nearest formal liquor store, on average. The pattern disperses from the hotspot to the surrounding 

areas, expanding to the outskirts of the study area. The map in figure 2B shows that, on average, there 

is a high-density hotspot cluster of LTBI cases in the Mbekweni region that have a distance of between 

0 - 500 metres to the nearest informal liquor store. Similarly, two density hotspots of LTBI cases in the 

TC Newman region are 0 - 200 metres from the nearest informal liquor store, on average. The map in 

figure 2C shows that, on average, there is a density hotspot of LTBI cases in the Mbekweni region that 

have a distance of between 0 - 150 metres to the nearest religious (place of worship). The highest 

density of LTBI cases in the TC Newman region have a distance of between 150 - 350 metres to the 

nearest religious (place of worship), on average.  

 

 

         A     B     C 

Figure 2: Maps of the spatial distribution of hotspots and coldspots of the average distance from 
residential addresses of LTBI cases to the nearest formal liquor store in meters (A), informal liquor 
store (bar or tavern) in meters (B) and religious (place of worship) in meters (C).  
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Table 3: Multivariable logistic regression models of LRTI within Drakenstein using the distance to the 
nearest built environment structure in kilometres. 

 TOTAL UNMATCHED MODELS  DISTANCE MATCHED MODELS 

 BE 
AIC (1173.7) 

BES 
AIC (1124) 

BE 
AIC (1144.5) 

BES 
AIC (1095.6) 

Covariates OR (95% CI) P-value aOR (95% CI) P-value OR (95% CI) P-value aOR (95% CI) P-value 

Built Environment 

Distance to the nearest 
agriculture / farming area 
(km) 

1.80   
(0.97; 3.36) 

0.06 2.00   
(1.02; 3.92) 

0.04* 1.73   
(0.91; 3.33) 

0.10 1.94   
(0.96; 3.98) 

0.07 

Distance to the nearest 
educational facility (km) 

0.40   
(0.10; 1.53) 

0.18 0.32   
(0.08; 1.32) 

0.12 0.47   
(0.12; 1.82) 

0.27 0.37   
(0.09; 1.56) 

0.18 

Distance to the nearest 
formal liquor store (km) 

1.28   
(0.76; 2.14) 

0.35 1.20   
(0.70; 2.03) 

0.50 1.31   
(0.76; 2.26) 

0.34 1.25   
(0.71; 2.21) 

0.44 

Distance to the nearest 
informal liquor store (e.g., 
shebeen) (km) 

1.14   
(0.74; 1.76) 

0.54 1.35   
(0.72; 2.52) 

0.34 1.30   
(0.82; 2.06) 

0.27 1.52   
(0.78; 2.98) 

0.21 

Distance to the nearest 
healthcare 
facility/provider (km) 

1.45   
(0.92; 2.30) 

0.11 1.75   
(0.83; 3.71) 

0.14 1.27   
(0.79; 2.02) 

0.32 1.52   
(0.70; 3.30) 

0.29 

Distance to the nearest 
religious / places of 
worship (km) 

1.79  
 (0.79; 4.10) 

0.17 1.58   
(0.63; 4.01) 

0.33 1.50   
(0.64; 3.51) 

0.35 1.24   
(0.47; 3.25) 

0.67 

Distance to the nearest 
safety & security (km) 

0.63   
(0.43; 0.91) 

0.01* 0.57   
(0.35; 0.92) 

0.02* 0.68   
(0.46; 1.00) 

0.05 0.62  
(0.37; 1.03) 

0.07 

Distance to the nearest 
spaza shop (m) 

0.08   
(0.01; 0.55) 

0.01* 0.07   
(0.01; 0.57) 

0.02* 0.17   
(0.02; 1.75) 

0.14 0.18   
(0.01; 2.13) 

0.18 

Distance to the nearest 
mall/ supermarket (km) 

1.16  
(0.61; 2.19) 

0.66 1.23   
(0.63; 2.41) 

0.55 1.08  
(0.56; 2.08) 

0.81 1.13   
(0.57; 2.25) 

0.72 

HIV exposed (YES)   1.73   
(1.16; 2.59) 

0.01*   1.78 
(1.19; 2.67) 

0.01* 

Type of house 

Flat   reference category   reference category 

House   0.79   
(0.50; 1.26) 

0.33   0.82 
(0.51; 1.32) 

0.41 

shack   0.96   
(0.53; 1.73) 

0.88   1.08 
(0.59; 1.98) 

0.80 

Wendy house/ 
backyard 
dwelling 

  0.76   
(0.45; 1.28) 

0.31   0.77 
(0.45; 1.30) 

0.32 

Number of people in 
household 

  1.01   
(0.95; 1.07) 

0.76   1.01 
(0.95; 1.07) 

0.73 

SES quartile 

Moderately-high   reference category   reference category 

Lowest 
  1.31  

(0.72; 2.40) 
0.37   1.24  

(0.68; 2.28) 
0.49 

Moderately-low 
  1.40 

(0.85; 2.32) 
0.19   1.29 

(0.78; 2.16) 
0.32 

Highest 
  1.18 

(0.74; 1.90) 
0.48   1.15 

(0.71; 1.85) 
0.57 

Household income 

<1000ZAR    reference category   reference category 

1000-5000ZAR    1.14  
 (0.84; 1.55) 

0.40   1.15 
(0.84; 1.57) 

0.39 

>5000ZAR    1.29   
(0.80; 2.09) 

0.30   1.41 
(0.86; 2.31) 

0.17 

Smoking 

Active smoker   reference category   reference category 
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Non-smoker   0.67   
(0.43; 1.04) 

0.07   0.67 
(0.43; 1.04) 

0.08 

Passive smoker   0.74   
(0.52; 1.05) 

0.09   0.73 
(0.51; 1.03) 

0.07             

Day care (YES)   1.32   
(0.94; 1.86) 

0.11   1.25 
(0.89; 1.77) 

0.20 

Site (TC Newman)   0.81   
(0.41; 1.59) 

0.54   0.86 
(0.43; 1.71) 

0.67 

Notes: LRTI = Lower Respiratory Tract Infection; BE = Built Environment; BES = Built Environment and Socio-
demographic risk factors; AIC = Akaike Information Criteria; OR = Odds Ratio; aOR = adjusted Odds Ratio, CI = 
confidence interval; * = Statistically Significant 

 

In the total unmatched BES model, an increased distance from the nearest agriculture (farming place) 

is associated with 2 times the odds of being a LRTI case [OR = 2.00, 95%CI (1.02; 3.92) p = 0.04]. In the 

same model, an increased distance from the nearest safety and security facility is associated with 0.57 

times (a reduction of 43%) the odds of being a LRTI case; [OR = 0.57, 95%CI (0.35; 0.92), p = 0.02]. 

Additionally, an increased distance from the nearest spaza shop is associated with 0.07 times (a 

reduction 93%) the odds of being a LRTI case [OR = 0.07, 95%CI (0.01; 0.57) p = 0.02]. It is worth noting 

that none of the built environment types were statistically significant in the distance matched BE and 

BES model. 

Of the sociodemographic risk factors included, only maternal HIV status was statistically significant in 

the total unmatched and distance matched models. In the total unmatched BES model, the odds of 

having LRTI are 1.7 times higher for a child exposed to a mother living with HIV compared to a mother 

living without HIV [OR = 1.73, 95%CI (1.16; 2.59), p = 0.01]. In the distance matched BES model, the 

odds of having LRTI are 1.8 times higher for a child exposed to a mother living with HIV compared to 

a mother living without HIV [OR = 1.78, 95%CI (1.19; 2.67) p = 0.01] (Table 3). 
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Table 4: Multivariable logistic regression models of LTBI within Drakenstein using the number of built 
environment structure within a 500-meter radius.  

  TOTAL UNMATCHED MODELS  DISTANCE MATCHED MODELS 

 BE 
AIC (504.52) 

BES 
AIC (493.13) 

BE 
AIC (415.24) 

BES 
AIC (414.17) 

Covariates OR (95% CI) P-value aOR (95% CI) P-value OR (95% CI) P-value aOR (95% CI) P-value 

Built Environment 

Number of agriculture/ 
farming within 500 m radius 

1.12   
(0.25; 3.36) 

0.86 1.02  
(0.22; 3.25) 

0.97 1.24   
(0.26; 4.53) 

0.76     1.13   
(0.23; 4.33) 

0.87 

Number of educational 
facilities within 500 m radius 

1.20  
 (0.98; 1.46) 

0.07 1.22   
(0.99; 1.50) 

0.06 1.17   
(0.95; 1.44) 

0.13   1.15   
(0.92; 1.43) 

0.21 

Number of formal liquor 
stores within 500 m radius 

2.48   
(1.28; 4.83) 

0.01* 2.71   
(1.32; 5.61) 

0.01* 2.42   
(1.18; 5.00) 

0.02 *    2.63  
(1.20; 5.90) 

0.02*  

Number of informal liquor 
stores (shebeens) within 500 
m radius 

0.95   
(0.78; 1.14) 

0.58 1.09  
 (0.86; 1.40) 

0.47 1.03   
(0.83; 1.27) 

0.76    1.15  
(0.87; 1.52) 

0.32  

Number of healthcare 
facilities/providers within 
500 m radius 

0.34   
(0.16; 0.69) 

0.01* 0.41  
 (0.18; 0.85) 

0.02* 0.60   
(0.27; 1.24) 

0.18     0.65 
(0.28; 1.45) 

0.31 

Number of religious/ places 
of worship within 500 m 
radius 

0.91   
(0.77; 1.08) 

0.28 0.85  
 (0.70; 1.03) 

0.10. 0.83   
(0.68; 0.99) 

0.05   0.82   
(0.66; 1.00) 

0.05 

Number of Safety & security 
within 500 m radius  

1.66  
 (0.91; 2.80) 

0.07 1.50   
(0.8; 2.58) 

0.16 1.59   
(0.83; 2.84) 

0.14     1.48 
(0.75; 2.76) 

0.23   

Number of Spaza shops 
within 500 m radius  

1.00   
(0.96; 1.04) 

0.87 1.00   
(0.96; 1.05) 

0.94 1.00   
(0.95; 1.04) 

0.85    0.99   
(0.94; 1.04) 

0.69 

Number of Mall/ 
supermarkets within 500 m 
radius  

0.95  
 (0.65; 1.32) 

0.77 0.95   
(0.62; 1.35) 

0.78 0.92   
(0.63; 1.28) 

0.65    0.92   
(0.63; 1.32) 

0.68   

HIV exposed (YES)   1.63  
 (0.74; 3.51) 

0.22   1.63   
(0.70; 3.70) 

0.24 

Type of house 

Flat   reference category   reference category 

House   1.01  
 (0.48; 2.10) 

0.99   1.13   
(0.53; 2.43) 

0.75 

shack   0.86  
 (0.30; 2.35) 

0.77   0.94  
(0.31; 2.73) 

0.91 

Wendy house/ 
backyard dwelling 

  1.24  
 (0.56; 2.72) 

0.59   1.46   
(0.63; 3.32) 

0.37 

Number of people in 
household 

  1.07   
(0.97; 1.17) 

0.16   1.06  
(0.96; 1.17) 

0.24 

SES quartile 

Moderately-high   reference category   reference category 

Lowest   1.43 
(0.49; 4.26) 

0.51   1.39 
(0.45; 4.45) 

0.57 

Moderately-low   1.30  
(0.53; 3.32) 

0.58   1.19  
(0.46; 3.26) 

0.72 

Highest   1.11 
(0.47; 2.76) 

0.82   1.06  
(0.42; 2.76) 

0.90 

Household income 

<1000ZAR    reference category   reference category 

1000-5000ZAR    0.63   
(0.37; 1.07) 

0.09   0.61 
(0.35; 1.05) 

0.07 

>5000ZAR    0.34  
 (0.11; 0.86) 

0.04*   0.39 
(0.12; 1.05) 

0.08 

Smoking 



48 
 

Active smoker   reference category   reference category 

Non-smoker   1.29   
(0.60; 2.69) 

0.51   1.17 
(0.51; 2.63) 

0.70 

Passive smoker   0.83   
(0.45; 1.51) 

0.54   0.82  
(0.43; 1.55) 

0.55  

Day care (YES)   1.08   
(0.58; 1.93) 

0.80   1.17 
(0.61; 2.17) 

0.62 

Site (TC Newman)   3.06  
 (1.06; 9.33) 

0.04*   1.91 
(0.61; 6.27) 

0.27 

Notes: LTBI = Latent Tuberculosis Infection; BE = Built Environment; BES = Built Environment and Socio-
demographic risk factors; AIC = Akaike Information Criteria; OR = Odds Ratio; aOR = adjusted Odds Ratio; CI = 
confidence interval; * = Statistically Significant 

 

In the total unmatched BES model, the increased number of formal liquor stores is associated with 

2.70 times the odds of being a LTBI case [OR = 2. 71, 95%CI (1.32; 5.61), p = 0.01]. In the distance 

matched BES model, the increased number of formal liquor stores is associated with 2.60 times the 

odds of being a LTBI case [OR = 2. 63, 95%CI (1.20; 5.90); p = 0.02]. In the distance matched BES model, 

the increased number of healthcare facilities is associated with 0.41 times the odds of being a LTBI 

case [OR = 0.41, 95%CI (0.18; 0.85), p = 0.02]. However, this was not statistically significant in the 

distance matched BES model. 

Of the sociodemographic risk factors included, only household income and site were statistically 

significant in the total unmatched model. The odds of LTBI are 66% if the mother-child pair lives in a 

household where the income is >5000ZAR compared with households with an income of <1000ZAR 

[OR = 0.34, 95%CI (0.11; 0.86) p = 0.04]. The odds of LTBI are 3 times higher in TC Newman compared 

to Mbekweni [OR = 3.06, 95%CI (1.06; 9.33), p = 0.04]. However, these are no longer statistically 

significant when matching cases and controls by distance (Table 4). 

In figure 3 there are density hotspots of LTBI cases in both Mbekweni and TC Newman regions that 

have 1 liquor store within a 500-meter radius, on average.  
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Figure 3: Map of spatial distribution of hotspots and coldspots of the average number of formal liquor 
stores within 500-metres of the residential addresses of LTBI cases.  
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Table 5: Multivariable logistic regression models of LRTI within Drakenstein using the number of built 
environment structure within a 500-meter radius. 

Covariates 

TOTAL UNMATCHED MODELS  DISTANCE MATCHED MODELS 
BE 

AIC (1173) 
BES 

AIC (1120) 
BE 

AIC (1133.9) 
BES 

AIC (1083.2) 
OR (95% CI) P-value aOR (95% CI) P-value OR (95% CI) P-value aOR (95% CI) P-value 

Built Environment 

Number of agriculture / 
farming within 500 m radius 

0.39   
(0.15; 0.89) 

0.04* 0.40   
(0.15; 0.93) 

0.05 0.33 
(0.11; 0.82) 

0.02* 0.34 
(0.11; 0.87) 

0.03* 

Number of educational 
facilities within 500 m radius 

0.98   
(0.88; 1.09) 

0.67 0.96   
(0.86; 1.07) 

0.475 0.97 
(0.87; 1.08) 

0.54 0.96 
(0.86; 1.07) 

0.43 

Number of formal liquor 
stores within 500 m radius 

0.76   
(0.52; 1.12) 

0.17 0.74   
(0.49; 1.11) 

0.15 0.81 
(0.55; 1.18) 

0.27 0.78 
(0.51; 1.17) 

0.23 

Number of informal liquor 
stores (shebeens) within 500 
m radius 

1.04   
(0.94; 1.16) 

0.46 1.08   
(0.95; 1.22) 

0.25 1.031 
(0.90; 1.12) 

0.91 1.05 
(0.92; 1.19) 

0.50 

Number of healthcare 
facilities/providers within 
500 m radius 

0.65  
 (0.45; 0.91) 

0.01* 0.60   
(0.41; 0.87) 

0.01* 0.67 
(0.46; 1.95) 

0.03* 0.61 
(0.42; 0.90) 

0.01* 

Number of religious / places 
of worship within 500 m 
radius 

0.98   
(0.90; 1.07) 

0.66 0.99   
(0.90; 1.09) 

0.90 0.97 
(0.89; 1.06) 

0.47 0.98 
(0.89; 1.08) 

0.67 

Number of safety & security 
within 500 m radius 

1.18  
 (0.81; 1.72) 

0.38 1.18   
(0.80; 1.73) 

0.40 1.16 
(0.80; 1.70) 

0.43 1.17 
(0.79; 1.73) 

0.42 

Number of spaza shops 
within 500 m radius 

1.03   
(1.00; 1.05) 

0.03* 1.04   
(1.01; 1.06) 

0.01* 1.04 
(1.01; 1.07) 

0.01* 1.05 
(1.02; 1.08) 

0.01* 

Number of malls/ 
supermarkets shops within 
500 m radius 

1.04  
 (0.85; 1.27) 

0.70 1.05   
(0.85; 1.29) 

0.67 1.05 
(0.86; 1.29) 

0.63 1.05 
(0.85; 1.30) 

0.64 

HIV exposed (YES)   1.70   
(1.14; 2.54) 

0.01*   1.74 
(1.16; 2.63) 

0.01* 

Type of house 

Flat   reference category   reference category 

House   0.75   
(0.47; 1.20) 

0.24   0.81 
(0.50; 1.31) 

0.39 

shack   0.86   
(0.48; 1.55) 

0.62   1.02 
(0.56; 1.87) 

0.94 

Wendy house/ 
backyard dwelling 

  0.70   
(0.41; 1.18) 

0.18   0.73 
(0.43; 1.25) 

0.26 

Number of people in 
household 

  1.01 (0.96; 
1.08) 

0.62   1.02 
(0.96; 1.08) 

0.61 

SES quartile 

Moderately-high   reference category   reference category 

Lowest   0.12  
(0.66; 2.20) 

0.54   1.13 
(0.61; 2.08) 

0.69 

Moderately-low   1.32 
(0.80; 2.18) 

0.28   1.18 
(0.71; 1.98) 

0.52 

Highest   1.12 
(0.70; 1.80) 

0.64   1.06  
(0.65; 1.71) 

0.82 

Household income 

<1000ZAR    reference category   reference category 

1000-5000ZAR    1.12   
(0.82; 1.52) 

0.49   1.12 
(0.82; 1.54) 

0.48 
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Notes: LRTI = Lower Respiratory Tract Infection; BEM = Built Environment; BES = Built Environment and Socio-
demographic risk factors; AIC = Akaike Information Criteria; OR = Odds Ratio; aOR = adjusted Odds Ratio; CI = 
confidence interval; * = Statistically Significant 

 

In the distance matched BES model, the increased number of agriculture (farming places) is associated 

with 0.34 times the odds of being a LRTI case [aOR = 0.34, 95%CI, 0.11; 0.82 p = 0.03]. However, this 

is not statistically significant in the total unmatched model. In the total unmatched model, the 

increased number of healthcare facilities or providers is associated with 0.60 times the odds of being 

a LRTI [OR = 0.60, 95%CI (0.41; 0.87), p = 0.01]. Similarly, in the distance matched BES models, the 

increased healthcare facilities or providers is associated with 0.61 times the odds of being a LRTI case 

[OR = 0.61, 95%CI, 0.42; 0.90 p = 0.01]. In the total unmatched BES model, the increased number of 

spaza shops is associated with 4% increase in the odds of being a LRTI case [OR = 1.04, 95%CI (1.01; 

1.06), p = 0.01]. Similarly, in the distance matched BES model, the increased number of spaza shops is 

associated with 5% increase in the odds of being a LRTI case [OR = 1.05, 95%CI (1.02; 1.08), p = 0.01].  

Maternal HIV status and maternal smoking were statistically significant among the sociodemographic 

risk factors included in the models. The odds of an LRTI are 1.7 times higher if you are exposed to a 

mother living with HIV compared to a mother living without HIV in both the total unmatched BES 

model and the distance matched BES model [OR = 1.70, 95%CI (1.14; 2.54), p = 0.01], [OR = 1.74, 95%CI 

(1.16; 2.63), p = 0.01]. The risks of an LRTI are 1.6 times greater in participants whose mothers are 

active smokers compared to participants whose mothers are non-smokers in the total unmatched BES 

model [OR = 0.62, 95%CI (0.40; 0.96), p = 0.03]. When cases and controls are matched by distance, 

maternal smoking is no longer significant (Table 5).   

In figure 4A, the number of agricultural (farming places) within a 500-meter radius of an LRTI cases is 

>1, on average and the cases are further from agricultural (farming places). In figure 4B, on average, 

there are density hotspots of LRTI cases in Mbekweni that have 25-42 spaza shops or street vendors 

within a 500-meter radius. The highest density in the TC Newman region is 15-25 spaza shops or street 

vendors within a 500-meter radius. 

>5000ZAR    1.31   
(0.81; 2.12) 

0.27   1.44 
(0.88; 2.38) 

0.15 

Smoking 

Active smoker   reference category   reference category 

Non-smoker   0.62  
 (0.40; 0.96) 

0.03*   0.68   
(0.44; 1.06) 

0.09 

Passive smoker   0.76  
 (0.53; 1.07) 

0.12   0.76   
(0.53; 1.08) 

0.12 

Day care (YES)   1.35  
 (0.96; 1.90) 

0.09   1.28   
(0.90; 1.81) 

0.17 

Site (TC Newman)   1.00  
 (0.58; 1.73) 

0.99   1.17 
(0.67; 2.05) 

0.59 
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   A       B 

Figure 4: Maps of spatial distribution of hotspots and coldspots of the average number of agricultural 
places (A) and spaza shops or street vendors (B) within 500-metres of the residential addresses of LRTI 
cases.  
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Discussion 

 

Child lung health remains a public health problem. Research has suggested that assessing child lung 

health outcomes and their risk factors geospatially is invaluable as it allows for better, more precise 

targeting of interventions. The aim of this study was to assess if there is any relationship between the 

social and environmental risk factors (built environment) and spatial distribution of child lung health 

outcomes in Drakenstein. This was done through a distance-matched case-control sampling method 

to account for spatial dependence. When comparing the unmatched and distance matched models 

for both outcomes, the distance matched models had the lowest Akaike Information Criteria (AIC) 

values compared to the unmatched models (34). This indicates that the distance matched models are 

superior to the unmatched models suggesting that accounting for spatial dependence was the best 

modelling approach. 

 

In this peri-urban, low-income area of South Africa, LRTI and LTBI were associated with a few of the 

built environment types, after adjusting for clinical and socio-demographic risk factors. Some of the 

social risk factors that are commonly found to be associated with lung diseases (number of people 

living in a household, house type and maternal smoking) had no effect in this analysis after adjusting 

for spatial distribution. This is inconsistent with existing literature which states that type of housing is 

often associated with risk of respiratory infections (35). This is as the study by Aftab et al. associated 

the risk with the type of building material used which was not included in our study. Similarly, with 

regards to number of people living in a household, overcrowded households put young children at risk 

of developing an acute lower respiratory infection (36). A number of well-known exposures, including 

maternal HIV infection and household income was also found to be linked to LRTI and LTBI (37). 

Children who are exposed to HIV have an increased chance of LRTI. This is supported by literature 

which states that the HIV-exposed infants would be at a higher risk of LRTI compared to the 

unexposed. Furthermore, a South African study found that HIV exposed and uninfected infants were 

40% more likely to be hospitalized with LRTI, have longer hospital stays and needed mechanical 

ventilation than unexposed infants (38). Household income, an indicator of SES, is no longer significant 

when conducting the distance matched model. A possible explanation for this observation is that cases 

and controls were matched within 1km of each other, and often people residing in the same 

neighbourhood are of the same SES. When comparing the two study sites, TC Newman and Mbekweni, 

we observe a difference in the odds of developing LTBI as there is twice as many cases in TC Newman 

compared to Mbekweni (Table S1).   
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Public health is impacted by the built environment (39). The physical environment of a child can either 

cause or prevent illness. Thus, the environment is critical for children's optimal health and 

development. Much less focus has been given to the potential effects of the built environment, such 

as substandard housing and poor land use, as well as community planning. In reality, children spend 

more time indoors and in neighbourhoods than they do in the natural environment (40). The built 

environment can also be utilised as a marker of a set of social conditions and community 

circumstances that often go hand in hand. An article by Chuang et al., found that lower community 

SES and higher convenience store concentration, as assessed by density and distance, were both 

significantly linked to greater levels of individual smoking (41). In addition, fast food restaurants and 

convenience stores may outnumber supermarkets where people can purchase more nutritious food 

(39). Our findings are consistent with this statement as spaza shop density in Drakenstein is much 

higher in comparison to the malls and supermarkets. Furthermore, fast food restaurants and 

convenience stores may be an avenue for faster spread of LRTI and LTBI, especially if they are 

congested. The density of formal and informal liquor stores reflects a community's SES in the same 

manner as the density of spaza shops does. 

 

Xu et al. found that the built environment was associated with lung health and posit that urban 

redevelopment can help to reduce the risk of respiratory disease (23). There are several 

interconnected aspects that contribute to the transmission of LTBI or LRTI, such as overcrowding and 

unemployment. Furthermore, Munch et.al has suggested that shebeens were clustered in areas of 

high unemployment (14). In our study setting of high unemployment, informal liquors stores may drive 

TB transmission. This is as our study found that close proximity to informal and formal liquor stores is 

associated with LTBI. Prior literature has found that TB can be connected with socio-economic status, 

even more so in urban areas, and among the homeless and substance abusers (42). This suggests that 

TB reflects the fundamental socio-economic problems of inequality and poverty (14). Low 

socioeconomic status residents appear to face a twofold disadvantage since they lack both private and 

public resources, such as green areas (43). 

As such, increasing the number of agriculture (farming places) decreased the odds of LRTI. This is 

consistent with existing literature. Recent studies showed that schoolchildren with higher levels of 

green space nearby had improved lung function (44). However, these improvements could be related 

to a decrease in air pollution when in the green spaces. One study has demonstrated that the more 

time one spends in green spaces, the better their lung function (45). While increasing the number of 

agriculture (farming places) would be a challenge in the Drakenstein region due to space, increasing 
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the number of urban greenspaces could be plausible. Urban greenspaces are defined as greenness or 

green infrastructure and can include parks and trees, street gardens, and a variety of other vegetation 

within an urban setting (46). Like agricultural spaces, health care facilities also impacted the odds of 

LRTI and LTBI. Our results indicated that an increase in the number of healthcare facilities decreased 

the odds of LRTI. According to a study in West Africa, children under 5 visited primary healthcare 

facilities less frequently the further they travelled (47). In contrast, Robsky et al. did not find an 

association between poor treatment outcomes once treatment has begun as they were prepared to 

go a greater distance be more motivated to continue with treatment (48). However, distance to 

healthcare facilities should not be a barrier to access. This can be mitigated by expanding the number 

of facilities or concentrating on community engagement in more remote communities, which may 

strengthen early childhood healthcare in similar settings (47).  

 

A strength of this study is that the DCHS study team surveyed respiratory disease symptoms, including 

tuberculosis, prospectively and actively, which may enhance the precision of episode prevalence (31). 

In addition, the high sample size of comparable lung function acquired by the same investigators using 

the same methods of testing is one of the study's strengths. Furthermore, our study took spatial 

dependence into account which was the drawback Middlekoop et al’s study and could bias their 

results (6). Similar to the parent study, this study's limitation includes the possibility of a lack of 

generalizability for different settings with varied exposures; however, most of these exposures are 

prevalent in LMIC contexts (49). The primary disadvantage of nested case-control studies is that not 

all relevant risk factors are likely to have been captured (50). The main limitation of this study was the 

lack of built environment features. A study conducted previously included moisture and dust inside 

the homes, housing materials used, closeness to contamination sources, level of nearby traffic, 

bedroom sizes and space per occupant as additional variables (23). Further research into the built 

environment should be considered with these variables to assess the effect of possible risk factors on 

LRTI and LTBI. In addition, the exposure was assessed based on location of residence and likelihood of 

transmission occurring in the home, while exposure to infected individuals may occur elsewhere (15). 

While the relationships between lung health and socio-economic status and built environment 

variables were consistent with literature, it was insufficient in demonstrating how these variables 

could justify variations in disease distributions. 
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Conclusions 

To conclude, in Drakenstein, the associations between some of the social and environmental risk 

factors (built environment) and the spatial distribution of child lung health outcomes are present after 

distance-matching cases and controls and adjusting for covariates. The observed associations are 

indicative of the SES and community circumstances.  Thus, creation of more green spaces or designing 

of buildings with better air flow would be useful and actionable by the government and local 

authorities as potential strategies to reduce the burden of childhood LRTI and LTBI in LMICs. 
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A. Supplementary tables and figures included in the manuscript 

Table S 1: Descriptive table of sociodemographic characteristics of child- mother pairs enrolled in the 
Drakenstein Child Health Study (DCHS) cohort by clinic, Mbekweni and TC Newman. 

Variable: n (%) N Black African Coloured Total 
(Mbekweni) (TC Newman) 

Number of Participants (%)  421 (49.9) 423 (50.1) 844 (100) 
HIV Status       844        161 (38) 12 (3) 173 (20) 
Sex of child (male)         202 (48) 230 (54) 432 (51) 
Currently employed      844 99 (24) 120 (28) 219 (26) 
Highest Education Level attained 
   Primary 844 31 (7) 33 (8) 64 (8) 
 Some secondary 231 (55) 232 (55) 463 (55) 
 Completed secondary 123 (29) 144 (34) 267 (32) 
 Any tertiary 33 (8) 14 (3) 47 (6) 
Average household income per month 
 <1000ZAR       844 175 (42) 142 (34) 317 (38) 
 1000-5000ZAR  203 (48) 217 (51) 420 (50) 
 >5000ZAR  40 (10) 64 (15) 104 (12) 
SES Quartiles 
 Lowest SES 844 115 (27) 80 (19) 195 (23) 
 Low-moderate SES 121 (29) 107 (25) 228 (27) 
 Moderate-high SES 97 (23) 123 (29) 220 (26) 
 High SES 88 (21) 113 (27) 201 (24) 
 Creche / day-care at birth  844 89 (21) 105(25) 194 (23) 
Antenatal smoking 
 Nonsmoker   844 140 (33) 39 (9) 179 (21) 
 Passive smoker 200 (47) 146 (35) 346 (41) 
 Active smoker 63 (15) 229 (54) 292 (35) 
Average nr of people in household Mean (SD)      844 3 (1.53) 3 (1.82) 3 (1.7) 
Housing type 
 house 844 263 (62) 139 (33) 402 (48) 
 Flat     1 (0) 153 (36) 154 (18) 
 shack 144 (34) 22 (5) 166 (20) 
 Wendy house/ backyard dwelling      9 (2) 107 (25) 116 (14) 
Lung disease       844    
 LTBI   24 (6) 51 (12) 75 (9) 
 LRTI  208 (49) 201 (48) 409 (48) 

Notes: All results show frequencies (percentages) or mean (Standard deviation). Self-reported smoking status at 
the baseline study visit. SES = socio-economic status; ZAR= South African Rand.  
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Figure S 1: Leaflet plot of the type of built environment within Drakenstein, Western Cape, South Africa. 
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Figure S 2: Bar graph of the frequency of the type of built environment obtained via GPS in Drakenstein by site: 
Mbekweni and TC Newman.  
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A                   B 

Figure S 3: Density Heatmap of LTBI (A) and LRTI (B) cases and matched controls within the Mbekweni, 
Drakenstein subsetted region. 

  A    B 

   

Figure S 4: Density Heatmap of LTBI (A) and LRTI (B) cases and controls within the TC Newman, Drakenstein 
subsetted region. 
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B. Data Collection Tool used in Parent Study 

 

B1. DRAKENSTEIN CHILD HEALTH STUDY 

Standard Operating Procedure (SOP) 

SOP for Environmental and Geospatial Home Visits 

First Review Date:  

Version Reviewed by/date Description of changes 

1.1 January 2020 Removed instructions on phone triangulation, update 

Garmin instructions, data export and QC procedures 

1.2 August 2020 Add metadata collection and remove household data 

collection 

 

Drafted by: Muhammed Adil Khan, edited Maresa Botha, edited Demi Meyer 

Author Signature:   

Reviewed by:      Date:  June 2019  

Approved by:  Tiffany Burd  

PI Signature:        Date of Approval:   

 

Training Implications 

Admin Assistant  Lab Assistant  

Study Nurse Coordinator X Lab Manager  

Data Administrator  Medical Officer X 

Data Capturer  Nursing Assistant  

Data Manager  Professional Nurse  

Driver X Project Manager/Coordinator X 

Fieldworker X Research Assistant X 

 

TABLE OF CONTENTS:  

1.0 Purpose 

2.0  Background 

3.0 Scope 

4.0 Procedures 

5.0 Review and Revision 
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6.0 Documentation  

7.0 Training 

8.0 References 

 

1. Purpose 

The purpose of this SOP is to describe the Home Visits to be performed and the procedures 

surrounding the devices to be used for measuring the outside of the participants’ homes and recording 

the GPS coordinates. 

 

2. Background 

One home visit is planned for all participants enrolled on DCHS at the year 6 timepoint.  

During the home visit, a case report form (CRF) will be administered, measurements of the home will 

be taken and the GPS co-ordinates of the participant’s home will be recorded.  

3. Scope 

This SOP will be used by DCHS staff members (SM) involved in performing or assisting with home visits 

as delegated by the Project Manager (PM) / Medical Officer (MO). 

4. Equipment 

a. CRF 

b. Laser measuring device 

c. GPS device 

 

5. Procedure 

a. Pre-arrange a suitable date and time to perform the home visit.  
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b. Ask permission to visit the home. Explain the purpose of the home visit and what 

you will be doing while in the home. Any questions about the home visit should 

be answered prior to beginning. 

c. Confirm that the child lives at this address. If the child does not live at this address, 

do not continue with the CRF. 

Identify the main person who will be available to answer questions regarding the home environment 

and their relationship to the child. This person needs to be someone that lives in the home.   

Field worker does telephonic interview 

To measure GPS coordinates: 

Stand outside the participants home closest to the front door while remaining in the car. If there is a 

covering over the front door, stand further away so that there is no obstruction between the GPS 

device and the sky.  

Switch on the Garmin and go to “Mark Waypoint”. Enter participant PID (e.g. 1234). Click “Done” to 

start measurement  

Wait 60 seconds in the same position for the Garmin GPS to triangulate before tagging GPS 

coordinates on the Garmin GPS device. Click “Done” to end measurement. Go to “Waypoint 

Manager”. Check that PID is less than 3m away from current point. If the PID is more than 3m, repeat 

and rename the PID (e.g. 1234NEW) 

Write down the coordinates of the printed CRF and if there are any delays or issues with the Garmin, 

write them down too. 

E.g. weather overcast therefore, it took longer for the GPS to triangulate or it’s the first recording of 

the day.   

6. Documentation and download of data 

Home visits will be documented on REDCap in the appropriate CRF. 

Garmin data upload: Plug in the Garmin to laptop. Open MyMaps in Google Drive. Click on “Add layer” 

on MyMaps. Upload Garmin data according to date. Copy coordinates from MyMaps according to PID. 

Go to CRF of participant on REDCap. Paste coordinates from MyMaps into REDCap. Click complete and 

Save CRF. On MyMaps, drag and drop PID into TC or MBE layers. Delete the newly added “layer” once 

all pins have been dragged and dropped. 

7. Training  

Training in this SOP will be documented per the DCHS Study Training Plan. 

      8.  References 

 SOP for Environmental home visit, DCHS, version 1.3, July 2013  

 SOP for Location Data Collection, SS4ME project, version 1.1, 19 Nov 2018 
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B2. Built environment/Amenities GPS coordinates collection Form 
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C3. Consent Form 

DRAKENSTEIN CHILD HEALTH STUDY 

CONSENT AND INFORMATION SHEET FOR MOTHERS – MAIN COHORT 

July 2020 

CONSENT FORM AT YEAR 5 

 

You and your child are invited to continue to take part in a study that is being done in the 

Drakenstein sub-district, in collaboration with the Universities of Cape Town and Stellenbosch. We 

would like to thank you and your child for taking part in this study, we hope to impact child health 

and your participation will help us achieve that.  The following information describes the study and 

you and your child’s role for the next year. Please read this carefully and feel free to ask any 

questions. 

 

Why is this study being done? 

Lung infections and chest problems are common in young children. This study is being done to find 

out the effect of chest infections in the early years of life on the development of lung disease in 

children.  The study will also look at a number of other factors that may affect your child’s health.  

 

You and your child will continue to attend occasional scheduled visits at your primary health care 

clinic and at Paarl Hospital. During these visits, we will assess the health of you and your child by 

using questionnaires and doing tests. Should your child get sick with a chest infection, then he/ she 

will be carefully investigated to try and find out the cause of this infection. This study will help us to 

better understand why children get chest illness and may help to improve child health. 

 

Cognition and social emotional development are important parts of a child’s overall health.  By 

cognition we mean the way a child thinks, learns, plans and pays attention.  Social emotional and 

social cognitive development refer to how a child learns to understand their own and others’ 

emotions, and to reason about what other people think, believe and feel.  We want to see how 

these factors develop over time.  This study will help us understand how various other factors we 
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look at in the main study impact on this development, and also how this development affects overall 

health. 

 

What must I do if I agree to continue in the study? 

If you agree to continue in this study, we will follow you and your child regularly to assess his/ her 

health.  We will see you and your child at Paarl hospital or your primary health care clinic when your 

child is about 5 years of age and again at about 6 years of age.  We will also schedule a visit at 5 ½ 

years and a single visit between these at the primary health care clinic. We will ask you some 

questions about your child’s health, nutrition, growth and development, and any chest illnesses. We 

will do regular tests to watch these.  

 

At study visits in the next year, you will be asked some questions about you and your child’s health. 

Your child will be examined. Tests will be done on you and your child to assess whether there is any 

chest problem. The tests that may be done on your child are: 

1. Blood tests - these will be to test for allergies or blood problems. 

2. Throat swab to test for germs (oropharyngeal swab).  

3. Nasal swab to check for germs including the coronavirus 

4. Saliva will be collected to check for germs which may cause pneumonia  

5. A skin test for tuberculosis infection. 

6. A urine test for smoke exposure. 

7. A stool test to check what germs are in the stool. 

8. At 5 years and 6 years of age a breathing test will be done, to measure the air 

moving in and out of his/her lungs. 

9. A skin test if your child has a rash 

10. A hearing test to see if your child may have any hearing problems 

11. Teeth that fall out naturally or are extracted during normal dental care will be 

collected and analysed for environmental exposures. 

12. Vision test to check your child’s eyes. 
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The tests YOU may be asked to complete are: 

1. Questionnaires about your physical activity, socio-economic status and your levels 

of emotional distress, stress, life events, social support, aggression, emotional 

regulation, exposure to community violence, assessment of maternal parenting 

styles, your and your child’s emotional style and empathy, resilience as well as 

behaviours and drug and alcohol use.  If a mental health condition or abuse is 

suspected, you will be referred to the appropriate local services.  

2. Neurocognitive and socioemotional assessment at 5.5 and 5 years. We will ask you 

to answer some questions about your child’s feelings and behaviors, and about 

your own feelings and behaviors.  While you are doing this, we will be doing some 

tasks, games and puzzles with your child.  

3. Blood tests – We may ask you to take a blood test for diabetes, fats in the blood or 

for COVID.   

 

We will only share your test results with primary health care staff if it indicates that you or your child 

require treatment or further follow up.   For some assessments, study staff may follow up with you 

and provide you with information on where you can seek help, if necessary. 

Should your child get sick with a chest infection, wheeze or asthmathen additional tests will be done 

to try and find out the cause of your child’s illness. The tests that will be done will depend on how 

sick your child is and what the illness is. These tests may include: 

1. Blood tests to test for infections, at the time of the illness, and again 4-6 weeks afterwards  

2. A test of the mucus from the nose or mouth (nasopharyngeal or oropharyngeal swab) to test 

for infection 

3 A skin test for tuberculosis infection. 

4 A test of the mucus from the lungs (induced sputum test) for chest infection.  

5 A urine test for smoke exposure 

6 Chest X-ray 

7 Breathing test 
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8 A ultrasound test of the lungs 

9 A stool test to check what germs are in the stool. 

 

If your child is enrolled in the study and is admitted to hospital, he/she will be followed up in 

hospital by a member of the study team. The study member will ask you questions about your child’s 

illness, and some tests may be done, including a nose swab and an induced sputum. All of these tests 

are usual for investigating the cause of pneumonia.  

 

What are the benefits of my child being in the study? 

You and your child will be closely followed for the first few years of your child’s life. Any medical 

illness or problem should be found soon after it develops. Your child’s growth and development will 

be carefully followed. If an illness or problem is found then your child will be promptly referred for 

treatment. If your child gets sick you will be able to take him/ her to your usual health facility, where 

additional tests to find out the cause of your child’s illness may be done, depending on how sick your 

child is. If your child requires hospitalisation, then he/ she will be hospitalised at Paarl hospital as is 

usually done. If your child is hospitalised, then one of the study staff will see your child in hospital 

and additional investigations may be done to try and find out the cause of the illness. A specific focus 

of the study includes pneumonia, wheeze and asthma.  If study staff believe that your child has any 

of these illnesses, your child will be referred to the clinic or hospital for treatment, depending on the 

severity of illness.  In addition, study staff will ask questions about this illness and take specimens as 

detailed below.  Study staff will continue to follow your child and the development of this illness as 

well as discuss where to seek appropriate medical care. Therefore the study offers an opportunity 

for your child to receive appropriate medical care.  The study will also help us to better understand 

the causes of illness in children, and identify the things that may harm their health. We hope that 

this will lead to improvements in child health. When the study is finished or if you choose to 

withdraw from the study, you and your child will continue to go to your usual health facility for care 

and study staff will no longer be involved with you or your child. 

 

What are the risks to my child? 

There are no major risks to your child. Your child may also become tired during the tasks, games and 

puzzles.  To minimize this risk, we will take breaks whenever it seems your child is getting tired.  



76 
 

There may also be some discomfort associated with some of the tests we will do. These tests are 

listed below: 

 

(1) Blood tests 

Your child may feel sore when blood samples are taken with a needle. Where possible an 

anaesthetic cream will be used to dull the pain from the needle. Some bruising may occur, but this is 

not harmful and will disappear. Only a small amount of blood (not more than 3 teaspoons) will be 

taken from your child at any time.  

 (2) Nasopharyngeal swab 

A sample of mucus will be taken from your child’s nose, to test for germs that can cause chest 

infections and to monitor which germs are usually in your child’s nose. Your child may experience 

minor discomfort when the nasal swab is done. Occasionally it can cause bleeding from the nose, but 

this is not serious, and usually stops by itself. 

(3) Oropharyngeal swab 

A sample of mucus will be taken from your child’s mouth, to test for germs that can cause chest 

infections and to monitor which germs are usually in your child’s mouth. Your child may experience 

minor discomfort when the swab is done. Occasionally it can cause your child discomfort or to gag 

when taken.  

(4) Nasal Swab 

To do a nasal swab, a small, soft-tipped swab will be inserted into one of your child’s nostrils and 

twirled a few times until it is covered in secretions. The swab will be inserted about 2cm into the 

nose. This may be a little uncomfortable but should not be painful. Rarely it can cause bleeding from 

the nose, but this is not serious and will usually stop by itself. 

(5) TB skin test 

A small injection is made on your child’s arm. This is to test whether your child has TB or not, and 

will be done at regular visits.  Your child will experience minor discomfort due to the needle, with 

the skin test. There may also be irritation of the skin if the test is positive (reactive). This test will 

need to be checked 2-3 days after the injection is given. 

(6) Induced sputum 
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Your child will be given salt-water through a nebulizer to loosen the mucous in the lungs. Then a 

sample of that mucus will be suctioned, or your child will be asked to cough up the mucus. Your child 

may experience a little discomfort while the sputum test is done. He/ she may develop some 

coughing or have a small amount of bleeding from the nose after this. These are not serious. 

Occasionally this test can cause the airways of the lungs to close. If this occurs your child will be 

given medicine through an inhaler/nebulizer to open the airways. 

(7)  Breathing test 

This test is done after a child recovers from pneumonia, and at the 5 year and 6 year visits at Paarl 

Hospital and should not cause any discomfort.  A mask will be put on his/ her face and the air going 

in and out of his/ her lungs while breathing will be recorded.  

(8) Stool test 

This test may be done monthly on your child and then every 6 months after 1 year.   Study staff will 

collect stool from your child’s nappy if passed during a study visit.  If there is no stool available, a 

small tube will be inserted into your child’s bottom and some stool will be sucked out with a syringe. 

The tube is thin and bendable and is only put in 1-2 centimeters to reach stool. There is a very small 

chance of bleeding at the rectum right where the tube goes is. 

(9) Ultrasound test of the lungs 

This test will be done if your child develops pneumonia so as to better see how the infection is 

affecting your childs lungs.  This is a very safe procedure and there are no side effects. 

 (10) Neurocognitive and socioemotional assessment at 5 & 5.5 years. 

We will ask you to answer some questions about your child’s feelings and behaviors, and about your 

own feelings. This will be very safe, though you or your child may become tired.  We will take lots of 

breaks so your child can relax and play in between these tasks. We will provide you both with 

refreshments.  In total, this visit will probably last about 1.5 hours.   

(11) Hearing test 

This test will assess whether your child may have hearing problems.  This will be very short and there 

will be no pain or risk.  

(12) Teeth Collection 

We will collect teeth that fall out naturally or are extracted during normal dental care for analysis of 

exposure to environmental risks. There will be no pain or risk. 
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(13) Vision Test 

We will perform a test to check the vision of your child’s eyes. There will be no pain or risk. 

  

What are the risks to you? 

There are no major risks to you. You may feel sore when blood samples are taken with a needle. 

Some bruising may occur, but this is not harmful and will disappear.  

Some of the questionnaires ask for sensitive information relating to mental health, and this may 

cause some emotional distress or discomfort.  Where significant issues are identified, and if you 

agree, study staff will offer referral to mental health support.  You may also choose not to answer 

certain questions and still remain in the study.  You will be able to take breaks, if you need to, and 

you will be free to terminate or reschedule the interview should the need arise. 

 

What happens if I get hurt taking part in this study? 

This research study is covered by an insurance policy taken out by the University of Cape Town.  If 

you suffer a bodily injury because you are taking part in the study, the insurer will pay for all 

reasonable medical costs required to treat your bodily injury, according to the SA Good Clinical 

Practice Guidelines 2006.  The insurer will pay without you having to prove that the research was 

responsible for your bodily injury. You may ask the study doctor for a copy of these guidelines. 

The insurer will not pay for harm if, during the study, you:  

 Do not take reasonable care of yourself  

If you are harmed and the insurer pays for the necessary medical costs, usually you will be asked to 

accept that insurance payment as full settlement of the claim for medical costs. However, accepting 

this offer of insurance cover does not mean you give up your right to make a separate claim for 

other losses based on negligence, in a South African court.  

Will I be paid to participate in the study? 

No, you will not be paid to participate in this study.  If you agree to take part, we will reimburse your 

transport costs for visits that are not part of your well child clinic visits. 
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Will there be any cost to participate in the study? 

No, there will be no cost to you. 

How long will my child be in the study? 

This consent form is for permission for you and your child to participate in the study from 5 to 6 

years of age. We hope to continue the study for many years until your child reaches at least 10 years 

of age; each year we will ask you again to sign permission for you and your child to continue in the 

study for another year. 

 

Will my child’s participation in the study be confidential? 

All information that you provide will be considered confidential, and no mention of you or your 

child’s name will appear on the stored samples or in any publication in connection with this study. 

No persons other than the health care workers overseeing your child’s care and the study nurses and 

doctors will have access to any information that identifies your child personally.  All your test results 

will not be disclosed to anyone other than for the purpose of treating you if there is a problem. 

The video material will be securely stored, and only researchers directly involved in this part of the 

study will have access to it.  This material will also be treated as very strictly confidential.  Your 

names will not be attached to the video.  The video will give us information about how you and your 

child interact, and about your child’s behavior. 

 

Mandatory reporting of abuse and/or deliberate neglect 

 

The researcher(s) may not be able to keep confidential, information about known or reasonably 

suspected incidents of deliberate neglect or physical, sexual or emotional abuse of an adult or a 

child. If a researcher is given such information, he or she may report it to the authorities such as 

child welfare. 

Does my child have to be in the study? 

You can choose not to take part in the study. This will not affect the quality of care your child 

receives. You will be able to decline to participate at any time should any part of the study be 

unacceptable to you, you may still take part in the rest of the study. 
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What do I do if I have any questions? 

If you have any questions about this study, you can ask study staff, the Principal Investigator, 

Professor Heather Zar, or the lung study doctor at: 021 860 2802. The UCT’s Faculty of Health 

Sciences Human Research Ethics Committee can be contacted on 021 406 6338 in case you have any 

ethical concerns or questions about your rights or welfare as a participant on this research study. 

 

Informed Consent 

1. I, _____________________________ understand the information contained in this consent 

form, as explained to me in a language that I understand. I am prepared to participate in this 

study and give consent for my child to participate in this study. I agree to allow study staff to 

access my medical and hospital records as well as those of my child during the course of the 

study.  

 

2. To be completed by mother: 

Child’s Name:__________________________________________________________ 

Mother’s Name:________________________________________________________ 

Mother’s Signature: ____________________________________________________ 

Date: ________________________________________________________________ 

 

3. Study staff providing information: Study staff confirming consent: 

Name: ___________________________ Name: ___________________________ 

Role in Study:_______________________ Role in Study:______________________ 

Signature: __________________________ Signature: ________________________ 

Date: ______________________________ Date: ____________________________ 
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4. If the mother is unable to read or write the entire counselling process must be observed by an 

independent witness who can then confirm the procedure once the mother has given consent. 

 

Fingerprint of mother: 

 

 

 

Witness: I confirm that I am independent of the study and that I witnessed the entire enrolment 

counselling process in the home language of the mother. 

 

Name:________________________________________________________________ 

Signature: ___________________________________________________________ 

Date: ________________________________________________________________ 
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C. Ethics Approval Documents

C1. Ethical Approval for the parent study
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C2: Ethics approval for current study 

 



84 

D. Manuscript preparation for the International Journal of Environmental Research and

Public Health

https://www.mdpi.com/journal/ijerph/instructions 




